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APPENDIX A

ACESIM: RESIDENTIAL PROGRAM LISTING

This appendix gives the listings of the four modules needed to perform the

economic evaluation of the residential ACES. The modules listed are LODMODA,

LODMODB, DESMOD, SIMMOD, and ECOMOD. LODMODA is the module of ACESIM used to

determine the loads of the single-family residence located in Minneapolis and

the multi-family residences located in Minneapolis, Atlanta, and Philadelphia.

LODMODB is the module of ACESIM used to determine the loads of the single-

family residences located in Atlanta and Philadelphia. DESMOD, SIMMOD, and

ECOMOD are the modules of ACESIM used to determine the component sizes, energy

consumption and economic characteristics, respectively of the residential

ACES.
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LODMODA
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0 U H : a T IX X X XX t X X Ix X x x X x

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXXXXXXXXXXXXIXXXXIXXX~XX«XJx

XXXX X XXXX XXX XXXX x Xx

X X X X X X x

XXX XXXX XXXX XXX X

X X X X X X

X X X XX X X X

XXXX XxXX XXXX YXXX X

XXXXXXXXXKXXXXXX XXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XX XXXX XXXXXXX XXXXXY XXX X
XXXXXXXXXXXXXXXXXXXXXX XXXXX XXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxx

SS 3883T ENTERED GCS-AJ AT 11.413 FROM SYSIEM-0 TSS/S 0-03-12

0001 S SNUMB 3883T
0002 S COMMENT F006h TSS tEnIA CfnVVFSION
0003 S IOENT FOO64A-ACES
0004 3S USERI) FOOh48S
005 AS CONVER
0006 S LIMITS ,,50000
o000o SYSOIiT (iT,EI

0008 S MIILTI 1-1
0009 S DATA IN,,COPYENDFC
0010 S ENDCOtPY IN
0011 S ENOJUB

TOTAL CARD COUNT THIS JOH = 00116

* ACTY-01 SCARD #0005 CONVER 08/31/79 Sw=izOOOOOOO0
BMC-TTL DATE 771205

S MULTI 1-1
PILE 000Ol TOT 001605 INPUT

INPUT COUNT 001605 OUTPUT COUNT 001605
3LOCKS SKIPPED 000000 IGNORE COUNT 000000
* NORMAL TERMINATION AT 001544 It2060 Sw=S00000000000

START 11.41 LINES 1604 PROC 0.0003 I/r 0.001 IU T MEMORY FK

STOP 11.428 LIMIT 50000 LIMII 0.2000 LIMIT CU 5 M*r 91

SWAP 0.011
LAPSE 0.013 FC n TYPE HIJSY IP/AT FP/RT IS/#C MS/#E A)DRESS TI/PK(

MC R MSI1450 * 22 1 I I o-OH-?

IN R MSIl1SO * 8sH (1 59 $9 $9 0-0o-23
tUT Y )IJT
P. SYO)lT

RC-O) 1604 LINES AT SIA. F1

ACTIVITY 01 CI)ST=s li.bo
*CUMULATIVE COSIT=$ .6b(
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SNUIMH = 38H3T, ACTIVITY # = 01., ktREPRT CODE = no, kECf)HO C'llINT = fOlho0t

S NOTE FILFNAME LODMOD
S NOTE LA'RELS- A,R(EI)
S NOTE TABS/SETTNGS- ASIS
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10000C**********************************

10010C
10020C LOAOS PROGRAM FOR RESIDENTIAL ACES
10030C
10040C THIS PROGRAM HAS HEEN DESIGNED TI) CALCULATE THE HOURLY LOADS
10050C FOR A SINGLE OR MULTI-FAMILY RESIDENCES (ONLY) EQUIPPED WITH AN
IOOb0C ACES CONFIGURATION. THIS PROGRAM IS ONE OF FOUR DISTINCT MODILES.
10070C THEY ARE:
10080C 1. LOADS PROGRAM
10090C 2. DESIGN PROGRAM
10100C 3. SIMULATION PROGRAM
10110C 4. ECONOMIC ANALYSIS PROGRAM
10120C IF THE LOADS HAVE BEEN ALREADY OETERMINED, THIS MODULE CAN HE
10130C BYPASSED.
10140C
10150C DEVELOPED BY HONEYWELL
10160C
t101OC CREATION DATE: JULY 6, 1978
10180C

10200C
10210 COMMON /BOUCK/IHOURAIDAY,IMONTH,TSTnR,QHL(24,366),QHW(24,366),
10220 1 OGr(24,3bb),INCT(24,3bb) CLOADOHLOAD,CPEAK,HPEAK,
10230 1 THOTWL,THLS,THWL,TINF,THLOAU,TCONDL,TCLOAO,TTSR,A(200),
10240 I NTABLE(20),XTEMP(24,3bb),BASLOO(24,366)
10250 COMMON /SOLAR/S(35)
10260 COMMON /wEATHER/DB(24),OP(24),WH(24),WS(24),P8(24),TC(24),
10270 I TOC(24),WET(24),DRY(24),IYEA.RIDUMlIODU2,ICITY
10280 COMMON /SLOAD/OTRAN(5),AHSORB(5)
10290 COMMON /SCHDL/TWELL(12),MHOTW(24),PEOPLE(24),XLIGHT(24),APPL(24)
10300 COMMON /YEARLY/TW(4),TAW(4),TRITTR2,TATCETIMTSBGTGITG2
10310 1 TG3,TX,TSBGI,TCEI,TWSI(a)
10320 COMMON/HUURLY/CONOLXINFTSRQINCIOINC2,ALFW,ALFR
10330 COMMON /DESIGN/HEATDOCOOLD.SIZEI,SIZE2,FAMCFM,EVPGPM,EFFECT,
10340 1 WATVELTWATTMP,CFA,FNCFMI
10350 DIMENSION MSIZE(12),DAY(24,15),TDAY(15) MONTH(12,15)
10360 DATA MSIZE/31,28,31,30,31,30,31,31,30,31,30,31/
10370 DATA ZERO/O./,TWNFOR/24./,ONE/I./,TWNFIV/25./
10380 REAL MHOTWMONTH
10390C
10400C INITIALIZE
10410C
10420 DO 20 I a 1, 24
10430 DO 10 J = 1, 366
10440 QC(IJ) = ZERO
10450 QHL(I.J) = ZERO
10460 QHW(I,J) a ZERO
10470 OINCI(I,J) = ZERO
10480 XTEMP(IJ) S ZERO
10490 BASLOD(I,J) = ZERO
10500 10 CONTINIIE
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10510 DH(I) = ZERO
10520 H(1) = ZERO
10530 DP(I) = ZE')
10540 WS(I) = ZLEO

10550 PH(I) = ZtRO
105h0 TC(1 = ZERO
10570 TOC(I) = /ER
105HO wET(I) = ZERO

10590 nrY(1) = ZERO
10600 20 C{)NTINHF
1Ohn1 CL(IAI = ZERO)
10620 HCOND = ZEWO
10630 CPEAK = ZERO
10640 i)ATA TRH/3./,rHC/l./,ONE/l./,ZER(H/O./
10650 THOTWL = ZERO
10660 THLS = ZERO
10670 THWL = ZERO
10680 TINF = ZERO
10690 THLOAD = ZERO
10700 TCLOAU = ZERO
10710 TCONDL = ZERO
10720 TTSR = ZERO
10730 IHOIW = TWiFOR
10740 00 23 I = 1 20
10750 NTABLE(I) 0

10760 23 CONTINUE
10770 CALL INPUT
10780 IDAYS z IFIX(A(4))
10790 ISTART = IFIX(A(7))
10800 IDAY = ISTART - 1
10810 IEND = IFIX(A(8)
10820 IESCAP = 120 * 24 * (IENO - ISTART + 1)

10830 D0 25 I = 1, 12
10840 00 25 J = 1, 15

10850 MONTH(I,J) a ZERO

10860 25 CONTINUE
10870 K = 1
10880 IF (IUAYS .EU. 366) MSIZE(2) = 29
10890 L = 1
10900 NDAY 2 0
10910C
10920C INITIALIZE SUN ARRAY
10930C
10940 S(l) = A()
10950 S(2) : A(2)
10960 5(3) a A(3)
10970 S(4) = A(7) - ONE
10980 S(5) = TWNFIV
10990 (8) = A(17)
11000C
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-11010C REWIND.WEATHER TAPE AND POSITION IT

1102UC
11030 INIT = ISTART - 1
11040 IF (INIT .EQ. 0) GO TO 40
11050 O0 30 I = 1, INIT

11060 REAO(8) 0, DP,wBa,S,PR,TC,TOC,WET,DRY, ID1M,IMONTH, IDn4,IDIllM
11070 30 CONTINUE
11O80C
11090C LOOP FOR SETTING UP OUTPUT SUMMARIES AND LOAD CALCULATIONS

11100C
11110 40 CONTINUE
11120 IF (S(4) .GE. FLOAT(IENO) .AND. S(5) .GE. TWNFIV) GO TO 120

11130 IF (NDAY .NE. MSIZE(L)) GO TO 50
11140 L a L * 1
11150 NDAY 2 0
11160 50 CONTINUE
11170 00 55 I 2 1, 15
11180 TOAY(I) = ZERO
11190 55 CONTINUE
11200 60 CONTINUE
11210C
11220C CALL SUBROUTINE TIME FOR HOURLY LOAD CALCULATIONS
11230C
11240 CALL TIME
11250C
11260C OUTPUT AND SUMMARIES
11270C
11280 OAY(IHUURI) = OHL(IHOUR,IOAY)
11290 OAY(IHOUR,2) = OHW(IHOUR,IOAY)
11300 OAY(IHOUR,3) OQC(IHOURIDAY)
11310 OAY(IHOUR,4) = OINCI(IHOUR,IOAY)
11320 OAY(IHOUR,5) s CONOL
11330 DAY(IHOUR,b) = XINF
11340 OAY(IHOUR,7) = TSR
11350 OAY(IHOUR,8) a OINCI * ALFW
11360 DAY(IHOUR,9) = OINC2 * ALFR
11370 DAY(IHUURIO) = ARSORB(I) * ALFW
11380 DAY(IHOUR,11) 2 ABSORB(2) * ALFw
11390 OAY(IHOUR,12) = AHSORB(3) * ALFW
11400 DAY(IHOUR,13) = AHSORR(4) * ALFW

11410 OAY(IHOUR14) = XTEMP(IHnlIR,IDAY)
11420 DAY(IHOUR,15) = BASLOD(IHOUR,IDAY)
11430 00 70 J = 1, 15
11440 TDAY(J) = TOAY(J) + DAY(IHOUR,J)
11450 70 CONTINUF
11460 S(5) = S(S) + ONE
11470 IF (S(b) .LF. TWNFON) GO T( ho
11480C
11490C HOURLY ANU DAILY SUMMARY
115 00C
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11510 rnAY(14) = IDAY(l4)/T!IHF(1R
11520 NOAY = NDAY + 1
11530 If (K .GT. P0) (Gn 10 100
11540 IF (NlA8L.E () .EJ. 0 .OR. NTAHL.E(K) .rNF. I4Y) r,r) rO If 1

11550 K = * 1
11560 NRITE(9,500) NDAY,L
11570 00 oH I = 1 , 2
11580 NRITE(9,51) I,(nAY(I,J),J = 1, 8)

11590 IF (I .EO. 24) WRITE(9,520) (TDAY(J),J = 1, 8)

11600 80 CONTINUE
11610 NRITE(9,530)
11620 00 90 I 1, 24
11630 wRITE(9,510) I,(OAY(I,J),J = 9, 15)

11640 IF (I .EO. 24) WRITE(9,520) (TDAY(J), J : 9, 15)

11650 90 CONTINUE
11660 100 CONTINUE
11670 DO 110 J s 1. 15
11680 MONTH(L,J) z TDAY(J) * MONTH(L,J)
11690 110 CONTINUE
11700 GO TO 40
11710 120 CONTINUE
11720 DO 125 1=1,12
11730 MONTH(I,14) = MONTH(I,14)/FLOAT(MSIZE(I))
11740 125 CONTINUE
11750 wRITE(9,540)
11760 DO 130 I = 1, 12
11770 WRITE(9,510)I,(MONTH(I,J), J = 1, 8)

11780 130 CONTINUE
11790 WRITE(9,530)
11800 00 140 I = 1, 12
11810 wRITE(9,510) I,(MONTH(IJ),J = 9, 15)

11820 140 CONTINUE
11830 OAYC m ZERO
11840 POAYC s ZERO
11850 DO 150 K=1,366
11860 IF(DAYC .GT. PDAYC) POAYC = OAYC

11870 DAYC a ZERO
11880 DO 150 Jsl,24
11890 DAYC m DAYC * OC(J,K)
11900 wRITE(II) OHL(JK),QHWK,K),fOC(JK),OINCI(JK),
11910 1 8ASLOO(J,K),XTEMP(J,K)
11920 150 CONTINUE
11930 WRITE(9,550)THLOAn,TCLOAOTHf)TWLTINFTTSR,TCONOL,CPEAK,HPEAK
11940 ~RITE(9,Sb5)HEATO,COOLO,SIZEI,SIZE2,FANCFM,FNCFM1,EVPGPM,
11950 1 EFFECT,WATVEL,WATTMP,CFA,POAYC
11960 wRITE(9,570) TCEI,(rWSI(I),I=1,4),TSHGI,(TW(I),1=1,4),
11970 I (TAW(I),I=1,4),TA,TCE,TRI,TR2,TIM,TX,TS8G,
11980 I TGl,TG2,TG3
11990 WRITE(13) FANCFM,FNCFMI,SIZEISIZE, 2,HEATD

12000 ENDFILE 11
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12010 STOP
12020C
12030C FORMAT STATEMENTS
12040C
12050 500 FORMAT(IHI,,45X, HOURLY SUMMARY FOR DAY',I4,' MONTH',I ///1IX,

12060 1 I'HL',1lX' OHW't,2Xt 'C'.lOXl'OINCI',
9 X .'CONDL',lOX,'XINF',IOX,

12070 1 'TSR',9X,'OINCI'/)
12080 510 FORMAT(IX,12,8(1XEI3.5))
12090 520 FORMAT(/' DAILY SUMMARY'//3X,8(1X,E13.5))
12100 530 FORMAT(//IOX,'OINC2',»X,'ABSURB(1)',Sx,'AfBSDR()

I ',

12110 1 SX, I'ASORH(3)',5X,'AHSORH(4)',MX,'XTEiP,
' ?X,'3ASLOI)'/)

11220 540 FORMAT(IHI,' MONTHLY SIMMARY'///ll, (' HL'lXI,' r lH', 12X, ' f JC', t lox

12130 1 'OiNCI',9X,'CONNIL',OX,'XINF',lOX,'TS 
I' ,. ,'I, ' Cl1'/I

12140 550 FORMAT.(IHI,' YEARLY SUMMARY'///5X,9THLOAO
D',OX ',TCL n An' ' lOX,

12150 1 ITHOTWL'llIX,'TINF'
i l2X,'TTSR

I ,11X,'TCON
D L',IOX, CPEAK',

12160 1 11X,'HPEAK'//8(IX,E15.8))
12170 560 FORMAT(IHl,

t DESIGN PARAMETERSI///IX,'HEATING DESIGU LOA)',

12180 1 23X,E15.R/1X,'COOLING DESIGN LOAD',23X,E15.8/1X,

12190 1 'CAPACITY OF HEATING PLANT',17X,E15.R/IX,

12200 1 'CAPACITY OF COOLING PLANT,1I7XE15.8/1x,

12210 1 'BLUWER CFM FOR COOLING SYSTEM',13X,E15.8/lX,

12220 1 'BLOWER CFM FOR HEATING SYSTEM',13X,E15.8R/X,

12230 1 'GAL./MIN. THROUGH EVAPORATOR',14X,E15.S/IX.

12240 1 'RATED EFFECTIVENESS OF HEAT EXCHANGER',5X,E15.8/IX,

12250 1 IWATER VELOCITY THROUGH HEAT EXCHANGER,5XE1IS.8/Il,

12260 I 'WATER TEMPERATURE RISE',20X,E15.8/tX,
12270 1 'COIL FACE AREA',28X,EI5.8/1X,'PEAK DAILY COOLlING LOAD',

12280 1 19X,E15.8)
12290 570 FORMAT(IHI,' FINAL TEMPERATURES'///tX,'CEILING SURFACE',

12300 1 10X,F8.2/IX,'WALL SURFACE - NORTH',5X,F8.,/IX,

12310 1 13X,'- EAST',6X,F8.2/1IX,'- SOUTH'.,5X,F9S.2/1X,

12320 1 '- WEST',hX,F8.2/lX,.'ASEMENT SliRFACE',9X,F8.2/lX,

12330 1 'WALL - NORTH',13XF8.2/6X,'- EAST',I4X,F8.2/6X,

12340 1 w SOUTH',13X,F8.2/6X,'- WEST',14X,F8.2/IX,

12350 1 'ATTIC WALL - NORTH',7X,F8.2/12X,'- EAST',8X,F8.2/

12360 I 12X,'- SOUTH',7XFB.2/12X,- WEST',8X,F8.2/IX,

12370 1 'ATTIC AIR',16XF8.2/IX,'CEILING',18X,F9.2/1/X
12380 1 'ROOF 0 l',18X,F8.2/IX,'RO(F #2 ',1XFR.2/IX,

12390 1 'INTERNAL MASS',12XFB.2/IX,'SPACE',20XFR.2/
12400 1 IX,'SLAB',21XF8.2/1X,'GROU

I ND #1',IhX,F8.2/1X,

12410 1 'GROUND 12',16X,F8.2/IX,'GROUND #3',1 6X,F9.2)

12420C
12430C LAST CARD OF MAIN PROGRAM.
12440C
12450 END
12460C
12470 SUBROUTINE INPUT
1240RC

120SOOC****************12500C
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12's5 C THIS SUHROUTINE READS IN THE FOLI.O![iJG INFO)MAr t[LJI ;Riot1 FILE S AR;I)
12520C PRINTS IT OHiT ONE FILF 9:
125O0C
12540C I. TITLE
1?S50C ?. THE INPIT PA4AMETTRS
1?50hC 3. 1HE OIHTPIlT TAHLt- FlOR DAYS I ISTFO
127o0C
12580C IHIS SIUlJHOIII TNE ALSO fl OANT INS rHE DnATA STATEMIFJTS -n
12590C WELL vATEN DATA, HOT WATER SCHEnOlLE, OCCIIPAN'Cr SC1E )IE,
126 )C I .TiHTI N ;SCHFnDIi F, ANn A PPI TANr F Sc OllII F
12610C
12h20C DEVELOPED HY HONEY4ELL
12630C

12650C******** * -*********** ** *************** ******************************

12660C12hbOC
12670 COMMON /BLOCK/IHOUR, IOAY,IMONTH,TSTIlR,QHL(2bi,3h)6 1,N( 24,A6(h),
12680 1 QC(24,366),OINCI(24,366),CLOAn,HLOAD,CPEA<,HPEAK,
12690 1 THOTWLTHLS,THLTTINF THLOAOTCOMOL,TCLOAD,TTSR,A(2OO),
12700 1 NTAHLE(20),XTEMP(24,i3bb),ASLOI) (24,36b)
12710 COMMON /SCHDL/ TWELL(12),MHOTa(24),PEOPLE(24),XL!I;HT(24)
12720 I,APPL(24)
12730 DATA THELL/40.,,41,4.,4S.,.,50.,57.,66.,h4.,61.,59.,53.,47./
12740 REAL MHOTW
12750 DATA MHOTW /16., 0.,0.,0.,0 .,010.3.,49.5,55.,.. 33..
12760 25.,34.,20.,16.5,15.,20,,48..,fl.,6.,48.,35.,35./
12770 DATA PEOPLE /1.,..,1.,1.,1.,.9,.7,.,.4,.,.2,.2,.22,
12780 1 .4,.4,.7,.9,.9,.9,.9,1.,1./
12790 DATA XLIGHT /.3,.2,,.1.,.,., .5 ,.4,...,.3,.2.2
12800 1 .3,.4,.6,.8,.H,.7,.7,.5,.3/
12810 'DATA APPL /.37,.3737,37.,.37,.3 ,.9,. 9,4l,.42. UO,. , .5 .9 4,
12820 1 .4,.42,.4,.39,.8,.82,.925,.75.7,.,.37/
12830 DIMENSION LABEL(1O),MARGIN(13)
12840 CHARACTER LABEL*b, MARGIN*b
12850 MAXA = 0
12860 READ(5,500) MARGIN
12870 WRITE(9,1000) MARGIN
12880 100 READ(5,2000) N, DUM, LABEL
12890 IF(N ,LE. 0) GO TO 200
12900 IF(N .GT. MAXA) MAXA = N
12910 A(N) = DUM
12920 WRITE(9,3000) N, A(N), LABEL
12930 GO TO 100
12940 200 REAO(5,4000) (NTAHLE(I),I = 1, 20)
12950 WRITE(9,911)
12960 911 FORMAT(/////)
12970 WRITF(9,913) TWELL,MHOTWPEOPLE,XLIGHTAPPL
12980 913 FORMAT(2X,22HWELL WATER TEMPERATIIRE,2X,12Fo.3/
12990 12X,22H HOT WATER SCHEnLtLE,2X,12F8.3/26X,It2F.3/
13000 12X,22H OCCUPANCY SCHEDULE,2X,12F8.3/26X,12F8.3/
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13010 12X,22H LIGHTING SCHEDULE,2X,12F8.3/26X,12F8.i/
13020 12X,22H APPLIANCE SCHEDULE,2X,12F8.3/26X.12F8.3)
13030 WRITE(9,914) NTAHLE
13040 914 FORMAT(//2X,22H OUTPUT TABLE SCHEDULE,2X,1218/26X,1218)
13050 RETURN
13060 500 FORMAT(13A6)
13070 1000 FORMAT(1H1,17H INPUT PARAMETERS,4X,13A6//)
13080 2000 FORMAT(I5,F15.5,10A6)
13090 3000 FORMAT(3H A(,I3,1H),G15.5,3X,10A6)
13100 4000 FORMAT(20I4)
13110C
13120C LAST CARD OF SUBROUTINE INPUT
13130C
13140 END
13150 SUBROUTINE TIME
13160C
13170C****************************************************
13180C
13190C THIS SUBROUTINE COMPUTES THE SOLAR RADIATION COMPONENTS, DIRECT
13200C NORMAL RADIATION, DIRECT RADIATION ON A HORIZONTAL SURFACE,
13210C TOTAL RADIATION ON A HORIZONATAL SURFACE AND CALLS SUBROUTINE
13220C HOUSE WHICH DETERMINES THE LOADS.
13230C
13240C THE SUBROUTINE STATEMENT IS
13250C
13260C SUBROUTINE TIME
13270C
13280C DEVELOPED BY HONEYWELL
13290C
13300C
13310C*********************************************************************
13320C
13330 COMMON /SLOAD/QTRAN(5),ABSORB(5)
13340 COMMON /SOLAR/S(35)
13350 COMMON /DIR/OIRH,DIRNTOTH
13360 COMMON /WEATHER/DH(24),DP(24),W8(24),WS(24),P9(24),TC(24),
13370 1 TOC(24),WET(24),DRY(24),IYEAROU11.M1,IDUM2,ICITY
13380 COMMON /BLOCK/IHOUR,II)AY,IMONTHTSTOR,QHL(24,'hh1),ilH(2',$6b),
13390 1 OC(24,3h6),OINCI(24,3h6),CLOAD,HLOAO,C'FAK,
13400 1 HPEAK,THOTWLTHLSTHWL,TINFTHLOADTC3NDL.TCLOADTTSR
13410 1 ,A(200),NTABLE(20),XTENP(24,366),BASLDO(24,366)
13420 COMMON /SCHDL/TWELL(12),MHOTW(24),PEOPLE(24),XLIGHT(24),APPL(24)
13430 DATA TWNTRE/23./,ONE//T/2./T/2./,POII/.O11/,PO0792/.00792/,
13440 IOPEM6/l.E-06/,PO9/.09/,ZERO/0.0/,TWNFOR/24./
13450 REAL MHOTw
13460 MOOEO a ZERO
13470 MODEI a ONE
13480C
13490 IF(S(5) .LE. TWNFOR) GO TO 10
13500 S(4) = S(4) + ONE



A-14

13510 S(5) a S(5) - TWNFOR
13520 READ(8) DB,DP,WBrWSPH,TC,TOC,WET,DRY,IYEAR,IDUMI,IOUMJ2,
13530 1 ICITY
13540 IMONTH * IDUMI
13550 CALL SUN(MDDEO)
13560 10 IHOUR z IFIX(S(5))
13570 IDAY a IFIX(S(4))
13580C
13590C COMPUTE SOLAR RADIATION COMPONENTS (CLnuO MODIFIE3)
13600C
13610 CCOVER z TC(IHOUR)
13620 NYTYPE z IFIX(TOC(IHOUR))
13630 IF(NYTYPE .LT. 1) CCOVER z CCOVER/TwO
13640 CCF = ONE - PO11 * CCOVER - P00792 * CCOVER ** 2
13650 CALL SUN(MUDEI)
13660C
13670C IF PRECIPITATION IS PRESENT THEN NO DIRECT OR DIF-USE RADIATION
13680C
13690 IF (WET(IHOUR) .LT. OPEM6 .AND. ORY(IHOIJR) .LT. OPE46) GO TO 20
13700 S(23) = ZERO
13710 S(24) _ ZERO
13720 20 CONTINUE
13730C
13740C DIRECT NORMAL RADIATION (CLOUD MODIFIED)
13750C
13760 DIMN = (ONE - P09 * CCOVER) * S(24)
I 3770C
13780C DIRECT RADIATION ON A HORIZONTAL SURFACE (CLOU) MO)IFIED)
1 3790C
13800 DIRH a DIRN * S(13)
13810C
13820C TOTAL RADIATION ON A HORIZONTAL SURFACE (CLOUD MODIFIED)
13830C
13840 TOTH = CCF * S(23)
13850C
13860C DETERMINE LOADS BY CALLING SUBROUTINE HOUSE
13870C
13880 CALL HOUSE
13890 RETURN
13900C
13910C LAST CARD OF SIIRROUTINE TIME
13920C
13930 END
13940 SUBROUTINE HOUSE
13950C
13960C********* *********************************************************
13970C
13980C THIS SUBROUTINE CALCULATES THE HEATING AND COOLiING LrAD
13990C FOR A RESIDENTIAL BUILDING.
14000C
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14010C THE SUBROUTINE STATEMENT IS
14020C
14030C SUBROUTINE HOUSE
14404C
14050C THIS SUBROUTINE CALCULATES THE FOLLOWING QUANTITIES:
14060C
14070C OHL(THOUR,IDAY) - HOURLY HEATING LOAD
14080C OC(IHOUR,IOAY) - HOURLY COOLING LOAD
14090C QOH(IHOUR,IDAY) - HOURLY HOT WATER LOAD
14100C BASLOOUIHOUW,IDAY) - HOURLY HASE LOAD
14110C OINCI(IHOUR,IDAY) - HOURLY AVAILABLE ENERGY
14120C XTEMP(IHOUR,IDAY) - HOURLY GROUND TEMPERATURE
14130C CONDL - HOURLY CONDUCTION LOSS
14140C XINF - HOURLY INFILTRATION
14150C TSR - HOURLY TRANSMITTED SOLAR RADIATION
14160C CPEAK - COOLING LOAD PFAK FOR THE PERIlO OF SIMIJLAlITN
14107C HPEAK - HEATING LOAD PEAK FOR THE PERIOD OF SUJMiLATIDN
14180C TA - ATTIC TEMPIIRATtIRE
14190C TX - AIR SPACE TEMPUwATIIRE
14200C WALLT(I) - WALL SURFACE TEMP. ON FO)lR WALLS
14210C TN(I) - RniDM WALL TEMP. ON FOUR WALLS
1422OC TINF - TOTAL INFILTRATION
14230C THOTWL - TOTAL HOT WATER LOAD
14240C THLOAD - TOTAL HEATINI LOAD
14250C fCLOAI) - T'TAL COlLINr I.OAD
14260C [CONDL - TOTAL CONnDlCT ION tOSS
14270C TTSR - TITAL TRANSMITTEO SOLAR RAOIATIIi
14280C
14290C DEVkLOPED HY HONEYWELL
14300C
14310C PROJECT: ACES
14320C
14330C CREATION DATE: 06/19/78
14340C
14350C*******************************************************************

14360C
14370 COMMON /BLOCK/IH()tR, IDAY,IMONTH,TSTOR,OHL (24, 'bhl , (24., h) ,
14380 1 OC(24,36) ,OINC (24a,36) ,CLOAO,HLnAO.CPEAK,

14390 1 HPEAK,THOTWLTHLSTHWLTINFTHLr'AnTCOMnL.TC-nAl),TTSR
14400 1 ,A(200),NTABLE(20),XTEMP(24,A3b),HASLOD(24,3b6)
14410 COMMON /WEATHER/D(24),DP(24),WB(24a),S(24)tP3(24),TC(24)
14420 1 ,TOC(24),WET(24),DRY(24),IYEAR,IUUMIDUM2,ICITY
14430 COMMON /SOLAR/S(35)
14440 COMMON /SLOAD/OTRAN(5),ABSORB(5)
14450 COMMON /HTPP/FF
144bO COMMON /SCHDL/TWELL(I2),MHOTW(24),PEOPLF(24)XLIGHT(24),APPL(24)
14470 COMMON /YEARLY/TW(4),TAW(4),TR1,TR2,TA,TCET,TITS3G,TGITG2,
14480 1 TG3,TXTSBGI,TCEITWSI(4)
14490 COMMON iHOURLY/CONOL,XINFTSR,OINClOINC2,ALFNALFR
14500 COMMON /DESIGN/HEATD,COOLD.SIZEI,SIZE2,FANCFM,EVPGPMEFFECT,
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14510 1 WATVEL,WATTMP,CFA,FNCFMl
14520 LOGICAL FIRST,COOLIN
14530 REAL NOYTP,MHOTWKADX
14540 DIMENSION UAWI(4),UAWO(4) ,AAwn(4),UAAI (4),CRVA*(4),CRVW(4),
14550 1 AREAA(4),AREAW(4) WI)t AWI(4) LALL(4),UATTIC(4)
14560 1 WALLT(4) ,HA(4) ,UAAWX(4) ,TASS(4) ,HAc(4) ,AiX (4),
14570 1 UAWXI(4),TASSS(4), XTFMPI (4), XTEMP(4), XTEMP34),
14580 1 XTEMP4(4),XTEMP5(4),XTEMPb(4),XTEMP7(4)
14590 DATA FIRST/.TRUE./
14600 DATA PI/3.414/,TWO/2./,ETPb/83.6/,ONET/O100./,PO1/.Ol/,
14610 1 ETIN/18./,HUNDRDO/1l./,P79/.79/,THR3/3]./,SIXTY/hO./
14620 DATA OP08/1.08/,THRTWO/32./,ONE/1./,ZERn/0./,Pl/.I/,P4/.4/,P5/.5/
14630 I ,P8/.8/,TTP32/8.33/,SIXTHR/63./,TFIFTY/250./,FHNDRD/500./
14640 1 ,FHUNOR/400./,FOlJRTY/40./,SSX/6b6./,FOUR90/490./,ETHUNO/1800
14650 1 ./,TEN/10./,P45/.45/,ONET61/1061./,OTS7Pq/1075.4/,FORP4b/4.
14660 1 4b/,P05030/.05030/,THREE/3,/,Tw25/25./
14670C
14680C FIRST TIME THROUGH, INITIALIZE CONSTANTS FROM 'A' ARRAY. SKIP
14690C INITIALIZATION ON SUCCEEDING CALLS.
14700C
14710 IF (.NOT. FIRST) GO TO 40
14720 OLDMTH = ZERO
14730 TIME = ZERO
14740 FF = A(22)
14750 ANGI = A(b)
14760 ANG2 = A(5)
14770 ANG3 = A(151)
14780 ANG4 = A(152)
14790 ANG5 = A(153)
14H00 ANGb = A(154)
14810 THOTO = A(5SO)
14820 tIHOTN = A(53)
14830 UCEIL = A(h4)
14A40 IlALL(I) = A(S5)
14850 UIwALL (2) = A( I)
14860 UWALL(S) = A(t1S)
14870 ItWALL(4) = A(17)
14880 tINALH( H = A (5i)
14H90 IIGLASS = A(57)
14900 UOO)R = A(58)
14910 UFLOOR = A(59)
14920 UROOF = A(60)
14930 UATTIC(I) =A(hl)
14940 IJATTIC(2) = A(15A)
14950 UATTIC(3) = A(159)
14960 UATTIC(4) = A(lbO)
14970 AHOTW = A(b2)
14980 ACEIL = A(63)
14990 AREAWl) = A(64)
15000 AREAW(2) = A(l61)
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15010 AREAW(3) = A(1b2)
15020 AREAW(4) = A(163)
15030 AWALBG S A(b5)
15040 AGLASN : A(bb)
15050 AGLASE = A(b7)
15060 AGLASS S A(68)
15070 AGLASW * A(69)
15080 ADOOR s A(70)
15090 AFLOOR a A(71)
15100 AROOFl a A(72)
15110 AROOF2 a A(164)
15120 AREAA(I) * A(73)
15130 AREAA(2) t A(165)
15140 AREAA(3) = A(1I6)
15150 AREAA(4) = A(167)
15160 CFMINF = A(74)
15170 PEOPMX _ A(76)
15180 APPLMX 9 A(77)
15190 XLTEMX = A(78) * ACEIL * PI
15200 AVENT s A(79)
15210C
15220C DESIGN VALUES FOR SIZING HEAT PUMP AND COOLING COILI

15230C
15240 ATTICT s A(80)
15250 WINDWG * A(81)
15260 TOSAW * A(82)
15270 TOSAS B A(83)
15280 WOSAS e A(84)
15290 WINTS = A(85)
15300 OVRCPW = A(86)
15310 OVRCPS = A(87)
15320 TZONEW z A(88)
15330 TZONES = A(89)
15340 NS8 s IFIX(A(90))
15350 SiADES = IFIX(A(92))
15360 ICALC = A(93)
15370 HEATO = A(94)
15380 COOLD = A(95)
15390C
15400C DETERMINE UA'S BETWEEN AMBIENT AND TNDOORS
15410(
154201 tUACEIL = UCEIL * ACEIL
15430 UAHOTv = UHOTW * AHOTw
154400 IJAWBG = UwAL8G * AWALHG
15450 GLASSA = AGLASN + AGLASE + AGLASS + AGL.ASs
15460 UAGLAS = tGLASS * 9GASSA
15470 UAFLOR = IIFLO)R * AFLOOR
15480 UAROFL = U)ROOF * AROOFI
15490 UJAROF2 = LHnOF * AROOF2
155001 UADOOR = UOOOR * ADOOR
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15510 SUMUA = (lLrALL(1) * AREAW(I) + UWALLL(2) * AE A'4(2) + IJA.lL()
15520 1 ANEAW(3) IIWALL(4) * AREAW(4)) + tUADOJR * JAFLOR +
15530 1 UAGLAS * OP08 * CFMINF
15540C
15550C DETERMINE NODAL AllAS
15560C
15570 DO 5 I = 1, 4
15580 UAWI(I) = (UWALL(I) * AREAw(I)) * TWO
15590 UAWO(I) = UAlI(I)
15600 UAAWI(I) 5 (UATTIC(I) * AREAA(I)) * TWO
15610 UAAWO(I) = UAAWI(I)
15620 5 CONTINUE
15630 UACI a UACEIL * TWO
15640 UACO z UACI
15650 UARII = UAROFI * TWO
15660 UARI2 s UAROF2 * TWO
15670 UAROI = UARII
15680 UARO2 a UARI2
15690C
15700C SET WALL AND ROOF ABSORPTIVITIES
15710C
15720 ALFW = A(168)
15730 ALFR * A(173)
15740C
15750C SET NODAL THERMAL CAPACITANCES
15760C
15770 CRVAW(l) = A(169)
15780 CRVAW(2) = A(170)
15790 CRVAw(3) = A(171)
15800 CRVAW(4) = A(172)
15810 CRVRI a A(174)
15820 CRVR2 a A(175)
15830 CRVC a A(176)
15840 CRVW(I) a A(177)
15850 CRVW(2) s A(178)
15860 CRVW(3) = A(179)
15870 CRVA(4) = A(180)
15880 CRVSBG = A(181)
15890 CRVIM = A(1H2)
15900 CRVX = A(184)
15910 CRVG1 = ETP6 * AWALHG
15920C
15930C SET THE OUTSIDE SURFACE COEFFICIENT ANI) THE IITERNAL;
15940C MASS HEAT TRANSFER COEFFICIENT
15950C
159h0 HO = A(l1)
15970 HAIM = A(183)
15980 HI = A(12)
15990 MACI = H1 * ACEIL
16000 HAAHG = HI * AWALiG
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16010 00 10 L = 1,4
1602( HAWJI(L) = HI * ARFAW(L)
16030 10 CONTINUE
16040C
16050C INITILIZE NODAL TEMPERATURES
16060C
16070 UO 20 I = 1,4
16080 TAW(I) = A(t16)
16090 TW(I) = A(185)
16100 20 CONTINUE
16110 TIM A(191)
16120 TA = A(187)
16130 TCE : A(188)
16140 TR1 S A(189)
16150 TR2 a A(190)
16160 rX a A(191)
i6170 TSBG = A(192)
16180 TGI = A(193)
16190 TG2 = A(194)
16200 TG3 a A(195)
16210 TSBGI s A(138)
16220 TCEI z A(136)
16230 DO 25 L:1.4
16240 TWSI(L) c A(137)
16250 25 CONTINUE
16260C
16270C SET THE TIME STEP AND THE GROUND CONDUCIIVITY
16280C
16290 OT x A(10)
16300 TCON a A(13)
16310 KADX s TCON * AWALBG/TWO
16320C
16330 IF(ICALC .NE. O) GO TO 30
16340C
16350C HEATING DESIGN LOAD

6b360C
16370 HEATD a ( SUMUA * (TZONEW - TOSAW) + UACEIL * (TZ3NWE - TOSAW)

16380 1 + (TZONEW - TWELL(l)) * (ONE/(ONE/UAW98 + THqEE/KAOX))

16390 1 * SSX * (THOTW - TWELL(1)) * OVRCP.
16400C
16410C COOLING DESIGN LOAD
16420C
16430 COOLD S -(SUMUA * (TZONES - TOSAS) * UACEIL * (TZONES - ATTICT)

16440 I * UAHOTW * (TZONES - THOTw) - wlNDwG * GLASSA

16450 1 - PEOPMX * FOUR90 - APPLMX XLTEMX)
16460 1 * OVRCPS
16470C
16480 30 CONTINUE
16490C
16500C HEAT PUMP ODSIGN
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16510C
16520 CALL wAHP(THRTvO, TZONEU-,CnND,OFEAP,HP,COP)
16530 CHECK! : CiOLU/QEVAP
16540 CHECK2 = HEA rO/QCON
16550 COUL)A = A(197)
16560 IESL 1 = ZEs)
16570 I)ESL = HEAT
16580 IF(CHECK2 .LT. CHECKI) OESLI = CIlOLl0A/(rv'i - A(1)l ) + A(1i1 ))
16590 IF(DESL1 .GT. COiOLD) )FSLl = CiOi.f)
16600 IF(I)FSL1/lFVIJ P .Gr. DESi. /OCI NI)) DESi. = I)ESL
b16610 = OESL/C[IET

16620 1X = IFIX(X)

16630 SIZE1 = ONET * FLOAT(IX) + ONE1
16640 SFI=SfrZEI/QCON
16650 IF(DESL .LF. nESLI) SF1 = SIZEI/OEVAP
16660 IF(DESL .LE. OESLI) SIZE1 = SF1 * OC()ND
16670 SFP = SF1
16680 18 = IFIX((SFP-ONE)*ETHINn*P01)
16690 8 = HUNDRO * (FLOAT(IB + 1) * ETIN)
16700 FNCFM1 = B
16710 EVPGPM : B * TEN / ETHUND
16720C
16730C COOLING COIL DESIGN
16740C
16750 TWI = THRTWO
16760C
16770C SET OT75P4 = 1061. + *4 * 32.
16780C
16790 EFFECT = P79
16800 FANCFM = COOLO/(OP08 * EFFECT * (TZONES - THRThO))
16810 FANCFM = FLOAT(IFIX(FANCFM/HUNORD) + 1) * HUINOR
16820 S1ZE2 = FANCFM * OP08 * (TZONES - THRTWO) * EFFECT'
16830 SIZE2 = ONET * FLOAT(IFIX(SIZE2/ONET)) + ONET
16840 CFA e FANCFM/FHUNDR
16850 CFT2 5 COOLO/CFA
16860C
16870C SET P05030 = 1.66/33.
16880C
16890 WATVEL z FOIRTY * P05030
16900 wATTMP a COOLO/(FHNDRD * FOURTY)
16910 FIRST z .FALSE.
16920C
16930C INTERMEDIATE CALCULATION FOR EQUATIONS INSIDE INNER LOOP
16940C
16950 TEMPO = OP08 * CFMINF
16960 TEMP1 T DT/CRVX
16970 TEMP2 = ONE - TEMPI * (HAWRG + UAGLAS + HACI + HA[I(I) + HAWI(2)
16980 1 + HAWI(3) * HAWI(4) * HAIM + TEMPO * UAHOTA + 1AOOR)
16990 TEMP4 = OP08 * AVENT * ACEIL
17000 TEMPS x TEMP4 * UARII + UARI2 + IJAAWI(1) + UAA 2 + A A) + AAW(3)
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17010 1 UAAWI(4) * UACO

17020 TEMP6 = DT/CRVGI

17030 TEMP7 = ONE - TEMPb * TWO * KAOX

17040 TEMP8 = KADX * TWELL(IMONTH)
17050 TEMP9 * OT/CRVR1

17060 TEMPIO * OT/CRVR2
17070 TEMP11 a DT/CRVC
17080 TEMP12 a DT/CRVIM
17090 TEMP13 a DT/CRVSBG

17100 HARI a HO * AROOFI
17110 HAR2 a HO * AROOF2

17120 UARXI = ONE/(ONE/UAROI - ONE/HARI)

17130 UARX2 a ONE/(ONE/UAR02 w ONE/HAR2)

17140 UACX a ONE/(ONE/UACI - ONE/HACI)

17150 UAWBX a ONE/(ONE/UAWBG - ONE/HAWBG)

17160 TEMPlb a UARXI + UARII
17170 T"PI17 P UARX2 + UARI2
17180 TEMPI8 a HACI + UACX
17190 TEMP19 a UACX * UACO
17200 TEMP20 a HAWBG * UAWBX
17210 TEMP21 KAOX + UAWHX

17220 TEMP22 a HARI * UARXI

17230 TEMP23 a HAR2 + UARX2
17240 DO 35 I 1. 4

17250 HA(I) = HO * AREAA(I)
17260 UAAWX(I) a ONE/(ONE/UAAWO(I) " ONE/HA(I))

17270 TASS(I) ALFW *-AREAA(I)

17280 HAW(I) a HO * AREAW(I)
17290 UARX(I) a ONE/(ONE/UAwO(I) - ONE/HAW(I))

17300 UAWXI(I) a ONE/(ONE/UAWI(I) - ONE/HAWI(I))

17310 TASSS(I) a ALFW * AREAW(I)

17320 XTEPP2(1) = HA(I) + UAAWX(I)

17330 'XTEMP3(I) a UAAWX(I) + UAAWI(I)

17340 XTEMP4(I) a HAWI(I) + UAWXI(I)
17350 XTEMP6(I) HAW(I) * UAWX(I)

17360 XTEMP7(I) 2 UAWX(I) + UAWXI(I)
17370 35 CONTINUE
17380 40 CONTINUE
17390 J s IHOUR
17400C
17410C CALCULATE INTERNAL PEOPLE, LIGHT, AND APPLIANCE SENSI8LE LOADS

17420C
17430 PEOPL i PEOPLE(J) * PEOPMX * TFIFTY

17440 XLIGT 5 XLIGHT(J) * XLTEMX
17450 APPLI a APPL(J) *APPLMX
17460C
17470C CALCULATE AVAILABLE RADIATION ON COLLECTOR SURFACEi

17480C
17490 CALL SOLARO(AN(;1,ANG2,OAVAIL)
17500 OINCI(IHOURIDAY) a OAVAIL
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17510C
17520C CALCULATE TRANSMITTED SOLAR RADIATION AND RADIATION THAT
17530C tS IMPINGENT ON OUTSIDE SURFACES
17540C
17550 CALL wINDOW
17560 IF (SHADES .LT. ONE) GO TO 50
17570 OTRAN(l) = OTRAN(I)
17580 QAN(2) T RAN() TN2) * P4
17590 OTRAN(3) c OTRAN(3) * P1
17600 QTRAN(4) = GTRAN(4) * P4
17610 50 CONTINUE
17620 TSR u (OTRAN(I) * AGLASN * OTRAN(2) * AGLASE
17630 I + QTRAN(3) * AGLASS * OTRAN(4) *AGLASW)
17640 TTSR a TTSR + TSR
17650C
17660C CHECK FOR NIGHT SETBACK CONDITIONS
17670C
17680 IF (NSB .EQ. 0) GO TO 60
17690 IF ((J .LE. 6) .OR. (J .GT. 22)) TZONEW = SIXTHR
17700 60 CONTINUE
17710C
17720C DETERMINE THE DOMESTIC HOT WATER TANK LOAD AND THE
17730C INTERNAL LOAD
17740C
17750C SET TTP32 a 8.3333
17760C
17770 HGHOTW a MHOTW(J) * TTP32 * (THOTW - TWELL(IMONTH))
17780 TINLOD = PEOPL + XLIGT 1APPL1
17790C
17800C DETERMINE AVAILABLE ENERGY ON THE ROOF SURFACES
17810C
17820 CALL SOLARQ(ANG3,ANG4,OINCI)
17830 CALL SOLARO(ANG5,ANG6,QINC2)
17840C
17850C SET INITIAL VALUES FOR EACH HOUR
17860C
17870 TBTU = ZERO
17880 ITX = ZERO
17890C
17900C INTERMEDIArE CALCULATIONS FOR ElIJATIONS INSI3E NNER ILO)P
17910C
17920 00 65 I = 1, 4
17930 XTEMP1(I) = HA(I) * D)(J) + TASS(T) * AHSORi(I)
17940 XTEMPS(I) = HAW(I) * OB(J) + TASSS(I) * A9SO)R(I)
17950 65 CONTINUE
17960 TEMP3 = O(J) * (TEMPO + UAGLAS + tIAO(UR) +* UJA()IT * THnTI
17970 TEMP14 = HAR1 * DO(J) + OINCI * ALFR * aAROF1
17980 TEMP15 = HAW2 * OH(J) + UINC2 * ALFR * AK)3F2
17990 IEMP24 = D6(J) * TEMP4
18000C
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18010C INTEGRATE OIFFERINTIAL EQUATIONS FOR REQUIRED DT

1802OC
18030 N = IFIX(ONE/OT)
18040 00 100 K=1.N
18050C
18060C CALCULATE THERMOSTAT FUNCTION

18070CIsOlOC
18080 CALL TSTAT(TXOGTZONEWTZONES)
18090C
18100C DETERMINE THE SPACE AIR TEMPERATURE "TX"

120 TX TX * TEMP2 TEMP * ( TINLO AC * TCE HAWI() *

18120 TX a TX * TEMP2 + TEMPI * (0 * TINLOO * HACI * TCEI + HAWII)

18130 I TWSI(I) + HAWI(2) * TWSI(2) + HAWI(3) * TrSI(3) +

18140 1 HAWI(4) * TWSI4) + HAIM * TIM + HArWG * TSBGI + TEMP3)

18150C
18160C DETERMINE THE ATTIC WALL TEMPERATURES

18170C
18180 00 70 I1,4
18190 TEMP a DT/CRVAW(I)
18200 TAS a (XTEMPI(I) + UAAWX(I) * TAW(I))/XTEMP2(.I)

18210 TAW(I) a TAW(I) * (ONE- TEMP * XTEMP3(1)) +

18220 1 TEMP * (UAAWX(I) * TAS + UAAWI(I) * TA)

18230 70 CONTINUE:
18240C
18250C DETERMINE THE ROOF TEMPERTURES

18260C
18270C
18280 TRS1 = (TEMP14 + UARX1 * TRI)/TEMP22

18290 TRS2 a (TEMPIS + UARX2 * TR2)/TEMP23
18300C
18310 TRI a TRI * (ONE - TEMP9 * TEMPI6) + TEMP9

18320 1 * (UARXI * TRS1 + UARI1 * TA)

18330 TR2 a TR2 * (ONE - TEMPIO * TEMP17) + TEMPIO

18340 1 * (UARX2 * TRS2 + UARI2 * TA)

18350C
18360C DETERMINE THE CEILING TEMPERTURE

18370C
18380 TCEI = (HACI * TX + UACX *TCE)/TEMP18

18390 TCE a TCE*(ONE -TEMPII*TEMP19)+TEMP11*(UACO*TA+UACX*TCEI)
18400C
18410C DETERMINE THE ATTIC TEMPERTURE

18420C
18430 TA * (TCE ,* UACO + TEMP24 + UARI1 * TRI + UARI2 * TR2 +

18440 1 TAW(l) * UAAWI(I) + TAn(2) * UAAWI(2) + TAW(31 * UAAWI(3)

18450 1 TAW(4) * UAAWI(4))/TEMP5
18460C
18470C DETERMINE THE ROOM WALL TEMPERTURES
18480C
18490 DO 80 1=1,4

18500 TEMP = OT/CRVW(I)
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18510 TWSI(I) z (HAWI(I)*TX + UAWXI(I)*TW(I))/XTEMP4(I)
18520 WALLT(I) = (XTEMP5(I) * UAWX(I) * Tw(I))/XTEMP6(I)
18530 TW(I) = TW(I) * (ONE - TEMP * XTEMP7(I)) +
18540 1 TEMP * (UAWX(I) * wALLT(I)+ UAWXI(I) * 'TSI(T))
18550 80 CONTINUE
18560C
18570C DETEMINF THE INTERNAL MASS TEMPERTURE
18580C
18590 TIM =IIM*()NE -TEMP12*HAIM)+TEMP12*(HADI*TX+TSR)
18600C
18610C DETERMINE THE HASEMENT TEMPERTLIRE(SIIWFACE TEMPERTUR- iELlr) GROU(IJN
18620C LEVEL
18630C
18640 TSBGI = (HAW8G * TX + ULAWfX * TSBG)/TEMPeO
18650 TSBG = TSSG*(ONE -TEMPI3*TEMP21)+TEMP13*(KADX
18660 1*7GI1UAWBX*TS8GI)
18670C
18680C DETERMINE THE SURROUNDING EARTH TEMPERTHRE ASSUMINS ONE OTRECTIQNAL
18690C HEAT TRANSFER AND THAT THE GROUND TEMPERTURE Ar A DISTANCE OF 6
18700C FEET FROM THE WALL IS AT THE WELL WATER TEMPERTURE
18I10C
18720C SET AND RESET BOUNDARY CONDITIONS ON THE GROUN) TE4P
18730C
18740 IF (OLOMTH .GE. IMONTH) GOTO 90
18750 OLDMTH = IMONTH
18760 IF (TWELL(IMONTH) ,GT. TGI) TGI a TWELL(IMONTH)
18770 IF (TWELL(IMONTH) .GT. TG2) TG2 = TWELL(IMONTH)
18780 IF (TwELL(IMONTH) ,GT. TG3) TG3 a TwELL(IMONTH)
18790 90 CONTINUE
18800C
18810 TGI a TGI * TEMPT + TEMP6 *
18820 I (KADX * TG2 * KADX * TSBG)
18830 TG2 a TG2 * TEMP7 + TEMP6 *
18840 1 (KADX * TG3 * KADX * TG1)
18850 TG3 a TG3 * TEMPT * TEMP6 *
18860 1 (TEMP8 * KADX * TG2)
18870C
18880 BTU z Q*OT
18890 TTX a TTX+TX*DT
18900 TBTU a TBTU+BTU
18910 TIME a TIME + DT
18920 BSLOD 3 MAWBG * (TSBGI - TTX)
18930 100 CONTINUE
18940C
18950 IF(TBTU .GT. ZERO) GO TO 120
18960 IF(TBTU .LT. ZERO) GO TO 110
18970C
18980C
18990C OPERATION IN DEAD BAND
19000C
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19010 CLOAO a ZERO

19020 HLOAD = ZERO
19030 GO TO 130

19040 110 CONTINUE
19050C
19060C CALCULATE COOLING LOADS
19070C
19080 OS ; -TBTU
19090 OL a PEOPL*P8
19100 HLOAD s ZERO
19110 TOOB ODB(J)
19120 TOOP = DP(J)
19130 CALL COIL(TOOB,TOOP,TWI,OLQS,CFMINF,FANCFM,TTXTF
19140 I,CLOAD,EFFECT)
19150 IF(CLOAD *GT. CPEAK) CPEAK 5 CLOAD

19160 TCLOAD s TCLOAD * CLOAD
19170 GO TO 130
19180 120 CONTINUE
19190C
19200C CALCULATE HEATING LOADS

19210C
19220 CLOAD = ZERU
19230 HLOAD = TBTU

19240 IF (HLOAO .GT. HPEAK) HPEAK = HLOAO

19250 THLOAO = THLOAD * HLOAO

19260 ITINLO = TTINLO * TINLOn
19210 XINF a TEMPO*(TTX-DB8J))
19280 HLHOTW = UAHOTW * (THOTW - TTX)

19290 CONOL = HLOAD * TSR - XINF + HLHOTw +IINLOD

19300 TCONDL = TCONDL * CONOL
19310 TINF = TINF +XINF
19320C
19330 130 CONTINUE

19340 HLHOTw = UAHOTW * (THOTW - TTX)

19350 THWL 3 THWL + HLHOTW

19360 HOTWL = HGHOT *+ HLHOTW
19310 THOTWL - THOTWL * HOTWL
19380 OHL(IHOUR,IDAY) s HLOAD

19390 QC(IHOUR,IDAY) z CLOAD

19400 QHW(IHOUR,IDAY) = HOTWL

19410 XTEMP(IHOURtIDAY) a TTX

19420 BASLOD(IHOUR,IOAY) = BSLOD

19430C
19440 RETURN
19450C.
19460C LAST CARD OF SUBROUTINE HOUSE

19470C
19480 END
19490 SUBROUTINE TSTAT(TXQ,TZONEWTZONES)
19500C
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19520C
19530C THIS SUBROUTINE WILL APPROXIMATE THE CONTROL OF I4E
19540C HONEYWELL CHRONOTHERM I . IT HAS A STEADY STATE DROOP
19550C OF THREE DEGREES IN BOTH THE HEATING AND COLING OODES.
19560C THE THERMOSTAT OEAB0AND IS DETERMINED BY THE WINTER AND
19570C SUMMER SET POINTS.
19580C
19590C DEVELOPED BY HONEYWELL
19600C
19610C********«*************» ***********<»>***»*»»*»»
19620 COMMON /DESIGN/HEATO,COOLDSIZEIZIZE2,FANCFMEVPGPM,EFFECT,
19630 1 WATVELWATTMPCFAFNCFM1
19640 DATA TRH/3./,TRC/1./,ONE/I./,ZERU/O./
19650C
19660 HEAT = (TZONEw - TX)/TRH
19670 IF(HEAT .GT. ONE) HEAT = ONE
19680 IFCHEAT .LT. ZERO) HEAT = ZERO
19690C
19700 COOL = (TX - TZONES)/TRC
19710 IF(COOL .GT. ONE) COOL = ONE
19720 IF(COOL .LT. ZERO) COOL = ZERO
19730C
19740 0 = HEAT * SIZEI - COOL * SIZE2
19750C
19760 RETURN
19770C
19780C LAST CARD OF SHROnUTINF TSTAT
19790C
19800 END
19810 SUBROUTINE SOLARQ(ANGI,ANG2,UAVAIL)
19820C
19B30C******a*** ** ******** **********a***** ***********a*aaa*aa**a*** aaa**
19840C
19850C THIS SUBROUTINE CALCULATES THE SOLAR LOAD OF A RESI)ENTIAL
19860C BUILDING.
19870C
19880C THE SUBROUTINE STATEMENT IS
19890C
19900C SUBROUTINE SOLARQ(ANGIANG2,OAVAIL)
19910C
19920C WHERE
19930C
19940C ANG1 a THE ANGLE THE SURFACE MAKES WITH RESPECT TO
19950C HORIZONTAL
19960C ANG2 a THE ANGLE THE SURFACE MAKES WITH RESPECT TO THE
19970C LOCAL AZMITH (DUE SOUTH IS 0. EAST * WEST - )
19980C OAVAIL a ENERGY INICIDENT ON SURFACE (BTU/SQ.FT.)
19990C
20000C DEVELOPED BY HONEYWELL
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20010C
20020C PROJECTI ACES
20030C
20040C CREATION DATE: 06/21/78
20050C

20070 COMMON /BLOCK/IHOURvIDAY,IMONTHTSTlORHL(24,566b)#QW(24,366),
20080 1 OC(24r366)»QINCI(24,366),CLOAO,HLOAO,CPEAK,
20090 1 HPEAK,THOTWL,THLSTHWLTINFTHLOAO,TCONDL,TCLOADTTSR
20100 1 ,A(200),NTALE(2 XT(2 XTEMP24,366)BASLOD(24,366)
20110 COMMON /DIR/DIRH,DfRNTOTH
20120 COMMON /SOLAR/S(35)
20130 DATA POINT/.017453/,ZERO/ ./,ONE/ /,/ TTO/2./
20140C
20150C CALCULATE SURFACE ANGLES
20160C
20170 TILT a ANGI * POINT
'0180 CTILT a COS(TILT)
20190 STILT x SIN(TILT)
20200 FTILT i (ONE - CTILT)/TWO
20210 AZIM a ANG2 * POINT
20220 CAZIM = COS(AZIM)
20230 SAZIM a SIN(AZIM)
20240 RHO a A(9)
20250C
20260C COMPUTE ANGLE OF INCIIENCE WHERE
20270C S(13) - THE DIRECTION COSINE WITH RESPECT TO TIE SlURFACE NORMAL
20280C S(14) - THE DIRECTION COSIN WITH RESPECT TO LOCAL IAST
20290C S(1S) - THE DIRECTION COSINE WITH RESPECT TO LIC4L NORTH
20300C
20310 CTHETA = CTILT * S(13) * STILT * SAZIM * S(i4) - STILT * CAZIM *

20320 I S(15)
20330 IF (CTHEIA .LT. ZERO) CTHETA = ZERO
20340C
20350C COMPUTE DIRECT AND DIFFUSE SOLAR RAI)TATIII' IlM1I j lGI N AN

20360C OHL1OUE SURFACE
20370C
20380 11IR = t)IN * CTHETA
20390 IOIF = ((llH - OIRH) * (ONE - FT1L1) + RH( * ILlTH * FTILI
20400 UAVAIL = QOD * + OIF
20410 RETURN
20420 END
20430C
20440 SUBROUTINE SUN(MOOE)
20450C
204bOSC***********************************************************************
20470C
20480C THIS SUBROUTINE COMPUTES DECLINATION, EOUATID[ OF TIiEAPPARENT
20490C SOLAR CONSTANT, ATMOSPHERIC EXTINCTION COEFFICIENT, SKY DIFFUSE
20500C FACTOR, SUN RISE AND SUNSET TIMES ONCE EACH DAY, AND



A-28

20510C THE SUN PARAMETERS,
20520C
20530C THE SUBROUTINE STATEMENT IS
20540C
20550C SUBROUTINE SUN(MODE)
20560C
20570C WHERE
20580C
20590C MODE IS SET TO 0 AT THE FIRST CALL OF EACH DAY
20600C
20610C S(I)= LATITUDE,DEGREES(+NORTH,-SOUTH)
20620C S(2): LONGITUDE,DEGREES(+WEST,-EAST)
20630C S(3): TIME ZONE NUMBER
20640C STANDARD TIME DAYLIGHT SAVING TIME
20650C ATLANTIC 4 3
20bbOC EASTERN 5 4
20670C CENTRAL 6 5
20680C MOUNTAIN 7 6
20690C PACIFIC 8 7
20700C S(4)) DAYS(FROM START OF YEAR)
20710C S(5)z TIME,HOUR AFTER MIDNIGHT)
20720C S(b)= DAYLIGHT SAVING TIME INDICATDO
20730C S(8)= CLEARNESS NUMBER
20740C S(11)=SUN RISE TIME (HOURS AFTER MIDNIGHT)
20750C S(12)tSUN SET TIME
20760C S(13)=COSZ DIRECTION COSINES
20770C S(14)aCOSN DIRECTION COSINES
20780C S(15)=COS(S) DIRECTION COSINES)
20790C S(16)=ALPHA DIRECTION COSINES NORMAL TO SURFACE
20800C S(2O)3SOLAR ALTITUDE ANGLE. RADIANS
20810C S(21)=SOLAR AZIMUTH ANGLE, RADIANS
20820C S(22)=DIFFUSE SKY RADIATION ON HORIZONTAL SURFACE
20830C S(23)=TOTAL HORIZONTAL RADIATION ITH
20840C S(24)=DIRECT NORMAL RADIATION
20850C S(28)sSUN DECLINATION ANGLE DELTA, RADIANS
20860C S(29)aEOUATION OF TIME ,HOURS
20870C S(30) a SOLAR FACTOR A
20880C S(31) = SOLAR FACTOR B
20890C S(32) = SOLAR FACTOR C
20900C S(35)=SOLAR HOUR ANGLE OMEGA, RADIANS
20910C
20920C DEVELOPED BY HONEYWELL
20930C

20950C
20960 COMMON /SULAR/ S(35)
20970 DIMENSION AO(5),A1(5),A2(5),A3(5),tH(5),82(5),83(5)
20980 DATA AO/.302,-.0002,368.44,.1717,.0905/
20990 IATA Al/-22.93,.4197,24.52,-.0344,-.)410/
21000 DATA A2/-.229,-3.2265,-1.14,.0032,.0073/
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21010 DATA A3/-.243,-.0903,-.109,.0024,.01l5/

21020 DATA Bl/3.851,-7.351,.58,-.0043,-.0034/
21030 DATA H2/.002,-9.3912,-.18,0.,.0004/
21040 DATA 83/-.055,-.5361b.28,.OOO,-.OO0b/

21050 DATA TWO/2./,THR66/366./,THREE/3./,ONEHO/180./,SIXTY/bO./
210b0 1 ,FIFTIN/15./,TwELVE/12./,ONE/I./.ZERO/O./OPEi6/I.E-b/
21070 DATA RPH/0.2b1799383/
21080 REAL LAT,LATD,LONG,MERID,LOND
21090C
21100 PI 3.14159265

21110 TWOPI x 6.28318531
21120 IF(MODE .NE. O) GO TO 20

21130 X3 TWO *PI/THRbb*S(4)
21140 Cl=COS(X)
21150 C2=COS(TWO*X)
21160 C3;COS(THREE*X)
21170 Sl;SIN(X)
21180 S2aSIN(TWO*X)
21190 S3=SIN(THREE*X)
21200 DO 10 K31,5

21210 KS=(K-1)+28
21220 S(KS)SAO(K)+Al(K)*C1A2(K)*C2+A3(K)*C3+19(K)*Sl+92(K)*S2
21230 1 + 83(K)*S3
21240 10 CONTINUE
21250 S(28) = S(28)*PI/ONE80
21260 S(29)=S(29)/SIXTY
21270 LATDOS(I)
21280 LONGUS(2)
21290 MERIOrFIFTIN*S(3)
21300 LOND=LONG-MERID
21310 Y x S(28)
21320 YY*LATD*PI/ONE8O
21330 HPa-SIN(Y)/COS(Y)*SIN(YY)/COS(YY)
21340 TRSTWELVE/PI*ARCOS(HP)
21350 S(ll)c(TWELVE-TR)-S(29)+LOND/FIFTIN
21360 S(12) a 8(11) * TWO*TR
21370C
21380C COMPUTE DAILY CONSTANTS
21390C
21400 TYYmSIN(YY)/COS(YY)
21410 TYSSIN(Y)/COS(Y)
21420 CYXCOS(Y)
21430 SY=SIN(Y)
21440 CYYsCOS(YY)
21450 SYYsSIN(YY)
21460 ACHPZARCOS(HP)
21470 HPI a ARCOS(HP)
21480 XtlABS(HP1)

21490 GO TO 40
21500C
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21510C COMPUTE THE FOLLOWING SUN PARAMETERS UN EACH OT CALL
21520C
21530 20 CONTINUE
21540C
21550C COMPUTE SOLAR HOUR ANGLE
21560C
21570 H a -RPH*(S(5)-TWELVE+S(3)+S(29)-S(6)) + S(2)*PI/ONE80
21580 9335) = H
21590C
21600C IS THE SUN UP
21610C
21620 X2:ABS(H)
21630 IF (XI .LT. X2) GO TO 40
21b40C
21b50C COMPUTE SOLAR DIRECTION COSINES
21660C
21670 S(13)=SYY*SY+CYY*CY*COS(H)
21680 S(14) a CY*SIN(H)
21690 S(15)3-SYY*CY*COS(H)+CYY*S

v

21700C
21710C COMPUTE SOLAR ALTITUDE ANO AZIMUTH
21720C
21730 30 CONTINUE
21740 S(20)=ARSIN(S(13))
21750 S(21)=(PI-ARCOS(S(15)/COS(S(20))))*SIGN(O'E,H)
21760C
21770C COMPUTE RADIATION INTENSITY
21780C
21790 CALL FXOPT(89,1,1,0)
21800 S(24)=S(30)*S(8)*EXP(-S(31)/S(13))
21810 IF(S(24) .LT. OPEM6) S(24) ; ZERO
21820 CALL FXOPT(89,1,0,0)
21830 S(22)a8(32)*S(24)
21840 S(23) a (Sf32) + S(13))*S(24)
21850 RETURN
21860 40 CONTINUE
21870 S(24) a ZERO
21880 5(22) a ZERO
21890 S(23) a ZERO
21900 RETURN
21910C
21920C LAST CARD OF SUBROUTINE SUN
21930C
21940 END
21950C
21960 SUBROUTINE COIL(TOOSTODPTWI,QL,QS,CFMLNFFANCFq,TX,TF
21970 1,CLOAD,EFFECT)
21980C

22000C
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22010C THIS SUBROUTINE IS USED TO DETERMINE THE EXISTING O4AD ON A
22020C COOLING COIL FOR A SPECIFIED SET OF CONOITIONS. THE TOTAL
22030C LOAD IS A FUNCTION OF THE EXIT CONDITIONS OF THE COIL AND
22040C THEREFURE IS NOT KNOWN EXPLICITLY. THIS ROUTINE HILL DETER-

22050C MINE THE LOAD IN THE SPACE, THE SPACE HUMIDITY RATIO, AND
22060bC THE AMOUNT OF TIME THE COIL IS IN OPERATION EACH HOUR.
22070C THE FOLLOWING IS A LIST OF INDEPENOENT VARIABLES:
22080C
22090C TODB _ OUTDOOR AIR DRYBULB TEMP. DEG. F
22100C TODP a OUTDOOR AIR DEWPOINT )EG. F
22110C TWI = INLET WATER TEMP. TO COOLING COIL OEG. F
22120C OL = LATENT LOAD IN THE SPACE TlTU/HR
22130C OS a SENSIBLE LOAD IN THE SPACE Ttl/HR
22140C CFMINF = INFILTRATION CFM CFM
22150C FANCFM = COOLING COIL FAN CFM CFM
22160C TX * INDOOR AIR DRYBULB TEMP. DEG. F
22170C TF = TIME FRACTION THE COOLING COIL IS )O
22180C CLOAD c TOTAL COOLING LOAD FOR THE HOUJR iTU
22190C WO x OUTDOOR HUMIDITY RATIO LtMH20/L. HMAIR
22200C WI = INDOOR HUMIDITY RATIO LBMHO2/LdMAIR
22210C
22220C DEVELOPED BY HONEYWELL
22230C

22250C
22260 DATA FP46/4.46b/ONET96/1096./,ONET61/10bl./,P24/.24/,P45/.45/,
22270 1 ZERO/O./,POI/.OI/,FIFTIN/15./,O(NE/l./,POOO0/.0001/,PI/.I/
22280C
22290C ASSUMING NO DEHUMIDIFICATION, THE OUTDOOR AND INDOOR
22300C HUMIDITY RATIOS ARES
22310C
22320 TEMPO c FP46 * CFMINF
22330 TEMPI = FP46 * FANCFM
22340 TEMP2 z WO * (P45 * TODB * ONETbl)
22350 WO OMEGA(TOOP)
22360 WIX WO * QL/(TEMPO*ONET96)
22370C
22380C ASSUMING A CONSTANT COIL EFFECTIVENESS THE MAXIMUM CAPACITY IS:
22390C
22400 WEa OMEGA(TWI)
22410 QMAX= EFFECT*(TEMPI*(((P24+P45*WI)*TX+ONET61*,I)
22420 1 -((P24+P45*WE)*TWI+ONET6I*WE)))
22430C
22440C THE INLET ENTHALPY, ENTHALPY DROP ACROSS THE COIL, AND THE
22450C EXIT ENTHALPY AREI
22460C
22470 HIm P24*TX + WI*(P45*TX * ONET6I)
22480 OHz OMAX/TEMPI
22490 HOI HI * OH
22500C
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22510C CHECK TO SEE IF THE ASSUMPTION ON DEHUMIDIFICATION WAS CORRECT

22520C IF IT WAS, DETERMINE THE LOAD AND RETURN, IF NOT GO TO TEN

22530C
22540 TE= OMGAIN(WI)
22550 HOTRYv P24*TE + WI*(P45*TE + ONETbl)

22560 IF((HOTRY-HO) .GT. PI) GO TO 10
22570 QCOOLs OS + QL * TEMPO * (TEMPi
22580 1 - wHI(P45*TX + ONET61))
22590 IF(QCOOL .LT. ZERO) OCOOL= ZERO
22600 TF= QCOOL/QMAX
22610 CLOAD2 OCOOL
22620 40 CONTINUE
22630 RETURN
22640C
22650C USE TE FROM PREVIOUS SOLUTION ATTEMPT AS A FIRST GUESS

22660C FOR THE EXITING AIR TEMP.
22670C
22680 10 CONTINUE
22690 SLIM= ZERO
22700 20 CONTINUE
22710 CALL FUNC(CFMINF,FANCFM,WO,WIPOLTE,TWI,TX,HO,HOTRY
22720 1,EFFECT,QMAX)
22730C
22740C USE NEWTONS METHOD TO SOLVE FOR TE ANDO rE
22750C
22760 SUM=SUM+ONE
22770 FX= HO - HOTRY
22780 DEL=POUOI*TE
22790 TEPs TE + DEL
22800 CALL FUNC(CFMINF,FANCFM,WO,WIP,QL,TEP,TwI,TXHO,HOTRY
22810 I,EFFECT,QMAX)
22820 FxDO HO - HOTRY
22830 FXP= (FXD -FX)/DEL
22840 TEN= TE - FX/FXP
22850 TEsTEN
22860 IF(ABS(FX) .GT. P01 .AND. SUM .LT. FIFTIN) G3 TO 20

22870 IF(SUM .LT. FIFTIN) GO TO 30
22880 WRITE(9,121)
22890 121 FORMAT(/,'SUBROUTINE COIL HAS NOT CONVERGED',/)
22900 MODEC s 0
22910 GO TO 40
22920 30 CONTINUE
22930C
22940C DETERMINE THE TIME FRACTION KNOWING THAT THE LATENT

22950C INFILTRATION FOR THE COIL ON AND OFF PERIOD IS:

22960C
22970 XINFP= TEMPO * (TEMP2-HIP*(ONETb1+P45*TX))
22980 XINFuTEMPO * (TEMP2-WI*(ONET61+Pa5*TX))
22990C
23000C ON TIME
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23010C
23020 TFe (QS * OL + XINF)/(OMAX - XINFP * XINF)
23030 IF(TF .LT. ZERO)TF= ZERO
23040 IF(TF *GT. ONE)TFm ONE
23050 OCOOL= TF*OMAX
23060 CLOAD= OCOOL
23070 RETURN
23080C
23090C LAST CARD OF SUBROUTINE COIL
23100C
23110 ENO
23120 SUBROUTINE FUNC(CFMINF,FANCFM,tU,WIP,JLTETAI,TXHO,HOTRY
23130 1,EFFECTOMAX)
23140C

25160C
23170C SURHOIJTINE FUNC IS LISEI) TO EVALIIAlf ClOLLING C31L -kIT
23180C CONUITIONS
23190C
23200C OEVELOPED BY HONEYWELL
221 0C
23220C****************************************************************
23230C
23240 OATA FPrh/4.4h/,P24/.24/,P45/.45/ ,litNErhl / ti ./.)l'JE Ih/O 1 ./

23250C DETERMINE APPROPRIATE HUMIOI.TY RATIOS FROl TT ANOi TE
23260C
23270 TEMPO = FP4b * CFMINF
23280 TEMPI = FP4h * FANCFM
23290 WX= OMEGA(TwI)
23300 bE= OMEGA(TE)
23310 WI= (TEMPO*wOU + OL/ONET9b + TEMPI*WE)/
23320 1 (TEMPO + TEMPI)
23330C
23340C DETERMINE OMAX, OH, HI, HO, WIP, AND HOTRY
23350C
23360 UMAX= EFFECT*(TEMPI*(((P24+P45*WI)*TX+ONET61*II)-((P24
23370 1 *P45*WX)*TWI+ONETbl*WX)))
23380 OH= OMAX/TEMPI
23390 HIm P24*TX * WI*(P45*TX * ONET61)
23400 HO= HI a DH
23410 WIP= WI
23420 HOTRY= P24*TE + WE*(P45*TE + ONET61)
23430 RETURN
23440C
23450C LAST CARD OF SUBROUTINE FUNC
23460C
23470 END
23480 FUNCTION OMEGACT)
23490C
23500Cl*I*·*****s****r********** c*** ********************
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23510C
23520C THIS ROUTINE GIVES THE HUMIDITY RATIO AT THE SATURATION
23530C TEMPERATURE T
23540C
23550C DEVELOPED BY HONEYWELL
23560C
23570Cew**·*l*******s***ae***^****l**e*****ae******e*ea*****la*******,,
23580C
23590 DIMENSION X(4)
23600 DATA X/-10.3678,15.7772,1.02294,.0235739/,THRTMO/32./
236bOC
23620 IF(T .LT. THRTWO) T m THRTWO
23630 OMEGA a EXP(X(t) + (X(2)/T) +(X(3) * ALOG(T)) + (X(q) * T))
23640 RETURN
23650C
23660C LAST CARD OF FUNCTION OMEGA
23670C
23680 END
23b90 FUNCTION OMGAIN(W)
23700C
23710C************************************* ***************************
23720C
23730C THIS ROUTINE GIVES THE SATURATION TE1PERATUR-E FOR THE
23740C SPECIFIED HUMIDITY RATIO w
23750C
23760C OEVELUPED HY HONEYWELL
23770C
z37o80C********************************************************
23790C
23800 DIMENSION x(h)
23810 DATA stVENr/7000./,X/-12.1lb4,2.5q4'4,.)*q's571l,'4.hlonF-q,
25820 1 2.27/77E-b,pq.1()80E-9/
23 30C
2.840 R(;RAIN = 5EVENT *
2S850 U(GAIN = X(l) + X(2) * GR AIN - X ) * GRAI\ l * r3 4 ) J + X (4)
23860 1 * wGRAIN ** 3 - X(5) * w{;R4IN ** 4 + X(h) * (;~AIN ** -
2?S70 RETURN
2 i81OC
23890C LAST CARD OF FUNiCTION UMGAIN
23900C
21910 END
2S920 SUBROUTINE WINDOW
23930C
23940C************************^******^**********************************
23950C
23960C THIS SUBROUTINE CALCULATES THE SOLAR RADIATION TRANSMITTED
23970C PER SO FT OF GLASS DUE TO CLEAR SKY DIRECT RA)IATIOV
23980C
23990C THE SUBROUTINE STATEMENT IS
24000C
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24010C SUBROUTINE WINDOW
24020C
24030C THE EXTERIOR WALLS AND WINDOWS ARE ASSUMED TO BE VERTICAL
24040C SURFACES. CALCULATIONS ARE MADE FOR EACH OF THE FOUR VERTICAL
24050C EXPOSURES ALLOWING FOR + OR -45 DEGREES ROTATION FROM TRUE NESw.
24060C THE DIRECT NORMAL RADIATION IS CALCULATED FROM SUBROUTINE

24070C SUN FOR EACH HOUR. DIRECTION COSINES OF THE SUN'S RAYS WITH
24080C RESPECT TO LOCAL VERTICAL, LOCAL WEST AND LOCAL SOUTH ARE
24090C ALSO CALCULATED IN SUBROUTINE SUN. DIRECTI3N C3SINES OF
24100C THE NORMAL TO EACH OF THE FOUR WALLS WITH RESPECT TO LOCAL

24110C VERTICAL, LOCAL WEST AND LOCAL SOUTH ARE CALCULATED. THE
24120C COSINE OF THE ANGLE OF INCIDENCE IN CALCULATED FOR EACH OF
24130C THE WALLS FROM THE DIRECTION COSINES OF THE N3R4A.B TO THE
24140C WALL AND THE SUN'S RAYS. THE SOLAR RADIATION INCIDENT ON

24150C EXTERIOR WALLS AND TRANSMITTED THROUGH THE WINDOWS IS THEN
24160C CALCULATED AS A FUNCTION OF THE ANGLE OF INCIDENCE FOR EACH
24170C OF THE FOUR EXPOSURES. THE MEAN ANGLE OF INCIDENCE FOR DIFFUSE
24180C SOLAR RADIATION IS ASSUMED TO BE 60 DEGREES. THE WINDOWS ARE
24190C ASSUMED TO BE DOUBLE GLAZED. INTERNAL AND EXTERNAL SHADING
24200C EFFECTS ARE NOT CONSIDERED.
24210C
24220C EXPLANATION OF VARIABLESI
24230C
24240C BOANG IS THE BUILDING ROTATION ANGLE (-45 DEG < 80ANG < +45 DEG)

24250C
24260C RHOS IS THE REFLECTANCE OF THE GROUND IN FRONT OF THE WINDOW
24270C
24280C XN IS THE INDEX OF REFRACTION OF GLASS IN AIR
24290C
24300C XK IS THE PRODUCT OF THE EXTINCTION COEFFICIENT AND THE
24310C rHICKNESS FOR EACH PANE OF GLASS (DIMENSIONLESS)
24320C
24330C TDR IS THE WINDOW TRANSMITTANCE FOR DIRECT SOLAR RA)IATION
24340C (FUNCTION OF THE INCIDENCE ANGLE)
24350C
24360C TDF IS THE WINDOW TRANSMITTANCE FOR DIFFUSE SOLAR RADIATION
24370C (SKY RADIATION AND DIFFUSELY REFLECTED RA)IATION FROM
24380C THE GROUND)
24390C
24400C OTRAN(I) IS THE SOLAR RADIATION TRANSMITTED THROUGH GLASS (BTUH/SO FT)
24410C
24420C ABSORB(I) IS THE SOLAR RADIATION INCIDENT ON EACH EXTERIOR
24430C WALL (8TUH/SQ FT)
24440C
24450C WHERE
24460C
24470C I x I FOR NORTH EXPOSURE
24480C a 2 FOR EAST EXPOSURE
24490C = 3 FOR SOUTH EXPOSURE
24500C = 4 FOR WEST EXPOSURE
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24510C
24520C OEVELOPFo HY HnlFviwE I

24530C
24540Ci****************************************************************

24550C
24560 COMMON /LOCK/IHOUR II)AYTMONTHTSTI)H9:HL(24,b6),.HV(24,36,),
24570 1 UC(4, 3b6),OINCI(24, 56b) CLOAI),HLOAI),CEAK,
24580 1 HPEAK,THOTL, THLSTHvL,TINFTHLOAO,TC1)NDL,TCLlAO,TTSR
24590 1 ,A(200),NTA8LE(20),XTEMP(24,366),4ASLO)(24, 66)
24600 COMMON /SOLAR/S(35)
24610 COMMON /SLOAO/UTRAN(5),ABSORB(5)
24620 COMMON /DIR/DIRH,DIRN,TOTH
24630 DAlA TWO/2./,ONE/I./,PO11/.Oll/,POU792/.00792/,ZERO/)./,THREE/3./
24640 1 ,P09/.09/,FSP3/57.3/
24650 DATA PI/3.1416/,XK/O.05/,XN/1.526/,TOF/0.672/,P5/.5/,P999/.999/
24660C
24670C INITIALIZATION
24680C
24690 DO 10 I = 1, 5
24700 OTRAN(I) = ZERO
24710 ABSORB(I) = ZERO
24720 10 CONTINUE
24730 RHOS = A(9)
24740 BOANG : A(135)
24750C
24760C DIRECT NORMAL RADIATION DUE TO CLOUDY SKY
24770C
24780 SDNC=DIRN
24790C
24800C DIRECT RADIATION ON HORIZONTAL SURFCE DUE TO CLOUDY SKY
24810C
24820 SDRHCzDIRH
24830C
24840C TOTAL RADIATION ON HORIZONTAL SURFACE OUE TO C.DUDY 3KY
24850C
24860 STHCBTOTH
24870C
24880C DIRECTION COSINES OF SUN'S RAYS WITH RESPECT TO LOCAL COORINATES
24890C
24900 COSW = S(14)
24910 COSS x S(15)
24920 DO 500 IWALL = 1. 4
24930C
24940C CALCULATE WALL AZIMUTH WITH RESPECT TO SOUTH.
24950C
24960 WA= (THREE - FLOAT(IWALL)) * PI/TNO * BOANG/FSP3
24970C
24980C DIRECTION COSNE OF NORMAL TO VERTICAL WALL wIT4 RESPECT TO
24990C LOCAL WEST HORIZONTAL.
25000C
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25010 BETA a SIN(WA)
25020C
25030C DIRECTION COSINE OF NORMAL TO VERTICAL WALL WITH RESPECT TO

25040C LOCAL SOUTH HORIZONTAL
25050C
25060 GAMMA 2 COS(WA)
25070C
25080C CALCULATE THE COSINE OF ANGLE OF INCIDENCE
25090C
25100 COSAOI a COSW * BETA - COSS * GAMMA
25110 IF (COSAOI ,LT. ZERO) COSAOI = ZERO
25120 IF (COSAOI .GT. ONE) WRITE(6t1000) COSAOI
25130C
25140C CALCULATE INCIDENT RADIATION
25150C
25160 OSINC = COSAOI * SONC
25170 QOIFS = (STHC - SDRHC) * P5 + RHOS * STHC * P5

25180 QINCIS = SINC * ODIFS
25190C
25200C DETERMINE THE TRANSMISSION COEFFICIENT
25210C
25220 IF (COSAOI .LE. ZERO) TR = ZERO
25230 IF (COSAOI .LE. ZERO) GO TO 400
25240C
25250C CALCULATE THE ANGLE OF INCIDENCE AND THE ANGLE OF REFLECTION
25260C
25270 AOI = ACOS(COSAOI)
25280 AOR r ASIN(SIN(AOI)/XN)
25290C
25300C CALCULATE INTERMEDIATE STEPS FOR THE TRANSMISSION COEFFICIENT
25310C AS A FUNCTION OF THE ANGLE OF INCIDENCE
25320C
25330 IF (COSAOI .GT. P999) GO TO 300
25340 RI a (SIN(AOI - AOR)/SIN(AOI + AOR)) ** 2
25350 RX a (TAN(AOI - AOR)/TAN(AOI + AOR))
25360 R2 a RX * RX
25370 TR a P5 * (((ONE * RI)/(THREE * RI * ONE)) + ((ONE - R2)/

25380 1 (THREE * R2 + ONE)))
25390 GO TO 400
25400 300 CONTINUE
25410 R 2 ((XN * ONE)/(XN + ONE)) ** 2
25420 TR : (ONE - R)/(THREE * R + ONE)
25430 400 CONTINUE
25440C
25450C CALCULATE THE TRANSMISSION COEFFICIENT FOR DIRECT RADIATION
25460C
25470 TDR a TR * EXP(-TWO * XK/COS(AOR))
25480C
25490C CALCULATE THE TRANSMITTED RADIATION
25500C
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25510 QTRAN(IWALL) = 0SINC * TDR * QOIFS * TDF
25520C
25530C CALCULATE THE INCIDENT RADIATION ON THE WALL SURFACE
25540C
25550 ABSORB(IWALL) a OINCIS
25560C
25570 500 CONTINUE
25580 RETURN
25590 1000 FORMAT(/,IX,'COSAOI = ',F12.8)
25600C
25610C LAST CARD OF SUBROUTINE WINDOW
25620C
25630 END
25640 SUBROUTINE wAHP(TwITAIQCONDjOEVAPpHPCOJP)
25650C
25660C*****************************************************************
25670C THIS ROUTINE PKEDICTS THE PERFORMANCE OF A NATER T1
25680C AIR HEAT PUMP AS A FUNCTION OF THE EVAPOrATOi AN)
25690C CONDENSER INLET TEMPERATURES
25700C
25710C DEVELOPED HY HONEYWELL
25720C
25730C*******************************************************************
25740C
25750 COMMON /HTPP/FF
25760 ODAA ONE/ ./,ONE T23//lO)2./THITwi)/ . / XF1 /bI00o. /, rIlIIl)/ i)0 ./
25170 1 P0015/.00155/,P7336/.7336/,T9TqP /2}.p2/,EIG.rY/6t)./,
25780 1 F569/USb9./,TS23/?523./,SIX~PS/h./,TPs/12./,P/.l/
25790 1 T54b/2545./,P00159/.00159/,P6bH7/.17i5/
25800C
25810 EET = TvI
25820 ECT = TAI
25830 BTU = ONET23 * (EET - THHTWO) *+ IXFT - THUND * E:l!
25840 Y = T9P23 * (ECT - EIGHTY) + F5h9
25850 XM = (Y - T523)/SIX2P5
25860 WATTS = XM * (EET - TWP5) + T523
25870 COP = BTU/(WATTS * PI) + FF
25880 OCONO = BTU
25890 8TUM = QCOND/COP
25900 OEVAP = UCOND - BTUM
25910 OCOND = QCOND * (P00155 * EET + P7336)
25920 OEVAP s OEVAP * (P00159 * EET + P6875)
25930 QMOT = OCONO - OEVAP
25940 COP Q OCOND/OMOT
25950 HP s OMOT/T545
25960 RETURN
25970C
25980C LAST CARD OF SUBROUTINE WAHP
25990C
26000 END
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************************************************************************ * ***

**a** **** **** **** ****
* * * * * * *

***** *** *** **** **** *** * ****

* * * * * * *
* * * * * * * * *
**a* *** *** *** *

************* T*********************************************************
***********************************************************************

- 3 0 - DATE 08.31-79 TIME 11.528 D10 El GCS-AJ
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LODMODB



/
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xxxxxxxxxxxxxxXSNUM 3888xxXxxxxxxxxxxxxxxxxKxxxxxxxxxKxxxxxxxxxxxxxxxxxx

XXX XXXX XxXX XXXX XXxX

X X X X X X t X

XXX XXXX XXXX XXXX X

X X X X X X X

X X X X X X X X X

XXXX xxxx xxxx xxxx x

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXKXXKXXXXXXXXXX XXXXXXXXXXKXXXXXX XKXXXXXXXXXKXXXXKXXXXXXtXXXXXXXXXXXXXX

SS 38B8T ENTERED GCS-AJ AT 11.472 FROM SYSTEM-U TSS/S 0-08-02

0001 S SNUMB 3888T
0002 S COMMENT F00b4B TSS MEDIA CONVERSION
0003 S IOENT F00648-ACES
0004 I* USERID F00648S
0005 AS CONVER
0006 * LIMITS ,,,5000
0007 S SYSOUT OTEI
0008 S MULTI 1-1

0009 1 DATA IN,,COPY,ENOFC
0010 * ENOCOPY IN
0011 * ENOJOB
TOTAL CARD COUNT THIS JOB * 002094

* ACTY-Ol ICARD 00005 CONVER 08/31/79 SW=OOOOOOOOOOOO

BMC-TTL DATE 771205
S MULTI 1-1
FILE 0000001 TOT 002083 INPUT
INPUT COUNT 002083 OUTPUT COUNT 002083

BLOCKS SKIPPEO 000000 IGNORE COUNT 000000

* NORMAL TERMINATION AT 001544 1=2060 Sw=000000000000

START 11.476 LINES 2082 PROC 0.0003 I/O 0.0)1 IU 5 MEMORY 9K

STOP 11.480 LIMIT 50000 LIMIT 0.2000 -I111T CU 5 M*T 149

SNAP 0.000
LAPSE 0.004 FC O TYPE BUSY IP/AT FP/RT IS/#C MS/#E AOORESS Tr/PKU

MC MSU4'b0 * 22 I I I 0-o-,Il

IN R MSU450 * 1078 4 9 4r9 ' -9 )- 0H- IL
OT SYOUT
P* SYOUT

RC-00 2082 LINES AT STA. El

ACTIVITY 01 COSTS= 0.77
*CUMULATIVE COS=$S 0.77
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SNUMB = 3888T, ACTIVITY # = 01, REPORT CODE = 00, RECORiO CrUJI = oOT0o2

S NOTE FILENAME BKACE
S NOTE LABELS- AR(El)
S NOTE TABS/SETTNGS- ASIS
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000IOC****************************************************************
10010C
10020C LOADS PROGRAM FOR RESIDENTIAL ACEF
10030C
10040C THIS PROGRAM HAS BEEN DESIGNED TO CAL.Ci)LATE TH-E HOI.ILY LOAnS
10050C FOR A SINGLE OR MULTI-FAMILY RESIDENCES (ONLY) EUHIPPEO wITH AN
10060C ACES CONFIGURATION. THIS PROGRAM IS ONE OF F)UR DISTINCT MODULES.
10070C THEY ARE:
10080C 1. LOADS PROGRAM
10090C 2.. DESIGN PROGRAM
10100C 3. SIMULATION PROGRAM
10110C 4. ECONOMIC ANALYSIS PROGRAM
10120C IF THE LOADS HAVE BEEN ALREADY DETERMINED, THIS MODULE CAN BE
10130C BYPASSED.
10140C
IOISOC OEVELOPED BY HONEYWELL
10160C
10170C CREATION DATE: JULY 6, 1978
10180C

10200C
10210 COMMON /BLOCK/IHOUR,IDAY,IMONTH,TSTOR,QHL(24,366),'JH(24,366),
10220 1 QC(24,366),OINCI(24,366),CLOADOHLOADCPEAKHPEAK,
10230 I THOTwLTHLSTHWL,TINFTHLOADTCONDLTCLOADTTSRA(200),
10240 1 NTABLE(20),XTEMP(24,36b),BASLOD(24,366)
10250 COMMON /SOLAR/S(35)
10260 COMMON /WEATHER/08(24),DP(24),W8(24),*S(24),PB(24),TC(24),
10270 I TOC(24),wET(24)ORY(24),IY£ARIDUMl,ID(t2,ICITY
10280 COMMON /SLOAOD/TRAN(5),ABSOR8(5)
10290 COMMON /SCHDL/TWELL(12),MHOTW(24)PEO(PLE(24),XLIGHT(24),APPL(Z4)
10300 COMMON/TEMP/TW(7),TAW(6),TR(6),TA(6),TIM,TFLI,TSLTCR,TTE,
10310 I TX,TCE(3),TWSI(7),TCEI(3)
10320 COMMON/HOURLY/CONDL»XINF,TSRuOINC1,UINC2,ALFwALFR
10330 COMMON /DESIGN/HEATD,COOLDISIZEI SIZE2,FANCFMEVPGPMEFFECT,
10340 1 WATVELWATTMPCFAFNCFMl
10350 DIMENSION MSIZE(12),DAY(24, 15),TDAY(I5) 0NTH(12,15)
10360 DATA MSIZE/31,28,31l30o,31l3031l31o,3l030,31/
10370 DATA ZERO/O./,TWNFOR/24./,ONE/I./,TwNFIV/25./
10380 REAL MHOTNMONTH
10390C
10400C INITIALIZE
10410 SUMM:O.
10420C
10430 DO 20 I = 1, 24
10440 DO 10 J = 1, 366
10450 OC(I,J) = ZERO
10460 OHL(I,J) = ZERO
10470 OHW(I,J) = ZERO
10480 OINCI(IIJ) = ZERO
10490 XTEMP(I,J) = ZERO
10500 BASLOD(IJ) = ZERO
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10510 10 CONTINUE
10520 DB(I) a ZERO

10530 w8(I) * ZERO
10540 DP(I) a ZERO
io550 wS(I) s ZERO
10560 PB(I) * ZERO
10570 TC(I) a ZERO
10580 TOC(I) a ZERO

10590 WET(I) a ZERO
10600 DRY(I) a ZERO
10610 20 CONTINUE
10620 CLOAD a ZERO
10630 HCOND z ZERO

10640 CPEAK s ZERO
10650 HPEAK s ZERO
10660 THOTWL = ZERO

10b70 THLS = ZERO
10680 THWL _ ZERO
10690 TINF s ZERO

10700 THLOAD 2 ZERO

10710 TCLOAO s ZERO
10720 TCONDL a ZERO

10730 TTSR 5 ZERO
10740 IHOUR = TWNFOR
10750 00 23 I = 1, 20

10760 NTABLE(I) * 0

10770 23 CONTINUE
10780 CALL INPUT
10790 IDAYS a IFIX(A(4))
10800 ISTART a IFIX(A(7))
10810 IDAY = IbTART a 1

10820 IEND s IFIX(A(8))
10830 IESCAP = 120 * 24 * ,IEND - ISTART + 1)

10840 DO 25 I 1, 12

10850 DO 25 J a 1I 15

10860 MONTH(IJ) s ZERO
10870 25 CONTINUE
10880 K a 1
10890 IF (IOAYS .EO. 366) MSIZE(2) = 29

10900 L a 1
10910 NDAY a 0
10920C
10930C INITIALIZE SUN ARRAY
10940C
10950 S[1) B A(1)
10960 8(2) = A(2)
10970 S(3) A(3)
10980 S(4) a A(7) - ONE
10990 8(5) = TkNFIV
11000 S(B) s A(17)
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1010C
11020C REWIND WEATHER TAPE AND POSITION IT
11030C
11040 INIT = ISTART - I
11050 IF (INIT .EQO 0) GO TO 40
11060 DO 30 I a 1, INIT
11070 READ(8) DB,DP,WBWSPB,TC,TOC,WET,DRY,IDUU4IMONTHIDUMIDUM
11080 30 CONTINUE
11090C
11100C LOOP FOR SETTING UP OUTPUT SUMMARIES AND LOAD CALCULATIONS
llOC
11120 40 CONTINUE
11130 IF(S(4).GE.FLOAT(IEND).AND.S(S).GE.TWNFIV) GO TO 120
11140 IF (NDAY .NE. MSIZE(L)) GO TO 50
11150 L z L * 1
111bO NDAY 3 0
11170 50 CONTINUE
11180 DO 55 I s 1, 15
11190 TOAY(I) p ZERO
11200 55 CONTINUE
11210 60 CONTINUE
11220C
11230C CALL SUBROUTINE TIME FnR HOURLY LOAD CALCULATIONS
11240C
11250 CALL TIME
11260C
11270C OUTPUT AND SUMMARIES
11280C
11290 DAY(IHOUR,1) a OHL(IHOURIDAY)
11300 OAY(IHOUR,2) *,OHW(IHOUR,IOAY)
11310 OAY(IHOUR,3 OINCIHOURIDAY)
11320 OAY(IHOUR,4) * INCI(IHOUR,IDAY)
11330 DAY(IHOUR,5 CONOL
11340 OAY(IHOUR,6) XINF
11350 DAY(IHOUR,7) a TSR
11360 DAY(IHOUR,8) * OINCI '* ALFW
11370 DAY(IHOUR,9) OINC2 * ALFR
11380 OAY(IHOUR,1O) * ASSORB(1) * ALFW
11390 DAY(IHOUR,II) · ABSORB(2) * ALFW
11400 OAY(IHOURla) * ABSORB(3) * ALFW
11410 OAY(IHOUR,13) a ABSORB(4) * ALFW
11420 DAY(IHOUR,14) a XTEMP(IHOUR,IOAY)
11430 DAY(IHOUR5IS) a BASLOD(IHOUR,IDAY)
11440 DO 70 J · 1, 15
11450 TDAY(J) q TDAY(J) + DAY(IHOUR,J)
11460 70 CONTINUE
11470 S(5)=S(5)*.1
11480 IF(S(5).LE.TWNFOR) GO TO 60
11490C
11500C HOURLY AND DAILY SUMMARY
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11510C
11520 TDAY(14) s TOAY(14)/TWNFOR
11530 NDAY = NDAY * I
11540 IF (K .GT. 20) GO TO 100
11550 IF (NTABLE(K) .EO. 0 .OR. NTABLE(K) .NE.. IOAY) GO TO 100
11560 K = K * 1
1157C WRITE(9,500) NOAY,L
11580 DO 80 I B 1, 24
11590 WRITE(9,510) I,(OAY(I,J),J : 1, 8)
11600 IF (I .EQ. 24) WRITE(9,520) (TOAY(J),J = 1, 8)
11610 80 CONTINUE
11620 WRITE(9,530)
11630 00 90 I z 1, 24
11640 WRITE(9,510) I,(OAY(IJ),J = 9, 15)
11650 IF (I .EQ. 24) wRITE(9.520) (TDAY(J), J = 9, 15)
11660 90 CONTINUE
11670 100 CONTINUE
11680 DO 110 J = 1, 15
11690 MONTH(LJ) a TDAY(J) + MONTH(L,J)
11700 110 CONTINUE
11710 GO TO 40
11720 120 CONTINUE
11730 00 125 I=1,12
11740 MONTH(I,14) = MONTH(I,I4)/FLOAT(MSIZE(I))
11750 125 CONTINUE
11760 WRITE(9,540)
11770 DO 130 1 = 1, 12
11780 WRITE(9,510)I,(MONTH(I,J), J = 1, H)
11790 130 CONTINUE
11800 wRITE(9,530)
11810 DO 140 I x 1, 12
11820 WRITE(9,510) I,(MONTH(IJ),J = 9, 15)
11830 140 CONTINUE
11840 632 CONTINUE
11850 DAYC = ZEkO
11860 PDAYC = ZERO
11870 00 150 K=l,3bb
11880 IF(DAYC .GT.POAYC)POAYC = DAYC
11890 DAYC : ZERO
11900 DU 150 J:1,24
11910 DAYC = DAYC + OC(J,K)
11920 WRITE(11) QHL(J,K),QHW(J,K),OC(J,K),'UINCI(J,K),
11930 1 BASLOD(J,K),XTEMP(J,K)
t1940 150 CONTI UE
11950 WRITE(9, 50)THLOAO,TCLOAD,THOTALLTINF,11SR, TCl)VOLCPEAK, HPEAK
11960 WRITE(9, 60)HEATD,COOLD,SIZEI,SIZE2,FANCF4,FN F^1,EVPGPM,
11970 1 EFFECT,WATVEL,WATTMP,CFA,POAYC
11980 wRITE(9,570) (TCEI(I),I=1,3),(TWSI(I),I=1,7),TFLI,
11990 1 (T(I),I=1,7),
12000 1 (TAW(I),Il:,6),TA(l),TA(3),TA) (5),(CE(1),1=1,3),
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12010 1 (TR(I),I=l,6),TIMTX,TSL,TCR
12020 WRITE(13) FANCFM,FNCFMI,SIZEI,SIZE2,HEATD
12030 ENOFILE 11
12040 STOP
12050C
12060C FORMAT STATEMENTS
12070C
12080 500 FORMAT(IH1,45X,' HOURLY SUMMARY FOR DAY',I4,' MONTHI,I4///IIX,
12090 1 *QHL' 11XI 'HW',l2X, QC ' IOX, 'INCI',9X, CONDL',IOX, XINFI,1OX,
12100 1 TSR',9X,'QINCI'/)
12110 510 FORMAT(1X,12,8(1X,E13.5))
12120 520 FORMAT(/' DAILY SUMMARY'//3X,8(lX, E13.5))
12130 530 FORMAT(//IOX,'OINC2',8X,'ABSORB(l)',5X,'ABSORB(2)',
12140 1 SiAJSORB(3)',5X,'ABSORB(4)',8X,'XTEMP',7X,'$ASLOD'/)
12150 540 FORMAT(1 H1, MONTHLY SUMMARY'///IIX,Q'HL',IIX,I'QHw',12X, QC',IX,
12160 1 GOIN II9XICONOL$,lOX,lXINF',lOX, TSRg',X, *INCI'/)
12170 550 FORMAT(tHI,' YEARLY SUMMARY'///5X,'THLOAL', IOX,'TCLOAD',IOX,
12180 1 ITHOT'WL',11X,ITINF',12X, TTSR,11X,ITCON)OL',IOX, CPEAK',
12190 1 1.IX,'HPEAK//8(lX,E15.8))
12200 560 FORMATM(HI,' DESIGN PARAMETERS'///IX,'HEATING DESIGN LOAD',
12210 1 23X,El.8/IX,'COOLING DESIGN LOAD',23X,E15.8/lX,
12220 1 CAPACITY OF HEATING PLANT',17X,E15.8/1X,
12230 1 CAPAC)TY OF COOLING PLANT',17X,E15.8/1X,
12240 1 BLOWEI CFM FOR COOLING SYSTEM',13X,E15.8/1X,
12250 1 'BLOWEI CFM FOR HEATING SYSTEM',13X,EIS.8/lX,
12260 1 GAL./I IN. THROUGH EVAPORATOR',14X,E1IS.8/IX,
12270 1 RATED EFFECTIVENESS OF HEAT EXCHANGER',5X,E15.8/1X,
12280 1 WATER VELOCITY THROUGH HEAT EXCHANGER',SX,E15.8/lX,
12290 1 WATER TEMPERATURE RISE',20X,E15.8/lX,
12300 1 COIL (ACE AREA',28X,E15.8/1X,'PEAK DAILl COOLIING LOAD',
12310 1 19X,EIl.8)
12320 570 FORMAT(IHI,' INITIAL TEMPERATURES'///IX,
12330 1 'CEILING SUIFACES',1tOX,TOP - ',2x,F8.2,
12340 1 5X,'NORTH - ',2X,F8.2,5X,'SOUTH - ',2XF8.2/,
12350 1 IX,'WALL SUIFACE - SOUTH KNEE',5XF8.2/,
12360 1 IX,13X,' - IORTH KNEE',5X,F8.2/1X,
12370 1 13X,' - NORTH WALL',SX,F8.2/1X,
12380 1 13X, - EASt WALL',5X.F8.2/IXv
12390 1 13X,' - SOUTH WALL',SXF8.2/1X,
12400 1 13X,' - WEST WALLl,5X,F8.2/tX,
12410 1 13x,' - GARAGEWALL',5X,F8.2/IX,
12420 I1FLOOR SURFAIE',17XF8.2/IX,
12430 I!WALL - SOUTI KNEE',13X,F8.2/1X,
12440 1 5X,'- NORrH KNEE',13X,F8.2/1X,
12450 1 5X,'- NORTH WALL',13X,F8.2/1X,
12460 1 5X,'- EAST WALL',13X,F8.2/lX,
12470 15X,'- SOUTH IALL',13X,F8.2/1X,
12480 1 5X,'- WEST WALL'1l3XF8.2/1X,
12490 I 5X, o' GARAGIWALL',13X,F8.2/1X,
12500 I'ATTIC MALL r TOP EAST',1OX,F8.2/IX,
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12510 1 12X,'-TOP , ST',10X,F8.2/lX,
12520 1 12X,'-S EST',10X,Fd.2/lX,
12530 1 12X,'-S WIST ,10X, F.2/1X,
12540 1 12X,I-N E ST',10XF8.2/1X,
12550 1 12X,'-N wIsr,' Ix,Fs.2/1X,
12560 1 'ATTIC AIR - TOP ATTIC',9X,FB.2/1X,
12570 1 8X,'- SOUTH ATTIC',9X,F8.2/1X,
12580 1 8X,'- NORTH ATTIC',9X,F8.2/1X,
12590 1 'CEILING - 1OP CEILIN'v,9X,F8.2/lX,
12600 1 8x,'- SOUTH CEILING',9XF8.2/IX,
12610 1 8X,'- NORTH CEILING',9X,F8.2/1X,
12620 I 'ROOF - tOP SOUTH',IIX,F8.2/XX,
12630 1 6X,'" SOUTH SLANT',11X,F8.2/lX,
12640 1 bX,'- SOUTH LOWER',I1X,F8.2/lX,
12650 1 6X,'- TOP NORTH',IIX,F8.2/1X,
12660 1 6X,'- NORTH SLANT',11X,F8.2/IX,
12670 1 6X,'- NORTH LOWERl,11X,F8.2/1X,
12680 1 'INTERNAL MISS',17X,F8.2/1X,
12690 1 'SPACE',28XfF8.2/lX,
12700 1 'SLAB',29x.,8.2/IX,
12710 1 'CRUSHED RO(K',21XF8.2)
12720C LAST CARD OF MAIN PROGRAM
12730C
12740 END
12750 SUBROUTINE IIPUT
12760C
12770C***********,******(*************************************************
12780C
12790C THIS SUBROUTINE READS IN THE FOLLIWING INFORMATION FROM FILE 5 AND
12800C PRINTS IT OU ONE FILE 91
12810C
12820C 1. TITLE
12830C 2. THE INPUI PARAMETERS
12840C 3. THE OUTPIT TABLE FOR DAYS LISTIn
12850C
12860C THIS SUBROUTINE ALSO CONTAINS THE IATA STATEMENTI FOR
12870C WELL WATER DATA, HOT WATER SCHEDULE, OCCUPANCY S/HEDULE,
12880C LIGHTING SCHOULE, AND APPLIANCE SCHEDULE
12890C DEVELOPED BY HONEYWELL
12900C
12910C*****************X* ******************* iS********* *******************
12920C
12930 COMMON /BLOCR/IHOUR,IDAY,IMONTH,VSTOR,UHL(2, /66),2HM(24,3h6),
12940 1 OC(24.366),OINCI(24,366),|LOAO,HLOAD,C/EAKIHEAK,
12950 1 THOTWLTHLS,THWL,TINF,THLfAD,TCONOL,TJLOAD,TTSR,A(200),
12960 1 NTABL»(20),XTEMP(24,366]),~ASLOD(24,36/)
12970 COMMON /SCHD4/ TWELL(12),MHOTW(/4),PEOPLE(24 ,XLIGdT(24)
12980 IlAPPL(24)
12990 DATA TWELL /15.,42.,40.,39.,41.45..,51.,55.,57.,57.,55.,50./
13000 REAL MHOTW
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13010 DATA MHOTW /,4475,0.,'O0. ,O.O., .,.3,.9275,:L.475, 1.681.3f,.9,
1 3020 1 ,72,1.02,.54,.48,.42,.75,1i352,2.32,1. 2, 1.38,1.09,.9275/
13030 DATA PEOPLE f1.,1.,1.,1.,1.,1.,1.,.75,.5,. .5,.5,.5,
13040 1 ,5».5,.75,.75,1.,i.,1.,l.,1.,J.,1./
13050 D13050 DATA XLIGHT (0.,0.,0.,0.,0.,0i,.5,.5,.5,.,.2,,2,.5,.5, 5,
13060 1 a.8,.8,,8,.8,.8,.,.2,.2,.2/
13070 DATA APPL /01,O ,0. 0. w0.. ,0 7.7,4w4.4 .6.4#.4 .44
13080 1 .t5,.75,.9,.9..75 .75,.25,.25,0./
13090 DIMENSION LAIEL(10),MARGIN(lI
13100 CHARACTER LAiEL*b, MARGIN*6
13110 MAXA _ 0
13120 READ(5,500) 4ARGIN
13130 WRITE(9,1000t MARGIN
13140 100 READ(5,2000) !N, DUM. LABEL
13150 IF(N *LE. 0) GO TO 2n0
13160 IF(N .GT. MAqA) MAXA x N
13170 A(N) a DUM
13180 ORITE(9,30001 N, A(N), LABIL
13190 GO TO 100
13200 200 READ(5,4000)!(NTABLE(I),! a 1, 20)
13210 WRITE(9,911)
13220 911 FORMAT(/////)
13230 WRITE(9,913) TWELL,MHOTW,JEEOPLE,XLI IT,APPL.
13240 913 FORMAT(2X,22 WELL WATER VEMPERATUREi2X,12F81.3/
13250 12X,22H HO WATER SCHEJULE,2X,12F18.3/2bX 12F8.3/
13260 12X,22H OC UPANCY SCHEJ ULE,2X,12F.3/26X 12F8.3/
13270 12X,22H L GHTING SCHqDULE,2X,12It.3/26bX 1 2F8.3/
13280 12X,22H AP LIANCE SCH/DULE,2X,128..3/26XJ12F8.3)
13290 WRITE(9,9140 NTABLE
13300 914 FORMAT(//2X,22H OUTPUT lTABL^ SCHE I LE,2XIl I8/26X,12I8)
13310 RETURN
13320 500 FORMAT(13A6)
13330 1000 FORMAT(IHl,lH INPUT PARAMETERS, .0,13A6//e
13340 2000 FORMAT(I5,F15.510OA6)
13350 3000 FORMAT(3H A(I3,1IH)JG15.5,3X,1OA&)
13360 4000 FORMAT(2014)
13370C
13380C LAST CARD OF SUBROUTINE INPUT
13390C
13400 END
13410 SUBROUTINE TIME
13420C
13430C*****+************************
13440C
13450C THIS SUBROUTINE COMPUTES THE SfLAR RA IATION COmPOnEVTS, DIRECT
134bOC NORMAL RADIATION, DIRECT RADI ION ON A HORIZONTALI SURFACE,
13470C TOTAL RADIATION ON A HORIZONAfAL SUR-ICE AND CALLS SJBROIJTINE
13480C HOUSE WHICH DETERMINES THE LO!DS.
13490C
13500C THE SUBROUTINE STATEMENT IS
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13510C
13520C SUBROUTINE TIME
13530C
13540C DEVELOPED BY HONEYWELL
13550C
13560C**«*************** **<*************** *

13570C
13580 COMMON /SLOAD/OTRAN(5),ABSRBa(5)
13590 COMMON /SOLAR/S(35)
13600 COMMON /OIR/DIRH,DIRN,TOTH
13610 COMMON /WEATHER/DB(24),DP(4),WB(;4),wS(24),PB(24),TC(2q),
13620 1 TOC(24),WET(24),D l(24),iYEAR,IL)UMI,IDUM2,ICiY
13630 COMMON /BLOCK/IHOUR,IDAY, MONTH,,TSTlR,HL(24,b66),UHA(24,36b),
13640 1 QC(24,366),QINCI(21,366)trLOAi),HLOAI),CPEAK,
13650 1 HPEAKTHOTWLTHLS,hHWL, INF,THLI)AD,TCONDL,TCLOAf),TTSH
13660 1 ,A(200),NTABLE(20)i,XTEM(24,3b66),BASLOD(24,366)
13670 COMMON /SCHDL/TWELL(12),MHOTA(24),PEOPLE(24),xLIGHr(24),APPL(24)
13680 DATA TWNTRE/23./,ONE/1./,TwO//../,POll/.UIl/,P00792/.00792/,
13690 1OPEM/1 .E-06/,P09/.09/,ZERO/Oi/, IwNFOHR/24./
15100 REAL MHOTW
13110 MUDEO = ZERO
15/20 MODEl = ONE
13130C
13140 IF(S(5) .LE. TWNFOR) GO TO 1,'
13150 S(4) = S(4) + ONE
13760 S(5)=S(5)-24.
13170 READ(B) DB,DP,WB,WS,PH,TC,T.)fJ, ET,DWY, IYtARH.,lIDU, InlHM?2,
15780 1 ICITY
15790 IMONTH = JDUMI
13800 CALL SUN(MOUEO)

13810 10 IHOUR = IFIX(S(5))
13820 IDAY = IFIX(S(4))
13830C
13840C COMPUTE SOLAR RADIATION CJ'PONENTS (CLOUI) MODIFIE))
13850C
13860 CCOVER = TC(IHOUR)
13870 NYTYPE = IFIX(TOC(IHOUR))
13880 IF(NYTYPE .LT. 1) CCOVER CCOVER/TWO
13890 CCF = ONE - POll * CCOVEt - P00792 * CCOVER ** 2
13900 CALL SUN(MOOEI)
13910C
13920C IF PRECIPITATION IS PREStfT THEN NO OIRECT OH DIFFUSE RADIATIUN

13930C
13940 IF (WET(IHOUR) .LT. OPEIb .AND. DRY(IHOUR) .LT. OPE16) GO TO 20
13950 S(23) = ZERO
13960 S(24) z ZERO
13970 20 CONTINUE
13980C
13990C DIRECT NORMAL RADIATIOI (CLOUD MODIFIED)
14000C
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14010 DIRN O (ONE - P09 * CCOVER)' * S(24)

14020C
14030C DIRECT RADIATION ON A H'RIZONTAL SURFACE (CLOUD MO)I-IED)

14040C
14050 DIRH = DIRN * St13)

14060C
14070C TOTAL RADIATION ON A HORIZONTAL SURFACE (CLOUD MODIFIED)

14080C
14090 TOTH s CCF * S(23)

14100C
14110C DETERMINE LOADS BY CALLING SUBROUTINE HOUSE

14120C
14130 CALL HOUSE
14140 RETURN
14150C
14160C LAST CARD OF SUBROLOINE TIME

14170C
14180 END
14190 SUBROUTINE TSTAT(TJ,0,TZONEW,TZONES)
14200C

14220C THIS SUBRUUTINE WILL APPROXIMATE THE CONTROL OF THE

14230C HONEYWELL CHRO/OTHERM I . IT HAS A STEADY STATE DROOP

14240C OF THREE I4EGREIS IN BOTH THE HEATING AND CODLING 4OOES.

14250C THE THERMISTAT DEADBAND IS DETERMINED BY THE WINTER ANO

14260C SUMMER SEI POINTS,

14270C
14280C DEVELOPED Bt HONEYWELL

14290C
14300Ca************ **a***e***************

* ww* * a * a ******** *********

14310 COMMON /DESrGN/HEATO,COOLD,SIZElSIZE2,FANCFM,EVPGPMEFFECT.
14320 1 WATVELWATTMP,CFA,FNCFMI

14330 DATA TR /3./,TRC/1./,ONE/1./DZERO/O./
14340C
14350 HEAT = TZUNEW - TX)/TRH

14360 IF(HEAT ,GT. ONE) HEAT = ONE

14370 IF(HEAT ,LT. ZERO) HEAT = ZERO

14380C
14390 COOL = (.rX - TZONES)/TRC

14400 IF(COOL .%T. ONE) COOL = ONE

14410 IF(COOL .Li. ZERO) COOL - ZERO

14420C
14430 0 = HEAT * SIZEI - COOL * SIZE2

14440C
14450 RETURN
14460C
14470C LAST CARD O SUBROUTINE TSTAT

14480C
14490 END

14500 SUBROUTINE S!LApQ(ANGIANG2#,AVAIL)
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14510C
14520C****a**aa*******aa*ar*ar*a*eo*** ******* **** *
14530C
14540C THIS SUBROUTINE CALCULATES THE SOLAR LOAD OF A RESIDENTIAL
14550C BUILDING.
14560C
14570C THE SUBROUTI E STATEMENT IS
14580o
14590C SUBROUTINE S tLARO(ANG1,ANG2,AVAIL)
14600C
14610C WHERE
146h20C
14630C ANGI = THE ANGLE THE SURFACE MAKES AITH RESPECT TO
14640C HORIZONTAL
14650C ANG2 a THE ANGLE THE SURFACE MAKES wITH RESPECT TO THE
14660C LOCAL AZMITH (ODE SOUTH IS O. EAST + [6ST - )
14670C GAVAIL * ENERGY INICIDENT ON SURFACE (BTU/SG.FT.)
14680C
14690C DEVELOPED BY HONEYWELL
14700C
14710C PROJECTS ACES
14720C
14730C CREATION DATE; 06/21/78
14740C
14750C******* .**********f**a*********************************************
14760 COMMON /BLOCK/IHOURIDAY,IMONTH,TSTOROHL(24,366),OHW.(24,366)J
14770 I OC(24,66b),GINCI(24,366),CLOAO,HLOAO,CPEAK,
14780 1 HPEAKTHOTWLTHLTLSTHWLITINFTHLOAOTCONDLTCLOADTTSR
14790 1 ,A(200),NTABLE(20),XTEMP(24,366),BASLOD(24,366)
14600 COMMON /DIR/OIRHDIRN,TOTH
14810 COMMON /SOLAR/S(35)
14820 DATA POINT/.017453/,ZERO/O./,ONE/I./,TWO/2./
14830C
14840C CALCULATE SURFACE ANGLES
14850C
14860 TILT z ANG1 * POINT
14870 CTILT a COS(TILT)
14880 STILT * SIN(TILT)
14890 FTILT l (ONE - CTILT)/TWO
14900 AZIM a ANG2 * POINT
14910 CAZIM a COS(AZIM)
14920 SAZIM ; SIN(AZIM)
14930 RHO a A(9)
14940C
14950C COMPUTE ANGLE OF INCIDENCE WHERE
14960C S(13) - THE DIRECTION COSINE WITH RESPECT TO THE SURFACE NORMAL
14970C S(14) - THE DIRECTION COSIN WITH RESPECT TO LOCAL EAST
14980C 8(15) - THE DIRECTION COSINE WITH RESPECT TO LOCAL NORTH
14990C
15000 CTHETA = CTILT * 3(13) + STILT * SAZIM * S(14) - STILT * CAZIM *
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1I010 1 S(15)
15020 IF (CTHETA .LT. ZERO) CTHETA = ZERO
15030C
15040C COMPUTE DIRECT AND DIFFUSE SOLAR RADIAlION IMPING I O-j AN

15050C OBLIQUE SURFACE
15060C
15070 ODIR = DIRN * CTHETA
15080 (JIF = (TOTH - DIRH) * (ONE - FTIL) + RHI * rTcTH * FTILT

15090 QAVAIL = ODIR * ODIF
15100 RETURN
15110 END
15120C
15130 SUBROUTINE SUN(MOOE)
15140C

15160C
15170C THIS SUBROUTINE COMPUTES DECLINATION, EQUATION OF TIME,APPARENT

15180C SOLAR CONSTANT, ATMOSPHERIC EXTINCTIrO COEFFI:IENT, SKY DIFFUSE

15190C FACTOR, SUN RISE AND SUNSET TIMES ONCE EACH DAY, AMD

15200C THE SUN PARAMETERS.
15210C
15220C THE SUBROUTINE STATEMENT IS
15230C
15240C SUBROUTINE SUN(MOOE)
15250C
15260C WHERE
15270C
15280C MODE IS SET TO 0 AT THE FIRST CALL OF EACH DAY

15290C
15300C S(1l) LATITUDEOEGREES(+NORTH,-SOUTH)
15310C S(2)= LONGITUDE,DEGREES(+WEST,-EAST)
15320C S(3): TIME ZONE NUMBER
15330C STANDARD TIME DAYLIGHT SAVING TIME

15340C ATLANTIC 4 3
15350C EASTERN 5 4
15360C CENTRAL 6 5
15370C MOUNTAIN 7 6

15380C PACIFIC 8 7

15390C S(4)= DAYS(FROM START OF YEAR)

15400C S(5)= TIME,HOUR AFTER MIDNIGHT)
15410C S(6)= DAYLIGHT SAVING TIME INDICATOR
15420C- S(8)= CLEARNESS NUMBER
15430C S(11)=SUN RISE TIME (HOURS AFTER MIDNIGHT)

15440C S(12)=SUN SET TIME
15450C S(13)-COSZ DIRECTION COSINES
15460C S(14)=COSN DIRECTION COSINES
15470C S(15)=COS(S) DIRECTION COSINES)
15480C S(lb)=ALPHA DIRECTION COSINES NORMAL TO SURFACE

15490C S(20)=SOLAR ALTITUDE ANGLE, RADIANS

15500C S(21)=SOLAR AZIMUTH ANGLE, RADIANS
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15510C S(22)=DIfFUSE SKY RADIATION ON HURIZONTAL SURFACE
15520C S(23)=TOTAL HORIZONTAL RADIATION ITH
15530C S(24)=DIRECT NORMAL RADIATION
15540C S(28)=SUN DECLINATION ANGLE DELTA, RADIANS
15550C 5(29)=EOUATION OF TIME ,HOURS
15560C S(30) = SOLAR FACTOR A
15570C S(31) = SOLAR FACTOR 8
15580C S(32) = SOLAR FACTOR C
15590C S(35)=SOLAR HOUR ANGLE OMEfrA, RADIANS
15600C DEVELOPED BY HONEYWELL

15620C
15630 COMMON /SOLAR/ S(35)
15640 DIMENSION AO(5),A1(5),A2(5),A3(5)H1(5),H b2(5),h 3(5)
15650 DATA AO/.302,-.00O2,368.44,.1717,.U4q5/
15660 OATA A1/-22.93,.4197,24.52,-.0344,-.u410/
15670 DATA A2/-.229,-3.22b5,-1.14, .032,.0073/
15680 DATA A3/-.243,-.0903,-.109,.0024,.0015/
15690 DATA 81/3,851,-7.351,.58,-.0043,-.0034/
15700 DATA 82/.002,-9.3912,-.18,0.,.0004/
15710 DATA B3/-.055,-.3361,.28,.00U8,-.0006/
15720 DATA TWO/2./,THRb6/366./,THREE/3./,UNE80/180./,S[XTY/60./
15730 1 ,FIFTIN/15./,TWELVE/12./,ONE/l./,ZER(I/O./,OPE46/l.E-b/
15740 DATA RPH/0.261799383/
15750 REAL LAT,LATD,LONG,MERID,LOND
15760C
15770 PI = 3.14159265
15780 TWOPI z 6.28318531
15790 IF(MODE .NE. O) GO TO 20
15800 X5 TWO *PI/THR66*9(4)
15810 C1=COS(X)
15820 C2=COS(TWO*X)
15830 C3=COS(THREE*X)
15840 S1=SIN(X)
15850 S2sSIN(TWO*X)
15860 S3=SIN(THREE*X)
15870 DO 10 K=1,5
15880 KS=(K-1)+28
15890 S(KS)=AO(K)*+A(K)*CI+A2(K)*C2+A3(K)*C3+Bl(K)*Sl+B2(K)*S2
15900 1 + 83(K)*83
15910 10 CONTINUE
15920 S(28) s S(28)*PI/ONE80
15930 S(29)=S(29)/SIXTY
15940 LATO=S(1)
15950 LONG=S(2)
15960 MERIOsFIFTIN*S(3)
15970 LOND=LONG-MERIO
15980 Y = S(28)
15990 YY;LATD*PI/ONE80
16000 HPS-SIN(Y)/COS(Y)*SIN(YY)/COS(YY)
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16010 TR=TwELVE/PI*ARCOS(HP)
16020 S(l)=(TRELVE-TR)-S(29)+LOND/FIFTIN
16030 3(12) = 3(11) + TWO*TR
16040C
16050C COMPUTE DAILY CONSTANTS

16060C
16070 TYY=SIN(YY)/COS(YY)
16080 TY=SIN(Y)/COS(Y)
16090 CY=COS(Y)
16100 SY=SIN(Y)
16110 CYY5COS(YY)
16120 SYY=SIN(YY)
16130 ACHPsARCOS(HP)
16140 HP1 = ARCOS(HP)
16150 X1IABS(HP1)
16160 GO TO 40
16170C
16180C COMPUTE THE FOLLOWING SUN PARAMETERS ON EACH 3T GALLI

16190C
16200 20 CONTINUE
16210C
16220C COMPUTE SOLAR HOUR ANGLE
16230C
16240 H = *RPH*(S(5)-TWELVE+S(3)+S(29)-S(b)) + S(2)*PI/ONE80

16250 S(35) a H
16260C
16270C IS THE SUN UP
16280C
16290 X2_AUS(H)
16300 IF (XI ,LT. X2) GO TO'40

16310C
16320C COMPUTE SOLAR DIRECTION COSINES
16330C
16340 S(13)=SYY*SYCYYC*CY*COS(H)
16350 9(14) a CY*SIN(H)
16360 S(15)=-SYY*CY*COS(H)+CYY*SY
16370C
16380C COMPUTE SOLAR ALTITUDE AND AZIMUTH

16390C
16400 30 CONTINUE
16410 S(20)=ARSIN(S(13))
16420 S(21)z(PI-ARCOS(S(IS)/COS(S(20))))*SIGN(ONE,H)
1h430C
16440C COMPUTE RADIATION INTENSITY
16450C
16460 CALL FXOPT(89,1,1,0)
16470 S(24)=8(30)*S(8)*EXP(-S(31)/S(13))
16480 IF(S(24) *LT. OPEM6) S(24) = ZERO

16490 CALL FXOPT(89,1,0,0)
16500 S(22)=S(32)*S(24)
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16510 S(23) : (S(32) + S(13))*S(24)
16520 RETURN
16530 40 CONTINUE
16540 S(24) = ZERO
16550 S(22) : ZERO
16560 S(23) a ZERO
16510 RETURN
16580C
16590C LAST CARD OF SUBROUTINE SUN
16600C
16610 END
16620C
16630 SUBROUTINE COIL(TODB,TUDPTbI,Q(LWS,CFAINFFAN:F, TX,TF

16640 1,CLOAD,EFFECT)
16650C
1 6660C**************************** **** ** ****************

16670C THIS SUBROUTINE IS USED TO DETERMINE THE EXISTING LOAD ON A

16680C COOLING COIL FOR A SPECIFIED SET OF CONDITIONS. THE TOTAL

16690C LOAD IS A FUNCTION OF THE EXIT CONDITIONS OF THE COIL AND

16700C THEREFORE IS NOT KNOWN EXPLICITLY. THIS ROJTINE 4ILL OETER-

16710C MINE THE LOAD IN THE SPACE, THE SPACE HUMIDITY RATIO, AND

16720C THE AMOUNT OF TIME THE COIL IS IN OPERATION EACH HOUR.

16730C THE FOLLOWING IS A LIST OF INDEPENDENT VARIABLES:
16740C
16750C TODU s OUTDOOR AIR DRYHULH TEAP. DErG. F

16760C TODP = OUTDOOR AIR DEnPOINT DEG. F

b1770C TWI = INLET WATER TEMP. TO CIIL(LING COIL J)FG. F

16780C UL = LATENT LOAD IN THE SPACE RTIJ/HR
lb790C OS s SENSIHLE LOAD IN THE SPACE ATHT/HR
16800C CFMINF = INFILTRATION CF4 CFM

h1810C FANCFM s COOLING COIL FAN CFM CFM

16820C TX = INDOOR AIR DRYHBJLI TEMP. OEG. F

16830C TF = TIME FRACTION THE COOLING COIL IS ON

16840C CLOAO = TOTAL COOLING LOAD FUR THE HOUR RTII

16850C w0 = OUTDOOR HUMIDITY RAIIO LHMH2U/LHMAIk

16860C rI INDOOR HUMIDITY RATIO LHNMH2f/LmtMAIR

b1870C DEVELOPED HY HONEYWELL
16R80C

16890C**h******************************************************

lb900C
16910 DATA FP46/4.46/,ONET96/10'oE./,ONET6l/1ihl./,P24/.24/,P5/.4S/,
1692U 1 ZERt/O./,POl/.O1/,FIFTIN/15./,UiJE/l./,POOll/.O(01/,Pl/.l/
1693UC
16940C ASSUMING NO DEHUMIDIFICATION, THE OUTDOOR AND INDOOR

16950C HUMIDITY RATIOS ARE:
16960C
16970 TEMPO = FP46 * CFMINF
h6980 TEMPI : FP46 * FANCFM

16990 TEMP2 = WO * (P45 * TODB + ONET61)
1700n WOE OMEGA(TODP)
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17010 WnI WO + OL/(TEMPO*ONET96)
17020C
1703UC ASSUMING A CONSTANT COIL EFFECTIVENESS THE MAXI1U4 CAPACITY IS:
17040C
17050 wE= OMEGA(TwI)
17060 OMAX= EFFECT*(TEMPI*(((P24+P45*TI)*TX+ONET61*nI)
17070 1 -((P24*P45*wE)*TWIIONET6a1WE)))
17080C
17090C THE INLET ENTHALPY, ENTHALPY DROP ACROSS THE COIL, AND THE
17100C EXIT ENTHALPY AREI
17110C
17120 HIM P24*TX * WI*(P45*TX * ONET61)
17130 OH= UMAX/TEMPI
17140 HO= HI * DH
17150C
17160C CHECK TO SEE IF THE ASSUMPTION ON DEHUMIDIFICATION WAS CORRECT
17170C IF IT WAS, DETERMINE THE LOAD AND RETURN, IF NOT GO TO TEN

17180C
17190 TEv OMGAIN(WI)
17200 HOTRY= P24*TE * WI*(P45*TE * ONET61)
17210 IF((HOTRY-HO) .GT. PI) GO TO 10
17220 QCOOLF OS * OL * TEMPO * (TEMP2
11230 1 - wI*(P45*TX * ONETbl))
17240 IF(QCOOL ,LT. ZERO) OCOOL= ZERO
17250 TF -OCOOL/OMAX
17260 CLOAOD UCOOL
17270 40 CONTINUF
17280 RETURN
17290C
17300C IISE TE FROM PREVIOUS SOLUTION ATTEMPT AS A FIRST GUESS

17310C FOR THE EXITING AIR TEMP.
17320C
17330 10 CONTINUE
17340. SUM= ZERO
17350 20 CONTINUE
17360 CALL FUNC(CFMINFFANCFMWO,WIP,OL,TE,TWI,TX,HOHOTRY
17370 I,EFFECT,OMAX)
17380C
17390C USE NEWTONS METHOD TO SOLVE FOR TE ANO ME
17400C
17410 SUM=SUM+ONE
17420 FX= HO - HOTRY
17430 DEL=POOO1*TE
17440 TEP_ TE + DEL
11450 CALL FUNC(CFMINFFANCFMWOWIP,0L,TEPTwITXHOHOTRY
17460 1,EFFECTUMAX)
17470 FXDU HO - HOTRY
17480 FXP= (FXD -FX)/DEL
17490 TEN= TE - FX/FXP
17500 rE=TEN
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17510 IF(ABS(FX) .GT, P01 .AND. SlM .LT. FIFTIN) GO TO 20
17520 IF(SUM .LT, FIFTIN) GO TO 30
17530 wRITE(9,121)
17540 121 FORMAT(/,'SUBROUTINE COIL HAS NUT CONVERGED',/)
17550 MODEC = 0
17560 GO TO 40
17570 30 CONTINUE
17580C
17590C DETERMINE THE TIME FRACTION KNOWING THAT THE LATENT,
17600C INFILTRATION FOR THE COIL ON AND OFF PERIOD ISI
17610C
17620 XINFPs TEMPO * (TEMP2-WIP*(ONET61+P45*TX))
17630 XINFaTEMPO * (TEMP2-WI*(ONET61P4J5*TX))
17640C
17650C ON TIME
17660C
17670 TF= (OS * OL + XINF)/OQMAX - XINFP * XINF)
17680 IF(TF ,LT. ZERO)TFa ZERO
17690 IF(TF ,GT. ONE)TFa ONE
17700 OCOOLE TF*OMAX
17710 CLOAD' OCOOL
17720 RETURN
17730C
17740C LAST CARD OF SUBROUTINE COIL
17750C
17760 END
17770 SUBROUTINE FUNC(CFMINFFANCFM,wOtIPtLTETWITX,HO,HOTRY
17780 1,EFFECTQMAX)
17790C
17BOOC*********************************a******************************
17810C
17820C SUBROUTINE FUNC IS USED TO EVALUATE
17830C COOLING COIL EXIT CONDITIONS
17840C
17850C DEVELOPED BY HONEYWELL
17860C
17870C********************************************************************
17880C
17890 DATA FP4b/4.46/P2//,P . P45/.45/,OET61/1061./,ONET96/1096./
17900C DETERMINE APPROPRIATE HUMIDITY RATIOS FROM TWI AND TE
17910C
17920 TEMPO s FP4b * CFMINF
17930 TEMPI s FP46 * FANCFM
17940 WXx OMEGA(TrI)
17950 WEs OMEGA(TE)
17960 wIl (TEMPO*WO + OL/ONET96 + TEMP1*WE)/
17970 1 (TEMPO * TEMPI)
17980C
17990C DETERMINE OMAX, DH, HI, HO, WIP, ANO HOTRY
18000C
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18010 OMAX= EFFECT*(TEMPI*(((P24+P45*wI)*TX+UNET61*1I)-((P24
18020 1 +P45*,X)*TWI*ONETbl*WX)))
18030 DH= QMAX/TEMP1
18040 HI= P24*TX * WI*(P45*TX * ONET61)

18050 HO= HI - OH
18060 WIP= OI
18070 HOTWYa P24*TE + kE*(P45*TE + ONETbl)

18080 RETURN
18090C
18100C LAST CARD OF SUHROUTINE FUNC

18110C
18120 END
18130 FUNCTIUN UMEGA(T)
1.8140C
1I 8IOCa************************************a **** ***********************
18160C
18170C IHIS RUITINE GIVES THE HIIMIi)TY kATlli AT THE

18180C SATURATION TEMPERATURE,T
18190CIqiYOC
t1800C UDVELOPEl) Y H ONEYWELL
18H10C
IA220C*******************************************************************
18230C
18240 DIMENSION X(4)

18250 DATA X/-10.3678, 1.7772z1 O2294,.0235739/,THRT(/5 2./

18260C THIS ROUTINE GIVES THE HUMII)ITY RATIO Al THE SATlURATION

18270C TEMPERATUHE T
18280 IF(t .LT. THHTWU) T = THRTWO

18290 OMEGA = EXP(X(1) + (X(2)/T) +(X(3) * ALOG(T)) + (X(4) * T))

18300 RETURN
18310C
18320C LAST CARD OF FUNCTION OMEGA
18330C
18340 END
18350 FUNCTION OMGAIN(W)
18360C
18370Ca**************a**************»*aw**
18380C THIS ROUTINE GIVES THE SATURATION TEMPERATURE FOR THE

18390C SPECIFIED HUMIDITY RATIO w

18400C DEVELOPED BY HONEYWELL

18410C *aa* «*a

18430 DIMENSION X(6)
18440 OATA SEVENT/7000./,X/-12.114b4,2.5

9 3 8 4,.0455714,4.60033E-4,

18450 1 2,271777Eo,4.31080E-9/
18460C
18470C THIS ROUTINE GIVES THE SATURATION TEMP. FOR THE SPECIFIED

18480C HUMIDITY RATIO M

18496C
18500 WGRAIN : SEVENT * W
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18510 OMGAIN a X(l) + X(2) * WGRAIN - X(3) * WGRAIN * IGRAIN + X(4)
18520 1 * WGRAIN ** 3 - X(5) * WGRAIN ** 4 + X(6) * WGRAIN ** 5
18530 RETURN
18540C
18550C LAST CARD OF FUNCTION OMGAIN
18560C
18570 END
18580 SUBROUTINE WINDOW
18590C
18600OC******a ******************************************** ******** ***
18610C
18620C THIS SUBROUTINE CALCULATES THE SOLAR RADIATION TRANSMITTED
18630C PER SO FT OF GLASS DUE TO CLEAR SKY DIRECT RADIATION
18640C
18650C THE SUBROUTINE STATEMENT IS
18660C
18670C SUBROUTINE WINDOW
18680C
18690C THE EXTERIOR WALLS AND WINDOWS ARE ASSUMED TO 3E VERTICAL
18700C SURFACES. CALCULATIONS ARE MADE FOR EACH OF THE FOUR VERTICAL
18710C EXPOSURES ALLOWING FOR + OR -45 DEGREES ROTATION FROM TRUE NESN.
18720C THE DIRECT NORMAL RADIATION IS CALCULATED FROM SUBROUTINE
18730C SUN FUR EACH HOUR. DIRECTION COSINES OF THE SUN'S RAYS WITH
1870C RESPECT TO LOCAL VERTICAL, LOCAL WEST AND L3CAL SOUTH ARE
18750C ALSO CALCULATED IN SIHUROUTINE SUN. DIRECTION COSINES OF
18760C THE NORMAL TO EACH OF THE FOUR WALLS NITH RES'ECT TO LOCAL
18770C VERTICAL, LOCAL WEST AND LOCAL SOUTH ARE CALCULATED. THE
18780C COSINE OF THE ANGLE OF INCIDENCE IN CALCULATED FO EACH OF
18790C THE WALLS FROM THE DIRECTION COSINES OF THE 4nORMALS TO THE
18800C WALL AND THE SUN'S RAYS. THE SOLAR RADIATION INCIDENT ODv
18810C EXTERIOR WALLS AND TRANSMITTED THROUGH THE UIND)OS IS THEN
18820C CALCULATED AS A FUNCTION OF THE ANGLE OF INCIDENCE FOR EACH
18830C OF THE FOUR EXPOSURES. THE MEAN ANGLE OF INCIOENCE FOR DIFFUSE
18la)C SOLAR RADIATION IS ASSUMED TO HE 60 DEGREES. THE xINDOOr S ARE
18850C ASSUMEI) TO BE DUOOHLE GLAZED. I1NTERNAL AND EXTERMAL SHADI[N
18860C EFFECTS ARE NOT CONSIiLtRED.
18870C
18880C EXPLANATION OF VARIABLES:
1889UC
18900C rOANG IS THE BUILDING ROTATION ANGLE (-45 DEG < BOANG < +45 DEG)
18910C
18920C RHOS IS THE REFLECTANCE OF THE GROIJND IN FRONT OF THE wINDO.
18930C
1'8940C XN IS THE INOEX OF REFRACTION OF GLASS IN AIR
18950C
18960C XK IS THE PRODUCT OF THE EXTINCTION COEFFICIENT AN) THE
18970C THICKNESS FOR EACH PANE OF GLASS (DIMENSIONLESS)
18980C
18990C TDR IS THE WINDOW TRANSMITTANCE FOR DIRECT SOLAR RAOIATION
19000C (FUNCTION OF THE INCIDENCE ANGLE)
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19010C
19020C TOF IS THE WINDOW TRANSMITTANCE FOR oIFFUSE SOLAR RADIATION

19030C (SKY RADIATION AND DIFFUSELY REFLECTED RAOIATION FROM

19040C THE GROUND)
190S0C
19060C OTRAN(I) IS THE SOLAR RAOIArION TRANSMITTED THROUGH GLASS (BTUH/SO FT)

19070C
19080C ABSOkB(I.) IS THE SOLAR RADIATION INCIDENT ON EACH EXTERIOR

19090C WALL (BTUH/SO FT)
19100C
19110C WHERE
19120C
19130C I a 1 FOR NORTH EXPOSURE

19140C * 2 FOR EAST EXPOSURE
19150C a 3 FOR SOUTH EXPOSURE
19160C _ 4 FOR WEST EXPOSURE
19170C DEVELOPED BY HONEYWELL
19180C
19190C
19200C*****t**********************************************************
1921UC
19220 COMMON /HLUCK/IHOUR,IDAY,IMONTH,TSTOR,QHL(24,366),QHN(24,366),
19230 1 OC(2.,366)OQINCI(24,366),CLOADHLOAO,CPEAK,
19240 I HPEAKTHOTWLTHLTHLSTHWLTINFTHLOATCONOLTCLOADTTSR
19250 1 ,A(200),NTAaLE(20),XTEMP(24t,36),BASLOD(24#366)
19260 COMMON /SOLAR/S(35)
19270 COMMON /SLUAD/OTRAN(5),ABSORB(5)
19280 COMMON /DIR/DIRHtDIRN,TOTH
19290 DATA TWO/2./,UNE/1./,POII/.011/,P00792/.00792/,ZERO/0./,THREE/3./
19300 1 ,P09/.09/,FSP3/57.3/
19310 DATA PI/3.1416b/XK/0O05/XN/1.52b/,TUF/0.672/»Pi/.5/,P99q/.9q9/
19320C
19330C INITIALIZATION
19340C
19350 DO 10 I * 1, 5
19360 UTRAN(I) a ZERO
19370 ABSORB(I) = ZERO

19380 10 CONTINUE
19390 RHOS * A(9)
19400 BOANG = A(135)
19410C
19420C DIRECT NURMAL RADIATION DUE TO CLOUDY SKY

19430C
19440 SDNCaUIKN
1950C
19460C DIRECT nAUIATIONl ON HORIZONTAL SI3JFCE (1IE TO CLOUDY SKY

19470C
19480 SDRHCmOIRH
19 49C
19500C TOTAL RADIATION ON HORIZONTAL SURFACE DUE TO CLOU)Y SKY
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1951uC
19520 STHC=TUTH
19530C
19540C DIRECTION COSINES OF SUN'S RAYS WITH RESPECT TO LOCAL COORINATES
19550C
19560 COSW = S(14)
19570 COSS = S(15)
19580 00 500 IWALL = I, 4
19590C
19600C CALCULATE WALL AZIMUTH WITH RESPECT TO SOUTH.
19610C
19620 WA» (THREE - FLOAT(IWALL)) * PI/TWO * BOANG/FSP3
19630C
19640C DIRECTION COSNE OF NORMAL TO VERTICAL WALL WITH RESPECT TO
19650C LOCAL WEST HORIZONTAL.
19660C
19670 BETA a SIN(WA)
19680C
19690C DIRECTION COSINE OF NORMAL TO VERTICAL WALL WITH RESPECT TO
19700C LOCAL SOUTH HORIZONTAL
19710C
19720 GAMMA 9 COS(WA)
19730C
19740C CALCULATE THE COSINE OF ANGLE OF INCIDENCE
19750C
19760 COSAUI a COSW * BETA - COSS * GAMMA
19770 IF (COSAOI .LT. ZERO) COSAOI ; ZERO
19780 IF (COSAOI .GT. ONE) wRITE(6,1000) COSAOI
19790C
19800C CALCULATE INCIDENT RADIATION
19810C
19820 QSINC a CUSAOI * SDNC
19830 OOIFS w (STHC * SDRHC) * P5 + RHOS * STHC * P5
19840 UINCIS a QSINC + OIFS
19850C
19860C DETERMINE THE TRANSMISSION COEFFICIENT
19870C
19880 IF (COSAOI .LE. ZERO) TR * ZERO
19890 IF (COSAOI .LE. ZERO) GO TO 400
19900C
19910C CALCULATE THE ANGLE OF INCIDENCE AND THE ANGLE OF REFLECTION
19920C
19930 AOI a ACUS(COSAOI)
19940 AOR a ASIN(SIN(AOI)/XN)
19950C
19960C CALCULATE INTERMEDIATE STEPS FOR THE TRANSMISSION COEFFICIENT
19970C AS A FUNCTION OF THE ANGLE UF INCIDENCE
19980C
19990 IF (COSAUI .GT. P999) GO TO 300
20000 RI = (SIN(AOI - AOR)/SIN(AOI + AOR)) ** 2
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20010 RX a (TAN(AOI - AOR)/TAN(AOI + AUHJJ
20020 R2 x RX * RX
20030 TR = P5 * (((ONE - RI)/(THREE * R1 + ONE)) + ((ONE - H2)/

20040 1 (TmREE * R2 * ONE)))
20050 GO TO 400
20)060 300 CONTINUE
20070 H = ((Xj - ONE)/(XN + UiE)) ** 2
20080 TI = (ONhE - N)/(rHREE * R + )NE)
20090 400 CONTINUE
2U100C
20110C CALCULATE THt TRANSMISSION COEFFICIENT FUR DIRECT RA)IATION
20120C
20130 TUR. TR * EXP(-TNO * XK/COS(AUH))
20140C
20150C CALCULATE IHE TRANSMITTED HADIATION
20160C
20170 QTRAN(INALL) = OSINC * TR + QODIFS * TOF
201 0C
20190C CALCULATE THE INCIDENT RADIATION ON THE WALL SURFACE
20200C
20210 ABSQRB(IWALL) a QINCIS
20220C
20230 500 CONTINUE
20240 RETURN
20250 1000 FORMAT(/,IX,'COSAOI z ',F12.8)
20260C
20270C LAST CARD OF SUBROUTINE WINDOW
20280C
20290 END
20300C
20310 SUBROUTINE WAHP(TWITAI,OCONDOEVAP,HPCOP)
20320C
20330C*************************************************************
20340C THIS ROUTINE PREDICTS THE PERFORMANCE.OF A hATEQ TO
20350C AIR HEAT PUMP AS A FUNCTION OF THE EVAPORATOR AND
20360C CONDENSER INLET TEMPERATURES.
20370C
20380C DEVELOPED UY HONEYWELL
20390C
20400C******* ****************************************************
20410C
20420 COMMON /HTPP/FF
20430 DATA ONE/l./,ONET23/1023./,1HRTwO/32./,SIXFT/65000./,THtlND/300./.
20440 I P00155/.00155/,P7336/.733b/,T9P23/29.23/,EIGHTY/80./,
20450 1 F569/45b9,/,T523/2523./,SIX2P5/b2.5/,T#P5/12.5/,PI/3.414/,
20460 1 T545/2545/, P00159/.00159/PP6875/.6875/
20470C
20480 EET a TWI
20490 ECT a TAI
20500 8TU UONET23 * (EET - THRTWO) + SIXFT - THUND * ENT
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20,10 Y c T9P23 * (ECT - EIGHTY) + F5b9
20521 XM a (Y - T523)/SIX2P5
20530 mATTS = XM * (EET - T*P5) + T523
20540 COP = BTL/(wATTS * PI) + FF
20550 UCUND z BTI
2u560 6TUM * UCUND/COP
20570 EeVAP = C(OND - HTUM
20580 QCONO) OCOND * (P00155 * EET + P7336)
20590 QEVAP ODEVAP * (P00159 * EfT * P6875)
20600 QMOT = OCOND - QEVAP
20610 COP = WCUND/0MOT
20620 HP = QMOT/T545
?0630 RETURN
2n640c206'OC
20650C LAST CARD OF SUBROUTINE WAHP
20660C
20h70 END
20680 SUBROUTINE HOUSE
20b90C
20700C***************************************** *******
20710C
R0720C THIS SURNOU[INE CALCULATES THE HtATING AND CO('LIN LOAD
2n730C FOR A RESIDENTIAL BUILDING.
20740C
20750C THE SI.IRUIITINE STATEMENT IS
20760C
20770C SUBROUTINE HOUSE
20780C
20790C DEVELOPED BY HONEYWELL
20800C
20810C PROJECT ACES-2 STORY HOUSE ORNL-IWG 78-2174
20820C
20830C CREATION DATEt09/26/78
20840C
20850C*a*************************.*************************** ************

20860C
20870 COMMON/BLOCK/IHOUR,IOAY,IMONTH,TSTOR,QHL(2q,366),OHt(24,366),
20880 1 BC(24,366),0INCI(24,366),CLOADHLOAD,CPEAK,
20890 1 HPEAKTHOTWL,H,THLSTWL,TINF,THLOAO,TCONDLTCLOAD,TISR
20900 1 ,A(200),
20910 1 NTABLE(20),XTEMP(24,366),BASLOO(24,366)
20920 LOGICAL FIRST,COOLIN
20930 COMMON /»EATHER/DB(24),DP(24),wB(24),WS(24),P(24)TC(24)
20940 1 ,TOC(24),WET(24),ORY(24),IYEAR,IDUM1,I)UM2,I:ITY
20950 REAL NDYTP,MHOTv,KADX
20960 REAL NINTY
20970 DIMENSION UWALL(7),URnOF(6),ACE(3),AWALL(7),AANALL(6),
20980 1AROOF(6),UAWXI(7),IJAWXO(7),HAWI(7),HAWO(7),UANI(7),iJAWO(7),
20990 2UAAWX(6),HAAWI(6),HAAWO(b),UARX(h),HARO(b),HARI(6),UARI(6),
21000 3 HIW(7),HIC(3),HACO(3),IJACO(3),IJACX(3),HOW(7),TAS(b)
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21010 4 TWSI(7),TRI(6),TI(b),TWS(7),HAWS(6),CnNSI(6),
21020 SCONS2(b),CONS4(6),CONS5(6),CONS6(b),CONS7(3),HAWS((7)
21030 DIMENSION HAWSW2(7),TCE(3),TCEI(3)
21040 DIMENSION IIAAWO(6b)TO(7),UARO(b)
21050 DIMENSION IIACI(3)tUARXI(6)
210bO DIMENSION TRS(6b)CONS11(7),CUNS3(7),HO(7),
21070 IOAAA(b),QAA(7),OAR(b),UAAWI(b),HIR(b),HACI(3)
21080 COMMON /SOLAR/S(35)
21090 COMMON /SLOAD/OTRAN(5),ABSORB(5)
21100 COMMON/HTPP/FF
21110 COMMON /SCHDL/TWELL(l2),MHnTW(24),PEOPLE(24),XLIGHT(24),APPL(24)
21120 COMMON/TEMP/TW(7)tTAW(6),TR(h),TA(6),TIM,TFI,TSL,TCR,TTE,
21130 1 TXTCETWSI,TCEI
21140 COMMON/DESIGN/HFATD,CnOLnSIZEIZSZE2,FANCFMEVPGPM,
21150 1 EFFECTeLATVtL

w ATTMPCFA.FNCFMI
l21160 COMrnN/H(JlL Y/COn)DL XINFTSR, IlNCl INC2,ALF, ALFW

21170 COIMMllN /DIl/DIRH.HI)IRN, 1TH
21180 I)lM.NSrIcN SHt!X)»(20) Shi»XO (0) ,SIl)XS#;(20) ,SHI)X^0X (?0)

21190 OIMENSION IJARXTPH(b),HrO0(6),HFr)R(6), OTOCC(3),nrnFc.(71

21200 I)ATA FIkST/.TRUE./
21210 I)ATA OPIA/I.(lR/,1HRTWn0/3./,)NE/l./,ZFO

O/0./,IHl/./.P4/. ' /,P5//
21220 1 ,PH/.H/,TTP32/33.32/,SIXTHR/b3./,TFIFTY/?

Sb./,FHInfMR /5i)O ; /

212 0 1 (FHNIIN) R/4()n./,FniliHTY/40./,SSP3/77.3/,FOi)J g0I/4qO./ ,FTHIIN)/IHOUI

21240 1 ./,lt N/o10 ./.P4,/5/.0NEThl/l<)l./1T715Pt/1ln7s.4//,F0PIh/4.
212'0 1 qh/,P13835/.1I853/
?12hO AIA CHECK/t.O/
21270 0)AIA PT/3.lU~b/
2120 l)AT A Tti)/ .00,THOl/lIO000./.HIlNl )/O((./E:T/Al./, 79/.7 q/
21290 1 StMM45/34./
21300 DATA TWEL/I2./,FOUR/4I.0/SEVEN/7.0/,FIFT/15.0/1FIVE/5.0/,
21310 1 EIGHT/8./,THIR775/37.75/,THREE/3./,FRT2/42./,NINTY/90./,
21320 2 080/180./,FP25/4.25/,TP414/3.414/,TW2/22./,SIX/6./
21330 DATA OLDMTH/0.0/
21340 DATA PS/.5A/,PD/.70/,TWS5/25./,PP0/.0//
21350 MODEC a ONE
213h0 MODES a ONE
21370 MODEW a ONE
21380C
21390C FIRST TIME THROUGH, INITIALIZE CONSTANTS FROM 'A' ARRAY. SKIP
21400C INITIALIZATION ON SUCCEEDING CALLS.
21410C
21420 IF (.NOT. FIRST) GO TO 10
21430 TIME=ZERO
21440 THOTw = A(50)
21450 USTAG = A(91)
21460 USTHG = A(SI)
?140 IIHOTw = A(53)
214B40 UCEIL = A(54)
?1490 JCElIJCEIL
21so00 UJAALL(1)=A(I)
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21510 UwALL(2)=A(18)
21520 UWALL(3)=A(34)
21530 UwALL(4):A(34)
21540 UA.LL(5)5A(34)
21550 UWALL(6)=A(34)
21560 UWALL(7)=A(35)
21570 UGLASS=A(57)
21580 UDOOR=A(58)
21590 oFLOOR1A(59)
21600 ISL=A(55)
21610 UCR=A(51)
21620 UROOF(1)=A(32)
21630 UROOF(2)ZA(33)
21640 UROOF(3)=UROOF(l)
21650 IUROOF(4)=lIROUF (1)
21660 UROOF(5)mUROOF(2)
21670 UWOOF(6)aLIROOF(l)
21680 UAWALL:UwALL(3)
21690C SET UP SURFACE AREAS FROM A-ARRAY VALUES
21700 ACE(I)=A(b3)
21710 ACE(2)=A(64)
21720 ACE(3)=A(52)
21730 AAALL (1)A(155)
21740 AWALL(2)=A(156)
21750 AWALL(3)=A(lb7)
21760 AwALL(4)=A(158)
21770 AWALL(5)=A(159)
21780 AWALL(6)=A(160)
2179u AWALL(7)=A(161)
21800 AANALL(I)=A(162)
21610 AAWALL(2)EA(16s)
21820 AANALL(l)=A(164)
21830 AAWALL(4)=A(165)
?1840 AAWALL(5)=A(166)
21A50 AAAALL(h)=A(167)
21R60 AFLOOR=A(71)
21870 AROolF(1)=A(7?)
21880 AROOF(2)=A(13)
21H90 AROOF (3)=A(74)
21900 ARO()F (4)=AHUOF (l)
21910 AR0OF (5)=AR0F(2)
21920 AnUOF(b)=AHOOFF(3)
2190 C
21940 CFMINF:A(75)
21950 PFOPMX = A(76)
21960 APPLMX - A(77)

21970 ACEIL=ACE()+A(AC()+ACF (3
21980 XLTFMX=A(78)*ACEIL*TP414
2199) AVENT = A(79)
22000C SET UP DATA ARRAY FOR SHAOING SOUTH INDOAS, S(OL H .ALL
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2201) SHRATW=l.
22020 SHRATD=,.
22030 SHAUE5=1.
22040 SHRATww=l.
22050 SHOXh(1)=TAEL
22060 SHOXW(2)=F0lUR
22070 SHDXw(3)=SEVEN
22080 SHDXw(4)=ONE
22090 SHDXW(S)F IFT
22100 SHOXk(h)=FIFT
22110 SHDXW(7)eFIVE
22120 00 1937 I=12,20
22130 SHDXW(T)sZERO
22140 1937 SHDXSW(I)cZERO
22150C
22160C SET UP ARRAY FUR SHADING SOUTH SG DOOR,SOUTH WALL

22170 SHOXD(I)sFP25
22180 SHDXO(2)E IGHT
22190 SHDXD(3)zSEVEN
22200 SHOXD(4)aZERO
22210 SHDXD(5)aTWO
22220 SHDXO(6)3THIR775
22230 SHDXD(7)EFIVE
22240 SHOXD(8)=SIX
22250 SHDXD(9)sZERO
22260 SHOXO (10)TwO
22270 SHDXO(l1)=ZERO
22280 DO 1938 I=12,20
22290 1938 SHDXD(I):ZERO
22300 SHOXSw(l)FRT2
22310 SHDXSW(2)=EIGHT
22320C DESIGN VALUES FOR SIZING HEAT PUMP AND COOLING COIL

22330C SET UP DATA ARRAY.FOR W WALL SHADING BY GARAGE,S WALL 3Y OVERHANG

22340 DO 1939 1=3,15
22350 SHOXWW(I)ZZERO
22360 1939 SHOXSN(I)=ZERO
22370 DO 1940 Ix17,20
22380 1940 SHDXWW(I)=ZERO
22390 SHDXWW(12)=TWEL
22400 SHDXKW(lh)=-NINTY*PI/080
22410 SHDXWW(l)cll.
22420 SHDXWA(2)=8.
22430 SHOXSW(3)=SEVEN
22440 SHDXSw(7)XFIVE
22450C FIN DATA FOR S INDOOW
22460 SHOXW(8)=SIX
22470 SHDOX(9)=ONE
22480 SHDXW(10)aFIFT
22490 SHDXW(I1)=-THREE
22500C
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22510C
22520C
22530C
22540 ATTICT=A(RO)
22550 <INDWG = A(81)
2256( tOSAW = A(2?)
22570 TOSAb A= (H)

22580 )OSAS = A(M4)
?2590 WINTS = A(hS)
22600 OVRCPW = A(86)
22610 UVRCPS = A(87)
P2620 TZONEW : A(M8)
22630 TZONES = A(9)
22640 NS4 = IFIX(A(90))
22650 SHADES = IFIX(A(92))
22660 CALC x A(93)
22670 HEATD = A(94)
22680 COOLD = A(95)
22.90C SET THERMAL CAPACITIES BY SELECTIND A-ARRAY DATA(PER AREA)
22700 CRVX'A(184)
22710C
22720 CRVTTE=A(48)
22730 CRVW=A(169)
22740 CRVAW=CRVW
22750 CRVIM=A(182)
22760 CRVR:A(170)
22770 CRVSRUA(171)
22780 CRVC=A(172)
22790 CRVFUA(17a)
22800 CRVKWaA(175)
22810 CRVCRaA(177)
22820 CRVSLsA(176)
22830C SET WALL AND ROOF ASS
22840 ALFWuA(168)
22850, ALFRZA(173)
22860C SET HEAT TRANSFER COEFFICIENTS
22870 HO(1)1A(19)
22880 HO(2)a A(19)
22890 HO(3)A(ll)
22900 HO(4)SA(Il)
22910 HO(5)aA(11)
22920 HO(b)AA(II)
?2930 HO(7)A(19)
22940 HIrA(12)
22950 HAIM»A(183)
22960 HOCAA(12)
22970 HORsA(45)
22980 HIR(l):A(46)
22990 HIR(2)=A(47)
23000 HIR(3)mA(46)
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23010 HIR(4)]A(46)
23020 HIR(5)CA(47)
23030 HIR(6)=A(46)
23040 ADOOR.A(70)
23050 AHOTW=A(b2)
23060 AGLASN=A(66)
23070 AGLASEsA(67)
23080 AGLASSAA(68)
23090 AGLASW=A(69)
23100 UGLASsA(57)
23110 HIC(l)-A(36)
23120 UNDOA(178)
23130 ANDOOR=A(179)
23140 UAFLOOR=UFLOOR*AFLOOR
23150 UAGLASsUGLAS*(AGLASN+AGLAGLAS GLASSAGLASW)
23160 UAHOTs=UHnTW*AHOTW
23170 'UAOOOR=UOOOR*AOOORLIND*ANDOOR
23180 HIC(2)=HIC(1)
23190 HIC(3)=HIC(l)
23200 HAF=A(20)
23210 UPF=A(41)
23220 FP=A(30)
23230 INFA2==POH*AV*AVET*ACE()
23240 INFAI=OPO8*AVENT*ACE(1)
23250 INFA3=OP08*AVENT*ACE(3)
23260 KAOX=ONE/TwEL
23270 UAXTTEsKADX*AFLOOR
23280 UAXCUllCR*AFLOOR*TWO
23290 UAXF=UFLOUH*AFLOOR*TWO
23300 UAFXIsONE/((ONE/UAXF)-(ONE/HAF))
23310 IJAFXO=UAXF
23320 UAXSL=USL*AFLOOR*TWO
23330 UCRTTE=UAXCW+UAXCR
23340 USFSLBUAXSL+UAXSL
23350 USSLRZUAXSL+UAXCR
23360C DETERMINE NODAL UA'S FOR ROOM WALLS
23370 DO 700 Ic=,7
23380 UAWI(I)vUwALL(I)*AWALL(I)*TWO
23390 UAWO(I)UUAWI(I)
23400 HAWI(I)=HI*AWALL(I)
23410 HAWO(I)=HO(I)*AWALL(I)
23420 UAWXI(I)aONE/((ONE/UIAW(I))-(ONE/HANI(I)))
23430C
23440 UAWXO(I)aONE/((ONE/UAWO(I))-(ONE/HAWO(I)))
23450 700 CONTINUE
23460C DETERMINE NODAL UA'S FOR ATTIC WALLS
23470 00 701 Il1.6
23480 UAAWO(I)UUAWALL*AAWALL(I)*TWO
23490 UAAWI(I)UUAAWO(I)
23500 HAAWI(I)cHI*AAWALL(I)
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23510C
23520 HAAWO(I)ZHO(3)*AANALL(I)
23530 UAAWX(I)cONE/((ONE/UAAWO[I()-(ONE/MAAwO(I)))
23540 701 CONTINUE
23550C DETERMINE NODAL UA'S FOR ROOF
23560 00 702 I=1,6
23570 UARO(I)zUROOF(I)*AROOF(I)*TWO
23580 UARI(I)=UARO(I)
23590 HARO(I)HMOR*AROOF(I)
23600 HARI(I)RHIR(I)*AROOF(I)
23610 UARXI(I)zONE/((ONE/UARI(I))-(ONE/HARI(I))
23620 702 UARX(I)3ONE/((ONE/UARO(I))-(ONE/HARO(I)))
23630C DETERMINE NODAL UA'S FOR CEILING SURFACES
23640 DO 703 I=1,3
23650 UACO(I)aUCEIL*ACE(I)*TWO
23660 UACI(I)=UACO(I)
23670 .ACI(I)=HIC(I)*ACE(I)
23680 HACO(I)MHOC*ACE(I)
23690 UACX(I)mONE/((ONE/UACI(I))-(ONE/HACI(I)))
23700 703 CONTINUE
23710C COMPUTE CONSTANTS USED IN DYNAMIC EQUATTnNS
23720 OTsA(10)
23730 SUMI=ZERO
23740 DO 730 11,7
23750 730 SUMI=SUMI+HAWI(I)
23760 UAFLOOR-HAF
23770 0O 731 1=1,3
23780 731 SIIMI=SUMI.HACI(I)
23790 StMI=SkJMl+HAIM+UAFLOOH+UAGLAS+OP08*CFMINF+IAHOTtI+Ut)A))nR
?3900 SUMI=SUMI+HARI(2)+HAWI(5)
23810 S1=UNE-DT*StMI/CRVX
?3820 on 732 I=1,6
23830 HAWS(I)=HAAWO(I)+UIAAwX(T)
23840 CONSI(I)=ONE-()T/(CRVAw*AAWALL(I)))*( UAAX(I)+uAAlI(T))

23850 CONS2(I)=(DT/(CRVAW*AAwALL(I)))
23860 CUNS3(I)=HAkO(I)+IJARX(I)
23870 CONS4(I)=ONE-(DT/(CRVR*AROOF(I)))*(UARX(I)+UARXI(I))
23880 CONS5(I)=(DT/(CRVR*AROOF(I)))
23890 732 CONTINUE
23900 00 733 1I1,3
23910 CONS6(I)=ULACX(I)*HACI(I)
23920 733 CONS7(I)=ONE-(DT/ CRVC*ACE(I)))*(IJACX(I)+IJAC (I))

23930 CONS8sUAAwI(I)+UAAWI(2)+UARI(l)+UARI(4)+
23940 1 UACO(1)+OP08*AVENT*ACE(1)
23950 CONS9=UAAWI(3)+UAAWI(4)+UARI(3)UOP08*AVENT*ACE(2)+
23960 1 UACO(2)+iJAWO(1)
23970 CONS1O=UAAWI(S)+UAAWI(6).+UARI(6)

+ OPO0*AVENT*ACE(3)UJACO(3)
23980 1 + UAWO(2)
23990 DTX:DT/CRVX
24000 DTIMaDT/CRVIM
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24010 0 0 I70 l,7
24020 HAWSW(I)zHAWI(I)+IJAWXI ()
24030 HAWSW2(I)=HAWO(I)+UAWX0(I)
24040 740 CONS11(I)=ONE-(DT/(CRVW*AWALL(I)))*(tUAWXO(I)+UAWxi(l))
24050 CONS12=(ONE-(DT/CRVIM)*HAIM)
24060 CONS13=HAF+UAFXI
24070 CONSl4aONE-(DT/(CRVF*AFLOOR))*(UAFXI+IAFXO)
24080C
24090C INITILIZE NODAL TEMPERATURES
24100C
24110 TR(I)aA(133)
24120 TR(2)=A(110)
24130 TR(3)=A(111)
24140 TR(41)A(189)
24150 TR(5)AA(191)
24160 TR(6)=A(195)
24170 TAW(1)=A(112)
24180 TAW(2)zA(127)
24190 TAW(3)=A(113)
24200 TAW(4)=A(132)
24210 TAW(5)zA(186)
24220 TAW(6)mA(187)
24230 TA(I)sA(114)
24240 TA(2):TA(1)
24250 TA(3)SA(115)
24260 TA(4)zTA(3)
24270 TA(5)=A(194)
24280 TA(6)sTA(5)
24290 TCE(I)=A(136)
24300 TCE(2)=A(116)
24310 TCE(3)=A(196)
24320 TSL=A(192)
24330 TCR=A(l93)
24340 TTE=A(194)
24350 TF=A(199)
24360 TW(I)=A(117)
24370 TW(2)zA(185)
24380 TW(3)SA(128)
24390 TW(4)=A(129)
24400 TW(5)=A(130)
24410 TW(6h)A(131)
24420 TW(7):A(lI8)
24430 TIM=A(197)
?q240C REI)EF1tN I1HE!k'AL CAPACITIES FOR FLOO(,JSl.A 1,CrJSH O) ):K,EArTH
24450 CRVF=CKVF*AFLO(R
24460 CRVSL=CRVSL*AFLOOW
24470 CRVCR=CkVCk*AFL()O
24480 CRVTTE=CRVTTE*AFLOOR
24490 DTCR:DT/CRVCR
24500 OTSL=DT/CRVSL
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24510 DTF=DT/CRVF
24520C
24530 OMDTI=(ONE-DTSL*USFSL)
24540 OMDT2:(UNtE-)TCR*UCRTTE)
24550 UCRTTE:UAXCR+UAXTTE
24560 00 893 1=1,7
24570 893 DTOCW(I)=DT/(CRVW*AWALL(I))
24580C
24590C
24600 TXsA(190)
24610C
24620C SET THE TIME STEP AND THE GROUND CONDUCTIVITY
24630C
24640 XKCON a A(13)
24650C
24660 IF(CALC.LT.ONE)GO TO 110
24670C
24680C HEATING DESIGN LOAD
24690 SUMUzZEHO
24700 UACEILZZERO
24710 TWW=A(37)
24720 UAFLORI=UPF*FP
24730C SSP3 z 2.32 * 4. * 8.33
24740C DETERMINE UA'S BETWEEN AMBIENT AND OUTSIDE TEMPS
24750 DO 718 I=1,7
24760 718 SUMU=SUMU+UWALL(I)*AWALL(I)
24770 DO 719 1=1,3
24780 719 UACEILCUACEIL+UCE*ACE(I)
24790C ADD SLANT ROOF TO CEILING UA
24800 UACEIL=UACEIL+TWO*UROOF(2)*AROOF(2)
24810 SUMUA=SUMU+UAOOOR+UAFLORI+UAGLAS+OP08*CFMINF
24820C
24830 HEATO s ( SUMUA * (TZONEW - TOSAW) +* tACEIL * (TZOJME - TOSAw)
24840 1 *SSP3 * (THOTW - FOURTY)) * OVRCPW
24850 UTTEZA(13)
24860 RT=ONE/UFLDOR*ONE/USL+ONE/UCR+ONE/IJTTE
24870 UFT=ONE/RT
24880 UAFLO=UFT*AFLOOR
24890 HEATD=HEATD+UAFLO*(TZONEW-TWW)
24900C COOLING OESIGN LOAD
24910C
24920 COOLO = -(SUMUA * (TZONES - TOSAS) + JACEIL * (TZONES - ATIICT)
24930 1 + UAHOTW * (TZONES - THOTw) - wINDNG * (AGLASN + AGIASE
24940 1 + AGLASS * AGLASW) - PEOPMX * FOIIR90 * APPLIX - XLTEMX)
24950 1 * OVRCPS
24960C
24970 110 CONTINUE
?498OC
24990C HEAT PUMP UESIGN
2500OC
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25010 CALL wAHP(TRTOrO,TZONEW,OCONODEVAP,HP,C(JP)
25020 CHECKI = COULD/QEVAP
25030 CHECK2 = HEAT)O/CON0
25040 COOLDA = A(9b)
25050 UESLI = ZERn
25060 OE4L = HEATO
25070 IF(CHECK2 .LT. CHECKI) DESLI = CfOLL)A/(T^5 - A(100) + A(t1)))

25080 IF(DESLI .Gr. CJLD)] OFSLI = COOLI
25090 IF(DESLI/OEVAP .GT. OESL/OCOND) DESL = DESLI
25100 X = OESL/THOIJ
25110 IX = IFIX(X)
25120 SIZEI = THOU * FLOAT(IX) + THOU
25130 SF1=SIZEI/QCOND
25140 IF(DESL .LE. DESLI) SF1 = SIZEI/OEVAP
25150 IF(OE.SL .LE. DESLI) SIZE1 = SF1 * QCONr
2516.0 SFP = SFI
25170 IB = IFIX((SFP-ONE)*ETHUNn*Pol)
25180 B = HUND * (FLOAT(lB + I) + ET)
25190 FNCFMl s B
25200 .EVPGPM B8 * TEN / ETHUND
25210C
25220C COOLING COIL DESIGN
25230C
25240 TWI = THRTWO
25250C
25260C OT75P4 a 1061. * .4 * 32.
25270C
25280 EFFECT=P79
25290 FANCFM:COOLD/(OP08*EFFECT*(TZONES-THRTWO))
25300 FANCFM=FLOAT(IFIX(FANCFM/HUNO)1I)*HUND
25310 SIZE2=FANCFM*OP08*(TZONES-THRTWO)*EFFECT
25320 SIZE2:THOU*FLOAT(IFIX(SIZE2/THOU))+THOU
25330 CFA a FANCFM/FHUNDR
25340 CFT2 = COOLD/CFA
25350C
25360C P13833 z 1.66/12.
25370C
25380 WATVEL * TEN * P13833
25390 WATTMP s COOLO/(FHNDRD * TEN)
25400 WRITE(9,101)
25410 101 FORMAT(IHl,/,' DESIGN PARAMETERS ',/)
25420 WRITE(9,O102)HEATODCOOLDSIZEI.FANCFM,EVPGPM,EFFECTWATVELWATTMP,
25430 1 CFAFNCFMH
25440 102 FORMAT(V)
25450C
25460C DONE WITH DESIGN PROCEOURE
25470C WRITE(9,401)
25480C 401 FORMAT(/////, 'IHOUR IDAY OHL OHW OC
25490C I OINCI ABSORB(5) DB(J) TA ',/////)
25500C
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25510 FIRST = .FALSE.
25520 10 CONTINUE
25530 J ; IHOUP
25540C
25550C CALCULATE INTERNAL PEOPLE, LIGHT, AND APLIANCE SENSIBLE LOADS
25560C
25570 PEOPL = PEOPLE(J) * PEOPMX * TFIFTY
25580 XLIGT a XLIGHT(J) * XLTEMX
25590 APPLI s APPL(J) *APPLMX
25600C
25610C CALCULATE AVAILABLE RADIATION ON COLLECTOR SURFACE
25620C
25630 ANG1=A(6)
25640 ANG2=A(5)
25650 CALL SOLARU(ANGI,ANG2,0AVAIL)
25660 OINCI(IHOUR,IDAY) = QAVAIL
25670C
25680C CALCULATE TRANSMITTED SOLAR RADIATION AND RADIATION THAT
25690C IS IMPINGINT ON OUTSIDE SURFACES
2S700C SELECT SOLAR ANGLES FOR INPUT T) SHAOE S;lHilOUlTi F
25710 PHI=S(21)*PI/O80
25720 XO=S(20)*PI/O80
25730 COSZ=SIN(XU)
25740 CALL wINDO6(MfOOE)
25750 IF (SHADES ,LT. ONE) GO TO 15
257h0 QTRAN(I)=OTRAN(1)*PS
25170 OTRAN(2)=OTRAN(2)*PS
25780 OTRAN(3)=GQTRAN(3)*PS
25790 RAN(4) =QTRAN (4)*PS
285AO 15 CONTINUE
25810C INCORPORATE SHADING OF SOUTH GLASS
25820 CALL SHADE(SHDX8,PHI,COSZ,SHRAT4)
25850 TSR = (UTRAN(I) * AGLASN + QrRAN(2) * AGLASE
25840 1 +QTRAN(3)*AGLASS*SHRATW+QTRAN(4)*AGLASW)
25850 CALL SHADE'(SHOXO,PHI,COSZ,SHRATD)
25860 IF(SHAOES.LT.ONE) GO TO 138
25870 TSR=TSR+QTRAN(3)*SHRATD*ADOOR*PD/PS
25880 GO TO 157
25890 138 TSR=TSR+QTRAN(3)*SHRATD*ADOOR
25900 157 CONTINUE
25910C TSR=0.
25920 TTSR = TTSR + TSR
25930C
25940 ANG3=A(151)
25950 ANG4=A(152)
25960 ANG5=A(153)
25970 ANG6=A(154)
25980C CHECK FOR NIGHT SETBACK CONDITIONS
25990C
26000C SET WALL OUTSIDE TEMPS EXCEPT FOR KNEE-^ALLS
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26010 TO(3)=OB(J)
26020 TO(4)=OB(J)
26030 TO(5)=DB(J)
26040 TO(6)=OB(J)
26050 TO(7)=DR(J)
26060 IF(NSB.EO.0) GO TO 20

26070 IF((J.LE.SIX).OR.(J.GT.TW2)) TZONEw=SIXTHR
26080 20 CONTINUE
26090C
26100C DETERMINE THE DOMESTIC HOT WATER TANK LOA) AND THE,
26110C INTERNAL LOAD
26120C
26130C TTP32 = 4. * 8.3333
26140C
26150 HGHOTW = MHOTW(J) * TTP32 * (THuTW - TwELL(IMONTH))

26160 TINLOD = PEOPL + XLIGT +APPLI
26170 DO 883 1=1,6
26180 883 UARXIPH(I):UARXI(I)+HARI(I)
26190 DO 889 I=1,3
26200 889 OTOCC(I)=OT/(CRVC*ACE(I))
26210 INFA1D=INFAl*DB(J)
26220 INFA2D=INFA2*08(J)
26230 INFA3D=INFA3*OB(J)
26240C
26250C DETERMINE AVAILAHLE ENERGY ON THE ROOF SURFACES
26260C
26270 CALL SOLAHO(ANG3,ANG4,QONC1)
26280 CALL SOLARO(ANGS,ANGh6,INC2)
26290C

?h300C COMPUTE HOUrLY"CUNSTANTS"
26310 CHRLO=OUP)H*CFMINF*D (J) +UAHOIw*THf)Iv +IA)rJI l *l)) (J)+T[' L.'l)

26320 1 +UAGLAS*DH(J)
26330C SOLAR HEAl GAINS ATTIC WALLS,WALLSRtOOF
26340 OAAA(l)=ABSORH(2)*AAWALL(1)*ALFW
26350 QAAA(2)SABSORR(4)*AAWALL(2)*ALFW
26360 QAAA(3)=ABSORH(2)*AAWALL(3)*ALFW
26370 QAAA(4)=ABSORB(4)*AAWALL(4)*ALFW
26380 OAAA(5)=ABSORB(2)*AAWALL(5)*ALFW
26390 QAAA(6)=ABSORB(4)*AAWALL(6)*ALFW
26400 OAA(1)=ZERO
26410 OAA(2)=ZERO
26420 OAA(3)=AHSORB(1)*AWALL(3)*ALFW
26430 QAA(4)=AHSORB(2)*AWALL(4)*ALFW
26440 CALL SHADE(SHDXSW,PHI,COSZ,SHADES)
26450 OAA(5)=ABSOR8(3)*AWALL(5)*SHAOE5*ALFf
26460 CALL SHADE(SHDXWW,PHI,COSZ,SHRATWW)
26470 1112 FORMAT(lX,3E12.6)
26480 0AA(6)=ABSORB(4)*AWALL(6)*ALFW
26490 OAA(6)=OAA(6)*SHRATWW
26500 OAA(7)=ZERO
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26510 DO 713 1=1,3
26520 713 QAR(I)=OINC1*ALFR*AROOF(I)
26530 DO 714 1=4,6
26540 714 OAR(I)=QINC2*ALFR*AROOF(I)
26550C SET INITIAL VALUES FOR EACH HOUR
26560C COMPUTE HOURLY CONSTANTS HDOQ,HDQR
26570 DO 888 I=l,b
26580 HOO(I)=HAAAO(I)*OB(J)+QAAA(I)
26590 HDQR(I)=HARO(I)*DB(J)+QAR(I)
26600 888 CONTINUE
26610 TBTU=ZERO
26620 TTXxZERO
26630C
26640C INTEGRATE DIFFERINTIAL EQUATIONS FOR REQUIRED OT
26650C
26660 N:IF-IX(ONE/DT)
26670 SUMT=O.
26680 DO 500 Kzl,N
26690C
26700C CALCULATE THERMOSTAT FUNCTION
26710C
26720 CALL TSTAT(TX,Q,TZONEW,TZONES)
26730C
26740C DETERMINE THE SPACE AIR TEMPERATURE "TX"
26750 TX=TX*SI+DT/CRVX*((CHRLD+O)+HAOI(I)*TwSI(l)+HAAI(?)*TWSI(2)+
26760 1 HAWI(3)*TWSI(3)+HAWI(4)*TwSI(4)+HAWI(.5)*T$SI(5)+HAWI(6)
26770 1 *TWSI(6)+HAWI(7)
26780 2 *TWSI(7)+HACI(1)*TCEI(I)+HACI(2)*TCEI(2)+HACI(3)*
26790 3 TCEI(3)+HARI(2)*TRI(2)+HARI(5)*TRI(5)+HAIM*TIM+
26800 4 HAF*TFI)
26810C DETERMINE THE ATTIC WALL TEMPERATURES
26820C EXTERIOR SURFACE TEMP=TAS
26830 DO 800 1=1,6
26O40 TAS(I)=(HDO(I)+UAAWX(I)*TAW(I))/
26850 1 HAWS(I)
26860 800 TAW(I)=TAk(I)*CN()CONIS2(T)*(UAAX(I)*TAS(I)+JAA^I(I)*TA())
26870C DETERMINE ROOF TEMPERATURES ATTIC ANT SLANT ROOF/CEILING
26880C EXTERIOR 9OOF SURFACE T=TRS
26890C SEI TEMPS UNDER ROOF SURFACES
26900 TI(l)=TA(1)
26910 TI(2)=TX
26920 TI(3)=TA(5)
26930 TI(4)=TA(1)
26940 TI(5)=TX
26950 TI(6)=TA(3)
26960 TO(I)=TA(3)
26970 TO(2)=TA(5)
26980 O0 801 1=1,6
26990 TRS(I)=(HDOR(I)+UARX(I)*TR(I))/CONS3(1)
27000 TRI(I)=(UARXI(I)*TR(I)+HARI(I)*TI(I))/IARXIPH(I)
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27010 801 TR(I)=TR(I)*CONS4(I)+CONS5(I)*(UARX(I)*TRS(I)+JARXI(I)*TRI(I))
27020C DETERMINE CEILING TEMPERATURES (3 NODES)
27030 DO 802 1=1,3
27040 KK=2*I
27050 TCEI(I)=(UACX(I)*TCE(I)+HACI(I)*TX)/CDNS6(I)
27060 TCE(I)=TCE(I)*CONS7(I)+DTOCC(I)*(UACO(I)*TA(KK)+I.ICX(I)*
27070 1 TCEI(I))
27080 802 CONTINUE
27090C DETERMINE ATTIC AIR TEMPERATURES (3 ATTICS)
27100 TA(I)=(UAAWI(l)*TAW(I)+UAAWI(2)*TAW(2)+lARI(l)*TR(l)+UARI(4)*
27110 1 TR(4)+INFAlD+UACO(I)*TCt(I))/CONS8
27120 TA(2)=TA(1)
27130 TA(3)=(UAAWI(3)*T»W(3)+UAAWI(4)*TAW(4)+UARI(3)*TR(3)HJAWO(2)*
27140 1 TW(2)*INFA20+UACO(2)*TCE(2))/CONS9
27150 TA(4)=TA(3)
27160 TA(S)=(UAAWI(S)*TAW(5)+UAAWI(6)*TAW(b)+UARI(6)*TR(6)+INFA3D
27170 1 *UACO(3)*TCE(3)+UAWO(I)*TW(1))/CONSIO
27180 TA(b)=TA(5)
27190C DETERMINE THE ROOM WALL TEMPERATURES (7 NODES)
27200C Is N KNEEWALL;2=S KNEEWALL;3=N WALL;4=E WALL;5=S NALL;b6= WALL;7=W (jAR WAL
27210 DO 803 1:1,7
27220 TWSI(I)=(HAWI(I)*TX+UAWXI(I)*TW(I))/HAWSW(I)
27230 TWS(I)=(HAWO(I)*TO(I)+OAA(I)+UAWXO(I)*TW(I))/HAWSw2(I)
27240 803 TW(I):TW(I)*CONSII(I)*OTOCW(I)*(UAWXO(I)*TWS(I)
27250 1 +UAWXI(I)*TWSI(I))
27260C DETERMINE THE INTERNAL MASS TEMPERATURE
27270 TIM=TIM*CONS12+OTIM*(HAIM*TX+TSR)
27280C DETERMINE THE FLOOR TEMPERATURE
27290 TFI=(HAF*TX+UAFXI*TF)/CONS13
27300 TF=TF*CONS14+DTF*(TFI*FIFXI+UAFXO*TSLI)
27310C DETERMINE SURFACE TEMPERATURES AT SLABCRIJSHED ROCK,12 INCHES OF EARTH
27320C ASSUMING THAT THE GROUND T AT 6 FEET BELOW THE CRUSHED ROCK IS AT TwELL
27330 TSLI=(UAFXO*TF+UAXSL*TSL)/(UAFXO+UAXSL)
27340 TSL=TSL*OMDTI*OTSL*(TSLI*UAXSL+
27350 1 UAXSL*TCRI)
27360 TCRI=(UAXSL*TSL+UAXCR*TCR)/USSLR
27370 TCR=TCR*OMDT2
27380 1 *OTCR*(UAXCR*TCRI+UAXCR*TTEI)
27390 TTEI=(UAXCR*TCR+UAXTTE*TTE)/UCRTTE
27400 TTE=TWELL(IMONTH)
27410C
27420C
27430C
27440 755 CONTINUE
27450C
27460 BTU = O*OT
27470 TTX = TTX+TX*OT
27480 THTU = TBTU*BTU
27490 TIME = TIME + DT
37Snn SnO CONTINUE
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27510C
27520 IF(TBTU.GT.ZERO) GO TO 240
27530 IFCTBTU.LT.ZERO) GO TO 250
27540C
27550C
!1560C OPERATION IN DEAD HAND
27570C
27580 CLOAD=ZERO
27590 HLOAD=ZERO
27600 GO TO 80
21610 250 CONTINUE
27620C
27630C CALCULATE COOLING LOADS
276a0C
27650 OS = -TBTU
27660 QL = PEOPL*P8
27670 HLOAO=ZERO
27680 TOOB = DB(J)
27690 TOOP = OP(J)
27700 CALL COIL(TODBTOOP,TWI,QL,QSCFMINFFANCFMTTX,T=F
27710 1,CLOAO,EFFECT )
27720 IF(CLOAD .GT. CPEAK) CPEAK = CLOAD
27730 TCLOAD = TCLOAD + CLOAD
27740 GO TO 80
27750 240 CONTINUE
27760C
27770C CALCULATE HEATING LOADS
27780C
27790 CLOAO=ZERO
27B00 HLOAO = TBTU
27810 IF(HLOAD .GT. HPEAK) HPEAK = HLOA)
27820 THLOAD = THLOAD + HLOAD
27830 TTINLD = TTINLO + TINLOD
27840 XINF = OP08*CFMINF*(TTX-OB(J))
27850 HLHOTW a UAHOTW * (THOTW - TTX)
27860 CONDL = HLOAD +* SR - XINF + HLHOTW +TINLOD
27870 TCONDL = TCONOL * CONOL
27880 TINF a TINF *XINF
27890C
27900 80 CONTINUE
27910 HLHOTW = UAHOTW * (THOTW - TTX)
27920 THWL s THWL + HLHOTW
27930 HOTWL = HGHOTW + HLHOTW
27940 THOTWL = THOTWL + HOThL
27950 QHL(IHOURIDAY) a HLOAO
27960 QC(IHOUR,IOAY) s CLOAD
27970 QHW(IHOUR,IDAY) = HOTWL
27980 XTEMP(IHOUR,IDAY)=TTX
27990 RETURN
28000 END
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28010 SUBROUTINE SHADE(SHDX,PHI,COSZ,SHRAT)
28020C
28030C**************************************************************
28040C THIS PROGRAM CALCULATES SHADOW CAST HY OVERHANG AND SIDE FINS

28050C PHI. SOLAR AZIMOUTH ANGLE

28060C COSZ=COSINE OF SOLAR ZENITH ANGLE
28070C SHRATC SHADE RATIO: RATIO OF SUNLIT AREA TO TOTAL AREA

28080C HT=WINOOW HEIGHT
28090C FL=WINOOw LENGTH
28100C FP= D'EPTH OF OVERHANG
28110C .AW=DISTANCE FROM TOP OF WINDOW TO )VFRHANG

28120C bwL= DISTANCE. OF OVERHANG FEXTENrnED 9BFYrv; LEFT EOGrE - ' WAINOI))

28130C U= DEPTH OF VERTICAL. PROJECTION Al END (IF OVERHANG

28O40C FPI=OEPTH OF LEFT FIN

28150C AlO=ISTANCE OF LEFT FIN FXTENDE) ABOVE TOP OF AINDDO

28160C HI=DISTANCE FROM LEFT EDGE OF WINOOW 1T LEFT :IN

28170C C1=DISTANCE OF LEFT FIN STOP SHORT ABOVE BOTTO 3IF WINDOw

28180C FP2=OEPTH OF RIGHT FIN

28190C A2=OISTANCE OF RIGHT FIN EXTENDED AHOVE TOP OF wINDON

28200C B2=DISTANCE FROM RIGHT EDGE OF wINDOW TO RIGHT :IN

28210C C2:DISTANCE OF THE RIGHT FIN STOP SHORT ABOVE HOTTOM OF WINDOU

28220C WAZI2=INDOW AZIMUTH ANGLE

28230C~rt**rt*trrr************************************ aa a**** a******

28240C
28250 OIMENSION\SHDX(20)
28260 FL=SHOX(I)
28270 HT=SHOX(2)
28280 FP=SHOX(3)
28290 AW=SHDX(4)
28300 BWL=SHDX(5)
28310 BWR=SHOX(6)
28320 ODSHDX(7)
28330 FPI=SHDX(8)
28340 AI=SHOX(9)
28350 BlrSHDX(10)
28360 CImSHDX(11)
28370 FP2=SHDX(12)
28380 A2=SHDX(13)
28390 B2=SHDX(14)
28400 C2=SHDX(15)
28410 WAZI=SHDX(16)
28420 SHRATEl.
28430 1103 A:AW
28440 H:HT
28450 GAMMA=PHI-WAZI
28460 COSG=COS(GAMMA)
28470 IF(COSG) 100,100,104
28480 100 SHRATcO.
28490 GO TO 2000
28500 104 CONTINUE
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28510 SBETA=COSZ
28520 IF(SBETA) 104.100,152
28530 152 SING=SIN(GAMlA)
28540 IF(SING) 120{,100,1200
28550 1200 CONTINUE
28560 VERT=SBETA/S|RT(I.-SBETA*SBETA)/COSG
28570 HORIZ=ABS(SIIG)/COSG
28580 TCETA=VERT/H9RIZ
28590 IF(GAMMA) 151154,154
28600C SUN ON LEFT
28610 154 B=HWL
28620 GO TO 156
28830C SUN ON IIGHI
?8h40 155 8=BWR
28650 156 ARSHF=O.
28660 AREAV=O.
28670 ARSIF=O.
28680 AREAO=O.
28690 AREAl=O.
2A700 ARSHI=).
28710 FL=Uo.
28120 HS=0.
PF813o H1=H
28/40 FLI=FL
28750 K=1
28760 L=l
28770 TI=FP*VERT
28780 FMI=FP*Ht)RI[
28790 IF(FP) 37, 7,153
28800 153 T=T1
28810 FM=FMI
28820 AB=H*TCET%
28830 JG=(FL+81fTCETA
28840 DE=(H+A)*TCETA
28850C HORJZONTAL OVERHUNG wAREAO"
28860 IF(T-A) 27,21,2
28870 2 IF(AB-A) 14,14,3
28880 3 IF(OE-B) 12,12,4
28890 4 IF(FM-B) 11,11,5
28900 5 I.F(DE-(FL+H))8,8,6
28910 6 IF(FM-(FL+B))9,7,7
28920C HORIZ 9
28930 7 AREAO=FL*(C.5*(AB+UG)-A)
28940 GO TO 37
28950 8 IF(T-(H+A))9,10,10
28960C HORIZ 7
28970 9 AREAO=(T-A)*FL-((FM-8)**2)*TCETA*0.5
28980 L=2
28990 GO TO 21
29000C HORIZ 8
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29010 10 AREAOCH*FL4(DE-B)**2*TCETA*0.5
29020 GO TO 37
29030C HORIZ 5
29040 11 AREAO=FL*(T-A)
29050 L=2
29060 GO TO 24
29070 12 IF(T-(H+A))ll,13¥13
29080C HORIZ 2
29090 13 AREAO=H*FL
29100 GO TO 68
29110 14 IF(UG-A)27,27,15
29120 15 IF(DE-(FL+B))18.18l16
29130 16 IF(FM-(FL+B))20,17,17
29140C HORIZ 6
29150 17 AREAO=(UG-A)**2/TCtiA*0.5
29160 GO TO 37
29170 18 IF(T-(H+A))20,19,19
29180C HOWIZ 5
29t90 19 AREAO=H+(FL-(A+0.5*i!/TCETA+B)
29200 GO TO 37
29210C HORIZ 4
29220 20 AREAO=(T-A)*(FL+*-FM(lt.+A/T)*0.5)
29230 L=2
29240C VERT PROJ "AREA "
29250 21 FLS=FL.+H-FM
29260 [F(r[+-(H+A))22,22,23
29270C VERT 8
29280 22 H3=f
29290 GO TO S700
29300C VERT 9
29310 23 H3=H+A-T
29320 GO TO 3700
29330 24 FL3=FL
29340 IF(T*D-(H+A))26.26,25
29350C VERT 7
29360 25 H3=H+A-T
29370 AREAV=H3*FL3
29380 GO TO 68
29390C VERT 6
29400 26 H3=D
29410 GO TO 3700
29420 27 IF(T+O-A)3,337,28
29430 28 IF(FM-B)34,34,29
29440 29 IF(FM-(FL+8))31,37,37
29450 31 FL3=FL+B-FM
29460 IF(T*D-(H+A))33.33.32
29470C VERT5
29480 32 H3=H
29490 GO TO 3700
29S00C VERT 4
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29510 33 H3=T+D-A
29520 GO TO 3700
29530 34 IF(T+D-(H+A))36,35,35
29540C VERT 2
29550 35 AREAV=H*FL
29560 GO TO 68
29570C VERT 3
29580 36 H3=T+D-A
29590 FL3=FL
29600 3700 AREAVFFL3*H3
29610C SIDE FIN AND SHORT SI)E FIN
29620C SIDE FIN "AREA1" "ARSHF'"
29630 37 IF(GAMMA)66,b8,74
29640 74 FPF=FPI
29650 AF=A1
29660 BF=81
29670 CX=C1
29680 GO TO 84
29690 66 FPF=FP2
29700 AF=A2
29710 BF=B2
29720 CX=C2
29730 84 IF(FPF)bh,68,67
29740 67 TaFPF*VERT
29750 FM=FPF*HORIZ
29760 AFI=AF
29770 IF(AREAO) 73,73,88
29780C TEST FOR OVERLAP OF IIN ANf) OVERHANG SHADOO
29790 88 AT=A+(BF-B)*TCETA
29800 IF(AT-AF)711,73,73
29810C OVERLAP EXISTS..L=2 IF OVEi0IING SHADOW HAS HORIZ EDGE IN WINDO)
29820 711 GO TO (621,712),L
29830C TEST FOR TYPE OF OVEILAP
29840 712 IF((F^-BF)-(FMI-B))621,622.-22
29850C SET L=1,SHADOW INTERS CT ON INCL. EDGE OF DVERHii'!G SHADOW
29860C FIN SHADOW IS BELOW IACL. EOE' OF OVERHUNS SHAOOW
29870 621 AF=AT
29880 L=l
29890 GO TO 73
29900C L IS 2,HORIZ EDGE OF Ot SHAD)O -POR ION ABOVE AfRIZ EDG;E
29910C NOT IN OVERHUNG SHADOW IS FIN fHAI)OW
29920 622 AREAI=FL*(TI-A)-AREAU
29930C RESET TO CALC FIN SHAI)w HELONi HORIZ EDGE OF OVERHANG SHAD)()
29940 AF=T1-A+AF1
29950 H=H+AFl-AF
29960C SHADOW OF FIN(K=1ON GLASS K=2 I'l VERT PROI SH&f)Ow
29970 73 AB=BF*TCETA
29980 UG=(FL+BF)*TCETA
29990 DE=(H+AF)/TCETA
30000 DJ=CX/TCETA
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30010 IF(FM-BF)69,69,38
30020 38 IF(AB-AF)39,50,50
30030 39 IF(UG-AF)48t48,40
30040 40 IF(T-AF)47,47?41
30050 41 IF(UG-('HAF))44,44,42
30060 42 IF(T-(H+AF))91,80,80
30070C FIN 9
30080 80 AREAl=H*((AF+H*0.5)/TCETA-BF)+ARIA1
30090 GO TO 58
30100 44 IF(FM-(FL*BF))91,89,89
30110C FIN 8
30120 89 AREA=1H*FL-(UG-AF)**2/TCETA*0.5+*tEAI
30130 60 TO 58
30140C FIN 7
30150 91 AREAlt(FM-BFH-(F)H(T-AF)**2/TCETA*.5+AREA
30160 GO TO 63
30170 48 IF(FM-(FL+BF))47,47,49
30180C FIN 3
30190 47 AREA1=H*(FM-8F)+AREAI
30200 GO TO 63
30210C FIN 2
30220 49 AREAI=H*FL+4REA1
30230 GO TO 58
30240 50 IF(DE-8F)69J69,51
30250 51 IF(UG-(H+AFi)55.55,52
30260 52 IF(T-(H+AF)g93,94,94
30270C FIN 6
30280 94 AREAlz(DE-BA)**2*TCETA*0.i+AREAl
30290 60 TO 58
30300C FIN 4
30310 93 AREAI«(FM-84)*(H+AF-(T+AB)k0.5)+AREA1,
30320 60 TO 63
30330 55 IF(FM-(FL+84))93,99,99
30340C FIN 5
30350 99 AREA1XFL*(H4(BF*FL*0.5)*TCFITA*AF)+AREA4
30360C SHORT SIDE FIN "ARSHlJ",ARSHF"
30370 58 IF(DJ-BF)69,69,59
30380 59 IF(OJ-(FL+Bf))6l,61,60
30390C SHORT 3
30400 60 ARSHI=-FL*( IX-(BF+FL/2.)*TCITA)
30410 GO TO 69
30420C SHORT ;4
30430 61 ARSH1=-(CX-4B)**2/TCETA*0.5
30440 GO TO 69
30450 63 IF(DJ-BF)69,69,64
30460 64 IF(DJ-FM)61,1b,65
30470C SHORT 2
30480 65 ARSHO=-(FM-IF)*(CX-(T+AB)*0.51
30490 69 GO TO (77,7j),K
30500 76 ARSHI=-ARSH
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30510 AREAI=-AREA[
30520 77 ARSHF:ARSHFARSHI
30530 ARSIF=ARSIF)AREAI
30540 GO TO (78,6l),K
30550 78 IF(AREAV)68068,72
30560C RESET PARAMETERS TO DEOUCI FIN SHADOW OVERLAP ON VERT PRUJ SHAD
30570 72 K=2
30580 AREA1=O.
30590 ARSH10O.
30600 BBF=BF
30610 BF=FM1-B+BF
30620 IF(BF)186,15,5185
30630 186 BF=BBF
30640 185 IF(HT*A-T1-))87,7?1 ,88
30650 188 CX=CX-(HT+A.TI-0)
30660 IF(CX) 85,81,87
30670 85 CX=O.
30680 87 AF=rI-A+AF
30690 H=H3
30700 FL=FL3
30710 GO TO 73
30720C SHADEC AREA "ARSHA"
307i() 68 ASHA=AFhAO4AREAV+ARSHF+AiSIF
30740 SHRAT=(Fl-l*I-ARSHA)/(FLI*H1)
30750 FL=FLI
30760 200.0 CONTINUE
30770 kErUKN
30780 END
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**********************************

***********************************************************************

**i* **** *** **** a* ****

* * * * * * *

*** **** *4* **** **** **** * **** ****

* * * * * * *

* a * * * * * * *

**I* **** **** -*** *

*********************************************************************
*********************************************************************

3 0 -- OATER 08-31-79 TIME 11.676 ID = El GCS-AJ
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SNUMB = 3892T XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxXX xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxKXXXXXXXXXXXXXXXXXX XXXXXXXXXXX~OX(XXXXXX

XXXX XXXX XXXX XXXX XXXXX

X X X X X x g x

XXX XXXX X X x x

X X X XXXX xxx x

X X X X x x X

XXXX XXXX XXXXXX X

XXXXXXXXXXXXXXXXXXXXXXXXYXXXXXXXXXXXXXX XXXXXXXXXXXXXX xXXX xXXXXxx XXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

9S 3892T ENTERED GCS-AJ AT 114491 FROM SYSTEM-0 TSS/S 0-08*13

0001 S SNUMB 3892T

0002 S COMMENT F00648 TSS MEDIA CONVERSION

0003 S IDENT F00648-ACES
0004 SS USERID F00648S
0005 AS CONVER
0006 9 LIMITS ,,,50000
0007 S SYSOUT OT,El
0008 S MULTI 1-1
0009 S DATA IN,,COPYENDFC
0010 S ENOCOPY IN
0011 * ENDJOB

TOTAL CARD COUNT THIS JOB o 001b9b
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* ACTY-0I SCAkD #0005 CONVER 0n8/1/19 S-,= il u)O(10(0() 0000

HMC-TTL DATE 771205
S MILLT I - I
-ILE 000001 lOT 001685 INPUT

INPUT COUNT 00 I 85 OUT PUT C T CUNT) lh85

BLOCKS SKIPPED 000000 IGNORE COUNT 00)oOO0
* NORMAL TERMINATION AT 001544 I=2060 S3t=(0000(000000oO

START 11.493 LINES 1684 PR(C o.0ons [1/1 0.01 III 53 MFMlWY Hi

STOP 11. 96 LIMIT 50000 LIMIT 0.2000 LI1IT Cu 5 M*T Ilh
ShAP 0.000
LAPSE 0.003 FC O TYPE HUSY IP/AT FP/1W IS/aC 1IS/rF AILDRESS TU/PKa

MC R MSt450 * 2? 0 1 1 1 0-0R-1
IN R MSI450 * 902 0 41 41 41 0-OH-l
()T SYOUT
P* SYOUT

RC-00 lh84 LINES AT STA. El

ACTIVITY 01 COST=S 0.63
*CUMULATIVE COST=S 0.63

SNUMB = 3892r , ACTIVITY t = 01, , REPORT CODE = 00n RWECn:) Cl)INT = OblUt 4

$ NOTE FILENAME OESMOD
S NOIE LABELS- A,R(EI)
S NOTE TAiS/SETTNGS- ASIS
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OOOOC*,****i**.***i********************************u*********************
lOOIOC
10020C DESIGN PROGRAM FOR RESIDENTIAL ACES
10030C
10040C THIS PROGRAM HAS BEEN DESIGNED TO CALCULATE rHE TANK SIZE AND
10050C COLLECTOR SIZE FOR THE FULL ACES CONFIGURATION AND THE
10060C MIMIMUN ACES CONFIGURATION FOR SINGLE OR MULTI-FAMILY RESIDENCES
10070C (ONLY) IN NORTHERN AND SOUTHERN CLIMATES. THIS PROGRAM IS ONE
10080C OF FOUR DISTINCT MODULES. THEY ARE:
10090C 1. LOADS PROGRAM
10100C 2. DESIGN PROGRAM
IOIIOC 3. SIMULATION PROGRAM
10120C 4. ECONOMIC ANALYSIS PROGRAM
10130C
10I40C IF THE TANK SIZE AND COLLECTOR SIZE HAVE ALREADY BEEN DETERMINED,
I'01SOC THIS MODULE CAN BE BYPASSED.
OlbO0C NDAYS IS THE NUMBER OF DAYS IN THE YEAR.
10170C
10180C DEVELOPED BY HONEYWELL
10190C
10200C CREATION DATEI 8/22/78
10210C
10220C EXPLANATION OF VARIABLES IN COMMON BLOCK, PASS.
10230C
10240C K.ADX IS THE CONDUCTIVITY OF THE GROUND AROUND THE TANK
10250C
10260C HEIGHT IS THE ALLOWABLE HEIGHT OF THE TANK.
10270C
10280C PF IS THE VOLUMETRIC PACKING FACTOR OF THE ICE IN THE TANK.
10290C
10300C UTANKA IS THE OVERALL U OF THE TANK FROM THE WATER TO THE AIR.
10310C
10320C UTANKW IS THE OVERAL U OF THE TANK FROM THE WATER TO THE OUTSIDE
10330C SURFACE OF THE TANK.
10340C
10350C UWAL IS THE U OF THE WALL BELOW GROUND.
10360C
10370C TTANK IS THE TEMPERATURE OF THE TANK.
10380C
10390C TAVE IS THE AVERAGE SPACE TEMPERATURE.
10400C
10410C
10420C TOHLHW IS THE TOTAL WINTER SPACE HEATING LOAD.
10430C
10440C rOHWHW IS THE TOTAL WINTER HOT WATER LOAD.
10450C
10460C TOHWHS IS THE TOTAL HOT WATER LOAD IN THE SUMMER.
10470C
10480C TOHLHS IS THE TOTAL SPACE HEATING LOAD IN THE SUMMER.
10490C
10500C TOCCS IS THE TOTAL COOLING LOAD IN THE SUMMER.
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10510C
10520C AWALBG IS THE AREA OF WALL BELOw GROUND.
10530C
10540C BH IS THE BEGINNING OF THE HEATING SEASON.
10550C
10560C COP IS THE HEAT PUMP COEFFICIENT OF PERFORMANCE
10570C
10580C
10590C TOINCW IS THE SOLAR INSOLATION AVAILAHLE OURIN; THEl INTER

Ob6OOC
1061OC TOINCS Ib THE SOLAR INSOLATION AVAILABLE DURING THE SUMMER
10620C
10630C PCT IS THE PERCENTAGE OF THE HEIGHT OIMENSIONS OF THE TANK
1040C THAT IS ABOVE GROUND (IF PCT=O, THE TANK IS ASSt.IEO TO HE
10650C COMPLETELY BELOW GROUND).
IObbOC
10670C DMINQ IS THE TOTAL HEAT NEEDED FOR THE MINIMUM ACES DESIGN

06ObOC
10b90C DMINBL IS THE TOTAL BASEMENT LOAD FOR THE MINIlMUM ACES DESIGN
10700C
10710C CPRVT IS THE THERMAL CAPACITANCE OF THE TANK OV A SO.FT. BAS.
10720C
10730C CPRVW IS THE THERMAL CAPACITANCE OF THE AALL B9LON GROUNO
10740C
10750C TAMBA IS THE AMBIENT TEMPERATURE.
10760C
10770C AREAC IS THE AREA OF THE COLLECTOR.
10780C
10790C CK IS THE INTERCEPT OF THE COLLECTOR EFFICIENCY CilRVE
10800C
10810C C IS THE SLOPE OF THE COLLECTOR EFFICIENCY CI.IVF
10820C
10850C FF IS A FACTOR TO ADJUIST THE COP OF THE HEATPIHP IF OFSI iFl
10840C
10850C PUMP IS THE ENERGY NEEDED HY THE PANEtL PUMP
lORbOC
10870C PUME IS THE ENERGY NFFIEOI Y THE Ev4PtiRAtrl PUMP
10880C
10890C PUMC IS 1HE ENERGY NEEI)En Y THE COlIu'ING Pl,,P
10900C
1)910C FANH IS THE ENERGY THE NEFlI)E) Y HE.TI'(; 1i0'iE
1092OC
10930C FANC IS IHE ENERGY N'EIEEO Y THE COiiNIv HL)l'i:

; ;." iw" iS riif cFrTTOJ Tro PUT TkF TANh SlMS{{lS i)k IOk0rS[IE r-IF t(il;Sr
1(19hOC
109/OC****************i*********************************************«»»
10980C
10990 COMMON /PASS/KAOX,HEIGHT,PF,UJTANiKA,ITATNKw,II N LTTA , 1 AVF,l'1FI-A,
I 000 1 TOlHLHW, TIHWH ., THLI)H.tI- 1 Lnl W', T CCA, T . N S,' IJH[I.4,
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11010 1 TLD)CSTHL DHS, TCCS, AwAL t, 1 IME , HCH, C:)P I CCS, TH HS,

11020 1 THLHW, TC CW, TQINCW,TO INCS,PCT, l)1 M'l1 , )MT'J l l , OM I HI.

11030 1 CPRVT,CPRVW,TAMHA,AREAC,CK,C,FF,PLIMP,
11040 1 PUMEPUMC.aPIMWFANHFANCNI)AYSXPERSCALE.IN,AAt
11050 COMMON/BLOCK/IHOlIR,InAYIMONTH,'OHL , HW,OC
110h0 1 OINCI,8ASLOD,XTEMP,A(200),
11070 1 TWELL(12),FANF*FM,FNCFMI,SIZE,SIZEl,SIZE?
11080 COMMON /STOP/ENDCTTANK2
11090 COMMON /CPO/COPI
11100 COMMON /PEKI/PEK
11110 REAL KADX
11120 LOGICAL NORTH,FLILLINTOTH
11130 DATA ZERO/O./,ONE/I./,TWO/2./,DELTA/t.365/
11140 DATA TWELL/45.42,4039.,., 41 . 45.51.,55.,57.,57.,55.,50./

11150 LOGICAL FIRST
II6OC

11170C INITIALIZATION
11180 TOHLHW : ZERO
11190 TOINCS = ZERO
11200 TOINCW = ZERO
11210 TOCCW = ZERO
11220 TOHWHW = ZERO
11230 TOHNHS a ZERO
11240 TQCCS s ZERO
11250 TOHLHS = ZERO
11260 TBLD s ZERO
11270 DAYC = ZERO
11280 PDAYC = ZERO
11290 DMINQ1 = ZERO
11300 OMINO2 = ZERO
11310 OMINBL z ZERO
11320C
11330C READ IN INPUT FILES
11340C
11350 CALL DINPUT
11360C
11370 TZONEW A(88)
11380 THOTW = A(50)
11390 AA s A(31)
11400 88 = A(38)
11410 AA = AA * A(102)
11420 TTANK2 = A(96)
11430 ENDC = A(97)
11440 AWALBG = A(65)
11450 KADX = A(28)/TWO
11460 UWALBG = A(56)
11470 HWAL8G = A(12)
11480 UTANKT = A(139)
11490 HEIGHT = A(140)
11500 PF = A(141)
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11510 PCT = A(142')
11520 UWAL = ONE/(ONE/wlJALRG - ONEt/HALHG)

11530 NOAYS = A(H)

11540 UTANKA = JTANKT
11550 UTANK8 = A(21)
11560 UTANKw = UTAiKH
11570 CPRVT = A(143)
11580 CPRVw = A(t44)
11590 SET = A(145)
11600 TTANK = A(146)

11610 CK = A(147)
11620 C = A(148)
11630 TAMBA = A(149)

11640 AREAC = A(150)
11650 FF = A(22)

11660 SET2 = A(23)
11670 SET3 = A(24)
11680 PUMP s A(25)
11690 PUME - A(26)

11700 PUMC = A(27)

11710 PUMW = A(16)
11720 FANC = FANCFM * DELTA
11730 FANH = FNCFMI * DELTA

11740 XPER = A(29)
11750 FULL = ,FALSE.

11760 IF (SET .GT. ZERO) FULL = .TRUE.

11770 BOTH a .FALSE.
11780 IN .FALSE.
11790 IF (SET2 .GT. ZERO) IN s .TRUE.

11800 IF (SET3 .GT. ZERO) BOTH = .TRUE.

11810C
11820C DETERMINE THE BEGINNING OF THE COOLING SEASON AND T-E BEGINNING OF

11830C THE HEATING SEASON.
11840C
11850 SCALE = ONE
11860 CALL WAHP(TTANKTZONEW,QCOlDOQEVAP,HP)

11870 CALL WWHP(TTANK,THOTW,QCONDlOEVAPI,rPICOPI)
11880 SCALE = SIZE/QCONO
11890 CALL BEGIN
11900C
11910C DETERMINE THE LOADS DURING THE HEATING SEASON

11920C
11930 REWIND(10)
11940 DO 710 I=1,366
11950 DO 10 J=l,24

11960 READ(IO)OHL,QHW,QC,QINCI,XX,YY
11970 TOC = TOC + OC
11980 TOH = TQH + OHL

11990 TOW = TOW + OHW
12000 TOI = TOI + QINCI
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12010 810 CONTINUE
12020 710 CONTINUE
12030 WRITE(9,Sll)TOC,TQHTnOWTQI
12040 811 FORMAT(1X,4(F15.2,4X))
12050 REWIND(I0)
12060 IBEGIN _ 1
12070 IEND = IFIX(BC - ONE)
12080 10 CONTINUE
12090 O0 40 I ; IBEGIN, IEND
12100 DO 30 J = 1, 24
12110 READ(10) QHLOHWOC,QINCIBRASLODXTEMP
12120 TOHLHW a TOHLHW + OHL
12130 TOCCW = TOCCW * OC
12140 TOHWHM z TOHWHW * QHW
12150 TBLD a TBLD * BASLOD
12160 IF(I .LE. 19 .OR. I .GT. 31) GO TO 20
12170 DMINlI : DMINOI + OHL
12180 DMIN02 = nMIN02 + QHW
12190 OMINBL = OMINBL + BASLOD
12200 20 CONTINUE
12210 TUINCW = TlINCW QOINCI
12220 30 CONTINUE
12230 40 CONTINUE
12240 IF (IEND .NE. IFIX(HC - ONE)) GO TO SO
12250C
12260C OETERMINE THE LOADS OURING THE COtLING SEASON
12270C
12280 CONTINUE
12290 IBHMI = IFIX(BH - ONE)
12300 IBC = IFIX(BC)
12310 DO 70 I I I8C, IHHMI
12320 DO 60 J = 1, 24
12330 REAO(10)UHL,QHWOCOINCIBASLOD,XTEMP
12340 TQHWHS = TQHWHS + QHW
12350 TOCCS =TQCCS * OC
12360 TOHLHS a TOHLHS * OHL
12370 TOINCS a TOINCS * OINCI
12380 DAYC = DAYC + OC
12390 60 CONTINUE
12400 IF(DAYC .GT. PDAYC) PDAYC = DAYC
12410 OAYC a ZERO
12420 70 CONTINUE
12430 IF(IEND .NE. IFIX(8C - ONE))GO TO 50
12440 IBEGIN a IFIX(BH)
12450 IEND a NDAYS
12460 GO TO 10
12470C
12480C CALCULATE THE TOTAL HEAT LOAD IN THE WINTER.
12490C
12500 50 OHTOT s TQHWHW + TOHLHW
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12510C
12520C LOGIC TO DETERMINE IF THE SYSTEM IS IN A NORTHERN OR

12530C SOUTHERN CLIMATE
12540C
12550 NORTH = .FALSE.
12560 IF (OHTOT ,GT. TOCCS/(ONE - ONE/COP)) NORTH = .TRJE.

12570C
12580C DETERMINE THE VOLUME OF THE ICE STORAGE TANK FOR FULL ACES.
12590C
12600 IF (.NOT. FULL) GO TO 80
12610 CALL TANK(NORTH,VOLUMEBOTH)
12620 %REA = VOLUME/HEIGHT
12630 SIDE = SURT(AREA)
12640 SID = SIDE
12650C
12660C DETERMINE THE SIZE OF fHE COLLECTORS.
12670C
12680 CALL PANEL(NORTH,VOLIlMESTDE,SIZEE,PArI4IM)
12690 SIDE = FLOAT(IFIx(SinE)1 + ONF
12700 VOLUME = SIDE * SIDE * HEIGHT
12710 SIZ = PANUM * AREAC
12720 GO TO 90
12730 80 CONTINUE
12740C
12750C DETERMINE THE VOLUME DOF THE ICE STORAGE TA\K FOk I-E MIM'IMIM ACES.

12760C
12770 CALL TANK(V()LIIME)
12?80 AREA = VOLUME/HEIGHT
12790 lOF = SIRII(AREA)
12800 s51 = SIDE
12810 iNORTH = TRLIE.

12820C
12830C DETERMINE THE SIZE OF THE COLLECTORS
12840C
12850 CALL PANEL(NORTH,VOLIJME,SIDE,SIZEE,PANUM)
12860 SIDE = FLOAT(IFIX(SIDE)) + ONE
12780 VOLUME = SIDE * SIDE * HEIGHT
12880 SIZ = PANUM * AREAC
12890 90 CONTINUE
12900 WRITE(9,1000)
12910 1000 FORMAT(IHI)
12920 WRITE(9,1001)
12930 1001 FORMAT(////////,45X,'ACES COMPONENT SIZES',IX)
12940 IF(.NOT.FULL) GO TO 105

12950 WRITE(9,1002)
12960 1002 FORMAT(////,30X,'THE LISTED COMPONENT SIZES ARE FOR THE',

12970 12X,'FULL ACES',IX)
12980 GO TO 110
12990 105 CONTINUE
13000 wRITE(9,1003)
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13010 1003 FORMAT(////,JOX,'THE LISTED COMPONENT SIZES ARE :OR THE'.

13020 12X,'MINIMUM ACES',IX)
13030 110 CONTINUE
13040 wRITE(9,1004)VOLUME
13050 1004 FORMAT(////,30X,'THE VOLUME OF THE ACES STORAGE TANK IS',F10.2,

13060 IIX,'CUBIC FEET')
13070 WRITE(9,1005)SIZEE
13080 1005 FORMAT(////,30X,'THE AREA OF THE COL.LECTOR/CONVECTOR ARRAY IS',

13090 IF10.2IO IX,SQUARE FEET')
13100 WRITE(9,1006)SID
13110 1006 FORMAT(////,30X,'THE SIDE DIMENSION OF THE TANK IS ',FIO.2,

13120 IIX'FEET')
13130 WRITE(9,1007)PANUM
13140 1007 FORMAT(////.30X,'THE FRACTIONAL NUMBER OF PANELS NEEOED ARE',

13150 IF1O.2,.X)
13160 WRITE(13)BC,.BH,SIZESIZESIOSIZTQHLHW,TQHWHd,TQCCW,
13170 1 TOHLHS,TOHWHS,TOCCS,VOLUMESIZEE,POAYCPEK
13180 STOP
13190C
13200C LAST CARD OF MAIN PROGRAM
13210C
13220 END
13230 SUBROUTINE DINPUT
13240C

13260C
13270C THIS SUBROUTINE REWINDS TAPES, READS IN TAPE FRO4 THE LOADS

13280C PROGRAM, AND THE FOLLOWING INFORMATION FROM TAPE 5:

13290C 1. TITLE
13300C 2. INPUT PARAMETERS
13310C 3. WELL WATER TEMPERATURES
13320C
13330C PROJECTS ACES
13340C
13350C DEVELOPED BY HONEYWELL
13360C
13370C CREATION DATEI 8/23/78
13380C
13390C******************************************************************
13400C
13410C
13420 COMMON /BLOCK/IHOURIDAYIMONTH,UHL,wQHW
13430 1 OC,OINCI,BASLOD,
13440 1 XTEMP,A(200),TWELL(12),FANCFM,FNCFMI,SIZE,SIZEISIZE2
13450C
13460 DIMENSION LABEL(10),MARGIN(tO)
13470 CHARACTER L.ABEL*6bMARGIN*b
13480C
13490 REWIND (8)
13500 REWIND(IO)
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13510 MAXA a 0
13520 READ(5,500) MARGIN
13530 WRITE(9,1000) MARGIN
13540 100 CONTINUE
13550 READ(5,2000) N,DUM,LABEL
13560 IF (N .LE. 0) GO TO 200
13570 IF (N .GT. MAXA) MAXA ,= N
13580 A(N) = DUM
13590 WRITE(9,3000) N,A(N),LABEL
13600 GO TO 100
13610 200 CONTINUE
13620 WRITE(9,913) TWELL
13630 READ(II)FANCFMFNCFMI,SIZE,SIZE2,HEATD
13640 WRITE(9,211)
13650 211 FORMAT(IX,' FANCFM FANCFM1 SIZEI
13660 1SIZE2 HEATD')
13670 RRITE(9,212)FANCFM,FNCFM1,SIZE,SIZE?,HFATO(
13680 212 FOKMAT(V)
13690 RETURN
13700 500 FORMAT(13Ab)
13710 1000 FORMAT(1HI,17H INPUT PARAMETERS,4X,I Ah//)
13720 2000 FORMAT(I5,F15.5,IOAb)
13730 3000 FORMAT( H A(,I ,H),G1 5.5, 3x,OAh)
13740 913 FORMAT(2X,22HMELL WATER TEMPERATIJRF,2X,12FM.A)
13750C
13760C LAST CARD OF SUBROUTINE DINPUT.
13770C
1 i78O END
13790 SUdiROUTINE HEGIN
15800C
13810C****C*************************************************
1 820C
13R30C THIS SUBROUTINE DETERMINES THE HE(;INNTING OF THE HEATTNG SFASOIN,
13840C THE BEGINNING OF THE COOLING SEASON, THE TOTALI HEATING LOAD FOR
15850C A WEEK, THE TOTAL COOLING LOAD FOR A WEEK.
13860C
13870C THE SUBROUTINE STATEMENT IS
13i80C
13890C SUBROUTINE BEGIN
13900C
13910C OTHER VARIABLES USED:
13920C
13930C wTH IS AN OUTPUT PARAMETER WHICH CONTINS THE TOTAL HEATING LOAD
1.1940C FOR THE WEEK WHEN THE HEATING SEASON BEGINS.
13950C
13960C WTC IS AN OUTPUT PARAMETER WHICH CONTAINS THE TOTAL COOLING LOAD
13970C FOR THE WEEK WHEN THE COOLING SEASON BEGINS
13980C
13990C PROJECT: ACES
14000C
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14010C DEVELOPED BY HONEYWELL
14020C
14030C CREATION DATEI AUGUST 16,1978
14040C
14050C*********trc~t**cs*rsc************ 

**

14060C
14070 COMMON /PASS/KADX,HEIGHT,PF,UTANKA, UTANKWU.eLJA LI, TTANK,TAVE,TWELA,

14080 1 TOHLHW,TQHWHWTBLDHW,TL BLOCWw,TCCW,TQHWHS,TQHLHSTHLDCS,

1l090 1 TBLDHS,TQCCS,AWALRGTIMEBCvBHCCOPTCCStTHLHStTHLHW,
14100 1 TCCwTQINCWTOINCSrPCT,OMINO

I DN1INO 2,OMIN8LC
a R VTCPRVWTAMBA,

14110 I AREACCKCFFPUMPPUME, CpMC»PUMwFANHFANCNOAYSXPERSCALEIN

14120 1 *AABB
14130 COMMON /BLOCK/IHOUR,IDAYIMONTH,OHL,OHW,
14140 1 OC,QINCI,BASLD.,XTEMP,
14150 1 A(200),TWELL(l2).FANCFMFNCFMlSIZESIZEISIZE2
14160 COMMON /CPO/COPI
14170 DATA ZERO/O./,ONE/I./.FORTEN/14./,SIX/b./
14180 REAL KADX
14190 LOGICAL IN
14200C
14210C INITIALIZE
14220C
14230 REWINO(IO)
14240 BH a ZERO
14250 BC a ZERO
14260 DAY = ZERO
14270 WTH a ZERO
14280 WTC w ZERO
14290C
14300C LOOP TO DETERMINE WEEKLY HEATING AND COOLING LOADS

14310C
14320 00 20 I a 1, NDAYS
14330 TH z ZERO
14340 TC a ZERO
14350 00 10 J a 1, 24

1,4360 READ(IO) QHL,QHW,OC,QINCI,BASLOI),XTEMP
14370 TH = TH + OHL * (ONE - ONE/COP) + OHW * (ONE - ONE/COPI'

14380 TC = TC + OC

14390 10 CONTINUE
14400 WTC a WTC * TC

14410 WTH = wTH + TH

14420 DAY = DAY + ONE
14430 IF (DAY .LT. FORTEN) GO 0O 20

14440 DAY S ZERO

14450 IF (RC .LE. ZERO .AND. WTC .GT. wTH) 8C = I - SIX

14460 IF (BH ,GT. ZERO) RETIIRN

14470 IF(BC .GE. ONE .ANO. WTH .GT. WTC) BH = I - SIX

14480 WTC = ZERO
14490 WTH : ZERO
14500 20 CONTINUE
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14510 RETURN
14520C
14530C LAST CARD OF SUBROUTINE BEGIN.
14540C
14550 END
14560 SUBROUTINE WAHP(TWITAI,OCONDQEVAP,HP)
14570C
14580C**********************************************
14590C
14600C THIS SUBROUTINE PREDICTS THE PERFOR1ANCE OF A MAT£R TO AIR HEAT
14610C PUMP AS A FUNCTION OF THE EVAPORATOR AND CONDENSER INLET TEMP-
14620C ERATURE.
14630C
14640C PROJECTI ACES
14650C
14660C DEVELOPED BY HONEYWELL
14670C
14680C CREATION DATE 9/6/78
14690C
i4700C**********************************************************************
14710C
14720 COMMON /PASS/KADXHEIGHT,PFtJTANKA,ItTANKW,UMALTTA 4N,TAVE,TwELA,
14730 1 TOHLHW,TQHWHHWTBLDHW,THLOCWTOCC TlHHAHST0HLHS,
14740 1 TBLDCSTRLDHS,TQCCSAWALHG»TIME,BC,8H,COPTCCS,THLHS,
14750 1 THLHW,TCCk,TQINCW,TQINCSPCTUMINO1,MINO2,DMINBL,CPRVT,
14760 1 CPRVW,TAMBA,AREAC,CK,C,FF,PUMP,PUMEPUMC.PUMWFANH,FANC,
14770 1 NDAYS,XPERSCALE,IN,AA,HB
14780 REAL KADX
14790 LOGICAL IN
14800 DATA ONE/I./,UNET23/1023./,THRTWn/32./,SIXFT/65000. ,THUNOD/00./,
14810 1 P00155/.00155/,P7733/.7336/,T9P3/29.23/,EIGHTY/80./,
14820 1 F569/4569./,T523/2523./,SIX2P5/62.5/, TP5/12.5/,PI/5.d14/,
14830 1 T545/2545./,P00159/.00159/ P6875/.h875/
14840C
14850 EET = TwI
14860 ECT = TAI
14870 BTU = 3NET23 * (EET - THRTWO) + SIXFT - THUND * ECT
14880 Y = T9P23 * (ECT - EIGHTY) + F569
14890 XM = (Y - T523)/SIX2P5
14900 WATTS = XM * (EET - TwPS) + T5Z3
14910 COP = BTU/(WATTS * PI) + FF
14920 OCONO = BTU
14930 HTUM = OCOND/COP
14940 OEVAP = OCOND - HTIIM
14950 OCOND = OCOND (P00155 * EET + P7336) * SCALE
14960 IEVAP . OEVAP * (PO0159 * EET + Pb875) * SCALF
14970 OMOT = OCONO - QEVAP
14980 COP = QCONO/OOT
14990 HP = (jMOT/T545
15000 RETURN
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15010C
15020C LAST CARD OF SUBROUTINE WAHP.
15030C
15040 END
15050 SUBROUTINE TANKLD(SIDE,TLOSS,SURFWTLOSATEMP,TO,FIRST)
15060C
15070C************* **f.**a*********************************ee**,**
15080C
15090C THIS SUBROUTINE WILL EVALUATE THE TOTAL TANK LOSS, THE HASEMENT WALL
15100C OR FLOOR AREA REPLACED BY THE TANK, AND THE ENERGY TRANSFERRED
15110C TO OR FROM THE -AMBIENT AIR.
15120C
15130C THE SUBROUTINE STATMENT IS
15140C
51150C SUBROUTINE TANKLDCSIDE,TLOSS,SURFW,TLOSA,TEMP,TO,FIRST)
15160C
15170C WHERE
15180C
15190C SIDE IS THE SIDE DIMENSION OF THE TANK.
15200C
15210C TLOSS IS THE TOTAL TANK LOSS.
15220C
15230C SURFW IS THE BASEMENT SURFACE AREA THAT THE TANK REPLACES.
15240C
15250C TLOSA IS THE ENERGY LOSS FROM THE TANK TO THE SASE^ENT,
15260C
15270C TEMP IS THE BASEMENT TEMPERATURE
15280C
15290C TO IS THE OUTSIDE TEMPERATURE
15300C
15310C FIRST IS A LOGICAL VARIABLE.
15320C
15330C PROJECTI ACES
15340C
15350C DEVELOPEO BY HONEYWELL
15360C
15370C CREATION DATEI 8/25/78
15380C

15400C
15410 COMMON /PASS/KADXMEIGHTPFUTA AJTKAJANKWUWALTTANKTAVE,TWELA,
15420 I TOHLHWrt QHWHWTBLOHWTBLOCW.TQCCW,TGHWHS.TQHLHS,TLDCS,
15430 I TBLDHSTOCCSAWALBG,TIMEHC,aH,COPTCCS,THLMS,THLHW,TCCW,
15440 I TOINCW,TOINCS,PCTDMINQ4lnMINfQ2,MINNL,CPRVTCPRVWTAMBA,
15450 1 AREAC,CK,C,FF,PUMP,PUME,PPUMC,PMWFANH,FANCNOAYS,XPERSCALE,IN
15460 1 ,AA,HB
15470 COMMON /BLOCK/IHOUR,IDAYIMONTHQHL,OQH,
15480 I QC,OINCIBASLODXTEMP,
15490 1 A(200),TWELL(12),FANCFM,FNCFMl,SIZE,SIZEl,STZE2
15500 LOGICAL FIRST,IN
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15510 REAL KADX
15520 DATA ZERO/0./,TWO/2./,ONE/1./,ET3Pb/8S.b/
15530C
15540C INITIALIZATION ON FIRST PASS.
15550C
15560 IF (.NOT. FIRST) GO TO 10
15570 AX = ZERO
15580 IF (PCT .GE. ONE) AX= ONE
15590 XK z ZERO
15600 IF (PCT .GT. ZERO) XK a ONE
15610 CPRVP = ET3P6
15620 CPRV2 a CPRVT + CPRVP
15630 CPRV3 a CPRVT + CPRVP + CPRVW
15640 UTNK s UTANKA * XK
15650 UTNK1 z TwO * UTNK
15660 UTNK2 = UTNK1
15670 TEMPI a ONE/UTANKW + ONE/KADX
15680 UTNKD S ONE/(TEMP1 + AX/IJWAL)
15690 UTNKD1 = TWO * UTNKD
15700 UTNKD2 c UTNKDI
15710 UTNKWD a ONE/(TEMP1 * XK/UWAL)
15720 UTKWD1 a TWO * UTNKWO
15730 UTKWD2 a UTKwD1
15740 TA a TEMP
15750 IF(.NOT. IN) TA x TO
15760 TTA * TTANK + (TA - TTANK)/TWO
15770 UD = ONE/(ONE/UTNKD * TWO/KADX)
15780 00 a UD * (TTANK - TWELL(IMONTH))
15790 TTG1 S TTANK - OD/UTNKD1
15800 TTG2 = TTG1 - (O/UTNKD2
15810 TTG3 3 TTG2 - QO/KADX
15820 UWO = ONE/(ONE/UTNKWD + TWO/KADX)
15830 OWD UWD * (TTANK - TWELL(IMONTH))
15840 TTGW1 = TTANK - QWD/UTKWDI
15850 TTGW2 = TTGW1 - QWO/UTKWD2
15860 TTGW3 s TTGW2 - OWD/KADX
15870 TEMP2 g ONE/CPRVT
15880 TEMP3 x UTNK1 + UTNK2
15890 TEMP4 a ONE/CPRV2
15900 TEMP5S. UTNKDt + UTNK02
15910 TEMP6 s ONE/CPRV3
15920 TEMP7 a UTKWDI + UTKWD2
15930 TEMP8 S ONE/CPRVP
15940 TEMP9 · UTNKD2 + KADX
)5950 TEMPIO = TWO * KADX
15960 TEMPI1 s UTKWD2 + KAOX
15970 TEMP12 * TEMPS * KADX
15980 FIRST a .FALSE.
15990 10 CONTINUE
16000 TA a TEMP
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16010 IF (.NOT. IN) TA = TO
16020C
16030C DETERMINE THE INTERNAL TANK SIZE ABOVE GROUND AND THE HEAT

16040C THAT IS TRANSFERED TO OR FROM THE TANK,

16050C
16060 THTSD T TWO * HEIGHT * SIDE
16070 SIDESO SE S IDE * SIDE

16080 TTA = TTA * (ONE - TEMP2 * TEMP3) + TEMP2 * (TTAN< * 11TNKI

16090 1 + TA * UTNK2)
16100 OLOST a (THTSD * PCT * SIDESO) * UTNKI * (TTANK - TTA)

IbllOC
b1620C DETERMINE THE INTERNAL NODE TEMPERATURE BETWEEN THE TANK AND THE

1bt30C GROUND (NO BASEMENT SURFACE).
16140C
16150 TTGI a TTGI * (ONE - TEMP4 * TEMPS) + TEMP4 * (UTNOI1 * TTANK

16160 1 + TTG2 * UTNKD2)
16170 TTG2 a TTG2 * (ONE - TEMP8 * TEMP9) + TEMPS * (UTNK02 * TTGI

16180 1 * KADX * TTG3)
16190 TTG3 * TTG3 * (ONE - TEMP8 * TEMPIO) + TEMP12 * (TTG2 +

16200 1 TWELL(IMONTH))
16210 GLOSG a (TWO * THTSD * (ONE - PCT) + SIDESO) * UTNKOl * (TTANK -

1b220 I TTGI)
16230C
1b240C DETERMINE THE INTERNAL NODE TEMPERATURE BETWEEN THE TANK AND THE

16250C GROUND (WITH A BASEMENT SURFACE), THE BASEMENT SURFACE

16260C REPLACED BY THE TANK, THE TOTAL TANK LOSS, AND THE TANK LOSS TO

lb270C THE BASEMENT AIR.
16280C
16290 TTGW W1 TTGWl * (ONE - TEMP6 * TEMP7) + TEMPb * (UTKDI1.* TTANK

16300 1 * UTKWO2 * TTGW2)
16310 TTGW2 · TTGM2 * (ONE - TEMP8 * TEMP11) + TEMPS * (UTKWD2 *

16320 1 TTGWI * KAOX * TTGW3)
16330 TTGW3 a TTGW3 * (ONE - TEMP8 * TEMPIO) + TEMP12 * (TTGW2

16340 1 + TWELL(IMONTH))
16350 OLOSGW · ((ONE - XK) * SIDESO + THTSD * PCT) * UTK1DI * (TTANK -

16360 1 TTGWI)
16370C
16380 TLOSS = OLOST * OLOSG * OLOSGW
16390 SURFW a THTSD * PCT + SIDESO
16400 TLOSA 2 (THTSD * PCT + SIDESQ) * UTNK2 * (TTA - TA)

lbI10 IF (PCT .LE. ZERO .OR. .NOT. IN) SURFw = ZERO

16420 IF (.NOT. IN) TLOSA a ZERO
16430 RETURN
16440C
16450C LAST CARD OF SUBROUTINE TANKLD

6b460C
16470 END
16480 SUBROUTINE COLECT((UINC,VELPANUMUCULL)
16b90C
lb500OC****************************************************************
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16510C
16520C THIS SUBROUTINE WILL DETEMINE THE AMOUNT OF ENERGY THAT CAN
16530C BE COLLECTED FROM A SOLAR PANEL GIVEN THE PANEL PERFORMANCE
16540C CHARACTERISTICS, CK , C , AA , AND BH.
16550C
16560C THE SUBROUTINE STATEMENT IS
16570C
16580C SUBROUTINE COLECT(QINC,VtLPANUMQCOLL)
16590C
16600C WHERE
Ibl60C
16620C QINC IS THE INCIDENT RADIATION.
16630C
16640C PANUM IS THE NUMBER OF PANELS.
16650C
16660C QCOLL IS THE ENERGY COLLECTED
16670C VEL IS THE WIND VELOCITY
16680C
16690C PROJECTt ACES
16700C
16710C DEVELOPED BY HONEYWELL
16720C
16730C CREATION OATEt 8/25/78
16740C
16750C*********t********************,**************************************
16760C
16770 COMMON /PASS/KADX.HEIGHTPF,UTANKA,UTANK ,UWAL,TTAK,.TAVE,TWELA.
16780 1 TOHLHW,TOHWHW,TBLDHWTBLDCWTO-CCW,TOHHS,TrHLHS,T8LDCS,
16790 I TBLDHS,TOCCS,AWALBG,TIMEBC,BH,COP,TCCSTHLHS,THLHW,
16800 I TCCwTOINCW,TOINCS,PCT,DM]NQI,DMIN02,DMIN3L,CPRVT,CPtVW,TAMBA,
16810 1 AREAC,CK,C,FF,PUMP,PUME,PUMCPUMW,FANH,FANCNDAYS,XPERSCALEIN
16820 1 ,AA8BB
16830 REAL KADX
16840 LOGICAL IN
16850 DATA ZERO/0./,FIVE/S./
16860C
16870 IF(AA .LE. ZERO) GO TO 20
16880 ZZ a AA * EXP(BB * VEL * 1.151)
16890 C = CK/ZZ
16900 20 CONTINUE
16910 ETA z ZERO
16920 IF (QINC .LE. ZERO) GO TO 10
16930 ETA z CK - C * (TTANK - TAMBA)/OINC
16940 IF (ETA .LT. ZERO) ETA S ZERO
16950 10 CONTINUE
16960 O a ETA *QINC
16970 IF (Q ,LE. ZERO .AND. (TAMBA - FIVE) .GE. TTANK)
16980 1 Q = -C * (TTANK - TAM8A)
16990 QCOLL Q. * PANUM * AREAC
17000 RETURN
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ITOO0C
17020C LAST CARD OF SUBROUTINE COLECT.
17030C
17040 END
17050 SUBROUTINE TANK2(VOLUME)
17060C
100*********************************************************************
17080C
i7090C THIS SUBROUTINE SIZES A TANK BASED ON THE MINIMUM ACES DESIGN
17100C REQUIREMENT. THE TANK HAS ENOUGH STdRAGE TO NEET TiE SPACE
17110C AND DOMESTIC HOT WATER LOAD FOR 12 CONSECUTIVE SUNLESS DAYS
17120C IN THE COLDER MONTHS OF THE YEAR.
17130C
17100C THE SUBROUTINE STATEMENT IS
17150C
17160C SUBROUTINE TANK2(VOLUME)
17170C
17180C WHERE
17190C
17200C VOLUME IS THE VOLUME OF THE ICE STORAGE BIN.IN CUBIC FEET.
17210C
17220C PROJECTt ACES
17230C
17200C DEVELOPEO BY HONEYWELL
17250C
17260C CREATION DATEs 8/25/78
17270C
17280C,*,a****.*********************a**********.***************** a* .,.a a
17290C
17300 COMMON /WEATHR/DB(24) ,P(24),WB(24),WS(24),PB(24 ,TC(24),TOC(24),
17310 1 WET(24),DRY(24),IYEAR,IDUJMI,IDrM2,ICITY
17320 COMMON /PASS/KAOXHEIGHTPFUTANKA,UTANIW,UWALi, TTAN<,TAVE,TWELA,
17330 1 TOHLHWTOHWHW,TBLDHWTBLOCW,TQCCW,TOHWiS,THLHS,TBLDCS,
17340 1 TBLOHSTGCCS,AWALBG.TIMEtBCRH,COPTC:6,TiLiS,THLHW,TCCw,
17350 1 TOINCWTOINCS,PCTDMINlQIDMiN2DOMINBLCPRVT,CPRVWTAMBA.
17360 1 AREACCK,CFFPUMPPUMEPUMCPUMH,FA4H,FANC NDAYS,XPERSCALE,IN
17370 1 ,AA,BB
17380 COMMON /BLOCK/IHOUR,IDAY,IMONTH,QHL.QHW,
17390 1 QC,OINCIBASLODXTEMP,
17400 1 A(200),TWELL(12),FANCFM,FNCFMI,SIZE,SIZEI,SIZE2
17410 REAL KADX
17420 LOGICAL IN,FIRST
17430 DATA ZERO/O./,ONE/I./,OPEM4/1.213944E-4/,FIFTIN/I5./,T8/2R8./,
17440 1 P00/.0001/
17450C
17460 REWIND(8)
17470 TEMA * ZERO
17480 TEMO = ZERO
17490 SUM a ZERO
17500C
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17510C DETERMINE THE AVERAGE TEMPERATURE OVER THE PERHIfn.
17520C
17530 DO 20 I = 1, 12
17540 READ(8) OB,DP,WHBWS,PRBTC,TOC,wET,ORYIYEAR,IOUlIDIUM2,ICITY
17550 IMONTH = IOUMI
17560 DO 10 J = 1, 24
17570 TEMA = TEMA + XTEMP
17560 TEMO = TEMO + DB(J)
17590 10 CONTINUE
17600 20 CONTINUE
17610 TIME = T88
17620 TAVE = TEMA/TIME
17630 TOAVE = TEMO/TIME
17640 T a TAVE
17650 TO a TOAVE
17660 TWI = A(50)
17670C
17680C THE ENERGY NEEDED FOR HEATING IS...
17690C
17700 GOUT = DMINQI + DMINQ2
17710C
17720C INITIAL GUESS ON TANK VOLUME IS...
17730C
17740 QICEI OQOUT * (ONE * ONE/COP)
17750 VOLUME z (OICEI * OPEM4)/PF
17760 AREA a VOLUME/HEIGHT
17770 SIDE a SQRT(AREA)
17780C
17790C DETERMINE TANK LOSSES
17800C
17810 30 CONTINUE
17820 FIRST a .TRUE.
17830 CALL TANKLD(SIOE,TLOSSSURFW,TLOSA,T,TO,FIRST)
17840C
17850C DETERMINE THE ACTUAL REQUIRED HEAT OUTPUT.
17860C
17870 CALL WAHP(TTANK,TSIZEI,QEVAP,HP)
17880 CALL .WHP(TTANK,TWI,QCONO1,OEVAPl,HP1,COPI)
17890 HEAT z DMINQO
17900 HEATMB * HEAT + OMINBL
17910 BASEI = DMINBL * (ONE - SURFW/AWALBG)
17920 ONEED2 a DMINQ2/(ONE * (ONE - XPER)*PjUMA/(QCODO1 + (ONE - XPER)
17930 1 *PUMW))
17940 TF2 = GNEED2/((PUMW*(ONE - XPER) + OCONDI) * TIME)
17950 ONEED1 = (HEATMB - 8ASEl * TLOSA * TIME - TF2 * TIME * XPER *
17960 1 (PUME + PIUMW))/(ONE + (FANH + XPER * PUME)/(SIZE1 + FANH
17970 1 * XPER * PUME))
17980 TFI = QNEEOD/((SIZEI + FANH + XPER * PUIME) * T[IE)
17990 TF = TF1 + TF2
18000 QOUT = ONEEDl * (ONE - ONE/COP) + fiMEEO2 * (I)E - ONE/COPI)
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18010C
18020C THE AMOUNT OF ICE GENERATED AND THE MAXIMUM AMOUNT OF ICE

18030C POSSIBLE IS...
18040C
18050 CUFT a (GOUT + TLOSS * TIME
18060 1 - (ONE'- XPER) * PUME * TIME * TF) * OPEM4
18070 CUFTN = PF * HEIGHT * SIDE * SIDE
18080 FX = :UFTN - CUFT
18090 DEL = P0001 * SIDE
18100 SIDP = SIDE + DEL
18110C
18120C REPEAT PREVIOUS PROCEDURE.
18130C
18140 FIRST = .TRUE.
18150 CALL TANKLD(SIDPTLOSSSURFWTLOSAwT,TO,FIRST)
18160 HEAT a OMINQI
18170 HEATMB = HEAT + DMINBL
18180 8ASEI z DMINBL * (ONE - SURFW/AWALBG)

18190 ONEED2 s DMING2/(ONE * (ONE - XPER)*PUMW/(QCONDI + (ONE - XPER)

18200 1 *PUMW))
18210 TF2 s ONEED2/((PUMW*(ONE - XPER) + OCONDI) * TJME)
18220 ONEEDI : (HEATMB - BASEI + TLOSA * TIME - TF2 * TIME * XPER *

18230 I (PUME * PUMW))/(ONE , (FANH + XPER * PUME)/(SIZEI + FANH
18240 1 * XPER * PUME))
18250 TFI a ONEEDI/((SIZEI * FANH + XPER * PUME) * TIME)

18260 TF a TFI * TF2

18270 GOUT · ONEEDI * (ONE - ONE/COP) + ONEED2 * (ONE - ONE'COPI)
18280C
18290C THE AMOUNT OF ICE GENERATED AND THE MAXIMUM AMOUNT OF ICE

18300C POSSIBLE IS...
18310C
18320 CUFT a (OOUT * TLOSS * TIME
18330 1 - (ONE - XPER) * PUME * TIME * TF) * OPEM4

18340 CUFTN a PF * HEIGHT * SIOP * SIOP
18350 FXD = CUFTN - CUFT
18360 FXP · (FXD - FX)/DEL
18370 SION a SIDE - FX/FXP
18380 SIDE a SION
18390 SUM a SUM * ONE
18400 WRITE(9,101)SIDECUFTCUFTNFX,FXD
18410 101 FORMAT(1X,5(F15.3,3X))
18420 IF (ABS(FX) .GT. ONE .AND. SUM .LT. FIFTIN) GO TO 30

18430 IF (SUM .GE. FIFTIN) WRITE(9,1000)
18440 1000 FORMAT(IX,'TANK2 HAS NOT CONVERGED')
18450 VOLUME = HEIGHT * SIDE * SIDE
18460 RETURN
18470C
18480C LAST CARD OF TANK2.
18490C
18500 END
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18510 SUBROUTINE TANK(NORTH,VOLUME,BOTH)
18520C
18530C******************************************************************
18540C
18550C THIS SUBROUTINE WILL DETERMINE THE VOLUME OF THE ICE STORAGE TANK
18560C FOR A FULL ANNUAL CYCLE ENERGY SYSTEM.
18570C
18580C THE SUBROUTINE STATEMENT IS
18590C
18600C SUBROUTINE TANK(NORTHVOLUME,BOTH)
18610C
18620C WHERE
18630C
18640C NORTH IS A LOGICAL VARIABLE. IF DEFINED AS
18650C .TRUE. - THE TANK IS SIZED FOR A NURTHERN CLIMATE.
18660C .FALSE. * THE TANK IS SIZED FOR A SOUTHERN :LIMATE.
18670C
18680C VOLUME IS THE VOLUME OF THE ICE STORAGE BIN IN CU3I:iFEET.
18690C
18700C BOTH IS A DELIMETER OPTION
18710C
18720C PROJECT: ACES
18730C
18740C DEVELOPED oY HONEYWELL
18750C
18760C CREATION DATE: 8/22/78
18770C
187*0C*******************************************************************
18790C
18800 COMMON /PASS/KADXHEIGHT PFUTANKA,UTANKWIUJAL, TTAN<i,TAVE, TwELA,
18810 1 TQHLHWTOQHHWHWTBLnHWTBLDCW,TOCC, TOHHS, THLHS,
18820 I TBLDCS,THLOHS,TOCCSAWALBG,TIME,8C,BH,COP,
18830 1 TCCS,THLHS,THLHw,TCCW,TOINCI,TOINCS,PCT,D1IN1I,OMIN02,DMINBL,
18840 1 CPRVT,CPRVWTAMBA,AREAC,CK,C,FF,PJMP,
18850 1 PUME,PUMC,PUMW,FANH,FANCNDAYS,XaE2,SCALEINAA,BB
18860 COMMON /YEARLY/OB(24),DP(24) ,B(24),WS(24),PB(2) ,TC(24),TOC(24)
18870 1 WET(24),ORY(24),IYEARIDUl1,IDUM2,ICITY
18880 COMMON /BLOCK/IHOUR,IDAYIMONTH,OHL,OHW,
18890 1 QCpQINCIBASLODOXTEMP,
18900 1 A(200),TWELL(12),FANCFM,FNCF1I,SIZE,SIZE1,SIZE2
18910 DATA TwO/2./,ONE/1./,OPEM4/1.2131944E-/,ZERO/O./
18920 REAL KAOX
18930 LOGICAL NORTH,iOTH,IXIX
18940C
18950C INITIALIZATION
18960C
18970 VOLUMI = ZERO
18980 IXIX = .ALSE.
18990 IF(NORTH) IXIX = .TRUE.
19000 5 CONTINUE
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19010C
19020C
19030C
19040 IF (.NOT. NORTH) GO TO 10
19050C
19060C FOR NORTHERN CLIMATES......
19070C
19080C DESIGN TANK'
19090C
19100C CALCULATE INITIAL GUESS ON TANK SIZE
19110C
19120 GICEI a TOCCS - (TOHLHS * TQHwHS) * (ONE * ONE/COP)
19130C
19140C SET OPEM4 a .01747/144.
19150C
19160 VOLUMI a (OICEI * OPEM4)/PF
19170 AREA a VOLUMI/HEIGHT
19180 SIDE a SORT(AREA)
19190 GO TO 20
19200 10 CONTINUE
19210C
19220C FOR SOUTHERN CLIMATES......
19230C
19240C DESIGN TANK
19250C
19260C CALCULATE INITIAL GUESS ON TANK SIZE
19270C
19280 QICEI 5 (TOHLHW * TOMWHW) * (ONE - ONE/COP) - TQCCW
19290 VOLUMI a (OICEI * OPEM4)/PF
19300 AREA a VOLUMI/HEIGHT
19310 SIDE a SQRT(AREA)
19320 20 CONTINUE
19330C
19340C DETERMINE THE SIZE OF THE TANK.
19350C
19360 CALL NEWTON(NORTH,SIDE,VOLUME)
19370 IF (.NOT. BOTH) GO TO 30
19380 ICHECK a I
19390 IF (NORTH) ICHECK a 0
19400 NORTH r .TRUE.
19410 IF (ICHECK .EO. 0) NORTH = .FALSE.
A9420 BOTH a .FALSE.
19430 VOLUMI z VOLUME
19440 GO TO 5
19450 30 CONTINUE
19460 IF (VOLUM] .LT. ONE) GO TO 40
19470 IF(VOLUMt .LT. VOLUME) VOLUME = VOLLUM
19480 IF(VOLUMI .LE. VOLIME) NORTH = IXIX
19490 IF(VOLUM1 .GT. VOLUME) NORTH .NOT.IxIX
19500 40 CONTINUE
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19510 RETURN
19520C
19530C LAST STATEMENT OF SUBROUTINE TANK.
19540C
19550 END
19560 SUBROUTINE NEWTON(NORTH,SIDEVOLUME)
19570C
19580C***** *****************************a*a*****a********** **********aa

19590C
19600C THIS SUBROUTINE DETERMINES THE SIZE OF A ICE 3IN STORAGE TANK
19610C BY EQUATING ENERGIES INTO AND OUT OF THE TANK OVER TAE SEASON
19620C OF INTEREST AND THE CORRECT DIMENSION.
19630C
19640C THE SUBROUTINE STATEMENT IS
19650C
19660C SUBROUTINE NEWTON(NORTH,SIDE,VOLUME)
19670C
19680C WHERE
19b90C
19700C NORTH IS A LOGICAL VARIABLE. IF DEFINED AS
19710C .TRUE. * THE TANK IS SIZED FOR A NORTHERV CLIMATE.
19720C .FALSE. - THE TANK IS SIZED FOR A SOUTHERN CLImATE.
19730C
19740C SIDE IS THE SIDE DIMENSION OF THE TANK.
19750C
197f0C VOLUME IS THE VOLUME OF THE TANK.
19770C
19780C PROJECT: ACES
19790C
19800C DEVELOPED BY HONEYWELL
19810C

19820C CREATION DATEI 8/22/78
19830C
19840C****a**at****a***a********************************** *******a*a***
19850C
19860 COMMON/PASS/KAOX,HEIGHT,PF,UTANKAIJTANKW,UWAL,TTANK,TAVE,
19870 1 TwELATOHLHW,TQOHW,T9LOHWTHLOCwTQCCw,TOHWHSTOHLHS,
19880 1 TBLOCS,TBLDHS, TCCS,AWALHG TIME,BC, BH,COP,TCCS.,THLHS,
19890 1 THLHW,TCCW,TQINCW'TOINCS,PCT,OMINQ1,OMINq2,OMINBL,
19900 1 CPRVT,CPRVWTAMBA,AREAC,CK,C,FF,PUMP,PUMEPU4CPUMw,FANH,
19910 1 FANC,NDAYS,XPER,SCALE,IN,AA,8B
19920 COMMON /BLOCK/IHOUR,IDAYIMONTHOHLOHW,
19930 1 OCQINCIBASLODXTEMP,
19940 1 A(200),TWELL(12),FANCFMFNCFM1,SIZE,SIZEt,SIZE2
19950 REAL KADX
19960 LOGICAL INNOklH
19970 DATA POOO1/.0001/,ZERO/O./,FIFTIN/15,/.,ONE/1./,ONE5T/150000./
19980 DATA F1VE/5.0/
19990C
20000C
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20010C
20020 SUM = ZERO
20030 10 CONTINUE
20040 CALL STORAG(NORTH,SIDE,CUFTNCUFT,PCUFT)
20050 FX a CUFTN - CUFT
20060 IF(.NOT.NORTH) FX a PF * HEIGHT * SIDE * SIDE - P:tliT
20070 DEL a PO001 * IIDE
20080 SIOP : SIDE + DEL
20090 CALL STORAG(NORTH,SIDP,CUFTN,CUFT,PCUFT)
20100 FXO a CUFTN - CUFT
20110 IF(.NOT.NORTH) FXD = PF * HEIGHT * SIOP * STOP . PCUFT

20120 FXP a (FXD - FX)/DEL
20130 SIDN = SIDE - FX/FXP
20140 SIDE a SIDN
20150 SUM a SUM * ONE
20160C
20170C
20180C
20190 IF(A(145) .GT. ZERO .AND. SIDE .LT. FIVE) GO TO 11ll

20200 WRITE(9,101)SIOE,CUFT,CUFTN,PCUFTFX,FXD
20210 101 FORMAT(IX,6(F13.3,3X))
20220 IF (ABS(FX) .GT. ONE .AND. SUM .LT. FIFTIN) GO TO 10
20230 IF (SUM ,GE. FIFTIN) WRITE(9,1000)
20240 1000 FORMAT(//' NEWTON METHOD HAS NOT CONVERGED')
20250 VOLUME a HEIGHT * SIDE * SIDE
20260 RETURN
20270 1111 WRITE(9,1011)
20280 1011 FORMAT(IX,' WARNING - TANK IS INCAPABLE OF STORIN; SUFFICIENT',
20290 1' ICE FOR TOTAL SUMMER OPERATION')
20300 VOLUME a ONEST
20310 RETURN
20320C
20330C LAST CARD OF SUBROUTINE NEWTON.
20340C
20350 END
20360 SUBROUTINE STORAG(NORTH,SIDE, CUFTNCUFT,PCUFT)
20370C
20380C*********l*s***d**e*****d**l****m**e***aae*****e***a*****e**********
20390C
20400C THIS SUBROUTINE DETERMINES THE ICE INVENTORY WITHIN A .STORAGE TANK
20410C AT THE END OF A GIVEN SEASON. IT WILL ALSO DETERMINE THE MAXIMUM
20420C OR MINIMUM AMOUNT OF ICE THAT CAN BE STORED WITHIN THE TANK.
20430C
20440C THE SUBROUTINE STATEMENT IS
20450C
20460C SUBROUTINE STORAG(NORTH,SIDECUFTNCUFT)
2047.0C
20480C WHERE
20490C
20500C NORTH IS A LOGICAL VARIABLE. IF DEFINED AS
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20510C .TCUt. -
20520C .FALSE. -
20530C
20540C SIDE IS THE SIDE DIMENSION OF IHE TANK.
20550C
20560C CUFTN IS THE CUBIC FEET OF ICE THAT IS NEEDED
20570C
20580C CUFT IS THE ACTUAL CUBIC FEET OF ICE
20590C
20600C PROJECT: ACES
20610C
20620C DEVELOPED BY HONEYWELL
20630C
20640C CREATION DATE: q/b/78
20650C
20b60**************************************************************************
20670C
20680 COMMON /WEATHR/DB(24),DP(24),WB(24),wS(24),PB(24),TC(24),TOC(24),
20690 1 WET(24),ORY(24),IYEAR,IDUMI,IDUM2,ICITY
20700 COMMON /PASS/KADX,HEIGHTPF,U TANKAI TNKWUALwTTAN,TAVETWELA,
20710 1 TOHLHWTOHWHWT8LDHWTHLDCWNTQCC.,TQH4HSTOHLHS,
20720 I THLOCSTBLOHSTQCCSAWALBG.TIME,CBRHCOPTCCSTHLHS,
20130 I THLHWTCCW,TQINCWTQINCS,PCTOMIN(IOMINQ2,OMINBL,CPRVT,
20740 1 CPRVW,TAMBAAREAC,CKC,FFPUMPUMPPUMEPUMCPUWFANHFANC,
20750 I NDAYSXPERSCALEINAA,88
20760 COMMON /BLOCK/IHOURIOAY,IMONTHQHLOQHW
20770 1 OC.OINCIBASLOD,
20780 I XTEMP,A(200),TWELL(12),FANCFMFNCFM1,
20790 1 SIZE,SIZEI,SIZE2
20800 REAL KADX
20810 LOGICAL NORTHFIRSTIN
20820 DATA ZERO/O./,ONE/I./,OPEM4/1.213944E-4/,THRTWO/32.0/
20830 DATA SIX2P4/b2.4/.F7P24/57.24/,SEVFIV/75./,005/105./
20840C
20850 REWIND(8)
20860 REWINO(IO)
20870C
20880 TZONES a A(89)
20890 THOTWI a 005
20900 TTANK = A(146)
20910 PCUFT a ZERO
20920 VOLUME a HEIGHT * SIDE * SIDE
20930C
20940C DETERMINE INITIAL CONDITIONS FOR A TANK SIZED FOR SOUTHERN CLIMATE
20950C OR A NORTHERN CLIMATE
20960C
20970 CUFT a ZERO
20980 IBEGIN a IFIX(BH)
20990 IEND NDAYS
21000 IBHMI a IFIX(BH - ONE)
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21010 00 25 1 = 1, IdHMI
21020 READ(8)DB,DPW8,hS,PBTCTOCWETD,fRY,IYEAR,IOU1,IDJM2, ICITY
21030 DO 85 IKL = 1,24
21040 READ(IO)QHLQHW,QC,QINCI,HASLOD XTEMP
21050 85 CONTINUE
21060 25 CONTINUE
21070 30 CONTINUE
21080 FIRST .TRUE.
21090C
21100 40 CONTINUE
21110 DO 60 I a IBEGIN, IEND
21120 READ(8) DBOP,W8,WSPB.TCTOC.WETDRYIYEAq, IDUIIDUM2,ICITY
21130 IMONTH = IDUMI
21140 DO 50 J 1,24
21150 READ(10)QHLQHWN,OCQINCI,BASLOOXTEMP
21160 T x XTEMP
21170 TO e DB(J)
21180 TWI a THOTWI
21190 CALL WAHP(TTANKT,SIZEIOEVAPHP)
21200 CALL WWHP(TTANKTWI,QCONDIOQEVAPIHPI,COP1)
21210C
21220C DETERMINE THE DYNAMIC TANK LOSS.
21230C
21240 CALL TANKLD(SIDETLOSSSURFWTLOSA,T,TOFIRSTI
21250C
21260C THE TOTAL HEATING LOAD FOR THE HOUR IS...
21270C
21280 HEAT s QHL
21290C
21300C IF THERE IS NO BASEMENT, THE TOTAL HEAT LOAD IS...
21310C
21320 HEATMH a HEAT + BASLOD
21330C
21340C THE ADJUSTED BASEMENT LOAD AS A FUNCTION OF REPLACEO SURFACE AREA
21350C OF THE TANK IS...
21360C
21370 8ASE1 BASLOD * (ONE - SURFW/AWALBG)
21380C
21390C THE ACTUAL HEAT DEMAND ACCOUNTING FOR THE CORRECTED 3ASEMENT SURFACE
21400C AREA, THE ADDED FAN HEAT' AND THE HEAT FLOW FROM THE BASEMENT TO
21410C THE TANK IS ONEEO. ONEED IS EQUAL TO HEAT IF THE TANK AND THE FAN
21420C SYSTEM ARE NOT IN THE HEATED SPACE.
21430C
21440 IF(OHL .GT. ZERO)OCONDI = SIZEI
21450 ONEED =s OHW/(ONE + (ONE - XPER) * PUMW/(QCONDI + (ONE
21460 1 - XPER) * PUMW))
21470 TFW a QNEEOW/(QCONO1 + (ONE - XPER) * PUM)4)
21480 ONEEDS = (HEATMH - BASEI + TLOSA.- TF4 * XPER * (PUME
21490 1 * PUMW))/(ONE + (FANH + PUME * XPER)/(SIZE1 +
21500 1 FANH + XPER * PUME))
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21510 TFS = (OEEIS5/(SIIE1 + FANH + XPER * tUiltJ
21520 TF = TFS + TFw
21530C
21540C ENERGY OUT OF THE TANK IS...
21550C
21560 IF(UNEEDS .Gr. ZERO .AND. QHl. GT. ZEKn)COP1 : ClP
21570 OPE = PU~iE * TF * (ONE - XPER)

21580 OUUT = QNEEOW * (ONE - ONE/COPI) + ONEEDS * (ONE - ONE

21590 1 /COP)
21600 IF (UHL ,LE. ZERO) QOUT = QNEEDw * (Ol1E - 'oNE/COPI)
21610 IF (ONEEDS .LE. ZERO) OOUT = QiEEOA * (ONE - ONE/COPI)
21620 IF (ONEEOS .LE. ZERO) OPE = PUME * TFw * (ONE - XPER)
21630 IF (QOUT .LE. ZERO) OPE z ZERO
21640C
21650C THE TOTAL COOLING LOAD FOR THE HOUR IS...
21660C
21670 COOL a OC
21680C
21690C IS THERE IS NO BASEMENT, THE TOTAL COOL-ING LOA) IS..
21700C
21710 COOLMB = COOL - BASLOD
21720C
21730C THE ADJUSTED BASEMENT LOAD AS A FUNTION OF THE REPLACED SURFACE
21740C AREA OF THE TANK IS...
21750C
21760 BASE2 = HASLOD * (ONE - SURFW/AWALBG)
21770C
21780C THE ACTUAL COOLING DEMAND ACCOUNTING FOR THE :ORRzCTEn RASEMENT
21790C SURFACE AREA, THE ADDED FAN HEAT, AND THE HEAT FLOn FROM THE
21800C BASEMENT TO THE TANK IS QNEED. ONEED IS EQIALi TO COOL IF THE TANK
21810C AND THE FAN SYSTEM ARE NOT IN THE HEATEO SPACE.
21820C
21830 RAT1 s (T - TTANK)/(TZONES - THRTWO)
21840 ONEEO * (COOLMH + BASE2 - TLOSA + TFW * XPER * (PUME +
21850 1 PUMW))/(ONE - (FANC + PUMC * XPERI/(RATI * SIZE2))
21860 TF = QNEED/(RATI * SIZE2)
21870C
21880C ENERGY INTO THE TANK IS....
21890C
21900 OPC a PUMC * TF * (ONE * XPER)
21910 GIN S ONEED
21920 IF (OC .LE. ZERO) OIN t ZERO
21930 IF (GIN .LE. ZERO) OIN = ZERO
21940 IF (OIN .LE. ZERO) OPC = ZERO
21950C
21960C DETERMINE TANK TEMPURATORE OR AMOUNT OF ICE IV TA\K.
21970C
21980 OELE = IPC + QPE
21990 0 s ZERO
22000 QI = ZERO
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22010 IF (CUFT .GT. ZERO) GO TO 120

22020 TOLU = TTANK

22030 41 CONTINUE
22040 TTANK : TTANK + ONE/(SIX2P4 * (ONE-PF) * VOLUE + F7P24 *

22050 1 PF * VOLUME) * (CIN

22060 1 - OOUT - TLOSS - nI + OFLE)

22070 IF(TTANK .GT. SEVFIV) TTANK = SEVFIV

22080 IF(TTANK .LE. THRTWO) Q = (SIX2P4 * (ONE-PF) * VOLUME *

22090 1 F7P24 * PF i VOLUME) * (TDLO - IHRTWO)

22100 IF (TTANK ,GT. THRTWO) GO TO 51

22110 120 TTANK 
= THHTWO

22120 CVOLD z CUFT

22130 CUFT = CUFT * (OOUT - GIN + TLOSS - Q - QELE) *

22140 1 OPEMO

22150 IF (CUFT .GT. ZERO) GO TO 51

22160 01 = CVOLD/OPEMa
22170 CUFT s ZERO
22180 GO TO 41

22190 51 CONTINUE
22200 IF(NORTH .AND. CUFT .GT. PF * HEIGHT * SIDE * SIDE)

22210 1 CUFT = PF * HEIGHT * SIDE * SIDE

22220 IF(CUFT .GT. PCUFT)PCUFT = CUFT

22230 50 CONTINUE
22240 60 CONTINUE
22250 REWIND(8)
22260 REWIND(1O)
22270 IF (IEND .hE. NOAYS) GO TO 70

22280 IBEGIN = 1
22290 IEND IFIX(HC - ONE)

22300 IF(NORTH) IENO = IFIX(BH * ONE)

22310 GO TO 40
22320 70 CONTINUE
22330 CUFTN a ZERO

22340 ERR i (SIX2P4 * (ONE - PF) * VOLUME + F7P24 * PF * VOLUME)

22350 1 (TTANK - THRTWO) * OPEM4

22360 IF(NORTH .AND. TTANK .GT. THRTHO) CUFT = -EqR

22370 RETURN
22380C
22390C LAST CARD OF SUBROUTINE STORAG.

22400C
22410 END
22420 SUBROUTINE PANEL(NORTH,VOLUMESIOE,SIZEPANUM)
22430C
22440Ct******* /~*****r****t**l***er*** *** 

* * *** * * * ******************
* *

22450C
22460C THIS SUBROUTINE DETERMINES THE SIZE OF THE SOLAR COLLECTOR

22470C NEED TO MEET THE DEMANDS OF THE FULL ACES SYSTEM.

22480C
22490C THE SUBROUTINE STATEMENT IS
22500C
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?2510C SUBROUTINE PANEL(NORTH,VOLUME,SII)E,SIZE)
22520C
22530C hHERE
22540C

22550C NORTH IS A LOGICAL VARIABLE. IF DEFINED AS
22560C .TRUE. - THE TANK IS SIZED FOR A NORTHE4N C_-AATE.
22570C .FALSE. - THE TANK IS SIZED FOR A SOUTHERN CLTMATE.
22580C
22590C VOLUME IS THE VOLUME OF THE ICE STORAGE BIN IN CU8IC FEET.
22600C
22610C SIDE IS THE SIDE DIMENSION OF THE TANK.
22h20C
22630C SIZE IS THE SIZE OF THE TANK.
22640C
22650C PROJECT ACES
22660C
22670C DEVELOPED BY HONEYWELL
22680C
22690C CREATION DATES 8/29/78
22700C
22710C**********a************************************************************
22720C
22730 COMMON' /PASS/ KADXHEIGHT,PF,UTANKAUTANKw,IJUA._ TTANKTAVE,
22740 1 TWELATQHLHWTGHWHWHT8LDHWTBLDC^,TOCC.NTQHHS,TGHLHS,
22750 1 TBLOCS,TBLDHS.TQCCSAWAL8G.TIMEBC.BH,COPTCCSTHLHSTHLHW,
22760 I TCCW,TOINC#,TOINCS,PCT,DMINQl,DMINQ2,D'iI9BL,CPRVT,CPRVm,
22770 1 TAMBA,AREAC,CK,CFF,PUMP,PUME,PUMC,PIJMW,FANHFANC,NDAYS,XPER,
22780 1 SCALE,IN,AABH
22790 COMMON /TRY/QCOLLT
22800 LOGICAL NORTHIN
22810 REAL KAOX
22820 OATA ZERO/O./,ONE/1./,OPEM4/1.2131944E-4/,OPS/1.5/
22830C
22840 IF (.NOT. NORTH) 60 TO 10
22850C
22860C DETERMINE APPROXIMATE SIZE OF COLLECTORS
22870C
22880 OINCT = TQINCW
22890 CALL COLECT(OINCTZEROONEQCOLLT)
22900 QMELT a (TQHLHW + TOHWHW) * (ONE - ONE/COP) - TOC:W
22910 1 - PF * VOLUME/OPEM4
22920 NUMPAN * IFIX(OMELT/QCOLLT) + I
22930 PANUM = FLOAT(NUMPAN) * OPS
22940C
22950C SIZE FOR THE HEATING SEASON1 SECANT METHOD.
22960C
22970 CALL BISCAN(VOLUME,SIDEPANUM)
22980C
22990C THE INTEGER NUMBER OF PANELS, NEEDED TO MELT ICE FOR THE
23000C WINTER IS.....
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23010C
23020 NUMPAN = IFIX(PANUM) + 1
23030 SIZE = FLOAT(NUMPAN) * AREAC
23040 RETURN
23050 10 CONTINUE
23060 SIZE a ZERO
23070 RETURN
23080C
23090C LAST CARD OF SUBROUTINE PANEL.
23100C
23110 END
23120 SUBROUTINE BISCAN(VOLUME,SIDEPANUM)
23130C
231 40C*******,*****************
23150C
23160C THIS SUBROUTINE SIZES THE COLLECTOR FUELED TO OUATING ENERGIES
23170C INTO AND OUT OF THE STORAGE TANK AND USING THE SECANT METHOD

23180C TO DETERMINE THE CORRECT DIMENSIONS.
23190C
23200C THE SUBROUTINE STATEMENT IS
23210C
23220C SUBROUTINE SECANT(VOLUMESIDEPANUM)
23230C
23240C wHERE
23250C
23260C VOLUME IS THE VOLUME OF THE ICE STORAGE TANK IN CUBIC FEET.
23270C
23280C SIDE IS THE SIDE DIMENSION OF THE TANK.
23290C
23300C PANUM IS THE NUMBER OF COLLECTOR PANELS.
23310C
23320C PROJECTS ACES
23330C
23340C DEVELOPED BY HONEYWELL
23350C
23360C CREATION DATEt 9/6/78
23370C

23390C
23400 COMMON /PASS/KADX,HEIGHTPF UTANKA,UTANKW, LItAL, TTA NK,TAVE TWELA,
23410 1 TOHLHW,TOHWHWTBLDHW,TBLOCWTQCCW,TGHWHSTOHLHSTBLDCS,
23420 I TBLOHSTOCCS,AWALBG,TIMEBCBH,COPTCCSTHLHSTHLHt,
23430 1 TCCWTOINCW,TOINCSPCT,OMINO1,DMIN02,DMINBLCPRVT,
23440 1 CPRVWTAMBA,AREACCKC»FFPUMPPUME,PUMC,PUNM,FANH,FANC,
23450 1 NOAYS,XPERSCALEINAA,80
23460 COMMON /TRY/OCOLLT
23470 COMMON /PEKI/PEK
23480 LOGICAL IN
23490 REAL KADX
23500 DATA ZERO/O./,ONE/./ ,FIFTIN/15./,ONEPOS/,OS/, OPE4/1 .21351944E-4/
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23510 OATA TWO/2.1/,OP5/1.5/,TwENTY/20.0/
23520C
23530 ICHECK = 0
23540 XA = ZERO
23550 XB = PANUM
23560 FXA = PF * VOLUME - ((7QHLHL + TQHWH*) * (OVE - ONE./CP) -

23570 I 1UCCW) * OPEM4
23580 SUM = ZERO
23590 10 CONTINUE
23600 PANUM = (XA + XB)/TWO
23610 CALL SIZES(PANUM,VOLLME,CUFT,ICHECK,SIOE,PC(IFT)
23620 FX = PF * VOLUME - CUFT

23630 IF(FXA * FX .LE. ZERO) XB = PANUM
23640 IF(FXA * FX .GT. ZERO) XA = PANUM
23650 SUM = SUM + ONE
23660 WRITE(9,101)FXA,FX,XA,XB,PANU4,CUFT,PCUFT
23670 101 FORMAT(IX,7(F10.3,3X))
23680 IF (ABS(FX) .GT. ONE .AND. SUM .LT. T'ENTY) G3 TO 10
23690 IF (SUM .GE. TWENTY) WRITE(9,1000)
23700 1000 FORMAT(IX,'BISCAN IN PANEL HAS NOT CONVERGED')
23710C
23720C CHECK TO SEE THAT THE ICE HAS NOT EXCEEDED HALF T-E VOLUME OF
23730C THE TANK AT ANY TIME THROUGH THE SEASON.
23740C
23750 FLAG a ONE
23760 SUM = ZERO
23770 FXNO = PF * VOLUME - PCUFT
23780 XO a PANUM
23790 XN a XO * OP5
23800 PANUM a XN
23810 20 CALL SIZES(PANUM,VOLIJME,CUFT,ICHECK,SIDE,PCUFT)
23820 FXN = PF a VOLUME - PCIIFT
23830 XNEW XN - FXN * (XN - XO)/(FXN - FXNO)

23840 WRITE(9,102)XO,FXNO,XN,FXN,XNEW,CUFTlFT, C
23850 102 FORMAT(1X,7(F10.3,3X))
23860 XO 2 XN
23870 FXNO = FXN
23880 XN a XNEW
23890 PANUM a XN
23900 SUM = SUM + ONE
23910 IF(ABS(FXN) .GT. ONE .AND. SUM .LT. FIFTIN) GO TO 20
23920 IF(SUM .GE. FIFTIN) WRITE(9,1000)
23930 30 CONTINUE
23940 NUMPAN = IFIX(PANUM) + 1
23950 SIZE - FLOAT(NUMPAN) * AREAC
23960 PEK = ICHECK
23970 WRITE(9,9999)PEK
23980 9999 FORMAT(IX,FI2.3)
23990 RETURN
240onc
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24010C LAST CARD OF SURROUTINE SECANT.

24020C
24030 END
24040 SUBROUTINE SIZES(PANUMVOLUMECUFTwICHECKSIDEPCUFT)
24050C
24060C**t****'*a***************e**ee** 

e*******a*** ea****eee*********e

24070C
24080C THIS SUBROUTINE DETERMINES THE AMOUNT OF ICE IN A TANK AT THE

24090C END OF A HEATING "SEASON GIVEN THE INITIAL TEMPERATURE OF THE TANK,

24100C THE AREA OF THE COLLECTOR, AND THE FACT THAT THERE IS NO ICE AT

24110C THE BEGINNING OF THE HEATING SEASON.

24120C
24130C THE SUBROUTINE STATEMENT IS

24140C
24150C SUBROUTINE SIZES(PANUMVOLUMETTANKCUFTFLAG ICHECK.SIDE,PCUFT)

24160C
24170C .WHERE
24180C
24190C PANUM IS THE NUMBER OF PANELS.

24200C
24210t VOLUME IS THE VOLUME OF THE ICE STORATE TANK IN CUBIC FEET.

24220C
24230C CUFT IS CUBIC FEET OF ICE.

24240C2aaoc
24250C FLAG IS A DELEMETER OPTION

24260C
24270C ICHECK IS A DELEMETER OPTION

24280C
24290C SIDE IS THE SIDE DIMENSION OF THE TANK.

24300C
24310C PCUFT IS THE PEAK CUBIC FEET OF ICE'

24320C
24330C PROJECT: ACES
24340C
243SOC DEVELOPEO BY HONEYWELL
24360C
24370C CREATION DATEI 8/25/78
24380C
24390C**************************************************************
24400C
24410 COMMON /PASS/KADXHEIGHTPFU.TANKAIJTANKW, IIALTTAMKTAVE,

24420 I TWELAeTQHLHWTOHWHWTBLDHWTBLDCWTQC:WTIHHSTnHLHS,
24430 1 TBLOCSTRLDHSTOCCSAWALBGTIME.HCABHCOPTCCSHLHSTHLHTHLH
24440 I TCCWTQINCW.TQINCSPCTDMINOI,OMIN2OnD4lMNIbCPRVTCPRVW,
24450 I TAM8A,AREACCKC.FFPUMPUUMPPUMEPUMC,PMFANHFANCDAYSXPER,
24460 1 SCALEIN»AABB
24470 COMMON /8LOCK/IHnUR IUAY,IMONTH, HL,t HM,

24480 1 UOCOINCITHASLOI) XTEMP,

24490 1 A(200),TWELL(12) FANCFMFFMFNCFMSIZE,STZE1,STZEP

24500 COMMON /wEATHR/DH(24),DP(24),WR(4)^WS(24),PH(2)TC(24).
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24510 1 TOC (24) ,4ET (24) ,ORY(24) I YEA^, IUMl , ]UM2, ICITY
24520 COMMON /STOP/ENDC,TTANK2
24530 REAL KAOX
24540 LOGICAL FIRST,IN
24S50 DATA ZERO/O./,ONE/ ./,SIX2P4/62.4/,THWTlO/32./,OPE14/1.2131944E-4/
24560 I .F7P24/57.24/.SEVFIV/75.0/,1)05/105./
24570C
24580C INITIALIZE AND POSITION WEATHER TAPE.
24590C
24600 REWIND(8)
24610 REWIND(10)
24620 TZONES = A(89)
24630 THOTWI 3 005
24640 FIRST =a TRUE.
24650 CUFT = ZERO
24660 TTANK = A(146)
24670 TQI=ZERO
24680 TONS=ZERO
24690 TONW=ZERO
24700 TON=ZERO
24710 PCUFT = ZERO
24720 WRITE(9,911)BC,BHICHECK,ICHEC1,IBEGIN,IENO
24750 911 FORMAT(1X,2(F6.2,2X),4(I4,2X))
24740 IHHMI = IFIX(BH - ONE)
24750 DO 10 I 2 1, IBHM1
24760 READ(8) DB,DPiB,WS,PB,TCTOC,WET,DRY,IDU,IO'40TH,IDU2,IO)U3
24770 DO 110 IJK = 1,24
24780 REAO(1O)OHL,QHW,QCOINCI,BASLOO,XTEMP
24790 110 CONTINUE
24800 10 CONTINUE
24810 IBEGIN = IFIX(BH)
24820 IEND = NDAYS
24830 30 CONTINUE
24840C
24850C READ WEATHER TAPES AND PERFORM HOURLY ENERGY CALCULATIONS
24860C
24870 00 80 I a IBEGIN, IEND
24880 READ(8) DB,DP,WH,WS,PB,TC,TOC,WET,DRY,IYEAR,IDDM1,IDIIM2,ICITY
24890 IMONTH = IDUMI
24900 IHOURE s 24
24910 DO 70 J = 1, IHOURE
24920 T = XTEMP
24930 READ(IO)OHL,OHW,OC,0INCI,BASLOD,XTEMP
24940 TO = B0(J)
24950 TwI = THOTWI
24960 CALL WAHP(TTANK,T,SIZE1,OEVAP,HP)
24970 CALL WWHP(TTANK,TWI,QCON)IOJEVAP1,HPt,COP1)
24980C
24990C DETERMINE THE DYNAMIC TANK LOSS.
25000C
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25010 CALL TANKLD(SIDE,TLOSS,SURFW,TLOSA,T,TO,FIRST)
25020C
25030C ENERGY FROM THE COLLECTOR IS....
25040C
25050 VEL = WS(J)
25060 TAMBA = TO
25070 OINC = OINCI
25080 CALL COLECT(OINC,VEL,PA9UMQCOLL)
25090 OPCC = ZERO
25100 OPAN = ZERO
25110 IF (TTANK .GT. SEVFIV) OCOLL = ZERO
25120 IF(I .GE. BH .AND. I .LE. ENOC .AND. TTANK ,GT.
25130 I TTANK2) OCOLL = ZERO
25140 IF (UCOLL .GT. ZERO) OPCC z PUMP * (ONE - XPER)
25150 IF(QCOLL .GT. ZERO) OPAN a PUMP * XPER
25160 TOI = TOI * OCOLL
25170C
25180C THE TOTAL HEATING LOAD FOR THE HOUR IS...
25190C
25200 HEAT a OHL
25210C
25220C IF THERE WERE NO BASEMENT, THE TOTAL HEAT LOAD IS....
25230C
25240 HEATMB a HEAT 4 BASLOD
25250C
25260C THE AOJUSTED BASEMENT LOAD AS A FUNCTION OF THE REPLACED SURFACE
25270C AREA OF THE TANK IS....
25280C
25290 BASEI a BASLOD * (ONE - SURFW/AWALBG)
25300C
25310C THE ACTUAL HEAT DEMAND ACCOUNTING FOR THE CnRRECTE) BASEMENT
25320C SURFACE AREA, THE ADDED FAN HEAT, AND THE HEAT FLOW FROM THE
25330C BASEMENT TO THE TANK IS ONEED. ONEEO IS EQUAL TO 4EAT
25340C IF THE TANK AND THE FAN SYSTEM ARE NOT IN A HEATE) SPACE.
25350C
25360 IF(OHL .GT. ZERO)OCONDI z SIZEl
25370 ONEEDW a OHW/(ONE + (ONE - XPER) * PUMW/(OCONDI +
25380 1 (ONE - XPER) * PUMW))
25390 TFW z ONEEDW/(OCONDI + (ONE - XPER) * PUMW)
25400 ONEEDS a (HEATMB - BASEI + TLOSA - OPAN - TFW * XPER * (
25410 I PUME + PUMW))/
25420 1 (ONE + (FANH + PUME * XPER)/(SIZEI + FANH + XPER *
25430 1 PUME))
25440 TFS a ONEEOS/(SIZEI + FANH + XPER * PUME)
25450 TF _ TFS + TFW
25460C
25470C ENERGY OUT OF THE TANK IS...
25480C
25490 IF(ONEEDS ,GT. ZERO .AND. OHL .GT. ZERO)COPI = COP
25500 OPE a PUME * TF * (ONE * XPER)
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25510 OOUT = ONEEOW * (ONE - ONE/COPI) + ONEEDS * (ONE - ONE/COP)
25520 IF (UHL .LE. ZERO) GOUT = ONEFOw * (ONE - ONE/C(PlI
25550 IF (ONEEDS .LE. ZERO) OOUIT = UNEEDA * (ONE - ONE/CnPI)
25540 IF (ONEEDS .LE. ZERO) OPE = PUME * TFN * (ONE - XPER)
25550 IF (GOUT .LE. ZERO) OPE s ZERO
25560 TONS =TQNS+UNEEOS
25570 TONW =TONn+QNEEDW
25580C
25590C THE TOTAL COOLING LOAD FOR THE HOUR IS...
25600C
25610 COOL = OC
25620C
25630C IF THERE IS NO BASEMENT, THE TOTAL COOLING LOAD IS...
25640C
25650 COOLM8 3 COOL - BASLOD
25660C
25670C THE ADJUSTED HASEMENT LOAD AS A FUNCTION OF THE REPLACEC
25680C SURFACE AREA OF THE TANK IS...
25690C
25700 8ASE2 = BASLOD * (ONE - SURFn/AWALBG)
25710C
25720C THE ACTUAL COOLING DEMAND ACCOUNTING FOR THE CORRECTED BASEMENT
25730C SURFACE AREA, THE ADDED FAN HEAT, AND THE HEAT FLO FROM THE
25740C BASEMENT IS ONEED. ONEED IS EDUAL TO COOLIIF THE TANK AND
25750C THE FAN SYSTEM ARE NOT IN A HEATED SPACE.
25760C
25770 RATI x (T - TTANK)/(TZONES - THRTWO)
25780 ONEED = (COOLMB + BASE2 - TLOSA + OPAN + TFX * XPER *
25790 1 (PUME + PUMW))/(ONE - (FANC + XPER * PLMC)/(RAT1
25800 1 * SIZE2))
25810 TF = UNEED/(RATI * SIZE2)
25820C
25830C ENERGY INTO THE TANK FROM COOLING IS...
25840C
25850 OPC = PUMC * TF * (ONE - XPER)

25860 QIN : ONEED
25870 IF (OC *LE. ZERO) DIN z ZERO
25880 IF (OIN .LE. ZERO) OIN s ZERO
25890 IF (QIN ,LE. ZERO) OPC 5 ZERO
25900 TON TOQN+UNEED
25910C
25920C DETERMINE TANK TEMPURATURE OR AMOUNT OF ICE IN TANK.
25930C
25940 OELE = OPCC + OPC + OPE
25950 Q a ZERO
25960 OI = ZERO
25970 IF (CUFT .GT, ZERO) GO TO 120
25980 TOLD = TTANK
25990 40 CONTINUE
26000 TTANK a TTANK + ONE/(SIX2Pa * (ONE-PF) * VOLULME + F7P24 *
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h6010 I PF * VOLUME) * ('rlN
26020 1 O(UT - fLOSS + OCOLL - GI + QELE)
26030 IF(TTANK .Gr. SEVFIV) TTANK = SEVFIV
26040 IF(TTANK .LE, THRrWO) O = (SIX;P4 * (ONE-PF) * VOLUME +
26050 1 F7P24 * PF * VOLUME) * (TOLD - THRTriO)
26060 IF (TTANK .GT. THRTkO) GO TO 60
26070 120 TTANK = THRTWO
26080 CVOLD = CUFT
26090 CUFT - CUFT + (QOUT - OIN - TLOSS - QCOLLi- 3 - OELE) *
26100 1 OPEM4.
2b110 IF (CUFT .GT. ZERO) GO TO 50
26120 QI = CVOLD/OPEM4
26130 CUFT z ZERO
26140 GO TO 40
26150 50 CONTINUE
26160 IF (CUFT .GT. PCUFT) PCUFT a CUFT
26170 IF (PCUFT .GT. PF * VOLUME .AND. CUFT .GE. PCIIFT) ICHECK c I
26180 IF (PCUFT .GT. PF * VOLUME .AND. CUFT .GE. PCUFT) ICHECI = J
26190 60 CONTINUE
26200 70 CONTINUE
26210 80 CONTINUE
26220 REWINO(8)
26230 REWIN(10O)
26240 IF (IEND .NE. NOAYS) GO TO 100
26250 IBEGIN a 1
26260 IEND = IFIX(BC - ONE)
26270 GO TO 30
26280 100 CONTINUE
26290 WRITE(9,912)T(NS,TONWTONTOITTANK
26300 912 FORMAT(IX,5(F15.2,4X))
26310 RETURN
26320C
26330C LAST CARD OF SUBROUTINE SIZES.
26340C
26350 END
26360 SUBROUTINE WWHP(TWIETWICOCONDItOEVAPIHPl,COP1)
26370C
26380C*** ****************************************************************
26390C
26400C THIS SUBROUTJNE PREDICTS THE PERFORMANCE OF A NATER TO WATER HEAT
26410C PUMP AS A FUNCTION OF THE EVAPORATOR ANO CONDENSER INLET TEMP-
26420C ERATURE.
26430C
26440C PROJECTI ACES
26450C
26460C DEVELOPED BY HONEYWELL
26470C
26480C CREATION DATE 9/6/78
26490C
2h500C**********************************************************************
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26510C
2h520 COMMON /PASS/KAnxHE IfHTPFIITA JKA,.TAJNKW,IJwAL, rTT\(<, AVFr TELA,
26530 1 TOHL H , TOHWHft, rTLDHo , TrLfCt , TOICC', T'Jr i HS, r(JHLHs,
26540 I THLnCS,THLOHS,TQCCS, A^A.HG,TIME, iC, , OP,TCCSTHLHS,
26550 1 THLHW,TCCw,T(I NC',C TOINCSPCT,DMIN'ilI,)MIM32,fnMINHl.,CPRVT,
26560 1 CPRVw,TAMBAAkEACCK,C,FF,PUJP,PUME,PtJMC,PLwFANH,FANC,
26570 1 NDAYSXPERSCALE, INAAHB
26580 REAL KADX
26590 LOGICAL IN
26600 DATA ONE/l./,ONET23/1023./,THRTDn/32./,SIXFT/6500O./,THlNI)/300O/,
26610 I Poo(q7/.o0007/,P7612/.7612/,T9P23/29.23/,EIrHTY/PO./,
26620 I F569/4569./,T523/2523./,SIX2P5/62.5/, T.P5/12.5/,PI/3.41i/,
26630 1 T545/2545./
26640C
26650 EET = TwIE
26660 ECT = TwIC
26670 BTIJ = ONET23 * (EET - THRTwO) + SIXFT - THUNO * ECT
26680 Y a T9P23 * (ECT - EIGHTY) * F569
26690 XM = (Y- T523)/SIX2P5
26700 WATTS = X4 * (EET - TiP5) + T523
26710 COPI = BTU/(WATTS * PI) + FF
26720 OCONDI a BTU * SCALE
26730 BTUM a QCONOI/COPI
26740 QEVAP1 z QCONDI - BTUM
26750 HPI = BTUM/T545
26760 RETURN
26770C
26780C LAST CARD OF SUBROUTINE WWHP
26790C
26800 END
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*** ******** *********************************************************

**** ** ** **** ***t* *****

* * * * * * * *

**** **** *** **** * * * * **** ****

* * * **** *** *

* * * * * * *
**** **** * ****** *

* ********************************************************************************

* ******** ***** ***** ***** **** ***** ******** ***********************

mc 3 0 .. DATE 08.31s79 TIME 11.776 ID E El GCS-AJ
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SIMMOD
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SNUMB = 3897T XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXYXXXX
XXXXXXXKKKxxXXXXXxKXXXXKXrX~XXXXKXKXKXXXKKxKXXXKxxKxxxXxxxxxxxxxXxxxxxxxxx

XX X X XXXX XXXX XXXXX XXXX
X X X X X X X

XXX XXXX X X X X
X X X XXXX X X

X X X X X X X

XXXX XXXX X X X

XXXXXXXXKKXXXXXXXXXXXK XXXXXXX XXXXXXXXXKKXKXXXXxxxxxxXXxtxXxxxxXXxYxXXXxxYxxXxx
KxxxxKXXXXX XXXxxxxxxxxxxKKXXXKXXxxxXXxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxX

SS 3897T ENTERED GCS-AJ AT 11.513 FAOM SYSTEM-0 TSS/S 0-08-16

0001 S SNUM8 3897T
0002 S COMMENT F00648 TSS MEDIA CONVERSION
0003 * IDENT F00b48-ACES
0004 SS USERIO F006485
0005 AS CONVER
0006 S LIMITS ,,,50000
0007 S SYSOUT OT,EI
0008 S MULTI 1-1
0009 * DATA IN,,COPY,ENDFC
0010 S ENOCOPY IN
0011 S ENOJOB

TOTAL CARD COUNT THIS JOB a 001717

* ACTY-01 SCARO #0005 CONVER 08/31/79 SWO000000000000
BMC-TTL DATE 771205

S MULTI 1-I
FILE #000001 TOT 001706 INPUT
INPUT COUNT 001706 OUTPUT COUNT 001706

BLOCKS SKIPPED 000000 IGNORE COUNT 000000
* NORMAL TERMINATION AT 001544 Ic2060 SWz000000000000

START 11.533 LINES 1705 PROC 0.0003 I/O 0.001 IU 5 MEMORY 8K
STOP 11.551 LIMIT 50000 LIMIT 0,2000 LIMIT CU 5 M*T 140
SWAP 0.014
LAPSE 0.018 FC D TYPE BUSY IP/AT FP/RT IS/#C MS/#E ADDRESS TP/PK#

MC R M3U45* 0 * 2 0- 1 I H-01
IN R MSU450 * 924 0 42 42 42 O-On-Ol
OT SYOUT
Pt SYOUT

RC-00 1705 LINES AT STA. El

ACTIVITY 01 CnST=$ O0.b
*CUMULATIVE CUSTS= 0.63
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10000C*******************************************************************
10010C
10020C SIMULATION PROGRAM FUR RESIDENTIAL ACES

10030C
10040C THIS PROGRAM HAS BEEN DESIGNED TO SIMULATE THE RESI3ENTIAL

10050C SINGLE OR MULTI-FAMILY ACES OVER THE YEARLY CYCLE. BASED

10060C ON THE USER SPECIFIED OPTION THIS PROGRAM CAN ALSO SIMULATE

10070C FOUR CONVENTIONAL SYSTEMSi
10080C
10090C 1. ELECTRIC HOT WATER, HEATING, AND COOLiING

IOOOC 2. HEATPUMP HEATING, AND COOLING - ELECTRIC HOT WATER

10110C 3. OIL HEATING - ELECTRIC COOLING, AND HOT nATER

10120C 4. GAS HEATING, AND HOT WATER - ELECTRIC COOLING

10130C
10140C THE OUTPUT OF THIS PROGRAM IS THE HOURLY GAS, OIL, AND

10150C ELECTRIC USAGE (IN BTU'S) FOR THE DESIRED SYSTEM. THIS

10160C PROGRAM IS ONE OF FOUR DISTINCT MODULES. THEY ARES

10170C
10180C 1. LOADS PROGRAM
10190C 2. DESIGN PROGRAM
10200C 3. SIMULATION PROGRAM
10210C 4. ECONOMIC ANALYSIS PROGRAM

10220C
10230C THIS PROGRAM ALSO HAS THE CAPABILITY OF SIMULATING THE ACES

10240C SYSTEM THAT UTILIZES A DUAL SOURCE EVAPORATOR.

10250C
10260C PROJECT ACES
10270C
10280C DEVELOPED BY HONEYWELL
10290C
10300C CREATION DATE 9/10/78

31310C
10320C*****************************
10330 COMMON /PASS/ A(200),SIZE,SIZE2,FANCFM,FANCMH,FANCME,SCALE,OHL,
10340 1 OHW,QC,QINCI,BASLOD,XTEMP,TWELL(12),TO,T,COP,FANOIL,FANGAS,
10350 1 KAOX,HEIGHT,PF,UTANKA,UTANKW,UWAL,TTANK,BC,BH,PCT,CPRVT,FANC,
10360 1 CPRVW,AREAC,CK,CFF,PUMP,PUME,PUJMC,PUMW,NDAYSXPERIN,AABB
10370 I SIDE,PANUM,CUTOFF,VEL,I,FANH,J.TOTHET,TOHLH',TOHMHW,TUCCW,
10380 I TOHLHS,TQHWHS CC,TCCS,TOTCOL,IMONTH,VOLUMEE,SZEE,FANE,ISTRIP
10390 COMMON /WEATHR/DB(24),DP(24),WB(24),WS(24),PB'(24),TC(24),TOC(2

4 ),

10400 I WET(24),DRY(24),IYEARIDUMIDOUM2,ICITY
10410 COMMON /ZAPI/ZAP,PEK,PQBU1
10420 REAL KADX
10430 LOGICAL IN,FIRST
10440 DATA TWO/2.0/,ONE/I.O/,ZERO/0.O/,TBHUN/2800./,P005/O.005/
10450 DATA POI/O.OI/,HUN/100./,ETHUN/1800./,OPS35/1 .35/,P7375/0.7375/
10460 DATA TWELL/45.,42.,40.,39.,41.,45.,51.,55.,57.,57.,55.,50./
10470 DATA P84/4/.8,OOS/105./
10480C
10490C READ INPUT FILES
1050'0C
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10510 CALL DINPUT
10520C
10530C INITIALIZE VARIABLES
10540C
10550 THOTr = 005
10560 TZONEW = A(88)
10570 TZONES = A(89)
10580 TOSAW = A(82)
10590 TOSAS I A(83)
10600 AWALBG = A(b5)
10610 KADX = A(28)/TWO
10620 UWALBG = A(56)
10630 HrAL8G a A(12)
10640 UTANKT A A(139)
10650 HEIGHT a A(140)
10660 PF 5 A(141)
10670 PCT 5 A(142)
10680 UWAL = ONE/CONE/UWALBG . ONE/HWALBG)
10690 NOAYS z A(8)
10700 UTANKA = UTANKT
10710 UTANKB a A(21)
10720 UTANKW a UTANKB
10730 CPRVT = A(143)
10740 CPRVW a A(144)
10750 TTANK = A(146)
10760 CUTOFF = A(99)
10770 CK a A(147)
10780 C = A(148)
10790 TAMBA a A(149)
10800 AREAC 3 A(150)
10810 FF 3 A(22)
10820 XPER a A(29)
10830 SET2 a A(23)
10840 ISTRIP a IFIX(A(105))
10850 IN a .FALSE.
10860 IF(SET2 .GT. ZERO) IN = .TRUE.
10870 ICONV a IFIX(A(15))
10880 AA a A(31)
10890 8B a A(38)
10900 AA a AA * A(102)
10910 IBLOGT 5 IFIX(A(196))
10920 SIDE 5 SIDE
10930 PANUM = PANUM
1.0940 SCALE = ONE
10950 QC = ONE
10960 QHL = ZERO
10970 FLAGI = ZERO
10980 IF(CUTOFF .GT. TZONEW) FLAGI = ONE

10990 FLAG2 = ZERO
11000 IF(AA .LE. ZERU) FLAG2 = ONE
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11010 IF(AA .LE. ZERO .AND. CK .LT. P84) FLAG2 = T3

11020 ELEBU = ZERO
11030 TELEBU = ZERO
11040 FIRST a .TRUE.
11050C
11060C SIZE FAN FOR AIR TO AIR SYSTEM

11070C
11080 IF(ICONV .LE. O) GO TO 5

11090 SCALE a ONE
11100 CALL ATAHP(TOSASTZONES,QCOND,OEVAP,HPALIXlAUX2)
11110 SCALE z SIZE2/QEVAP
11120 18 a IFIX((SCALE - ONE)*T8HUN*POI)

11130 FANCME a FLOAT((I8 + 1) + T8HUN*PO1)*HUN

11140 I8 s'IFIX((SCALE - ONE)*ETHUN*PO1)

11150 FANCMH a FLOAT((I8 * 1) * ETHUN*POI)*HUN
11160 GO TO 8
1170C
III80C SIZE FAN FOR WATER TO AIR SYSTEM
1 190C
11200 5 SCALE z ONE
11210 CALL WWHP(TTANK,THOTW,OCOND1,OEVAPI,HPI,COPI)
11220 CALL WAHP(TTANK,TZONEW,OCOND,OEVAP,HP)
11230 SCALE = SIZE/UCOND
11240 SCALEO = SCALE
11250 .I8 IFIX((SCALE - ONE)*ETHUN*POI)

11260 FANCMH i FLOAT.(IB * 1) + ETHUN*P01)*HUN
11270 IB s IFIX((SCALE - ONE) * T8HUN * P01)

11280 FANCME m FLOAT((IB + ONE) * T8HUN * POI) * HUN

11290 TOTHET x TOHLHW * (ONE - ONE/COP) + TGHHHW * (OME - ONE/COPI)

11300 TOTCOL a TOCCS - (TOHLHS * (ONE - ONE/COP) + T3HNHS * (ONE

11310 1 - ONE/COPI))
11320C
11330C SIZE FAN FOR DUAL SOURCE SYSTEM
11340C
11350C IF(CUTOFF .GT. TZONEW) GO TO 8

11360C SCALEI a (TZONEW - CUTOFF)/(TZONEW * TOSAW)

11370C SCALE s ONE
11380C OHL a ONE
11390C OC . ZERO
11400C CALL ATAHP(CUTOFF,TZONEWOCONEWCO EVAPHPAUXIAUX2)

11410C SCALE a SCALEI*SIZE/QCONO
11420C IF(SCALE .LT. SCALEO) SCALE = SCALEO
11430C IF(SCALE .LE. SCALEO) GO TO 8
11440C IB * IFIX((SCALE - ONE)*T8HUN*POI)

11450C FANCME a FLOAT((IB + 1) * T8HUN*POI)*HUN
114b0C 18 = IFIX((SCALE - ONE) * ETHIJN * PO1)
11470C FANCMH a FLOAT((IB + 1) * ETHUN*POI)*HUN
11480C
11490 8 CONTINUE
11500C
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11510 FANC = FANCFM*OP365
11520 FANH = FANCMH*OP365
11530 FANE = FANCME*P7375
11540 FANOIL = A(103) * 0P365
11550 FANGAS a A(104) * OP365
11560 P11MW A(lb)
11570 PUMP : A(25)
11580 PUME = A(26)
11590 PUMC = A(27)
1160bC
11610C SIZE AUXILLARY HEAT FOR AIRSOURCE ACES
11620C
11630 POBUI = ZERO
11640 QC = ZERO
11650 OHL = ONE
11660 IF(CUTOFF .GT. TZONEW ,OR. ICONV .GT. 0) GO TO 9
11670 CALL ATAHP(CUTOFFTZONEW,QCOND,QEVAP,HP,AXI ,AUX2)
11680 POBUI a SIZE w OCOND
11690 IF(POBUI ,LT. ZERO)PORU1 = ZERO
11700 9 CONTINUE
11710C
11720 FIRST a .TRUE,
11730 Z1IB
11740 WRITE(1I + ICONV) IBLOGT
11750 IF(ICONV .EO. O)WRITE(14)SIZEE,VOLUMEE,SCALE,FLAG1,:LAG2
11760 tRITE(14 + ICONV)BH
11770C
11780C START SIMULATION AT THE BEGINNING OF THE HEATING SEASON
11790C
11800 REWIND(8)
11810 RENIND(1O)
11820 IBHMI 2 IFIX(BH - ONE)
11830 IBEGIN z IFIX(BH)
11840 IEND = NDAYS
11850C
11860C POSITION TAPES
11870C
11880 00 10 Il1,IBHMI
11890 READ(8) DB,DP,WB,WS,PB,TC,TOC,WET,DRY,IDUI,IDU2,IOUJ3,IOU
11900 DO 20 K=1,24
11910 REAO(I0) OHW,OHWQ,OCINCI,BASLOD,XTEMP
11920 20 CONTINUE
11930 10 CONTINUE
11940C
11950C START SIMULATION
11960C
11970 70 CONTINUE
11980 no 30 I=IHEGIN,IENo
11990 READ(8) OH,DP,WB,WS,PH,TC,TOC,rIET,I)RY,IYEA4,IOI 1l, IfI)lM2,
12000 1 ICITY
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12010 IMONTH = IDUMI
12020 DO 40 J=l,24
12030 READ(10) QHL,OHW,OCQ,INCI,HASLOD,XTEMP
12040 TO = DB(J)
12050 VEL a WS(J)
12060 T a XTEMP
12070C
12080C IF NOT ACES CALL CONVENTIONAL SYSTEM SUBROUTINES
12090C
12100 IF(ICONV .EO. 1) CALL CONVI(GAS,OIL,ELE,PEAK)
12110 IF(ICONV .EQ. 2) CALL CONV2(GAS,OIL,ELE,PEAK)
12120 IF(ICONV .EO. 3) CALL CONV3(GAS,OIL,.ELE,PEAK)
12130 IF(ICONV .EO. 4) CALL CONV4(GAS,OIL,ELE,PPAK)
12140 IF(ICONV .GT. 0) GO TO 50
12150C
12160C IF ACES SYSTEM CALL SUBROUTINE ACES
12170C
12180 CALL ACES(FIRSTGAS,OIL,ELEELEBIJ,PEAK)
12190C
12200 50 CONTINUE
1221 C
12220 IF(IBLDGT .LT. 2) PEAK S ZERO
12230 WRITE(14 * ICONV) GAS,OIL,ELEPEAK
12240 TOHL a TOHL * OHL
12250 TOHW a TQHW + QHW
12260 TOC c TOC + OC
1I270 GAST a GAST + GAS
12280 OILT 5 OILT + OIL
12290 ELET a ELET * ELE
12300 TELEBU a TELEBU + ELEBU
12310 40 CONTINUE
12320 30 CONTINUE
12330 REWIND(8)
12340 REWINO(10)
12350 IF(IEND .NE. NDAYS) GO TO 60
12360 IBEGIN a I
12370 IEND a IBHMI
12380 GO TO 70
12390 60 CONTINUE
12400 FLAG3 = ZERO
12410 IF(TELEBU .GT. ONE) FLAG3 a ONE
12420 WRITE(14 * ICONV)FLAG3
12430 WRITE(9,120)
12440 120 FORMAT(IHI)
12450 IF(ICONV .GT. 0) GO TO 1001
12460 ARITE9q,901)
12470 901 FORMAT(//////////,45X,'ANNUAL ENERGY USAGE OF THE ACES ')
12480 GO TO 1002
12490 1001 WRITE(9,902) ICONV
12500 902 FORMAT(//////////,45X,ANNUAL ENERGY USAGE OF CONVENTIONAL',
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12510 1' SYSTEM',lX,I1,IX)
12520 1002 CONTINUE
12530 WRITE(9,1 2 1 )TUHLTQHWTIJCGASTOILTELET,TELE3UPEKSCALE
12540 121 FORMAT(/////,IX,'THE TOTAL HEATING LOAD EQUALS ',F13.2,2X,'RTUS'
12550 1,9X,'THE TOTAL HOT WATER LOAD EOUALS',F13.2,2X ,tHTtJSI,///,1iX ,TH
12560 2,' TOTAL COOLING LOAD EOUALS',Fl3.2,2Xat'TOS',9X,'THE YEARLY HTUS'
12570 3.' SUPPLIED BY THE GAS SYSTEM AREF1l3.2///,/lXlTHE YEARLY TBIS'
12580 4,' SUPPLIED BY THE OIL SYSTEM ARE',F13.2,2X,'THE YEARLY BTUS SUP',
12590 5'PLIED BY THE ELECTRIC SYSTEM ARE',FI3.2,///,lX,'TH -lTOTAL BACKUP'
12600 6.' ELECTRICITY NEEDED IN BTUS IS',F13.2,9X,'THE DAY THAT ICE WOU t

12610 7,'LD PEAK IN THE TANK IS',FI3.2,///,IX,'THE HEAT PUOP SCALE FACTO'
12620 8,'R IS',F13,2)
12b30 STOP
12640 ENO
12650 SUBROUTINE DINPUT
12660C
l2670Citi*****ttstrt ***tt********t**tt*************
12680C
12b90C THIS SUBROUTINE REWINDS TAPES, READS IN TAPE FROM T4E LOADS
12700C PROGRAM, AND THE FOLLOWING INFORMATION FROM TAPE 5S
12710C 1. TITLE
12720C 2. INPUT PARAMETERS
12730C 3. WELL WATER TEMPERATURES
12740C
12750C PROJECTt ACES
12760C
12770C DEVELOPED BY HONEYWELL'
12780C
12790C CREATION DATE: 8/23/78
12800C

12810C ***********»********a**
12820C
12830C
12840 COMMON /PASS/ A(200) SIZESIZE2FANCFANCMFANCMHFANCE,SCALEHL
12850 1 O HW'QCQINCIBASLOD,XTEMP,TWELL(12),TO,T,:DP ANOILFANGAS,
12860 1 KADXHEIGHTPFUTANKAUTANKW,IJWALTTANKBCBH.PCTCPRVTFANC,
12870 1 CPRVWtAREAC.CK.CFFPUMPPUMEPULMCPUMWNDAYSXPERINAASBB
12880 1 SIOEPANUM.CUTOFFVEL.IAFANHJ,TOTHETTOHLdIW.TgHHWTOCCW,
12890 1 TQHLHSTOQHWHS,TOCCS,TOTCOL,IMONTH,VOLUMEESIZ:E,FANE,ISTRIP
12900 COMMON /ZAPI/ZAP,PEKPQBUI
12910 COMMON /OESH/HEATD
12920 REAL KADX
12930 LOGICAL IN,FIRST
12940C
12950 DIMENSION LAdEL(10),MARGIN(IO)
12960 CHARACTER LABEL*6,MARGIN*6
12970 DATA ZERO/0.0/,ONE/1.O/,TWO/2-.0/,PI/0.l/
12980C
12990 REWIND (8)
13000 REwINI)(O)
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13010 MAXA = 0
13020 READ(5,500) MARGIN
13030 WRITE(9,1000) MARGIN
13040 100 CONTINUE
13050 READ(5,2000) NOUMLAHEL
13060 IF (N ,LE. 0) GO TO 200

13070 IF (N .GT. MAXA) MAXA a N

13080 A(N) w DUM
13090 WRITE(9,3000) N,A(N),LABEL
13100 GO TO 100
13110 200 CONTINUE
13120 WRITE(9,9l3) TWELL

13130 REAO(11)FANCFCFM,FNCFMI,SIZESIZE2,HEATD
13140 WRITE(9,21l)
13150 211 FORMAT(IX,' FANCFM FANCFM1 SIZEI

13b60 ISIZE2 HEATD')
13170 WRITE(9,221)FANCFHMFNCFHMISIZE.SIZE2EHEATO
13180 212 FORMAT(V)
13190 READ(13)BCBHiSItE,SIZE2,SIDSIZ,TQHLHw,TQOHWHTOCCl,TQHLHS,
13200 1 TQHWHS.TGCCSVOLUMEE»SIZEE»ZAPPEK
13210 IF(A(06b) .GT. ZERO) SIO0 A(106)

13220 IF(A(107) .GT. ZERO) SIZ a A(107)

13230 SIDE a SID
13240 PANUM m SIZ/A(150)
13250 IF(PANUM .LT. PI) PANUM = ZERO

13260 VOLUMEE g FLOAT(IFIX(SIDE) + 1)**TWO * A(140)

13270 SIZEE a FLOAT(IFIX(PANIJM) 1) * A(150)

13280 IF(PANUM .LT. ONE) SIZEE a ZERO

13290 WRITE(9,212)BCBHSIZESIZE2,SIDSIZtPANUMVO-U4EESIZEE
13300 RETURN
13310 500 FORMAT(13Ab)
13320 1000 FORMAT(IHI,17H INPUT PARAMETERS,4X,13Ab//)
13330 2000 FORMAT(ISF15.5,10A6)
13340 3000 FORMAT(3H A(,I3,1H),G15.5,,3XOAb)
13350 913 FORMAT(2X,22HWELL WATER TEMPERATJRE,2X,12F8.3)
13360C
13370C LAST CARD OF SUBROUTINE DINPUT.
13380C
13390 END
13400 SUBROUTINE WAHP(TWI*TAIOCOND,QEVAP,HP)
13410C
13420C*****a aaa** ***^********** **a**a*a
13430C
13440C THIS SUBROUTINE PREDICTS THE PERFORMANCE OF A WATER TO AIR HEAT

13450C PUMP AS A FUNCTION OF THE EVAPORATOR AND CONDENSER INLET TEMP-

13460C ERATURE.
13470C
13480C PROJECTS ACES
13490C
13500C DEVELOPED BY HONEYWELL
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1 1 O C
13520C CREATION DATE 9/6/78
13530C
15 '40C******* **********************************************************
13550C
13560 COMMON /PASS/ A(200),SIZESIZE2,FANCFM.FANC-1H,FAJC1EF,SCALE,OHL,
13570 1 OHW,(JC,OINCI,tASLUOXTEMP,TAELL(l2) ,T), r ,:P,-A^OTI.,FANGAS,
13580 1 KADXHEIGHTPFITANKAUTANK ,tJUAL, TTANKHC»8H, PCTCPRVT,FANC,
13590 1 CPVW, AREACCKC FFPUMP, PUMEPIIMCPUMWIN )AYSwX2ERIN,AA, H,
13600 1 SIDEPANUM,CUTOFFVEL, I,FANH,JT)THETTOHL^W T)HNHW#,TCCW,
13610 1 TQHLHS,TOHWHSTnCCS,TOTCOL,IMONTH,VOLUMEESIZEE,FANE,1STRIP

13620 COMMON /wEATHR/DH(24),DP(24),»B(24), S(24)PB(24),TC(24),ToC(24),
13630 1 WET(24),DRY(24),IYEARIDUMDIOUM2,ICITY
13640 REAL KAOX
13650 LOGICAL IN
13660 DATA ONE/I./,ONET23/1023./,THRTWO/32./,SIXFT/65000./,THUND/300./,
13670 1 P00155/.00155/,P7336/.7336/,T/293/29.23/,EIGHTY/80./,
13680 1 F569/4569./,T523/2523./,SIX2P5/62.5/,TWP5/12.5/.PI/3.414/,
13690 1 T545/2545./,P00159/.00159/,P6875/.6875/
13700C
13710 EET = TWI
13720 ECT = TAI
13730 BTU a ONET23 * (EET - THRTWO) + SIXFT - THUND * E^T
13740 Y a T9P23 * (ECT - EIGHTY) + F569
13750 XM ,(Y - T523)/SIX2P5
13760 WATTS a XM * (EET - TwP5) + T523
13770 COP S 8TU/(WATTS * PI) * FF
13780 IJCOND z HTU
13790 HTUM · QCONO/COP
13800 JEVAP a OCOND - HTUM
13810 QCOND = OCUND * (P00155 * FET + P7336) * SCALE
13820 OEVAP a UEVAP * (P00159 * EET + P6875) * SCALE
13830 OMOT n OCOND * OEVAP
13840 COP OUCOND/OMOT
13850 HP a OMOT/T545
13860 RETURN
13870C
13880C LAST CARD OF SUBROUTINE WAHP.
13890C
13900 ENO
13910 SUBROUTINE WWHP(TWIETWIC,OCUNDI,OEVAPHPIHP,COPI)
13920C
13930C***********************************************************
13940C
13950C THIS SUBROUTINE PREDICTS THE PERFOR1ANCE OF A HATER TO WATER HEAT
13960C PUMP AS A FUNCTION OF THE EVAPORATOR ANI CONDENSER INLET TEMP-
13970C ERATURE.
13980C
13990C PROJECT: ACES
14000C
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14010C DEVELOPED BY HONEYWELL
14020C
14030C CREATION DATE 9/6/78
14040C
i40SOCa*a**** a*** **a*a***************** a***a************h*aa*aaaaaaaaa
14060C
14070 COMMON /PASS/ A(200) SIZE,SIZE2,FANCFM,FANCMH,FANCMF,SCAIE,DIHL,
14080 1 QHWQC,UINCIHASLOD,XTEMPTWELL(12),TO,T,COP,FAN3IL,FANGAS,
14090 1 KAOX,HEIGHT,PF,UTANKA,UTANKW,UWAL,TTANK,BC,BH,PCTCPRVT,FANC,
14100 1 CPRVW,AREAC,CKCFF,PUMPPUME,PUMC,PIJM,ONDAYS,XPER,IN,AA,HH,
14110 1 SIOE,PANUM,CUTOFF,VEL,I,FANH,JTOTHETTQHLH.,TQH1HW,TQCCW,
14120 1 TUHLHS,TOHWHS,TOCCS,TOTCOL,IAONTH,V(OLUMEE,SIZEE,FANE,ISTRIP
14130 COMMON /wEATHR/OD(24)OP(24),WB(24),wS(24),PB(24),TC(24),TOC(24),
14140 1 WET(24),ORY(24),IYEAR,IDUM1,IOUM2,ICITY
14150 REAL KAOX
14160 LOGICAL IN
14170 DATA ONE/1./,ONET23/1023./,THRTWO/32./,SIXFT/55000./,THIIND/300./,
14180 1 P00097/.00097/,P7612/.7612/,T9P23/29.23/,EIGHTY/RO./,
14190 1 F569/4569./,T523/2523./,SIX2PS/62.5/,-ThP5/12.5/,PI/3.414/,
14200 1 T545/2545./
14210C
14220 EET s TwIE
14230 ECT a TWIC
14240 BTU · ONET23 * (EET - THRTWU) + SIXFT - THUND * ECT
14250 Y a T9P23 * (ECT - EIGHTY) * F569
14260 XM ·(Y- T523)/SIX2P5
14270 WATTS a XM * (EET - TWPS) + T523
14280 COPI BTU/(WATTS * PI) * FF
14290 OCONOI a BTU * SCALE
14300 HTUM a OCOND1/COPI
14310 OEVAPI a QCONO1 - BTUM
14320 HPI a BTUM/T545
14330 RETURN
14340C
14350C LAST CARD OF SUBROUTINE WWHP
14360C
14370 ENO
14380 SUBROUTINE ATAHP(TAETACOCONOQEVAP,HPAUXIAUX2)
14390C
14400C*********************************************************************
14410C
14420C THIS SUBROUTINE PREDICTS THE PERFORMANCE OF A AIR TO AIR HEAT
14430C PUMP AS A FUNCTION OF THE EVAPORATOR AND CONDONSER INLET TEMP-
14440C ERATURE.
14450C
14460C PROJECT: ACES
14470C
14480C OEVELOPED BY HONEYWELL
14490C
14500C CREATION DATE 9/6/78
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14510C
145Z0C**********************************************************************

14530C
14540 COMMON /PASS/ A(200) ,SIZE,SIZE2,FANCFM,FANCMt-,FANC E, SCALE OHL,
14550 1 UH ,OC,TiNCI,HASLOODXTEMP,TYELL(12),TO,T,:DP,-A OIL,FANrAS,
14560 1 KADX,HEI(HT,PF,IJTANKA,LITANKW,UWAL, TANK,BC,aH,PCT,CPRVT,FANC,
14570 1 CPWvw,AREAC,CK,CFF,PLIMP,PIME,PIMC,PUMM,N)AY S, XER,INAA,HB,
14580 1 SIDE,PANUM,CUTOFFVELIFANHJ,TOIHETTJHLM,T;)H^HWTOCCV,
14590 I TQHLHS,TOHWHS,TOCCS,TOTCOL,IMONTH,VOLUMEE,SIZ-E,FANE,ISTRIP
14600 COMMON /WEATHR/DB(24),I)P(24) ,W(24) ,S(24),PH(24),TC(24),TOC(24),
14610 1 WET(24),DRY(24),IYEARIDIJM1,IOUM2,ICITY
14620 REAL KAOX
14630 LOGICAL IN
14640 DATA ONE/I./,ONET/ ./,THRTWO/32./,SIXFT/65000./,THUN/300./,
14650 1 POOo09/.00097/,P7612/.7612/,T9P23/29.23/,EIGHTY/80./,
14660 1 F569/4569./,T523/2523./,SIX2P5/62.5/,TOP5/12.5/,PI/3.414/,
14670 1 T545/2545./,0P0429/1.0429/,PO039/.0039/,P9774/.9774/,P0040
14680 1 /.0040/,ZERO/0.0/,P038/.038/,SP0593/7.0593/,TP61/3.61/
14690 1 ,OP25/1.25/,TWNFDR/24.U/,E68/868./,EL20/112O./,
14700 I P8172/.8172/,POOO47/.000147/,P?872/.7872/,P000267/.000267/
14710 1 ,FTP683/14.h83/,P5566/.5566/,THOJ/100.0./,TP6091/2.6091
14720 1 /,P0214/.0214/,S3P36/63.36/,P2493/.2493/,SP9815/
14730 1 6.9875/,P0415/.0415/
14740C
14750 EET a TAE
14760 ECT = TAC
14770 IF((C .GT. ZERO) EET a TAC
14780 IF(QC .GT. ZERO) ECT · TAE
14790C
14800C IN HEATING MODE
14810C
14820 IF(OHL .LE. ZERO) GO TO 10
14830 OCONO a (FTP683 + P5566 * EET) * THOU * SCALE
14840 COP a TPO091 + P0214 * EET
14850 OMOT c OCOND/COP
14860 QEVAP OQCOND - QMOT
14870 HP a OMOT/T545
14880C
14890C DEFROST
14900C
14910 T1 2 DP(J)
14920 T2 a TAE
14930 PV a PVSF(T1)
14940 PG a PVSF(T2)
14950 RH a PV/PG
14960 IF(RH .LT. ZERO) RH = ZERO
14970 IF(RH .GT. ONE) RH = ONE
14980 DMAX a P038 * EXP(SP0593 * RH)
14990 Til 5 TP61 * EXP(OP25 * RH)
15000 DEFPH = DMAX/TWNFOR*(ONE - ONE/TII * ABS(THRTW3 - TAE))
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15010 IF(OEFPH ,LT. ZERO) DEFPH = ZERO
15020 AUX1 = L68 * OEFPH * SCALE
15030 AIJX2 = EL20 * DEFPH * SCALE
15040 GO TO 20
15050C
15060C IN COOLING MODE
15070C
15080 10 CONTINUE
15090 IF(UC ,LE. ZERO) GO TO 30
15100 QEVAP a (S3P3b - P2493 * ECT) * THOU * SCALE
15110 COP * SP9875 - P0415 * ECT
15120 OMOT = OEVAP/COP
15130 HP a OMOT/T515
15140 UCOND * 1MOT + OEVAP
15150 AUX1 : ZERO
15160 AUX2 m ZERO
15170 GO TO 20
15180C
15190C IN DEAD BAND
15200C
15210 30 CONTINUE
15220 OCOND = ZERO
15230 QEVAP s ZERO
15240 COP * ZERO
15250 AUX1 a ZERO
15260 AUX2 · ZERO
15270 HP · ZERO
15280 20 CONTINUE
15290 RETURN
15300C
15310C LAST CARD OF SUBROUTINE ATAHP
15320C
15330 END
15340 SUBROUTINE TANKLD(TLOSS,SURFWTLOSA,TEMP,FIRST)
15350C

15370C
15380C THIS SUBROUTINE WILL EVALUATE THE TOTAL TANK LOSS, THE BASEMENT WALL

15390C OR FLOOR AREA REPLACED BY THE TANK, A'D THE ENERGY TRANSFERRED
15400C TO OR FROM THE AMBIENT AIR.
15410C
15420C THE SUBROUTINE STATMENT IS
15430C
15440C SUBROUTINE TANKLD(SIDETLOSS,SLRFW,TLOSA,TEMPTO,FTRST)
15450C
1560C WHERE
15470C
15480C SIDE IS THE SIDE DIMENSION OF THE TANK.
15490C
15500C TLOSS IS THE TOTAL TANK LOSS.
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15510C
15520C SURFw IS THE HASEMENT SURFACE AREA THAT THE IAJK RPPLACES.

15530C
15540C TLOSA IS THE ENERGY LOSS FROM THE TANK TO THE 3ASEAENT.

15550C
15560C TEMP IS THE BASEMENT TEMPERATURE
15570C
15580C TO IS THE OUTSIDE TEMPERATURE
15590C
15600C FIRST IS A LOGICAL VARIABLE.
15610C
15620C PROJECT: ACES
15630C
15640C bEVELOPED BY HONEYWELL
15650C
15660C CREATION DATEt 8/25/78
15670C
15680 ********************************************************************
15690C
15700 COMMON /PASS/ A(200),,SIZ,IE2,FANCFM,FANCMH,FANCME,SCALE,QHL,
15710 I OHwOC,OINCI,BASLOD,XTEMP,TTELL(12),TOT,COPFANOIL,FANGAS,
15720 1 KADX,HEIGHT,PFUTANKA,UTANKt,UWAL,TTANK,8C,BH,PCT,CPRVTFANC,
15730 1 CPRVW,AREAC,CK,C,FF,PUMP,PUME,PUMC,PUMw,NDAYS,XPER,IN,AA,8B,
15740 1 SIDE,PANUM,CUTOFF,VEL,I,FANHJ,TOTHETTIJHLMW,ToQHHW,TOCC~,
15750 1 TQHLHS,TOQHHS,TOCCS,TOTCOL,IMONTH,VOLUMEE,SIZEE,FANE, ISTRIP

15760 COMMON /WEATHR/DB(24),OP(24),WH(24),WS(24),PB(24),TC(24),TOC(24),
15770 1 WET(24),DRY(24),IYEAR,IDUM1,IOUDM2,ICITY
15780 LOGICAL FIRST,IN
15790 REAL KAOX
15800 DATA ZERO/O./,TWO/2./,ONE/I./,ET3P6/83.6/
15810C
15820C INITIALIZATION ON FIRST PASS.
15830C
15840 IF *(.NOT. FIRST) GO TO 10
15850 AX z ZERO
15860 IF (PCT .GE. ONE) AX= ONE
15870 XK a ZERO
15880 IF (PCT .GT. ZERO) XK a ONE
15890 CPRVP : ET3Pb
15900 CPRV2 s CPRVT + CPRVP
15910 CPRV3 = CPRVI + CPRVP + CPRVw
15920 UTNK = UTANKA * XK
15930 UTNKI = TkO * UTNK
15940 ITNK2 UITNKI
15950 TEMPI = UNE/UTANKN + ONE/KAI)X
15960 UTNKn = ONE/(TEM1P + AX/UtAL)
15970 IITNKUDI TO) * UT\KD
15980 UTKU2 5 IJTNKDI
15990 JUNKWO = ONE/(TEMPI + XK/LIwAL)
16000 UTtKWDt = TrO * tlTNKwD
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16010 UTKWD2 2 UTKWUI
16020 TA = TEMP
16030 IF(.NOT. IN) TA z TO
16040 TTA a TTANK + (TA - TTANK)/TAO
16050 UD ONE/(nNJE/UTNKO * TWO/KADX)
16060 00 UD * (TTANK - TWELL(IMONTH))
16070 TTGI a TTANK - QD/UTNKDI
16080 TTG2 a TTG1 - OO/UTNKD2
16090 TTG3 a TTG2 - OD/KADX
16100 UWD a UNE/(ONE/UTNKWD + TWO/KADX)
16110 OwD a UWO * (TTANK - TWELL(IMONTH))
16120 TTGWI a TTANK - OWD/UTKWDI
16130 TTGW2 a TTGIl - QWD/UTKWD2
6I140 TTGW3 a TTGw2 - wOD/KADX
16150 TEMP2 a ONE/CPRVT
16160 TEMP3 a UTNKI + UTNK2
16170 TEMP4 a UNE/CPRV2
16180 TEMPS s UTNKDI * UTNKD2
16190 TEMP6 = ONE/CPRV3
16200 TEMP7 a UTKWD1 + UTKWD2
16210 TEMP8 a ONE/CPRVP
16220 TEMP9 a UTNKD2 + KAOX
16230 TEMP10 i TWO * KADX
16240 TEMP11 a UTKD02 + KADX
16250 TEMP12 = TEMP8 * KADX
16260 FIRST a .FALSE.
16270 10 CONTINUE
16280 TA a TEMP
16290 IF (.NOT. IN) TA a TO
16300C
16310C DETERMINE THE INTERNAL TANK SIZE ABOVE GROUND AND THE HEAT
16320C THAT IS TRANSFEREO TO OR FROM THE TANK.
16330C
16340 THTSD i TWO * HEIGHT * SIDE
16350 SIDESO = SIDE * SIDE
16360 TTA a TTA * (ONE - TEMP2 * TEMP3) + TEMP2 * (TTANK * UTNK1
16370 1 + TA * UTNK2)
16380 OLOST a (THTSO * PCT * SIDESO) * UTNK. * (,TTANK - TTA)
16390C
16400C DETERMINE THE INTERNAL NODE TEMPERATIRE BETWEEN THEITANK AND THE
16410C GROUND (NU BASEMENT SURFACE).
16420C
16430 TTGI a TTG1 * (ONE - TEMP4 * TEMP5) + TEMP4 * (tJTKnI * TTANK
16440 1 + TTG2 * UTNKD2)
16450 TTG2 = TTG2 * (ONE - TEMPS * TEMPq) + TEMPr * (IIT'K)2 * TTGI
6b460 I + KAUX * TTG3)
16470 TTG3 = T1G3 * (ONE - TEMP8 * TEMP10) + TEMP12 * (TT3S +
16480 1 TrELL(IM(NTH))
16490 QLOSG = (TwO * THTSO * (ONE - PCT) * SIOESQ) * IJTNDI * (TTANK -
16500 1 TTG1)
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16510C
16520C OETERMINEHETHE ITERNAL NOODE TEMPERATiRE HETNEEN TH-i TANK AND TnE

16530C GROUND (wlTH A BASEMENT SURFACE), THE BASEMENT SU'FkCE

16540C REPLACED BY THE TANK, THE TOTAL TANK LOSS, AND THE TANK LOSS 10

16550C THE BASEMENT AIR.
16560C
16570 TTGrI = TTGW1 * (ONE - TEMPb * TEMP7) + TEMPb * (UTKX4I * TTANK

16580 1 * UTKW)2 * TTGW2)
16590 TTGW2 = TTGW2 * (ONE - TEMP8 * TEMPl1) + TE1PS * (UTKwD2 *

16600 I TTGItI + KADX * TTGw3)
16610 TTGV3 * TTGW3 * (ONE - TEMP8 * TEMP10) + TEMP12 * (TTGW2

16620 1 * TwELL(IMONTH))
16630 QLOSGw i ((ONE - XK) * SIDESO + THTSD * PCT) * UTKO1 * (TTANK -

16640 I TTGhI)
16650C
16660 TLOSS a OLOST + QLOSG * OLOSGW
16670 StRFW s THTSO * PCT + SIDESO
16680 TLOSA a (THTSD * PCT * SIDESQ) * tUTNK2 * (TTA - TA)

16690 IF (PCT .LE. ZERO .OR. .NOT. IN) SURFW z ZERO

16700 IF (.NOT. IN) TLOSA = ZERO
16710 RETURN
16720C
16730C LAST CARD OF SUBROUTINE TANKLD
16740C
16750 END
16760 SUBROUTINE COLECT(OINCOCOLL)
16770C
16780C***********a*******************************************************
16790C
16800C THIS SUBROUTINE WILL DETEMINE THE AMOUNT OF ENERGY T-AT CAN

16B10C BE COLLECTED FROM A SOLAR PANEL GIVEN THE PANEL PERFORMANCE

16820C CHARACTERISTICS, CK , C , AA , AND 88.

16830C
16840C THE SUBROUTINE STATEMENT IS
16850C
16860C SUBROUTINE COLECT(QINC,VEL,PANUM,OCOLL)
16870C
16880C WHERE
16890C
16900C QINC IS THE INCIDENT RADIATION.
16910C
16920C PANUM IS THE NUMBER OF PANELS.
16930C
16940C QCOLL IS THE ENERGY COLLECTED
16950C VEL IS THE WIND VELOCITY
16960C
16970C PROJECTI ACES
16980C
16990C DEVELOPED BY HONEYWELL
17000C
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17010C CREATION DATE: 8/25/78
17020C
17050C*******************************************************************
17040C
17050 COMMON /PASS/ A(200),SIZE,SIZE2,FANCFMFANCMH,FANCE, SCALE,UHL,

17060 1 QHwOCtOINCIASLOl),XTEMP,TWELL(12),TOT,COP,F4NOIL,FANGAS,
17070 1 KAOX,HEIGHTPF, UTANKA,UTANK i,UWALTTANK,HC,iH,PCTCPRVTFANC,
17080 I CPRVW,AREACCK#,CFFPUMPPUMEPUMCPLIMW,NDAYSXPER, INAA,HH,
17090 1 SIDE,PANUM,CUTOFFVEL,I,FANH,J,TOTHET,TQHLH«,TOH.HW,TUCCW,
17100 1 TOHLHSTQHWHS.TQCCS,TnTCOL,IMONTH,VOLIIMEESIZEE,FANE,ISTRIP
17110 COMMON /wEATHR/DO(24),DP(24) wB(24) tAS(24.) , (24),TC(2'4),TOC(24),

17120 1 WET(24),ORY(24),IYEARIDUM1,IOUM2,ICITY
17130 REAL KADX
17140 LOGICAL IN,FIRST
17150 DATA ZERO/0./,FIVE/5./
17160C
17170 IF(AA ,LE. ZERO) GO TO 20
17180 ZZ s AA * EXP(BB * VEL * 1.151)
17190 C a CK/ZZ
17200 20 CONTINUE
17210 ETA a ZERO
17220 IF (OINC .LE. ZERO) GO TO 10
17230 ETA a CK - C * (TTANK - TO)/OINC
17240 IF (ETA ,LT. ZERO) ETA = ZERO
17250 10 CONTINUE
17260 0 a ETA *UINC
17270 IF (0 .LE. ZERO .AND. (TO - FIVE) .GE. TT4NK)

17280 1 0 -*C * (TTANK - TO)
17290 OCOLL a 0 * PANUM * AREAC
17300 RETURN
17310C
17320C LAST CARD OF SUBROUTINE COLECT.
17330C
17340 END
17350 FUNCTION PVSF(X)
17360C
17370C.********* *****************I***********e**a* ***e***w*** *******
17380C
17390C THIS FUNCTION DETERMINES THE PARTIAL PRESSURE OF MATER
17400C IN MOISTURE SATURATED AIR
17410C
17420C THE FUNCTION STATEMENT IS
17430C
17440C FUNCTION PVSF(X)
17450C
174bOC WHERE X IS THE SATURATION TEMPERATURE
17470C
17480C PROJECT ACES
17490C
17500C DEVELOPED BY HONEYWELL
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17510C
17520C CREATION DATE 9/10/78

17530C
1750C****,*************************************************************
17550C
17560 OATA F059P/459.688/,TW73P/273.16/,TH73P/373.1h/,T/9P/29.921/
17570 DATA ONEPB/1.8/,ONE/I.O/,TEN/10.O/tZERO/0.O/
17580 DIMENSION A(6)/-7.90298,5.02808,-1.316hE-7, 11. 44, .328E-3,

17590 1 -3.49149/,8(4)/-9.09718,-3.56654,0.7S7b 3,0.0060273/

17600 DIMENSION P(4)
17610 T = (X + F059P)/ONEP8
17620 IF(T .LT. Tw73P) GO TO 3
17630 Z a TH73P/T
17640 P(l) = A(l)*(Z - ONE)

17650 P(2) 3 A(2)*ALOGIO(Z)
17660 Zl a A(4)*(ONE - ONE/Z)

17670 P(3) z A(3)*(TEN**Zl - ONE)
17680 Zl = A(6)*(Z - ONE)

17690 P(4) a A(5)*(TEN**Zl - ONE)

17700 GO TO 4
17710 3 Z t TW73P/T
17720 P(I) = B(1)*(Z - ONE)
17730 P(2) = 8(2)*ALOG10(Z)
17740 P(3) = 8(3)*(ONE - ONE/Z)

17750 P(4) 3 ALOGIO((BC))
17760 4 SUM = ZERO
17770 00 5 I=1,4
17780 5 SUM 5 SUM + P(I)
17790 PVSF 5 TW9P*TEN**SUM
17800 RETURN
17810 END

17820 SUBROUTINE CONVI(GAS,OIL,ELE,PEAK)
17830C
17840C************************************

17850C
17860C THIS SUBROUTINE WILL ESTIMATE THE HOURLY GAS OIL AND ELECTRIC

17870C USAGE OF AN ELECTRIC HEATING SYSTEM, AN ELECTRIC COOLING

17880C SYSTEM (CENTRAL), AND AN ELECTRIC HOT WATER SYSTEM

17890C
17900C THE SUBROUTINE STATEMENT IS

17910C
17920C SUBROUTINE CONVI(GAS,OILELE)
17930C
17940C WHERE
17950C
17960C GAS IS THE HOURLY BTU'S SUPPLIED BY THE GAS SYSTEM

17970C
17980C OIL IS THE HOURLY BTU'S SUPPLIEO BY THE OIL SYSTEM

17990C
18000C ELE IS THE HOURLY dTU'S SUPPLIED BY THE ELETRIC SYSTEM
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18010C
18020C PROJECT ACES
18030C
18040C DEVELOPED BY HONEYWELL
18050C
18060C CREATION DATE 9/10/78
18070C
18080C*****************************************************************
18090C
18100C THE SUBROUTINE STATEMENT IS
18110C
18120C SUBROUTINE CONVI(GASOIL,ELE)
18130C
18140C WHERE
18150C
181eC GA'S IS THE HOURLY 8TUS SUPPLIED BY THE GAS SYSTEM

18170C
18180C OIL IS THE HOURLY BTUS SUPPLIED BY THE OIL SYSTEM

18190 DATA ONE/1.0/,OP3b5/1.365/,ZERO/O.0/,BTUHP/2545./,P7375/0.7375/
18200 DATA SEVTY/70000./,P33/.33/,P66/b.6/
18210 COMMON /PASS/ A(200),SIZE,SIZE2,FAN ,FAFFANCH,FANCMESCALEOHL,

18220 1 OHW,oQCQINCIHASLOD,XTEMP,TWELL(12),TOT,CPPfFANOILFANGAS,
18230 1 KAOX,HEIGHT,PF,UTANKA,UTANKWUWALTTANK,B:6 H,PCT,CPRVT,FANC,

18240 1 CPRVW,AREAC,CK,C,FF,PUMP,PUME,PUMC,PIJMW,NDAYS,XPER,IN,AAB8,
18250 I SIOE,PANUM,CUTOFF,VEL,I,FANH,J,TOTHET, THLHr.TQ 0HW,TOCCW,

18260 1 TOHLHS,TQH1WHS,TOCCS,TOTCOL,IMONTHVOLUMEE,SIZEEFANE,ISTRIP
18270 COMMON /WEATHR/08(24),DP(24),WB(24),WS(24),PB(24),TC(24),TOC(24),
18280 1 WET(24),ORY(24),IYEAR,IDUMl,IDOU2,ICITY
18290 REAL KADX
18300 LOGICAL IN,FIRST
18310C
18320 ONEED = ZERO
18330 TF = ZERO
18340 IF(QC .LE. ZERO) GO TO 20
18350 CALL ATAHP(TO,TQCOND,OEVAP,HP,AUXIAUX2)
18360 ONEED 2 QC/(ONE - FANH/OEVAP)
18370 TF a ONEEO/OEVAP
18380 CO a DEGRAD(TF,ONE)
18390 HPD 2 HP/CD
18400C
18410 20 CONTINUE
18420 ELE a QHN + QHL + TF*(HPO*BTUHP + FANH + FANE)

18430 PECO = SEVTY
18440 IF(OHW ,LE. ZERO) PECO a ZERO
18450 CAP a SIZE
18460 CENT a ZERO
18470 PER = QHL/CAP
18480 IF(PER .GT. ZERO .AND. PER .LT. P33) CENT _ P33

18490 IF(PER ,GT. P33 .AND. PER .LT. P66) CENT a P66

18500 IF(PER ,GT. P66) CENT a ONE
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18510 PEAKI = CENT * CAP
18520 PEAK2 = ZEHO
18530 IF(TF .GT. ZERO) PEAK2 = HTlHP * HPO + FANH + FANE
18540 PEAK c PECO + PEAKI + PEAK2
18550 GAS = ZERO
18560 OIL = ZERO
18570 RETURN
18580 END
18590 FUNCTION DEGRAD(TF,X)
18600C
1861b0C*********************************************************************
18620C
18630C THIS FUNCTION WILL DETERMINE THE DESRAOATION :ODEF=dCIENT OF

18640C THE AIR TO AIR HEAT PUMP AS A FUNCTION OF THE TIME FRACTION
18650C
18660C THE FUNCTION STATEMENT IS
18670C
18680C FUNCTION DEGRAD(TF)
18690C
18700C WHERE TF IS THE TIME FRACTION
18710C
18720C
18730C PROJECT ACES
18740C
18750C DEVELOPED BY HONEYWELL
18760C
18770C CREATION DATE 9/10/78
18780C
18790C***********a***************************
18800C
18810 DATA C/,0.25/,ONE/1.0/
18820 B = C * X
18830 DEGRAD = ONE - B * (ONE - TF)
18840 RETURN
18850 END
18860 SUBROUTINE CONV2(GASOIL,ELEPEAK)
18870C
18880C*****************************************************************
18890C
18900C THIS SUBROUTINE WILL ESTIMATE THE HOURLY GAS, OIL, AND

18910C ELECTRIC USAGE OF A HEAT PUMP HEATING AND COOLIING SYSTEM

18920C AND AN ELECTRIC HOT WATER SYSTEM
18930C
18940C
18950C THE SUBROUTINE STATEMENT IS
18960C
18970C SUBROUTINE CONV2(GAS,OILELE)
18980C
18990C WHERE
19000C
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19010C GAS IS THE HOUIIRLY HTU'S SUPPLIED BY THE GAS SYSTEM

19020C
19030C OIL IS THE HOURLY HTU'S SUPPLIED BY THE OIL SYSTE4

19040C
19050C ELE IS IHt HOURLY HTU'S SUPPLIED BY THE ELETRIC SYSTEM

19060C
19070C PROJECT ACES
19080C
19090C DEVELOPED BY HONEYWELL

19100C
19110C CREATION DATE 9/10/78

19120C

19140C
19150 DATA ONE/I.O/,OP365/1.365/,ZERO/0.0/,BTUHP/2545./,P7375/0.7

375/

19160 DATA TWO/2.0/,SEVTY/70000./
19170 COMMON /PASS/ A(200),SIZESIZE2wFANCFMFANCMHFANCME,SCALEOHL,

19180 1 OH,QC,QwINCIBASLODwXTEMPTWELL(12),TO,T,COPFANOIL,FANGAS,
19190 1 KADX,HEIGHT,PF,UTANKA,UTANKW,UWAL,TTANKBC,BH,PCT,CPRVT,FANC,

19200 1 CPRVW,AREAC,CK,CFFPMPPUMP,PUME,PMC,PIIMNOAYSXPERIN,AA,BB,
19210 1 SIDEPANUM#CUTOFF,VEL,IFANHJTOTHETTOHLH,,T(HHWTOCCW,
19220 1 TOHLHS,TOHWHS,TOCCS,TOTCOLIMONTH,VOLUMEE,SIZEE,FANE,ISTRIP
19230 COMMON /HEATHR/DB(24),DP(24),r4(24) ,S(24),

' B(24),TC(24),TOC(24),

19240 1 WET(24),ORY(24),IYEAR,IDUM1,IDUM2,ICITY
19250 REAL KADX
19260 LOGICAL INFIRST
19270C
19280 ELEI a ZERO
19290 ELE2 : ZERO
19300 BU a ZERO
19310 BU1 a ZERO
19320 8U2 x ZERO
19330 AUXI a ZERO

19340 AUX2 a ZERO
19350 PEAK1 a ZERO
19360 PEAK2 = ZERO
19370 PEAK3 a ZERO

19380 IF(OHL ,LE. ZERO) GO TO 20

19390 CALL ATAMP(TO,T,OCOND,QEVAP,HP,AUXI,AIJX2)
19400 ONEED a OHL/(ONE * (FANH - AUX2)/(QCONO + FANH -AUX2))

19410 TF a ONEEO/(OCOND * FANH)

19420 IF(ISTRIP .GT. ONE .AND. ONEEO .GT. OCOND) GO TO 10

19430 IF(ONEED .GT. OCOND) BU = SIZE

19440 IF(ONEEO ,GT. OCOND) ONEED a (OHL)/(ONE + (FANH - AUX2)/

19450 1 (OCOND * FANH - AUX2 * SIZE))

19460 IF(BU .GT. ZERO) TF a ONEED/(OCOND + FANH - AUX2 + SIZE)

19470 GO TO 15
19480 10 CONTINUE
19490 BU1 a SIZE/TWO
19500 ONEEO a (QHL)/(ONE * (FANH - AUX2)/(OCOND + FANH - ALIX2 BU1))
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19510 TF = QNEEO/((UCOND FANH - AUX2 + HJl)
19520 IF(TF .Gf. ONE) HU2 = HUI
19530 IF(TF .GT. ONE) QNEED = (QHL)/(ONE + (FANH - AUX2)/(QCOND) + FANH

19540 1 - AUX2 + HUl + U02))

19550 IF(TF .GT. ONE) TF = QNEEO/(OCOND + FANH - AUX2 + HU1 + HU2)
19560 BU = ZERO
19570 15 CONTINUE
19580 XRZ = 3.
19590 IF(A(196) .LE. ZERO) XRZ s ONE

19600 DTF = TF
19610 IF(A(196) .LE. ZERO) GO TO 33

19620 IF(DTF .GT. ZERO .AND. OTF .LE. .33) OTF : nTF/.33

19630 IF(DTF .GT. .66 .AND. OTF .LE. .66) DTF = (DTF - .33)/.33
19640 IF(OTF ,GT. .66) DTF - (DTF - .66)/.34
19650 333 CONTINUE
19660 CO = XRZ/(XRZ - ONE + ONE/DEGRAD(DTF,ONE))
19670 HPD ='HP/CO
19680 ELEl = TF * (HPD * BTUHP + FANH + FANE +' AUX + + + BU1 + BU2)

19690 CENT z ZERO
19700 IF(TF .LT: .33) CENT s .33

19710 IF(TF .GT. .33 .AND. TF .LT. .66) CENT = .66
19720 IF(TF .GT. .66) CENT = ONE
19730 PEAK1 = CENT * ELE1/TF
19740C
19750 20 IF(QC .LE. ZERO) GO TO 30
19760 CALL ATAHP(TO,T,OCONO,OEVAP,HP,AUXI,AUX2)
19770 ONEED = OC/(ONE - FANH/QEVAP)
19780 TF = QNEED/QEVAP
19790 XRZ = 3.
19800 IF(A(196) .LE. ZERO) XRZ = ONE

19810 DTF = TF
19820 IF(A(196) .LE. ZERO) GO TO 77
19830 IF(DTF .GT. ZERO .AND. OTF .LE. .33) OTF = T-7/.3

19840 IF(DTF .GT. .66 .AND. DTF .LE. .66) DTF = (OTF - .33)/.33

19850 IF(DTF .GT. .66) DTF = (DTF - .66)/.34
19860 777 CONTINUE
19870 CO XRZ/(XRZ - ONE * ONE/OEGRAD(DTFONE))
19880 HPD = HP/CD
19890 ELE2 = TF*(HPD*BTUHP'+ FANH + FANE)
19900 CENT S ZERO
19910 IF(TF .GT. ZERO .AND. TF .LT. .33) CENT = .33

19920 IF(TF .GT. .33 .AND. TF .LT. .66) CENT = .66
19930 IF(TF .GT. .66) CENT = ONE

19940 PEAK2 = CENT * ELE2/TF
19950C
19960 30 CONTINUE
19970 ELE = ELEI * ELE2 + UHW
19980 IF(OHr .GT. ZERO) PEAK3 = SEVTY
19990 PEAK = PEAKI + PEAK2 + PEAK3
20000 GAS = ZERO
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20010 OIL = ZERO
20020 RETURN
20030 END
20040 SUBROUTINE CONV3(GAS,OIL,ELE,PEAK)
20050C
20060C*********************************************************
20070C
20080C rHIS SUBROUTINE WILL ESTIMATE THE HOURLY GAS OIL AMD ELECTRIC

20090C USAGE OF AN OIL HEATING SYSTEM, AN ELECTRIC COOL1I4G SYSTEM
20100C (CENTRAL), AND AN ELECTRIC HOT WATER SYSTEM
20110C
20120C
20130C THE SUBROUTINE STATEMENT IS
20140C
20150C SUBROUTINE CONV3(GASOIL,ELE)
20160C
20170C WHERE
20180C
20190C GAS IS THE HOURLY BTU'S SUPPLIED BY THE GAS SYSTEM
20200C
20210C OIL IS THE HOURLY BTU'S SUPPLIED BY THE OIL SYSTEM
20220C
20230C ELE IS THE HOURLY BTU'S SUPPLIED BY THE ELETRIC SYSTEM
20240C
20250C PROJECT ACES
20260C
20270C DEVELOPED BY HONEYWELL
20280C
20290C CREATION DATE 9/10/78
20300C

20320C
20330 COMMON /PASS/ A(200) SIZESIZE2,FANCFM,FANCMHFANCMEtSCALEtHL,
20340 1 OHW,OCQINCI,BASLOD,XTEMP,TWELL(12),TO,T,COPFANOIL,FANGAS,
20350 1 KADX,HEIGHT,PFUNKA,UAUTANKW,UWAL,TTANKBCRH,PCT,CPRVT,FANC,
20360 I CPRVW,AREAC,CK,C,FF,PUMP,PUME,PUMPUW,NDAYS,XPER,IN,AA,BH,
20370 1 SIDE,PANUM,CUTOFFVEL,INFANHJ,TOTHETTOHLHWTOHWHW, TCCW,

20380 1 TQHLHS#TOHWHS,TOCCS,TOTCOL,IMONTH,VOLUMEESIZEE,FANEISTRIP
20390 COMMON /WEATHR/DB(24),DP(24),MB(24),WS(24),PB(24),TC(24),TOC(24),
20400 I WET(24),DRY(24),IYEARIODUMIIOUM2,ICITY
20410 REAL KADX
20420 LOGICAL IN,FIRST
20430 DATA ONE/I,0/,OP3b5/1.3b5/,ZERO/O.O/,BTUHP/2545./,P7375/0.7375/
20440 DATA THOU/1000.0/,AUTO/0.O/
20450 DATA SEVTY/70000./
20460C
20470 OIL = ZERO
20480 ELEO = ZERO
20490 ELEI = ZERO.
20500 ELE2 = ZERO
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20510 TFP = ZERO
20520 PEAKI = ZERO
20530 PEAK2 = ZERO
20540 PEAK3 = ZERO
20550 IF(JHL .LE. ZEHO) GO TO 20

20560 ITYPE = 0

20570 CALL FURN(ITYPEFANOIL,OHL,ONEED,ETATF)
20580 OIL = ONEED/ETA
20590 TFP = TF
20600 ELEO 3 TF * FANOIL
20610 PEAKI = FANOIL
20620C
20630 20 CONTINUE
20640 IFCQC .LE. ZERO) GO TO 30

20650 CALL ATAHP(TO,T,OCOND,OEVAP,HPAUX1,AUX2)
20660 QNEED = QC/(ONE - FANH/OEVAP)
20670 TF = QNEED/OEVAP
20680 CD c OEGRAD(TF,ONE)
20690 HPD z HP/CO
20700 ELEI 3 TF*(HPO*BTUHP + FANH + FANE)

20710 PEAK2 = ELEI/TF
20720C
20730 30 CONTINUE
20740 ELE2 z OHW
20750 ELE = ELEI * ELE2 + ELEO
20760 IF(OHW ,GT. ZERO) PEAK3 = SEVTY

20770 PEAK = PEAK1 * PEAK2 * PEAK3
20780 GAS = ZERO
20790 PILOT z (ONE - TFP) * THOU * AUTO
20800 OIL s OIL * PILOT
20810 RETURN
20820 END
20830 SUBROUTINE FURN(ITYPE,FAN,OHL,QNEEO,ETA,TF)
20840C
20850C******************************************************************
20860C
20870C THIS SUBROUTINE ESTIMATES THE TIME FRACTION, EFFICIENCY AND

20880C OUTPUT OF A CONVENTIONAL GAS OR OIL FIRED FURNACE

20890C
20900C GUESS THE EFFICIENCY, THEN USE NEWTON'S METHOD TO SOLVE FOR

20910C THE REQUIRED FURNACE PARAMETERS

20920C
20930C THE SUBROUTINE STATEMENT IS
20940C
20950C SUBROUTINE FURN(ITYPESIZE,FAN,OHLNQNEEDOETATF)
20960C
20970C WHERE
20980C
20990C ITYPE DENOTES THE TYPY OF HEATING SYSTEM

21000C
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21010C SIZE IS THE OUTPUT CAPACITY OF THE PLANT
21020C
21030C FAN IS THE BTUIS REJECTED BY THE FAN
21040C
21050C OHL IS THE HOURLY THERMAL LOAD
21060C
21070C ONEED IS THE ACTUAL HEAT NEEDED BY THE SPACE
21080C
21090C ETA IS THE EFFICIENCY OF THE FURNACE
21100C
21110C TF IS THE TIME FRACTION
21120C
21130C PROJECT ACES
21140C
21150C DEVELOPED BY HONEYWELL
21160C
21170C CREATION DATE 9/10/78
21180C
21190Ce***a**ea**********a *** ae**.*a**** *******aea eae****** * a***
21200C
21210 COMMON /DESH/HEATD
21220 DATA P71/0.71/,ZERO/0.0/,ONE/1.O/,POOOOI/.00001/,P01/.01/
21230 DATA THIRTY/30.0/,P63/0.63/,P0055/05/
21240C
21250 SUM a ZERO
21260 IF(ITYPE .EO. 0) ETA = P71
21270 IF(ITYPE .EG. 1) ETA a P63
21280 OIN a HEATD/ETA
21290 10 OOUT a GIN * ETA
21300 ONEEO a OHL/(ONE + FAN/(OOUT * FAN))
21310 TF a ONEED/(OOUT + FAN)
21320 IF(ITYPE .EG. 0) ETAI : ETAOIL(TF)
21330 IF(ITYPE .EO. 1) ETA1 x ETAGAS(TF)
21340 FX s ETAI - ETA
21350 DEL P00001*ETA
21360 ETAP a ETA + DEL
21370 GOUT 5 OIN * ETA
21380 ONEED = QHL/(ONE + FAN/(GOUT + FAN))
21390 TF = ONEED/(OOUT + FAN)
21400 IF(ITYPE .EO. 0) ETAI = ETAOIL(TF)
21410 IF(ITYPE .EO. 1) ETAI1 ETAGAS(TF)
21420 FXO = ETAI - ETAP
21430 FXP = (FXD - FX)/DEL
21440 ETAN = ETA - FX/FXP
21450 ETA = ETAN
21460 SUM = SUM + ONE
21470 IF(AHS(FX) .GT. P01 .AND. SUM .LT. THIRTY) GO TO 10
21480 IF(SUM .GE. THIRTY .AND. UHL/HEATD .GT. POOS) NRITE(9,lUt)
21490 101 FORMAT( SUBROUTINE FURN HAS NOT CONVERGEF')
21500 RETURN
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21510 END
21520 FUNCTION ETAOIL(TF)

21530C
21540C***************t******************************************
21550C
21560C THIS FUNCTION WILL DETERMINE THE EFFICIENCY OF AN 3IL

21570C FIRED FURNACE AS A FUNCTION OF THE PERCENT ON TIME

21580C
21590C THE FUNCTION STATEMENT IS

21600C
21610C FUNCTION ETAOIL(TF)

21620C
21b30C WHERE TF IS THE TIME FRACTION

21640C
21650C DEVELOPED BY HONEYWELL

21bb0C
21670C CREATION DATE 9/10/78

21680C
21690C***************** «****************************

21700C
21710 DATA P0 25/5/ 2/,P71/0.71/,ONE/1.O/,S4P59/74.59/,Pb/0.6/

21720 DATA P11/0.'11/,T4P24/24.24/

21730 IF(TF .LE. P025) ETAOIL = P71*(ONE - EXP(-S4P59*TF))

21740 IF(TF .GT. P025) ETAOIL = P60 + PII*(ONE - EXP(-T4P24*(TF -

21750 I P025)))

21760 RETURN

21770 END
21780 FUNCTION ETAGAS(TF)
21790C
21800*********************... * *****************************************
21810C
21820C THIS FUNCTION WILL DETERMINE THE EFFICIENCY OF A GAS FIRED

21830C FURNACE AS A FUNCTION OF THE PERCENT ON TIME

21840C

21850C THE FUNCTION STATEMENT IS

21860C
21870C FUNCTION ETAGAS(TF)
21880C
21890C WHERE TF IS THE TIME FRACTION

21900C
21910C PROJECT ACES

21920C
21930C DEVELOPED BY HONEYWELL
21940C
21950C CREATION DATE 9/10/78

21960C
21170C********************************************
21980C
21990 DATA ONE/1.0/,Pb3/0.63/,T3P3/33.3/
22000 ETAGAS = P63*(ONE - EXP(-T3P3*TF))
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22010 RETURN
22020 END
22030 SUBROUTINE CONV4(GAS,OIL,ELE,PEAK)
22040C
22050C*******************************************************************
2200OC
22070C THIS SUBROUTINE WILL ESTIMATE THE HOURLY GAS OIL AN) ELECTRIC

22080C USAGE OF A GAS HEATING SYSTEM, AN ELECTRIC COOLIING SYSTEM

22090C (CENTRAL), AND A GAS HOT WATER SYSTEM

22100C
22110C
22120C THE SUBROUTINE STATEMENT IS
22130C
22140C SUBROUTINE CONV4(GAS,OIL,ELE)
22150C
22160C WHERE
22170C
22180C GAS IS THE HOURLY BTU!S SUPPLIED BY THE GAS SYSTEM

22190C
22200C OIL IS THE HOURLY BTU'S SUPPLIED BY THE OIL SYSTEM
22210C
22220C ELE IS THE HOURLY BTU'S SUPPLIED BY THE ELETRIC SYSTEM

22230C
22240C
22250C PROJECT ACES
22260C
22270C DEVELOPED BY HONEYWELL
222BOC
22290C CREATION DATE 9/10/78
22300C

22320C
22330 COMMON /PASS/ A(200) SIZESIZE2,FANCFM,FANCMH,FAN:MEISCALE,OHL,
22340 1 QHW,QCQINCI,BASLOO,XTEMP,TWELL(12),TOTCOPFANOILFANGAS.
22350 1 KADX,HEIGHT,PF,UTANKAwJTANKW,UWALTTANK,B:itH,PCT,CPRVT,FANC,
22360 i CPRVW,AREAC,CK,C,FF,PUMP,PUME,PUPUMC, ,NDAYS,XPER,INAA,BB,

22370 1 SIDEPANUMCUTOFFVEL,IFANH,J,TOTHETTaHLHWTHMQHW,TOCCW,
22380 1 TQHLHS,TUHWHSTQCCS,TOTCOL,IMONTH,VOLUMEE,SIZEEIl: ANE,ISTRTP

22390 COMMON /wEATHR/OB(24),DP(24])WB(24),S[(24),PH(24),TC'(24),TOC(24),
22400 I WET(24),DRY(24);IYEARIDUM1,IDUM2,ICITY
22410 REAL KADX
22420 LOGICAL IN,FIRST
22430 DATA ONE/1,0/,OP365.3.365/,ZERO/O.O/,BTUHP/2545./,P7375/0.7 75/

22440 DATA P73/0.73/,THOU/1000.0/,AUTO/O.O/
22450C
22460 GAS = ZERO
22470 ELEO = ZERO
22480 ELEI = ZERO
22490 TFP = ZERO
22500 PEAK1 = ZERO
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22510 PEAK2 = ZERO
22520 IF(OHL ,LE. ZERO) GO TO 20

22530 ITYPE = 1
22540 CALL FURN(ITYPE,FANGAS,QHL,ONEED,ETA,TF)
22550 GAS = ONEED/ETA
22560 TFP _ TF
22570 ELEO = TF*FANGAS
22580 PEAKI = FANGAS
22590C
22600 20 CONTINUE
22610 IF(QC .LE. ZERO) GO TO 50
22620 CALL ATAHP(TO,T,OCOND,UEVAP,HP,AUJX1,AUX2)
22630 QNEED = OC/(ONE - FANH/OEVAP)
22640 TF = QNEED/QEVAP
22650 CO = DEGRAD(TFONE)
22660 HPD - HP/CO
22670 ELE1 s TF*(HPO*BTUHP + FANH * FANE)
22680 PEAK2 = ELE1/TF
22690C
22700 30 CONTINUE
22710 GAS2 x QHW/P73
22720 PILOT = (ONE - TFP) * THOU * AUTO
22730 GAS = GAS + GAS2 + PILOT
22740 OIL = ZERO
22750 ELE z ELEO + ELEI
22760 PEAK = PEAK1 + PEAK2
22770 RETURN
22780 END
22790 SUBROUTINE ACES(FIRST,GAS,OIL,ELE,ELE8UPEAK)
22800C
221OC******************************************************************
22820C
22830C THIS SUBROUTINE WILL SIMULATE THE ENERGY USAGE!OF A FULL

22840C MINIMUM OR COST OPTIMIZED ACES. THE MAJOR INPUTS TO THIS

22850C ROUTINE ARE THE HOURLY LOADS,WEATHER, COLLECTOR SIZel, TANK

22860C SIZE, CUTOFF OR CHANGE OVER TEMPERATURE, AND PERFORMANCE

22870C CHARACTERISTICS OF THE VARIOUS COMPONENTS.

22880C
22890C
22900C THE SUBROUTINE STATEMENT IS
22910C
22920C SUBROUTINE ACES(FIRSTGAS,OILELE)
22930C
22940C WHERE
22950C
22960C GAS IS THE HOURLY BTU'S SUPPLIED HY THE GAS SYSTEM
22970C
229B0C OIL IS THE HOURLY BTU'S SUPPLIED BY THE OIL SYSrEM

22990C
23000C ELE IS THE HOURLY 6TU'S SUPPLIED HY THE ELETRIC SYSfEM
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d3010C
23020C FIRST IS AN OPTION DELEMETER
23030C
23040C ELEBU IS THE HOURLY BTU'S SUPPLIED HY THE BACKUP ELECTRIC SYSTEM
23050C
23060C PROJECT ACES
23070C
23080C OEVELOPED BY HONEYWELL
23090C
23100C CREATION DATE 9/10/78
23110C

23130C
23140 COMMON /PASS/ A(200) SIZEwSIZE2,FANCFM,FANCMH,FANCE , SCALE , HL,
23150 1 OHWOC,UINCIBASLOD.XTEMPTWELL(12),TOT,^OP,

=A0MILFANGAS,
23160 1 KADX,HEIGHT,PF,UTANKA,UTANKW,UWAL,TTANK,3C,BHPCTCPRVT,FANC,
23170 1 CPRVW,AREACCK,CFF,PUMP,PUME,PIIMC,PUMW,N3AYS,XaER IN,AA,B8,
23180 I SIOEwPANUMCUTOFFVELIAFANHJTOTHET,TQHLH4,TOHAHWTOCCW,
23190 1 TOHLHS,TOHWHS,TOCCS,TOTCOL,IMONTHVOLUMEES[ZEE,FANE,ISTRIP
23200 COMMON /wEATHR/08(2)DP4)w2B(24),wS(24),PB(24),TC(24),TOC(24),
23210 1 hET(24)vDRY(24),IYEAR,IDUMl,IOIJM2,ICITY
23220 COMMON /ZAPI/ZAP,PEK,POBUI
23230 INTEGER TIMEON,TIMOFF
23240 REAL KADX
23250 LOGICAL INFIRSTDUELRUNGOI
23260 DATA ELEVEN/I11O/,OPOI/1.01/,P99/0.99/,ZERU/O.O/,ONE/1.O/
23270 DATA P5/0.5/, OPOS/ .05/,TWNFOR/24./,OPEM4/1 .2131944 EW4/,SIX/b.O/

23280 DATA THIRT/30./,SEVFIV/75./,SIX2P4/62.4/,F7P24/57.?2/,THIR2/32./
23290 DATA T545/2545./,TWO/2.0/,P97/.97/.9/,OP5O/1.05/,00/105./
23300C
23310C INITIALIZE VARIABLES
23320C
23330 IF(.NOT. FIRST) GO TO 10
23340 DUEL t .TRUE.
23350 TOSAW a A(82)
23360 TZONEW = A(88)
23370 TZONES x A(89)
23380 TTANK : A(146)
23390 CUFT a ZERO
23400 TTANK2 a A(96)
23410 AWALBG a A(65)
23420 THOTW = 005
23430 ENDC = A(97)
23440 DAYON = A(98)
23450 DAYOF = A(108)
23460 XK = (ONE/PF - ONE)
23470 DAYAFT = A(109)
23480 FLAG = ZERO
23490 CHECK = ONE
23500 IOUM = IMONTH



A-160

23510 TIMEON = IFIX(A(100))
23520 TIMOFF = IFIX(A(101))

23530 XRZ = 3.

23540 IF(A(196) .LE. ZERO) XRZ = ONE

23550 TERI = ZERO

23560 STAR = ZERO

23570 BEFO = ZERO
23580 IF((PEK + DAYAFT) .GT. BH) BEFO = ONE

23590 ZUM = BH - ONE

23600 ZIP = ZAP
23610 TEMP = (TZONEv + TZONES)/TWO
23620 RUN = .FALSE.

23630 IFCCUTOFF .GT. TZONEW) DUEL 2 .FALSE.

23640 VOLUME = HEIGHT*SIDE*SIDE
23650C
23660C SET PARAMETERS AND ESTIMATE LOADS TO BE USED IN CONTROLLING

23670C THE SOLAR PANEL

23689C
23690 TIME = (BH - BC)*TWNFOR

23700 OINL = TOTCOL - TLOSS*TIME

23710 IMONTH = 9

23720 CALL TANKLD(TLOSSSURFWTLOSATEMP,FIRST)
23730 IONTH a IDUM

23740 FIRST = .TRUE.

23750 TTLOSS = TLOSS

23760 QINH = TOTCOL - TTLOSS*TIME

23770 ONETI QOINH
23780C
23790 10 CONTINUE
23800 AUXI = ZERO

23810 AUX2 2 ZERO

23820 COPI a ZERO
23830 COP2 = ZERO
23840 SSS = ZERO

23850 QCONDI z ZERO

23860 OCOND2 = ZERO
23870 QBU a ZERO
23880 OlUl a ZERO
23890 HPI = ZERO
23900 HP2 2 ZERO

23910 TEMP = T
23920 PEAKI = ZERO

23930 PEAK2 = ZERO
23940 PEAK3 = ZERO

23950 PEAK4 = ZERO
23960 PEAKS = ZERO

23970 IF(J .EU. 1) ZUM = ZUM + ONE

23980 TERI = TERI + OC
23990 IF(J .NE. 24) GO TO 444

24000 IF(TERI .GT. .99 * ZAP) STAR = ONE
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24010 IF(STAR .GT. ZERO) ZIP = TERI
24020 TERI = ZERO
24030 444 CONTINUE
24040C
24050C CHECK TO SEE IF THE ACES UTILIZES A )IJUAL SO.URCE EVAPORATOR
24060C THEN CALL THE REQUIRED HEAT PUMP ROUTINES
24070C
24080 IF(DUEL .AND. TO .GT. CUTOFF .AND. (I ,LT. HC .OR. I .GE, H))
24090 1 CALL ATAHP(TOT,QCONOOEVAPHP,AUXIAUX2)
24100 IF(DUEL .AND. TO .GT. CUTOFF .AND. (I .LT. HC .OR, I .GE. HH))
24110 1 SSS Z ONE
24120 IF(SSS .LT. ONE) GO TO 445
24130 QCON02 = QCOND
24140 QEVAP2 z OEVAP
24150 HP2 z HP
24160 COP2 = COP
24170 445 CONTINUE
24180 IF(OUEL .ANO. I .GE. BC .AND. I .LT. BH) CALL hAHP(TTANK,T,
24190 1 QCOND,OEVAP,HP)
24200 IF(.NOT. DUEL .OR. TO .LE. CUTOFF) CALL WAHP(TTANK,T,OCOND,
24210 1 OEVAP,HP)
24220 CALL WWHP(TTANKTHOTWOCONDIOEVAPIlHP1tCOP1)
24230 IF(QHL ,LE. ZERO)SSS : TWO
24240 IF(SSS .LT. TWO) GO TO 446
24250 OCOND2 OUCONI
24260 QEVAP2 = OEVAP1
24270 HP2 I HP1
24280 COP2 = COPI
24290 446 CONTINUE
24300 IF(COP .LE. ZERO)COP a ONE
24310C
24320C DETERMINE THE DYNAMIC TANK LOSS
24330C
24340 CALL TANKLD(TLOSS,SURFW,TLOSA,TEMP,FIRST)
24350C
24360C ENERGY FROM THE COLLECTOR
24370C
24380 OINC = QINCI
24390 CALL COLECT(QINC,QCOLL)
24400 QPCC ; ZERO
24410 OPAN * ZERO
24420 IF(TTANK ,GT. SEVFIV) OCOLL : ZERO
24430 IF(I ,GT. BC .AND. I .LT. BH) GO TO 20
24440C
24450C KEEP TEMPERATURE IN THE TANK 42F OR BELOW IF THERE IS A
244b0C COOLING LOAD
24470C
24480 IF(I.GE.BH .AND. I.LE.ENDC ;AND. TTANK.GT.TTANK2) OCOLL = ZERO

24490C
24500C ESTIMATE WHEN THE PANELS SHOULD BE SHUT OFF OR TURNED ON
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24510C DURING THE WINTER
24520C
24530 IF(I .GT. (PEK + OAYAFT) .AND. I .LT. 8H) CHECK = ZEWO

24540 IF(BEFU .GT. ZERO .AND. ZUM .G1. (PEK + DAYAFT)) CHECK = ZERO

24550 IF(CUFT .GT. OP05 * PF * VOLUME) OHu = SIZE

24560 PEAKI = OBU
24570 IF(I .GT. OAYON .AND. I .LT. DAYOF) GO TO 40

24580 IF(CUFT .GE. P99*PF*VOLUME) FLAG = ONE

24590 IF(CUFT .LT. P97*PF*VOLUME .AND. FLAG .GE. ON) FLA; = ZERO

24600 IF(CHECK .LE. ZERO .ANO. FLAG .LT. ONE) UCOLL = ZERO

24610 GO TO 40
24620C
24630C SUMMERTIME OPERATION OF PANELS IF NECESSARY

24640C
24650 20 CONTINUE
24660 IF(CUFT .LE. ZERO) GO TO 30

24670 IF(OINH .GE. PF*VOLUME/OPEM4) GO TO 30

24680 ONETI = ONETI - (OC - (QHL * (ONE - ONE/COP) + OHN * (ONE -

24690 1 ONE/COPI)) - TLOSS)

24700 DIF = TTLOSS - TLOSS
24710 IF(CUFT/OPEM4 .LE. (ONETI - DIF)) OCOLL = ZERO

24720 GO TO 40
24730 30 CONTINUE
24740 OCOLL = ZERO
24750C

24760C ENERGY NEEDED TO RUN THE PANEL PUMP

24770C
24780 40 CONTINUE
24790 IF(OCOLL .GT. ZERO) QPCC = PUMP*(ONE - XPER)

24800 IF(QCOLL .GT. ZERO) OPAN = PUMP * XPER
24810C
24820C ELECTRIC ENERGY TO RUN COLLECTOR

24830C
24840 ELESOL = ZERO
24850 IF(OCOLL .GT. ZERO) ELESOL s PUMP

24860C
24870C CALCULATE THE ENERGY NEEDED TO REJECT HEAT FROM COLD STORAGE

24880C DURING THE SUMMER
24890C
24900 QLOW = ZERO
24910 ELENIT = ZERO
24920 ENELOw = ZERO
24930 ENELOT = ZERO
24940 IF(I *LT. BC .OR. I .GE. BH) GO TO 70

24950 OVER = PF * VOLUME * (SIX2P4*XK + F7P24) * (TTANK2 - TTANK) + CUFT

24960 1 / OPEM4
24970 IF(OVER .LT. ZIP) RUN = .TRUE.

24980 IF(.NOT. RUN .OR. (J .LT. TIMEON .AND. J .GT. TIMOFF)) GO TO 70

24990 IF(CUFT .GE. PF * VOLUME) GO TO 70

25000 CALL AAHP(TTANK,TO,QCOND,OEVAPHP)
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25010 OLOW = OEVAP
25020 ELENIT = FANH + T545*HP + PUME
25030 IF(J .LT. TIMEON .AND. J .GE. TIMOFF) RUN = .FALSE.
25040 ENELOW = PUME*XPER
25050 ENELOT = PUME*(ONE - XPER)
25060 PEAK2 = ELENIT
25070 CALL WAHP.(TTANK,T,OCONO,OEVAPwHP)
25080C
25090 70 CONTINUE
25100C
25110 GOI = .FALSE.
25120 IF(TTANK .GT. TTANK2 .AND. (I .GE. HC .AND. I .LT. BH) .AND.
25130 1 (J ,LT. TIMEON .AND. J .GT. TIMOFF)) G(I = .TIJE.
25140 IF(.NOr.GOI) GO TO 781
25150 CALL wAHP(TTANK,TOtOCOND,OEVAP,HP)
25160 OLOW = OEVAP
25170 ELENIT =;FANH + T545*HP * PUME
25180 IF(J .GE. TIMOFF) RUN = .FALSE.
25190 ENELOW =[ PUME*XPER
25200 ENELOT . PUME*(ONE * XPER)
25210 PEAK2 S ELENIT
25220 CALL WAHP(TTANKT,OCOND,OEVAPHP)
25230C
25240 781 CONTINUE
25250C
25260C THE TOT4L HEATING LOAD FOR THE HOUR IS
25270C
25280 HEAT a OHL
25290C
25300C IF THERE WERE NO BASEMENT, THE TOTAL HEAT LOAD WOULD BE
25310C
25320 HEATMB s HEAT + RASLOD
25330C
25340C THE ADJUSTED BASEMENT LOAD AS A FUNCTION OF THE RE2 LACED
25350C SURGACE AREA OF THE TANK
25360C
25370 BASE1 h BASLOD*(ONE - SURFW/AWALBG)
25380C
25390C THE ACTUAL HEAT DEMAND ACCOUNTING FOR THE CORRECTED BASEMENT
25400C SURFACE AREA, THE ADDED FAN HEAT, AND THE HEAT FRO1 THE
25410C BASEMENT TO THE TANK IS ONEED. ONEEO IS EOIALi TO HEAT IF THE
25420C TANK AND THE FAN SYSTEM ARE NOT IN THE HEATED SPACEL
25430C
25440 XX = ONE
25450 IF(DUEL .AND. TO .GT. CUTOFF) XX = ZERO
25460 IF(I .GE. BC .ANI). I .LT. RH) XX = ONE
25470 OCON1 = OCOND1 * XX + OCON02 * (ONE - XX)
25480 IF(OHL .GT. ZERO)OCONI = UCUNO * XX + OCUNO? * (ONE - XX)
25490 CO = COPI * XX + COP2 * (ONE - XX)
25500 UNEED = UHY/(ONE + (ONE - XPER) * PIJM/(IOCOIJ + (ONE - XPER)
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25510 1 * PUMN))

25520 TFn = (INEFOD/(UCONI + (ONE - XPER) * PLJMA)

25530 ONEEDS = (HEATMB - HASEl + TLOSA - 9PAN - TF-*XPER* (PIJIA*XX

25540 1 + PUMW) - ENELOW)/(ONE + (FANH - AUX2 + XX*PtIME*XPER)/

25550 1 (UCOND + FANH - AUX2 + XPER*PPIIE*XX))

25560 TFS = ONEEDS/(QCOND + FANH - AUX2 + XPER * PIJUE * XX)

25570 TF = TFS + TFw.
25580 IF(ONEEDS .GT. ZERO .AND. OHL .GT. ZERO .AND. XX .ST. ZERO)

25590 1 CO c COP

25600 DF = TF

25b10 IF(A(19b) .LE. ZERO) GO TO 377

25620 IF(DrF .GT. ZERO .AND. nTF .LE. .33) DTF = DTF/.53

25630 IF(DTF .GT. .33 .AND. DTF .LE. .66) I)TF = (DTF - .3)/.3-

25640 IF(OfF .GT. .66) DTF = (DTF - .66)/.34

25650 377 CONTINUE
25660C
25670C ENERGY OUT OF THE TANK FOR HEATING VIA WATER SOIJR:E EVAPORATOR

25680C
25690 IF(I .GE. BC .AND. I .LT. BH) GO TO 55

25700 IF(DUEL .AND. TO .GT. CUTOFF) GO TO 50

25710 55 CONTINUE
25720 OPE » PUIE*TF*(ONE - XPER)

25730 OOUT ONEEDS * (ONE - ONE/COP) + OQ\EED( * (OE - O'E/CO)

25740 IF(OHL .LE. ZERO) QOUT = ONEEDW*(ONE - ONE/CO)

25750 IF(UNEEDS .LE. ZERO) QOUT QONEEDW*(ONE - ONE/CO)

25760 IF(UNEEOS .LE. ZERO) OPE = PUME*TFW*(ONE - XPER)

25770 IF(JDjUT .LE, ZERO) OPE = ZERO

25780C
25790C ELECTRICAL ENERGY DURING HEATING

25800C
25810 CO w XRZ/(XRZ - ONE + ONE/DEGRAD(DTFZERO))

25820 HPO = HP/CD
25830 COPo = CUP * CD
25840. HPO1= HP1/CD * XX + HP2/CD * (ONE - XX)

25850 COP 1 = CO * CD

25860 ELEI = TFS * FANH + TF * PUME * ONEEOS/COPO + QNEEO^/COPD1

25870 1 * TFW * PUMW
25880 IF( NEEDS .LE. ZERO) ELE1 = TFW * (PUME + PUM') + ONEEI)/COPO1

25890 IF( OUT .LE. ZERO) ELEI = ZERO

25900 PEA = T545 * HPO +PlJM + PUME + FANE

25910 IF( NEEDS .LE. ZERO)PEA = T545 * HPD1 + PdME + PUAA

25920 CEN = ELEI/PEA
25930 IF( ENT .GT. ZERO .AND. CENT .LT. .55) CENT=.31

25940 IF( ENT .GT. .33.AND. CENT .LT. .66) CENT = .66

25950 IF( ENT .GT. .66) CENT = ONE

25960 PEA 3 = CENT * PEA

25970 GO 0 60
25980C
25990C ELECTRICAL ENERGY NEEDFEU FOR THE AIR SOURCE EVAPORAlTR

26000C
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26010 50 CONTINUE
26020 CD F XRZ/(XRZ - ONE * ONE/OEGRAD(DTF,ZERO))
26030 HPU = HP/CO
26040 CODo = COP * CD
26050 HP I = HPI/CO * XX + HP2/CO * (ONE - XX)

26060 COP D = CO * CD
26070 EL1 = IFS * FANH + TF * FANE + UNEEL)S/COPD + QNEEOD/C(POI

26080 1 + TFW * PUMW + TF * AUXI

26090 IF(ONEEDS .LE. ZERO) ELE1 = TFW * (FANE + PUMA + AIJXI)

26100 1 + ONEEOW/COPDI
26110 IF ELE1 .LE. ZERO) ELFI1 ZERO

26120 IF(QCONO .GT. ZERO .AND. (ONEEDS + UNEEDWl .GT. QCONO) 0UI =

26130 1 ONEEOS + ONEEOW - OCONO

26140 IF(OBU1 .GT. ZERO) ELE1 = FANH + FANE + OCOND/COPO

26150 OOUT = ZERO
26160 UOPI ZERO
26170 PE, = T545 * HPO + AUXI + PUMW + FANE + FANH

26180 IF ONEEDS .LE, ZERO) PEA = T545 * HPD1 + AUXI + PUNH + FANE

26190 CE T = ELEI/PEA
26200 IF CENT .GT. ZERO .AND, CENT .LT. .33) CENT = .33

26210 IF CENT ,GT. .33 ,ANOD CENT ,LT, .66) CENT a .66

26220 IF CENT .GT. .66) CENT = ONE
26230 PE K3 = CENT * PEA
26240 IF QBUI .GT, ZERO) PEAK3 = CENT * PEA + PQBUI
26250 60 CO TINUE
26260 IFIELENIT .LE. ZERO) GO TO 65

26270 EL I c ZERO
26280 OP = ZERO
26290 QQyT = ZERO
26300 65 CONTINUE
26310C
26320C TdE TOTAL COOLING LOAD FOR THE HOUR

26330C
26340 COOL a QC
26350C
26360C IF THERE IS NO BASEMENT THE TOTAL COOLING LOAD OULD HE
26370C
26380 COPLMB = COOL - BASLOO
26390C
26400C THE ADJUSTED BASEMENT LOAD AS A FUNCTION OF THE REPLACED WALL

26410C AREA
26420C
26430 BASE2 = BASLOO*(ONE - SURFW/AWALBG)
26440C
26450C THI ACTUAL COOLING DEMAND ACCOUNTING FOR THE CORRECTED
26460C BASEMENT SURFACE AREA, THE ADDED FAN HEAT, AND THE. HEAT FLOW

26470C FROM THE BASEMENT TO THE TANK IS QNEED. ONEED IS E3JAIl TO

26480C COOL IF THE TANK AND 1HE FAN SYSTEM ARE NOT IN THE HEATED

26490C SPACE
26500C
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26510 RATI = (T - TTANK)/(T7ZINES - THIH2)
26520 ONEED = (COOLM + 8ASE2 - TLOSA + OPAN + TFw*XPER*(PIJME*xx+PUM )
26530 1 + ENELOv)/(ONE - (FANC + XPE*PIJMC)/(RATI*SIZE2))
26540 TF = ONEED/(RATI*SIZE2)
26550C
26560C ENERGY INTO THE TANK FROM COOLING
26570C
26580 QPC = PUMC*TF*(ONE - XPER)
26590 QIN = ONEED
26600 IF(QC .LE. ZERO) IN = ZERO
26610 IF(OIN .LE. ZERO) OIN = ZERO
26620 IF(OIN .LE. ZERO) OPC = ZERO
26630C
26640C ELECTRICAL ENERGY DURING COOLING
26650C
26660 ELECOL = TF*(PUMC + FANC)
26670 IF(OPC .LE. ZERO) ELECOL = ZERO
26680 IF(OPC .GT. ZERO) PEAK4 = PUMC + FANC
26690C
26700C DETERMINE THE TANK TEMPERATURE OR THE AMOUNT OF ICEI IN THE TANK
26710C
26720 OELE = OPCC + QPC * OPE + ENELOT + OQB
26730 0Q ZERO
26740 0I z ZERO
26750 IF(CUFT .GT. ZERO) GO TO 120
26760 TOLD = TTANK
26770 130 CONTINUE
26780 TTANK a TTANK + ONE/(PF*VOLIIME*(SIX2P4*XK + F7P24))*(QIN - OOUT
26790 1 - TLOSS + OCOLL - OI + UELE - gLOW)
26800 IF(TTANK .LE. THIR2) Q a PF*VOLUMEC(SIX2P4*XK+F7P24)*(TOLD-THIR2)
26810 IF(TTANK .GT. THIR2) GO TO 140
26820 120 TTANK = TH1R2
26830 CUOLD , CUFT
26840 CUFT = CUFT + (QOUT-I0N+TLOSS-OCOLL-U-QELE+QLO)O*OPE4q
26850 IF(CUFT .GT. ZERO) GO TO 150
26860 OI = CUOLO/OPEM4
26870 CUFT a ZERO
26880 GO TO 130
26890 150 CONTINUE
26900 IF(CUFT .GT. PCUFT) PCUFT = CUFT
26910 140 CONTINUE
26920 ELE a ELESOL * ELENIT + ELE1 + ELECOL +' BU + B6U1
26930 GAS = ZERO
26940 OIL = ZERO
26950 ELEBU = QBU + HUtJ
26960 PEAK = PEAKI + PEAK2 * PEAK3 + PEAK4
26970 IF(A(198) .GT. ZERO ) RITE(9,711)I ,J,TTANK,C UF r, iEEDS, N EEn,
26980 1 QNEEOD,QCOLL,EL,ELENITELE,ELECOLLESOL,ELE
26990 711 FORMAT(1X,2(13,IX),2(F7.2,1X),9(F10.2,1X))
27000 RETURN
27010 END
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SNIIMH = XXX5t XXXXXXXXXXXXXXXXXXX X XXkXXXXXXXXXXXXXXXXXXXXXX

XXXX xxxxX xxxX xKxxx xxxx

X x X X x x

XXX XXXX X X X XXX X
X X X XXXX X . X

X X X X X X X x

XXXX XXXX X XXXX

XXXXXxxxx xxxx x xxxx xx x

xxxxxxYxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxx xxxxxxxx~~xxxxxx x x x xxxxxxxxxxxxxxxxxxx

SS 3895T ENTERED GCS-AJ AT 11.500 FROM SYSTEM-O TSS/S 0-08-10

0001 S SNUMB 3R95T
0002 S COMMENT F00648 TSS MEDIA CONVERSION
0003 S IOENT FO0648-ACES
0004 $S USERIO F00648S
0005 AS CONVER
0006 $ LIMITS ,,,50000
0007 S SYSOUT OT,EI
0008 S MULTI 1-1
0009 S DATA IN,,COPY,ENDFC
0010 S ENOCOPY IN
0011 S ENDJOB

TOTAL CARD COUNT THIS JOB a 001027

* ACTY-01 SCAROD 0005 CONVER 08/31/79 SWO000O00000000
8MC-TTL OATE 771205

1 MULTI 1-1
FILE O000001 TOT 001016 INPUT

INPUT COUNT 001016 OUTPUT COUNT 001016
BLOCKS SKIPPED 000000 IGNORE COUNT 000000

* NORMAL TERMINATION AT 001544 Ia20b0 SW=000000000000

START 11.532 LINES 1015 PROC 0.0002 I/0 0.001 Iu 5 MEMORY 8K

STOP 11.534 LIMIT 50000 LIMIT 0.2000 LIMIT CU 5 M*T 66
SNAP 0.000
LAPSE 0.002 FC D TYPE BUSY IP/AT FP/RT IS/NC MS/#E ADDRESS T#/PK#

MC R MSU450 * 22 0 1 I I 0-08-09

IN R MSU450 * 550 0 25 25 25 0-08-09
OT SYOUT
P* SYOUT

RC-00 1015 LINES AT STA.. El

ACTIVITY 01 COST=S 0.37
*CUMULATIVE COSTxS 0.37
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SNUMB = 3895T, ACTIVITY # = 01, , REPORT CODE = 00, RECORD COJNr = 001015

S NOTE FILENAME ECOMOD
S NOTE LAHEIS- A,R(E1)
S NOTE TABS/SETTNGS- ASIS
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ooo1000C******************************************************************
1010C
1020C ACES ECONOMIC EVALUCATION PACKAGE
1030C
1040C
1050C DEVELOPED BY HONEYWELL,INC
1060C CREATION DATEH NOVEMBER 17,1978
1070C
1080C THIS PROGRAM CAN EITHER CALCULATE THE LIFE CYCLE COST OF A
1090C SINGLE HVAC SYSTEM IN THE FORM OF ANNUALIZEO COSTS OR IT CAN
1100C COMPARE THE ECONOMIC EFFECTIVENESS OF lJP TO FIVE SYSTEMS IN
1110C TERMS OF ANNUAL COST OF OPERATION, PRESENT VALUE OF NET
1120C BENEFITS, AND PAYBACK
1130C

1150 COMMON /ECON/EIA(18O),GASC(5),OILC(S),ELEC(2,5),OEANDO(2,5),
1160 & TOTELEC(5),COST(5),PVN8(5),PAYBAK(5),MAINT(5),INS(S),AC(5),
1170 & PVTD(S),PTAX(S),PVC(5),OETD(5),8RKEV(5)
1180 COMMON /FUEL/TOTGAS(5) ,OTTOIL(5) OPEL(12,5),PEU(12,5),PDM(12,5),
1190 & OPDM(12,5)
1200 COMMON /BILL/NCB(4),BLKCOST(4,5),HLKSIZ(4,5)
1210 COMMON /ACES/ETC,IPASS,ACESC(7),IHLDG,DATA(10),IDSYS(5)
1220 COMMON /OUTP/DELTAC(5),DELTAO(5),PVE(S5),PVG(9),VO(5),PVEC(2,5),
1230 & PVED(2,5)
1240 DIMENSION MARGIN(10),LABEL(10).,ESC(3,25),DF(30),NETD(5,25),
1250 & FCTD(5,25),PTF(25),OEP(5),OP(5),AMP(5)
1260 CHARACTER MARGIN*6,LABEL*6
1270 INTEGER OWNER,FLAGT
1280 REAL MULT,MAINT,INS
1290 DO I IN = 1,170
1300 1 EIA(IW) a 0.0
1310C
1320C READ IN ECONOMIC PARAMETERS ARRAY FROM FILE CODE 14
1330C
1340 REWIND 20
1350 READ(20) (MARGIN(II),11=1,0)
1360 WRITE(10,3000) (MARGIN(tI),II=1,10)
1370 3000 FORMAT(1OA6)
1380 5 READ(20,3002,ENDs7) JtEIA(J),(LABEL(JJ),JJ=1,9)
1390 3002 FORMAT(I4,F13.0,9Ab)
1400 WRITE(10,3001) J,EIA(J),(LABEL(KK),KKSI,9)
1410 3001 FORMAT(1X,I3,F15.4,5X,9Ab)
1420 GO TO 5
1430 7 CONTINUE
1440C
1450C READ ENERGY USE FILES AND CALCULATE AMOUNT OF EACH ENERGY TYPE
1460C USED DURING EACH RATE PERIOD DURING THE YEAR
1470C
1480 CALL AMOUNT
1490C
1500C CALCULATE FIRST YEAR FUEL COSTS FOR EACH SYSTEM
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1510C
1520 CALL FUELCOST
1530C
1540C CALCULATE EIUUIPMENT COSTS FOR ACES

1550C
1560 IF(IDSYS(I) .NE. 1)GO TO 8

1570 CALL ACESCOST
1580C
1590C CALCULATE EOUIPMENT COST FOR OTHER SYSTEMS 1=2,5 NHERE

1600C 2 = ALL ELECTRIC
1610C 3 = AIR-TO-AIR HEAT PUMP AND ELECTRIC OHN

1620C 4- : nIL HEAT, ELECTRIC A/C, ELECTRIC OHW

1630C 5 = GAS HEAT, ELECTRIC A/C, GAS OHW

1640C
1650 8 COST(2) = EIA(IJ2) + EIA(134) + EIA(136)

1660 COST(3) = EIA(133) + EIA(136)

1670 COST(4) c EIA(131) + EIA(134) + EIA(13h)

1680 COST(5) a EIA(130) + EIA(134) * EIA(135)
1690C
1700C IDENTIFY TYPE OF OWNER
1710C
1720 OWNER s EIA(I)
1730C
1740C INITIALIZE ANALYSIS PARAMETERS
1750C
1760 FLAGT = EIA(169)
1770 LAP a EIA(2)
1780 ROR : EIA(3)/100.0
1790 TAXI z EIA(4)/100.0
1800 TAXP = EIA(5)/100.0
1810 MFLAG = EIA(13)
1820 RMORT z EIA(6)/100.0
1830 SALV = EIA(7)/100.0
1840 IDS = EIA(14)
1850 NSYS z EIA(160)
18bO RINT s EIA(15)/100.0
1870 IPASS = 0
1880 NPOINT z EIA(170)
1890 PARAN = (1.O+RDR)
1900 NSEC = 169
1910 DO 900 INDEX=INPOINT
1920 NSEC c NSEC + 2
1930 ISTART = EIA(NSEC) + 1
1940 IEND = ISTART + LAP - 1

1950 COST(I) : (ACESC(l)+ACESC(2)+ACESC(3)+ACESC(4)+ACESC(5)+ACESC(6)+
1960 & ACESC(7))*EIA(NSEC+I)
1970 MULT = (PARAN**LAP-1.O)/(ROR*PARAN**LAP)
1980 AMULT = MULT/PARAN**(ISTART - 1)
1990 DO 9 K=I,NSYS
2000 PVE(KW) = 0.0
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2010 PVG(KW) = 0.0
2020 PVO(Kw) = 0.0
2030 MAINT(KW) = 0.0
2040 INS(Ki) = 0.0
2050 00 9 KX=1,2
2060 PVEC(KX,Kw) = 0.0
2070 9 PVED(KX,KA) s 0.0
2080C
2090C CALCULATE TOTAL PRESENT VALUE OF FUEL COSTS
2100C
2110 MFORM = 0
2120 00 IS M=22,42,10
2130 MFORM a MFORM + 1
2140 NYR 0
2150 FMULT = (1.0 * ETA(M+l)/O00.O)**(ISTART-1)
2160 IF(ISTART .LT. EIA(M+2))GO TO 130
2170 FMULT c FMULT * (1.O+EIA(M+3)/100.0)**(ISTART-EIA(4+2)1
2180 130 NEPH a EIA(M)
2190 LOPH a M
2200 LL a 1
2210 DO 15 Nl,.NEPH
2220 LOPH a LOPH * 2
2230 LU = EIA(LOPH) + LL -1
2240 IF(ISTART .NE. 1 .AND. N .EQ. I)LLsISTART
2250 IF(LU .LT. LL)GO TO 15
2260 00 13 L=LL,LU
2270 IF(L .GT. IEND)GO TO 15
2280 NYR a NYR +. 1
2290 FMULT a FMULT * (EIA(LOPH-1)/100.0 + 1.0)
2300 13 ESC(MFORMNYR) = FMULT/PARAN**L
2310 15 LL s LU + I
2320 DO 16 LIILAP
2330 DO 16 MIl,NSYS
2340 PVE(M) a TOTELEC(M)*ESC(I,LI) + PVE(M)
2350 PVG(M) a GASC(M)*ESC(2,LI) * PVG(M)
2360 PVO(M) a OILC(M)*ESC(3,LI) + PVO(M)
2370 FCTD(M#LI) c PVE(M) + PVG(M) * PVO(M)
2380 no 16 N=1,2
2390 PVEC(N,M) = ELEC(N,M)*ESC(I,LI) + PVEC(N,M)
2400 16 PVED(N,M) s DEMAND(N,M)*ESC(1,LI) + PVEI(N,M)
2410C
2420C CALCULATE PRESENT VALUE OF NET EXPENDITURES TO DATE
2430C
2440 DO 660 NEL=1,LAP
2450 DO 660 IS=1.NSYS
2460 DISC · 1.O/(PARAN**(NEL+ISTART-I))
2470C
2480C CALCULATE MAINTENANCE AND INSURANCE EXPENSES
2490C
2500 L s 8
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2%1C IF (IIDSYS(IS) .JE. 1)(;)O TO 17

2520 RMM = EIA(9)*O)ISC/100OO
2530 MAINT(1) = MAINT(1) + (ACESC(1)+ACESC(?)+ACESC(S)+ACESC(7))*
2540 & RMM
2550 L : 9
2560 GO TO 18
2570 17 MAINT(IS) = MAINTIS) + tiA(8)*CDST(II)sYS(IS))*DISC/100.0
2580 18 INS(IS) a INS(IS) + EIA(L+2)*COST(IDSYS(IS))*DISC/100.0
2590C
2600C CALCULATE TAx DEDUCTIONS FOR MORTGAGE PAYMENTS
2blOC
2620 IF(NEL .GT. 1)GO TO 19

2630 EXPO = EIA(12)*EIA(2)
26h0 FACT = RMORT/EIA(12)
2650 RMULT = FACI*(1+FACT)**EXPO/((I+FACT)**EXPO-I.0)
2660 JEND = ISTART + LAP -1
2h70 NPPY = EIA(12)
2680 PVTO(IS) s 0.0
2690 IF(MFLAG .EO. O)GO TO 21

2700 OP(IS) = COST(IDSYS(IS))*(1.O-EIA(167)/100.0)
2710 AMP(IS) = OP(IS)*RMULT
2720 19 1 s= ISTART + NEL - 1
2730 DO 20 IV=l,NPPY
2740 TOMIP = OP(IS) * FACT

2750 OP(S) OP(IS) * (1 + FACT) - AMP(IS)

2760 20 PVTD(IS) m PVTD(IS) * (TDMIP/(PARAN**IW)*TAXI*(-1.0))
2770C
2780C CALCULATE PROPERTY TAX EFFECT
2790C
2800 21 IF(NEL .GT. 1)GO TO 600
2810 IF(IDS .NE. O)GO TO 522
2820 O0 521 JI=1,LAP
2830 521 DF(JI) s 0.0
2840 GO TO 560
2850 522 IF(IDS .NE. I)GO TO 524

2860 D0 523 J2=1ILAP
2870 523 DF(J2) = 1/LAP
2880 GO TO 560
2890 524 IF(IDS .NE. 2)GO TO 526

2900 DO 525 J3=1,LAP
2910 525 OF(J3) = 2.0*(LAP-J3+1)/(LAP*(LAP+1))
2920 GO TO 560
2930 526 SSF = RINT/((l+RINT)**LAPI-.0)
2940 DO 527 J4=1,LAP
2950 527 DF(J4) ; SSF
2960 560 COSTI = 1.0
2970 COST2 z 1.0
2980 DO 599 K3=1,LAP
2990 COSTI = COSTI - COST2*I)F(K )
3000 599 PTF(K3) = TAXP*COSTI/(PARAN**(K,+ISTAbT-11)
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olo0 PTAX(IS) = o.0
$020 600 COSTM COST(II)SYS(IS))
3030 IF(IS.EJ.l..AND.FLAGT.EO.O)COST = COSI(I) - (ACESC(3) +
3040 & ACESC(4) + ACESC(5))*EIA(NSEC+1)
3050 PTAX(IS) = PTAX(IS) + (1.0-TAXI)*COSTM*PTF(NEL)
30hOC
3070C CALCULATE PRESENT VALUE OF CAPITAL INVESTMENT EXPENnITURES
3080C
3090 IF(NEL ,GT. I)GO TO 602
3100 XNUM .= 1.0
3110 IF(MFLAG .EQ. 0)GO TO 601
3120 ARATE e (EIA(3) + EIA(166))/100.0
3130 AMO s 1.0 * ARATE
3140 XNUM = RMULT*EIA(12)
3150 601 DPAY z EIA(167)/100.0
3160 PVC(IS) = DPAY*COST(IOSYS(IS))/(PARAN**(ISTART-1))
3170 602 CDISC * 1.O/(AMU**NEL)/(PARAN**(ISTART-I))
3180 DM = (1.0-PAY)*XNUM*CDISC
3190 PVC(IS) = PVC(IS) + COST(IDSYS(IS))*DM
3200 IF(NEL .LT. LAP)GO TO 603
3210 PVC(IS) B PVC(IS) - CQST(IDSYS(IS))*SALV/(PARA4**IEND)
3220C
3230C CALCULATE ENERGY TAX CREDIT
3240C
3250 603 IF(NEL ,GT. I)GO TO 604
3260 ETC c (ACESC(4)+ACESC(S))*EIA(NSEC+l)*EIA(l68)/100.O/
3270 & (PARAN**(ISTART-1))
3280C
3290C IF A COMMERCIAL BUILDING, CALCULATE TAX DEDUCTION DUE TO
3300C OPERATING EXPENSES
3310C
3320 604 IF(OWNER .EO. 2)GO TO 630
3330 OETO(IS) a 0.0
3340 GO TO b50
3350 630 IF(NEL .GT. I)GO TO 640
3360 OETD(IS) a 0.0
3370 DEP(IS) a 0.0
3380 640 DEP(IS) = DEP(IS) + COST(IDSYS(IS))*OF(NEL)*DISC
3390 OETD(IS) z -(OEP(IS)+MAINT(IS)+PVG(IS)+PVO(IS)+PVE(IS))*TAXI
3400 650 NETD(ISNEL) w PVC(IS)+PVTD(IS)+MAINT(IS)+INS(IS)+PTAX(IS)+
3410 8 OETD(IS)
3420 IF(IDSYS(IS).E(.I)NETO(IS,NEL) z NETO(IS,NEL) - ETC
3430 660 CONTINUE
3440C
3450C CALCULATE TOTAL PRESENT VALUE (TPV) OF SYSTEM AND ANNUAL COST (AC)
3460C
3470 00 820 I=lNSYS
3480 TPV a PVC(I)+MAINT(I)+INS(I)ePVE(I)+PVG(I)+PVO(I)+
3490 & PVTD(I)+PTAX(I)+OETD(I)
3500 IF(I *EO. I .ANDO IOSYS(I) .EQ. L)tPV a TPV * ETC
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5510 820 AC(I) = IPV/MIULT
3520C
3530C CONVERT ALL CI]ST ITEMS TO ANNUAL COSTS
350OC
3550 ETC = ETC/MULT
3560 00D 821 I=1,iJSYS
3570 PVC([) = PVC(I)/MULT
3580 MAINT(I) MAINT(I)/MU.LT
3590 INS(I) = INS(I)/MJLT
3600 PVE(I) = PV(I)/MItLT
3610 PVG(I) = PVG(I)/MUJLT
3620 PVO(I) s PVO(I)/MIJLT
3630 PVTD(I) = PVTI)(I)/4ULT
3640 PTAX(I) = PTAX()/MIJLT
3650 ETD OETO()= TD(T)/IMLT
3660 8l21 Jlr,2
3670 PVEC(J,I) = PVEC(JI)/MULT
3680 821 PVED(J,I) = PVEC(JwI)/MIJLT
3690 AM = (AMQ**LAP-1.0)/(AR*(E*(AM(**LAP))
3700 PVCM = (DPAY+(1.O-DPAY)*XNUM*AM)/(PARAN**(ISTART-1))-SALV/
3710 & (PARAN**IEND)
3720 OIV : PVCM/MULT
3730 00 822 K=1,7
3740 822 ACESC(K) s ACESC(K)*EIA(NSEC+1)*DIV
3750C
3760C IF THERE IS MORE THAN ONE SYSTEM, CALCULATE PRESENT VALUE OF NET
3770C BENEFITS AND PAYBACK
3780C
3790 IF(NSYS .EU. 1)GO TO 850
3800 COSTI1 PVC(1)+MAINT(l)+INS(1)+PVTD(I)+PTAX(I)*OETD(1)
3810 FCI = PVE(I) * PVG(1) * PVO(1)
3820 DO 825 I=2,NSYS
3830 DELTAC(I) = COST1-PVC(I)-MAINT(I)-INS(I)-PVTD(I)-PTAX()-OETD(I)
3840 DELTAO(I) a PVE(I)+PVG(I)+PVO(I)-FC1
3850 PVNB(I) = (DELTAO(I) DELTAC(I))*MULT
3860 DELTAO(r) = DELTAO(I) * MULT
3870 PAYBAK(I) z 0.0
3880 BRKEV(I) = 0.0
3890 DO 823 KX=1,LAP
3900 DELF = FCTD(I,KX) - FCTD(1,KX)
3910 IF(DELF .LT. 0.0)GO TO 823
3920 DELC z NETD(IKX) - NETD(T,KX)
3930 IF(OELF .GE. DELC .AND. BRKEV(I) .LE. 0.O)qRKEV(I):KX
3940 IF(DELF .GE. (DELTAC(I)*MlJLT) .AND. PAYBAK(I) .LT. 1.0)

3950 & PAYBAK(I) = KX
3960 823 CONTINIIE
3970 IF(PAYBAK(1) .LT. 1.O)PAYHAK(I)=999.0
3980 IF(HRKEV(I) .LT. 1.O)HRKEV(I) = 999.0
3990 825 DELTAC(I) = -DELTAC(I)*MHLT
4000 850 CRF = 1.O/MULT



A-179

4010 CALL OUTPJT(CRF,REP)
4020 O0 880 K=I,1
4030 880 ACESC(K) - ACESC(K)/DIV/EIA(NSEC+I)
4040 900 CONTINUE
4050 STOP
4060 ENO
4070C
4080C
4090 SUBROUTINE AMOUNT
4100 COMMON /ECUN/EIA(180),GASC(5),OILC(5),ELFC(2,5),OEMAND(2,5),
4110 & TOTELEC(S),COST(5),PVNB(5),PAYHAKC(),MAINT(5),INS(5),AC(5),
4120 & PVTO(5) PTAX(5),PVC(5),)EID(5),HRKEV(5)
4130 COMMON /FUEL/TOTGAS(5),TOTOIL(5),OPEU(12,5),PEU(12,5),POM(12,5),
4140 & OPOM(12,5)
4150 COMMON /ACES/ETC,IPASS,ACESC(7),IBLDGDATA(10),IDSYS(5)
4160 INTEGER BSP(2),WPED(2),BHDP(2),EHDP(2),DAY,DAYC
4170 DIMENSION MONTH(13)
4180C
4190C INITIALIZE PARAMETERS WHERE
4200C BSP(I) = BEGINNING OF SEASONAL PEAK I

4210C WPEO(I) 3 WEEKLY PEAK ENDING DAY DURING SEASON I

4220C BHOP(I) = BEGINNING HOUR OF DAILY PEAK DURING SEASON I

4230C EHDP(I) = ENDING HOUR OF DAILY PEAK DIRING SEASON I

4240C OPEU(I,J) a OFF-PEAK ELEC USE DURING SEASON I BY SYSTEM J

4250C PEU(I,J) a PEAK PERIOD ELEC USE, SEASON I BY SYSTEM J
4260C OPDM(I,J) z MAX OFF-PEAK DEMAND IN MONTH I BY SYSTEM J
4270C PDM(IJ) a MAX PEAK DEMAND IN MONTH I BY SYSTEM J

4280C
4290 NSYS a EIA(160)
4300 BSP(I) a EIA(102)
4310 BSP(2) a EIA(112)
4320 WPED(1) a EIA(108)
4330 WPED(2) a EIA(118)
4340 BHOP(l) * EIA(109)
4350 EHDP(1) a EIA(l0O)
4360 BHOP(2) : EIA(119)
4370 EHOP(2) * EIA(120)
4380C
4390C CALCULATE QUANTITIES DEFINED-ABOVE FOR EACH SYSTEM
4400C
4410 NCOUNT a I
4420 DO I KAt1b1,1b5
4430 IF(EIA(KA) .LE. O,I)GO TO 1
4440 IDSYS(NCOUNT) s EIA(KA)
4450 NCOUNT = NCOUNT +*
44h0 1 CONTINUE
4470 00 3 IK=I,10
4480 3 DATA(IK) = 0.0
4490 DO 250 IO=INSYS
4500 DAY * EIA(151) - 2.0
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4510 MlwMJTH(I) = 1

4520 MJ)NTH(?) = 32
4530 MONTH(5) = hO

4540 MONTH(4) = 91
0550 OUNTH(5) = 121
4560 MONTH(h) = 152
4570 MONTH(7) = 182
4580 M)NTH(8) = 213
4590 MONTH(9) = 244
4600 MONTH(10) = 274
4610 MONTH(11) = 305
4620 MONTH(12) = 335
4630 MONTH(13) = 366
4640 IFIRST = 0
4650 ILAST = 0
4660 IFC = 1I + IDSYS(ID)
4670 TOTGAS(ID) = 0.0
4680 TOTOIL(ID) = 0.0
4690 D00 5 KH1,12
4700 OPEU(KHID) s 0.0
4710 PEU(KB,ID) = 0.0
4720 PDM(KH,ID) = 0.0
4730 5 OPOM(KBiID) = 0.0
4740C
4750C IF THIS IS AN ACES SYSTEM, IFC=14 AND WE WANT TO READ S3ME

4760C EQUIPMENT SIZE AND TYPE INFORMATION
47 t0C
4780 REAO(IFC) IBLDG
4790 IF(IFC .EU. 14)GO TO 2
4800 GO TO b
4810 2 REAO(IFC) (DATA(K),K=1,3),)ATA(8),DATA(9)
4820C READ IN THE DAY THAT THE HEATING SEASON HEGINS

4830C
4840 6 READ(IFC) DAYI
4850 NDAY1 = DAYI
4860C
4870C DETERMINE THE M[NTH IN WHICH HEATING BEGINS
4880C
4890 ISUB = 0
4900 20 ISUH = ISUH * 1
4910 IF(NDAY1 .GE. MONTH(ISUb))GO TO 20
4920 MONTHI = ISUR - 1
4930 LEAPYR = 1
4940 YRCH = AMOD(EIA(150),4.0)
4950 IF(YRCH .GT. 0.0)LEAPYR=O
4960 Ml = ISUB
4970 IF(ISUB .LT. 3)MI a 3
4980 00 21 KN=M1,13
4990 21 MONTH(KN) sMONTH(KN) + LEAPYR
5000 LEAPYR 2 1



A-181

5010 YRCH = AMUD((EIA(10S)+l),4.0)
5020 IF(YHCH .GT. U.O)LEAPYR=O
5030 IF(Ml .E(. 3)GO TO 25
5040 Ml i Ml - 1
5050 DO 22 KM=3,MI
5060 22 MONTH(KM) =MONTH(KM) + LEAPYH
5070C
5080C
5090 25 I x 1
5100 J = 2
5110 IF(BSP(I) .LT. HSP(2))GO TO 26
5120 I a 2
5130 J = 1
5140 26 IF(MONTHI .GE. BSP(I))GO TO 30
5150 MBEG a MONTHI
5160 MEND = BSP(I) * I
5170 NSEASON a J
5180 GO TO 80
5190 30 IF(MONTHI .GE. BSP(J))GO TO 40
5200 MHEG = MONTH.1
5210 MEND _ BSP(J) * 1
5220 NSEASON a I
5230 GO TO 80
5240 40 MBEG. MONTHI
5250 MEND = 12
5260 NSEASON = I
5270 GO TO 80
5280C
5290C READ IN THE ENERGY USE DATA FOR THIS MONTH
5300C
5310 80 DO 155 NI»MBEGMEND
5320 K a MONTH(N1)
5330 IF(IFIRST .GT. O)GO TO 90
5340 IFIRST s 1
5350 K a NDAY1
5360 IF(AMOO(EIA(150),4.0) .LE. O.O1)NOAYi NDAYI 1
5570 90 L a MONTH(Nl*I)
5380 IF(ILAST .EO. 0)GO TO 92
5390 IF(MONTH(N*I+) ,LT. NDAYI)GO TO 92
5400 L a NDAYI
5410 92 LMO a L a K
5420C
5430C DAILY DIVISION OF LOAD TO PEAK AND OFF-PEAK
5440C
5450 LOEX = L - I
5460 00 100 N2=K,LDEX
5470 DAY a DAY + 1
5480 DAY = MOO(DAY,7) + 1
5490 LL = I
5500 LIU = HH)P('NSEASON)

0
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5510 IF(r)AY .GT. 'PEo(NSEASON))LIH = 24
5520 105 IF(LU .EO. 1)GO TO 111
5550 DO 110 N3=LLLU
5540 READ(IFC) GAS,OIL,FLEC TR,DMANO
5550 TUTGAS(ID) = TOTGAS(Ir) + GAS
5560 TOTOIL(ID) = TOTOIL(ID) + OIL

5570 PEAK = DMAND/3413.0
5580 OPEU(NI,ID) = OPEUt(N,I()) + ELECTR/341.).
5590 110 IF(OPDM(NI,ID) .LT. PEAK)OPDM(N1,I)) = PEAK

5600 IF(LU .GE. 24)GO TO 100
5610 111 LL2 = BOP(NSEAS(N)+1
5620 IF(LL2 .EO. 2)LL2 = 1
5630 LU2 = EHDP(NSEASON)
5640 00 120 N4 =LL2,LU2
5650 READ(IFC) GAS,OIL,ELECTR,DMAND
5660 TOTGASCID) = TOTGAS(In) + GAS
5670 TOTOIL(ID) s TOTOIL(ID) + OIL
5680 PEAK 5 DMAND/3413.0
5690 PEU(NI,ID) = PEU(N1,ID) + ELECTR/3413.0
5700 120 IF(PDM(NI,ID) .LT. PEAK)POM(NI,ID) = PEAK

5710 IF(Lt2 .En. 24)GO TO 100
5720 LL = EHDP(NSEASON) + 1
5730 LU =24
5740 GO TO 105
5750 100 IF(ILAST .NE. 0 .AND. (N2+1) .EO. NDAY1)GO TD 200

5760 155 CONTINUE
5770 IF(MEND .EO. 12)GO TO 160
5780 MONTHI = MEND + I
5790 GO TO 25
5800 160 IF(NOAY1 .EO. 1)GO TO 200
5810 MONTH1 S 1
5820 ILAST = 1
5830 GO TO 25
5840 200 CONTINUE
5850 READ(IFC) DUMMY
5860 IF(IFC .EI). 14)OATA(10) = DUMMY
5870 250 CONTINUE
5880 RETURN
5890 END
5900C
5910C
5920C
5930 SUBROUTINE FUELCOST
5940C
5950C THIS SUBROUTINE CALCULATES THE TOTAL YEARL'Y COST OF T-E GAS, OIL,

5960C AND ELECTRICITY USED FOR HEAT, HOT wATER AND AIR COND[TIDNING

5970C
5980 COMMON /ECON/EIA(IRO),GASC(5),nTLC(5),ELEC(2,5),OE^AND(2,5),
5990 & TDTELEC(5),COST(5),PVNH(5),PAYHAK(5),^AINT(5),INS(5),AC(5),
6000 & PVTD(5),PTAX(5),PVC(5),OETD5(9),RKEV(5)
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6010 COMMON /FILEL/IOTGAS(5),TTOTOIL(5*),OPUJ(125),PEU(12,S),PDM(l2,5),
6020 & OPDM(12,5)
6030 COMMON /BILL/NCH(4) ,HLKCOST(U,5)1,8l.KSIZ(4,5)
6040 COMMON /ACES/ETC,IPASS,ACESC(7),IHLD;,lJATA(iO),IDSYS(S)
6050 DIMENSION PASS(4),CCPM(2),DMAX(2),PER(2)tDMIN(2),PDC(2),OPDC(2),
6060 & PEC(2),OPEC(2),DDMAX(2)
6070 INTEGER BMSP(2)
6080C
6090C COMPUTE GAS AND OIL COSTS
6100C
6110 00 1 IA=I,5
6120 GASC(IA) = TOTGAS(IA)*EIA(31)/FIA(20)/10**6
6130 1 OILC(IA) z TOTOIL(IA)*EIA(41)/EIA(21)
6140 NRATE = EIA(19)
6150 NSYS = EIA(160)
6160 00 400 MX=1,2
6170 00 400 MY=I,NSYS
6180 OEMAND(MX,MY) a 0.0
6190 400 ELEC(MX,MY) = 0.0
6200C
6210C COMPUTE ELECTRIC COST
6220C
6230 IF(NRATE .ED. 2)GO TO 12
6240 NCB(t) = EIA(51)
6250 NCB(2) S EIA(71)
6260 NCB(3) : EIA(bl)
6270 NCB(4) a EIA(81)
6280C
6290C SET UP ENERGY AND DEMAND COST ARRAYS FOR STANDARD RATES
6300C
6310 J i 0
6320 00 2 IE=51,64.10
6330 LU S IE * 20
6340 00 2 IB:IE,LU,20
b350 J a J * I
6360 IU = EIA(IB)
6370 ID a IB
6380 DO 2 IC=I,IU
6390 IO a ID + I
6400 BLKCOST(J,IC) a EIA(ID)
6410 ID = 10 * 1
6420 2 BLKSIZ(J,IC) = EIA(ID)
6430C
6440C INITIALIZE FOR DEMAND CALCULATIONS
6450C
6460 LDLI = NRATE - 1
6470 DO 3.JA=LDLI,NSYS
6480 00 3 MON=1,12
6490 3 POM(MON,JA) = AMAXl(PDM(MON,JA),OPDM(MON,JA))
6500 12 DO 200 JA=INSYS
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6510 [ IF{ J( A1 .A F . 8)G() IO 4

h520 IF(NRATE .E14. 3 ,AND. IDSYS(JA) .E(J. I)GO TO

6530 4MSP(I) = ElA(49)

6540 HMSP(2) = FIA(69)
6550 CCPM(l) = EIA(50)
6S60 CCPM(2) = EIA(70)
6570 GO TO 5
6580 4 BMSP(l) = EIA(102)

6590 HMSP(2) = EIA(112)
6600 CCPM(l) = EIA(111)
6610 CCPM(2) = EIA(121)
6620 5 DMAX(l) = EIA(90)

6630 DMAX(2) = EIA(91)
6640 PER(I) = EIA(92)/100.0
6650 PER(2) = EIA(93)/100.0

6660 DMIN(I) = DMAX(l)
6670 OMIN(2) a DMAX(2)
6680C
6690C CALCULATE PEAK DEMAND FOR EACH SEASON

6700C
6710 ISUB = 1

6720 JSUB = 2
6730 IF(BMSP(1) .LT. BMSP(2))GO TO 11

6740 ISUB = 2
6750 JSU8 = 1
6760 11 LU = BMSP(ISUB) - 1

6770 IF(BMSP(ISUH) .EQ. 1)GO TO 7

6780 DO 6 JBsl,LU

6790 6 IF(PDM(JB,JA) .GT. DMAX(JSUB))DMAX(JSLIB)=POM(J3,JA)
6800 7 LV = BMSP(JSUB) - I

6810 DO 8 JC=BMSP(ISUB),LV

6820 8 IF(PDM(JC,JA) .GT. DMAX(ISUB))DMAX(ISUB)=PDM(JC,JA)

683 0 00 9 JDzBMSP(JSUB),12
6840 9 IF(PDMCJD,JA) .GT. DMAX(JSIJB))DMAX(JSUB)=PDM(JO,JA)

6850C
6860C AT THIS POINT THE MAX PEAK DEMAND F(R EACH SEASON HAS BEEN

6870C DEFINED WHERE SEASON I IS THE HIGHEST PEAK

6880C
6890 ODMAX(2) s DMAX(2)
6900 ODMAX(l) * DMAX(l)

6910 IF(NRATE .EO. 2)GO TO 10

6920 DDMAX(2) = AMAXI(DMAX(l)ADMAX(2))
6930C
6940C NOW CALCULATE BILLING DEMAND

6950C
6960 10 IF(BMSP(ISUB) .EQ. I)GO TO 17

6970 DO 16 KB = I,LU
6980 PDM(KB,JA) a AMAXI(PDM(KB,JA),DDMAX(JSUB)*PER(JSUB),DIN(JSUB))
6990 OPDM(KB,JA) = OPDM(KH,JA) - PDM(KB,JA)

7000 16 IF(OPDM(KBJA) .LT. O.O)OPDM(KB,JA) S 0.0
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7010 11 I)0 18 KC = thMSP(TSIl)],LV
7020 PI)M(KC,JA) = AMAXI (Pl)M(KCJA),DDMAX(ISII)*PER(ISU8) ,D1ITN(ISUR))
7030 OPUM(KC,JA) = OPOM(KC,JA) - PDM(KC,JA)
7040 18 IF(OPDM(KCJA) t.T. 0.1)OPDM(KC,JA) = 0.0
7050 00 19 KD = HMSP(JSUH),12
7060 PDM(KO,JA) =AMAX1(PDM(KO,JA),I)DMAX(JSUB)*PER(JSUIB),DIN(JSUB))
7070 OPDM(KD,JA) = OPDM(KDJA) - PDM(KD,JA)
7080 19 IF(OPDM(KD,JA) .LT. 0.1)OPDM(KD,JA) s 0.0

7090 IF(NRATE .EQ. 3 .AND. InSYS(JA) .NE. 1)GO TO 25
7100 IF(NRATE .GE. 2)GO TO 302
711OC
7120C NOW CALCULATE DEMAND 'AND ENERGY BILLS FOR STANDARD RATES
7130C
7140 25 IF(BMSP(ISUB) .EQ. I)GO TO 27
7150 DO 26 LB=1,LU
7160 PASS(JSUB) = PDM(LB,JA)
7170 PASS(JSUB+2) = PEU(LB,JA) * OPEU(LB,JA)
7180 CALL BILLING(PASSJSUB)
7190 OEMAND(JSUB,JA) a DEMANO(JSUH,JA) + PASS(JSUB)
7200 26 ELEC(JSU8,JA) a ELEC(JSUB,JA) + PASS(JSUB+2)
7210 27 00 28 LC=BMSP(ISUB),LV
*7220 PASS(ISUH) x PDM(LC,JA)
7230 PASS(ISUB+2) z PEU(LCJA) + OPEU(LC,JA)
7240 CALL BILLING(PASS,ISUB)
7250 OEMAND(ISUB,JA) a DEMAND(ISUBJA) + PASS(ISUB)
7260 28 ELEC(ISUB,JA) = ELEC(ISUB.JA) + PASS(ISUB+2)
7270 DO 29 LDsBMSP(JSUB),12
7280 PASS(JSUB) x PDM(LO,JA)
7290 PASS(JSUB+2) s PEU(LD,JA) * OPEU(LDJA)
7300 CALL BILLING(PASSJSUB)
7310 DEMAND(JSUB,JA) z DEMAND(JSIIB,JA) + PASS(JSIJB)
7320 29 ELEC(JSUB,JA) = ELEC(JSUB,JA) * PASS(JSUR+2)
7330 GO TO 330
7340C
7350C SET UP DEMAND AND ENERGY COST MULTIPLIERS FOR PEAK LOAD PRICING
7360C 1 m PRIMARY PEAK SEASON 2 s SECONDARY PEAK SEASON
7370C
7380 302 POC(l) ; EIA(103)
7390 POC(2) a EIA(113)
7400 OPDC(l) a EIA(104)
7410 OPDC(2) a EIA(114)
7420 PEC(I) a EIA(105)
7430 OPEC(I) = EIA(106)
7440 PEC(2) = EIA(115)
7450 OPEC(2) a EIA(116)
746OC
7470C NOW CALCULATE YEARLY DEMAND AND ENERGY COSTS
7480C
7490 IF(BMSP(ISUB) ,EO. l)GO TO 327
7500 DO 326 LB=1,LU
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7510 OEMANO(JSIH,JA) = DEMAND(JSIIH,JA) + Pf)M(L4,JA)*P)C(JSlJ8) +
7520 & OPnM(LB,JA) * OPOC(JSIIH)
7530 326 ELEC(JSU8,JA) = ELEC(JSUH,JA) + PEC(JSlH8)*PEUI(LBI.A) +
7540 & OPEC(JSUB)*OPEU(LH,JA)
7550 327 00 328 LC=BMSP(ISU8),L.V
7560 OEMAND(IStU,JA) = DEMAND(ISUbJA) + PI)M(LC,JA)*3OC(ISJH) +
7570 & OPDM(LC,JA)*OPDC(ISJB)
7580 328 ELEC(ISUB,JA) = ELEC(ISUH,JA) + PEIJ(LC,JA)*PEC(ISUB) +
7590 & OPEU(LC,JA)*OPEC(ISUB)
7600 00 329 LD=HMSP(JSUB),12
7610 DENAND(JSUBJA) : DEMAND(JSUBJA) + PD (LD,JA)*P)C(J SB9 ) +
7620 & OPOM(LD,JA)*OPDC(JSljH)
7630 329 ELEC(JSU8,JA) = ELEC(JSUB,JA) * PEU(Lf),JA)*PEC(JSUJB) +
7640 & OPEU(LD,JA)*OPEC(JSUH)
7650 330 MULT = IARS(BMSP(2) - BMSP(1))
7660 IF(BMSP(1) .GT, BMSP(2))MULT = 12 - MILT
7670 TOTELEC(JA) = DEMAN(JA EMANDJA(2,JA)+ELEC(1,JA)+ELEC(2,JA) +
7680 & CCPM(1)*MULT + CCPM(2)*(12-MULT)
7690 200 CONTINUE
7700 RETURN
7710 END
7720C
7730C
7740C
7750 SUBROUTINE BILLING(QJW)
7760 COMMON /BILL/NC8(4),BLKCOST(4,5),BLKSIZ(4,5)
7770 DIMENSION 0(4)
7780 JX a JW + 2
7790 DO 4 JS=Jw,JX,2
7800 TCOST = 0.0
7810 LU - NCB(JS) - 1
7820 DO 3 I51,LU
7830 IF(O(JS) .GT. BLKSIZ(JS,I))GO TO 2
7840 TCOST = TCOST + BLKCOST(JS,I)*Q(JS)
7850 GO TO 4
7860 2 (JS) = (JS) - BLKSIZ(JS,I)
7870 3 TCOST s TCOST + 8LKCOST(JS,I)*BLKSTZ(JS,I)
7880 TCOST = TCOST + BLKCOST(JS,LU+I)*Q(JS)
7890 4 Q(JS) = TCOST
7900 RETURN
7910 END
7920C
7930C
7940C
7950 SUBROUTINE OUTPUT(CRF,REP)
7960 COMMON /ECON/EIA(180),GASC(5),OILC(5),ELEC(2,5),OE4ANO(2,5),
7970 & TOTELEC(5),COST(5),PVNB(5),PAYHAK(5)1,AINT(5),INS(5),AC(5),
7980 & PVTD(5),PTAX(5),PVC(5),OETD(5),BWKEV(5)
7990 COMMON /FUEL/TOTGAS(5),TOTOIL(5),UPEU(12,5),PEU(12,5),P)M(12,5),
8000 & OPDM(12,5)
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8010 COMMON /ACES/ETC,I-PASS,ACESC(7),IHLI)G,I)ATA(10),I )SYS(5)
8020 COMMON /OUTP/DELTAC(5),DELTAO(5)tPVE(5),PVG(5),PVO(5),PVEC(2,5)t
8030 & PVED(2,5)
8040 DIMENSION TITLE(2,5),LAa(2),UNDER(5),MONTH(12),TOTE(5),SIJM(5)
8050 CHARACTER UNDER*6,TITLE*4,LAH*6,.M40NTH*4
8060 REAL MAINTINS
8070 DATA ((TITLE(J,K),J=I,2),K=l,5)/4H ,UHACES,4HALL ,4HELEC,
8080 & 4HHEAT,4HPUMP,4H ,4HOIL ,4HNAT ,4HGAS /
8090 DATA (MONTH(N),N=l,12)/4HJAN ,UHFEB ,4HMAR ,4HAPRL,1HMAY ,UHJUNE,
8100 & 4HJULY,4HAUG ,4HSEPT,4HOCT ,4HNOV ,OHOEC /
8110 DO 10 1=1,5
8120 10 UNDER(I) = 6H ----
8130 IPAGE c 1
8140 NSYS = EIA(160)
8150 IPASS P IPASS + 1
8160C
8170C PRINT OUT ANNUAL COST SUMMARY
8180C
8190 WRITE(10,4000) IPAGE
8200 WRITE(10,4001) (UNDER(J),J=1,4)
8210 WRITE(10,4002) EIA(2),EIA(8)
8220 WWITE(10,4003) CRF,EIA(10)
8230 WRITE(10,4004) EIA(3),EIA(5)
8240 WRITE(10,4005) EIA(7),EIA(4)
8250 VRITE(10,4006) EIA(15)
8260 WRITE(10,4007) EIA(6)
8270 IYEAR = 1978 + EIA(169+2*IPASS)
8280 WRITE(10,4008) IYEAR,(UNDER(J),J=1,5),(UNOER(I)
8290 WRITE(10,4009) (TITLE(1,IDSYS(J)),J=l,NSYS)
8300 WRITE(10,4010) (TITLE(2,IDSYS(I)),I=1,NSYS)
8310 WRITE(10,4020) (UNOER(J),J1l,2),(UNDER(I),I=1,9SYS)
8320 WRITE(10,4030) (PVC(I),I:I,NSYS)
8330 IF(IOSYS(I) .NE!. I)GO TO 20
8340 WRITE(10,4110) (ACESC(L),.=1,6)
8350 IF(ACESC(7) .LT. 0.01)GO TO 20
8360 WRITE(10,4310) ACESC(7)
8370 20 WRITE(10.4050)
8380 LAB(1) = 6HMAINTE
8390 LAB(2) a 6HNANCE
8400 WRITE(104060) (LAB(K),Kal,2),(MAINT(J)J=tl,NSYS)
A410 LAB(I) = 6HINSURA
8420 LAB(2) 5 6HNCE
8430 WRITE(1O,4060) (LAB(K),K=1,2),(INS(J),J=I,NSYS)
8440 WRITE(10,4070)
8450 LAB(I) = 6HNATURA
8460 LAB(2) = 6HL GAS
8470 WRITE(104060) (LAH(K),K=1,2),(PVG(J),J=l,NSYS)
84AO LAB(I) = bHHEATIN
8490 LAB(2) = 6HG OIL
8500 WRITE(10,4060) (LAB(K),K=1,2),(PVO(K),K=1,NSYS)
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8510 LAB(1) = hHELECTR
8520 LAH(2) = hHICITY
8530 wRITE(10,4060) (LAB(K) K=1,2), (PVE(M),M=1,NSYS)
8540 NPEAKS = EIA(1011
8550 00 30 I=1,NPEAKS
8560 LAH(1) = bHENERGY
8570 LA8(2) = bH COST
8580 wRITE(10,4040) (LAB(K),K=1,2),(PVEC(I,J),J=1,NStS)
8590 IF(EIA(52).LE.0.o.AND.IFIX(EIA(19)).EQO.)GD TO 30

8600 IF(EIA(103).LE..O.OAND.IFIX(EIA(i9)) EQ.2)GO TO 30

8610 LA8() = bHOEMAND
8b20 LAB(2) = bH COST
8630 WRITE(10,4040) (LAB(K),K=1,2), (PVED(I,M),M=,NSYS)

8640 30 CONTINUE
8650 DO 32 L=l1NSYS
8660 32 SUM(L) = PVG(L) * PVO(L) + PVE(L)
8670 LAB(1) = 6HTOTAL
8680 LA8(2) = 6HFUEL
8690 NRITE(10,4060) (LAB(K),K=1,2),(SUM(M),M=1,NSYS)
8700 WRITE(10,4080)
8710 LAB(1) = 6HMORTGA
8720 LA8(2) = 6HGE DED
8130 WRITE(10,4060) (LAB(K),K=1,2),(PVTD(N),N=I.NSYS)
8740 LAB(1) = 6HPROPER
8750 LAB(2) 5 6HTY TAX
8760 WRITE(10,4060) (LAB(K),K=1,2),(PTAX(L),L=1,NSYS)
8770 IF(EIA(1) .LE. I)GO TO 35
8780 LAB(1) = 6HOP.EXP
8790 LAB(2) = 6H DED
8800 WRITE(10,4060) (LAB(K),K=1,2),(OETD(L),L=I,NSYS)
8810 35 WRITE(10,40b2) ETC
8820 WRITE(10,4090) (UNDER(J),J=1,NSYS)
8830 WRITE(10,4100) (AC(M),Mx1,NSYS)
8840C
8850C PRINT OUT PRESENT VALUE OF NET BENEFITS ANO PAYBACK

8860C
8870 IF(NSYS .LT. 2)GO TO 40
8880 WRITE(10,4114) (DELTAC(J),J=2,NSYS)
8890 WRITE(10,4115) (DELTAO(N),N=2,NSYS)

8900 WRITE(10.,4120) (PVNB(M),M=2,NSYS)
8910 RRITE(10,4130) (BRKEV(J),J=2,NSYS),(PAYtHAK(K),r=2,NSYS)
8920 ARITE(10,4135) COST(1)
8930 IF(IPASS .LT. IFIX(EIA(170)))WETIJRN
8940C
8950C PRINT ENERGY USE SUMMARY
8960C
8970 40 ARITE(10,4140) IPAGE,(I)NDER(J),J=1,4)
8980 vRITE(10,4009) (TITLE(1,IDISYS(K)),K=I,NSYS)
8990 4RITE(10,4150) (TITLE(2,IIOSYS(M)),M=,NSYS)
9000 HRITE(10,4020) (UNOER(J),J=1,2),(tNI)ER(I),II=,NSYS)
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9010C
9020C COMPUTE ANNUAL FUEL USAGE IN MILLIONS OF hTI

9030C
9040 00 45 K=1,NSYS
9050 TOTE(K) = 0.0
9060 DO 44 KZ=l,12
9070 44 TOTE(K) = TOTE(K) + (PEU(KZ,K)+OPEU(KZ,K))0O.003413
9080 TOTGAS(K) = TOTGAS(K)/10**6
9090 TOTOIL(K) = TOTOIL(K)/10**b
9100 45 SUM(K) = TOTE(K) + TOTGAS(K) * IOTOIL(K)
9110 WRITE(10,4160) (TOTGAS(L),L=1,NSYS)
9120 WRITE(10,4170) (TOTOIL(M),M=1,NSYS)
9130 WRITE(10,4180) (TOTE(M),M=1,NSYS)
9140 WRITE(10,4090) (UNOER(J),J=I,NSYS)
9150 wRITE(10,4190) (SUM(M),Mat,NSYS)
9160 NRATE = EIA(19)
9170C
9180C PRINT MONTHLY ELECTRICAL CONSUMPTION DATA
9190C
9200 WRITE(1O,4240) CUNOER(K),K=1,4)
9210 WRITE(10,4009) (TITLE(1,IOSYS(M)),M=INSYS)
9220 WRITE(10,4250) (TITLE(2,IDSYS(N)),N=1,NSYS)
9230 WRITE(10,4260)
9240 DO 60 KKzl,12
9250 60 WRITE(10,4270) MONTH(KK),(PEU(KK,I),I=l,NSYS)
9260 IF(NRATE .EQ. I)GO TO 66
9270 WRITE(10,4280)
9280 DO 65 KL=l,12
9290 65 WRITE(10,4270) MONTH(KL),(OPEU(KLJ),J=) ,NSYS)
9300 66 WRITE(10,4290)
9310 00 70 KM_1,12
9320 70 WRITE(10,4270) MONTH(KM),(POM(KM,K),K;I,NSYS)
9330 IF(NRATE .EO. 1)GO TO 75
9340 WRITE(10,4300)
9350 DO 74 KNml,12
9360 74 WRITE(10O4270) MONTH(KN),(OPDM(KN,M),M=1,NSYS)
9370 75 CONTINUE
9380 4000 FORMAT(I1,//,26X,'ECONOMIC ANALYSIS PARAMETERS')

9390 4001 FORMAT(26X,4A6,4H.---,/)
9400 4002 FORMAT(IIXX,ANALYSIA PERIOD (YRS)',4XF3.0,5X,'T1AINTENANCE RATE',

9410 & 3XF4.1,2H 2)
9420 4003 FORMAT(IIX,'CAPITAL REC FACTOR',5X,FS.3,5X,'INSURANCE RATE',

9430 & 5X,F4.1,1X,1HX)
9440 4004 FORMAT(I1X,'REAL DISCOUNT RATE',6XF4.1,1X,IHX,3X,'PROPERTY rAX',

9450 & 7X,F4.1,2H X)
9460 4005 FORMAT(IIX,'SALVAGE VALUE PERCENT',3X,F4.I,2H X,3X,'INCOME TAX',
9470 & 9X#F4.1,2H X)
9480 4006 FORMAT(tIX,'RETURN ON INVESTED CAP REC FlUNOS'IX,FF4.1,2H X)
9490 4007 FORMAT(I1X,'MORTGAGE INTEREST RAIE',1ISXF.14.1,2p X)

9500 4008 FORMAT(IX,///,27X,'ANNIUAL COST SUMMARY-,IT4I,X,'INSTALLA ION ',/,
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9510 & 27XbAb,1H-,//,27X,'SYSTEM TYPES HY SOURCE ()F SPA:E HFAT',/)

9520 4009 FORMAT(30XA4,SXA4,5XA4,5XA4,5XA4)

9530 4010 FORMAT(13X,'COST ITEM',8X,4(A4,5X),A4)
9540 4020 FORMAT(9X,A6,5

H ----- , 5( X,A6),/)

9550 4030 FORMAT(9X, EQUIPMENT',lOX,F7.0,4(2X,F7.0))
9560 4040 FORMAT(l4X,2A6,F7.0,4(2X,F7.0))
9570 4050 FORMAT(9X,'OPERATIONS')
9580 4060 FORMAT(12X,2A6,2X,5(2XF7.0))
9590 4062 FORMAT(12X,'TAX CREOIT',4X,5(2X,F7.0))

9600 4070 FORMAT(9X,'FUEL')
9610 4080 FORMAT(9X,'TAXES')
9620 4090 FORMAT(29X,A6,4(3X,Ab))
9630 4100 FORMAT(9X,'TOTAL ANNUAL COST',5(2X,F7.0))

9640 4110 FORMAT(12X, HEAT PUMP',5X,F7.0,/,12X,'CONTROL PKG' ,X,F7.0,/,

9650 &12X,'E.T.M. ',4X,F7.0,/,12X,'SOLAR FIXED',3X,F7.0,/,12X,

9660 &'SOLAR COLLECT',IX,F7.O,/,12X,'STORAGE BIN',3X,F7.0)

9670 4114 FORMAT(IX,/,9X,'PRESENT VALUE OF-',/,IIXD'ELTA CAP & OP COSTS',

9680 &4X,4(lX,F8.0))
9690 4115 FORMAT(IIX,'DELTA FUEL COSTS',BX,4(1X,FH.0))
9700 4120 FORMAT(IIX,'TOTAL NET BENEFITS',6X,4(1X,F8.0))

9710 4135 FORMAT(IX,/,9X,'THE INITIAL CAPITAL COST OF THE ACES 4AS S',F12.2)

9720 4130 FORMAT(IX,/,9X,'BREAKEVEN POINT(YRS )',6X,4(2X,F7.0)/,9x,

9730 & 'PAYBACK PERIOD (YRS)',bX,4(2X,F7.0))

9740 4140 FORMAT(I1,///,27X,'ANNUAL ENERGY USE SUMMARY',/,27X,

9750 &'(UNITS OF 1 MILLION BTU)',/,27X,4A6,1H-,//30X,
9760 &'SYSTEM TYPES BY SOURCE OF SPACE HEAT')

9770 4150 FORMAT(12X,'ENERGY FORM',2X,5(5X,A4))
9780 4160 FORMAT(9X,'NATURAL GAS',6X,5(1X,F8.2))
9790 4170 FORMAT(9X,'HEATING OIL',6X,5(1X,F8.2))
9800 4180 FORMAT(9X, ELECTRICITY',6X,5(1X,F8.2))
9810 4190 FORMAT(9X,'TUTAL ENERGY USE',IX,5(IX,F8.2),//////)

9820 4200 FORMAT(9X,'MPEU',13X,5(2X,F7.0))
9830 4210 FORMAT(9X,'MOPEU',12X,5(2X,F7.0))
9840 4220 FORMAT(9X, MPD',14X,5(2X,F7.0))
9850 4230 FORMAT(9X 'MOPO',I3X,5(2X,F7.0))
9860 4240 FORMAT(IX,//,28X,'MONTHLY ELECTRICAL OATA',/,28X,4A6,//,

9870 L30X,'SYSTEM TYPES BY SOURCE OF SPACE HEAT')

9880 4250 FORMAT(25X,5(5X,A4))
9890 4260 FORMAT(9X, PEAK HOUR ENERGY JSE',/,9X,'IN KWH PER OMTH')

9900 4270 FORMAT(12X,A4,10X,5(eX,F7.0))
9910 4280 FORMAT(9X,'OFF-PEAK ENERGY USE',/,9X,'IN KwH PER MONTH')

9920 4290 FORMAT(9X,'MAX PEAK DEMAND PER',/,9X,'MONTH IN KW')

9930 4300 FORMAT(9X,'EXCESS OFF-PEAK DEMAND',/,9X,'PER MONTH IN KW')

9940 4310 FORMAT(12X,'AUX HEAT',6X,F7.0)
9950 RETURN
9960 END
9970 SUBROUTINE ACESCOST

9980 COMMON/ECON/EIA(1HO),GASC(5),OILC(5),EI-EC(?(5,),)MAD(2,5),
9990 & TUTELEC(5),COST(5)PVNHB(),PAYY8K(SC),MAINT(5),1I'S(5),AC(5),
10000 & PVTn(5),PTAX(5),PVC(5),OTETD(5),HRKEV(5)
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10010 COMMON/ACES/ETC,IPASSACESC('),IiLDG,nATA(10),I DSYS(5)
10020 DIMENSION CTANK(b),VOL(7),ULNITC(4),EVAP(2),PLATE(2,2),AD.(2)
10030 CHARACTER EVAP*b,PLATE*4,AOJ*b
10040 DATA (EVAP(J),J=1,2)/6H DUAL ,6HwATER /
10050 DATA ((PLATE(N,M),M=1,2),N=1,2)./4HUNGL,4HAZED,4HGLAZ,4HEO
10060 DATA (ADJ(I),Isll2)/6HDOESNT,6H DUES /
10070 DATA (CTANK(J),J=1,6)/1557.0,2485.0,3237.0,3823.0,444800,4940.O/
10080 DATA (UNITC(L),L=1,4)/0.25,4.29,2.33,3.59/
10090 DATA (VOL(N),N=1,7)/0.0,512.0,1056.01560.0,2048.0,2592.0,3040.O/
10100 INTEGER ZERO,FLAGSS,FLAGHPFLAGAHFLAGFC
10110 DATA ZERO/O/
10120C
10130C CHECK IF THIS IS COMMERCIAL OR RESIDENTIAL BUILDING
10140C
10150 ISUB z 0
10160 LAP 3 EIA(2)
10170 FLAGFC a I
10180 FLAGHP a DATA(8)
10190 FLAGSS = DATA(9)
10200 FLAGAH a DATA(1O)
10210 IF(DATA(t) .LT. 1.O)FLAGFC = 0
10220 TANK = 0.0
10230 LSUB S IFIX(DATA(8)) + I
10240 JSUB a IFIX(DATA(9)) + I
10250 KSUB a IFIX(DATA(10)) * I
10260C
10270C COMPUTE COST OF HEAT PUMPS
10280C
10290 RHP a EIA(137) * FLAGHP + EIA(138) * (1. - FLAGHP)
10300 CHP a DATA(6)*EIA(145) * DATA(7)*EIA(146)
10310C
10320C COMPUTE COST OF STORAGE TANKS
10330C
10340 IF(DATA(2) .GT. 10.0)GO TO I
10350 TANK a 0.0
10360 GO TO 4
10370 1 DO 3 K-1,b
10380 IF(DATA(2) .GT. VOL(I) .AND. DATA(2) .LE. VOL(K+I))ISUB=K
10390 3 CONTINUE
10400 IF(ISUB .EO. O)GO TO 6
10410 TANK a CTANK(ISUB)*EIA(158)
10420 4 IF(IBLDG .EO. ZERO)GO TO 5
10430 IF(IBLDG .EQ. l)GO TO 8
10440 6 DATA(5) = EIA(148)
10450 DATA(3) * SORT(DATA(2)/DATA(5))
1046bO ATA0() a DATA(3)
10470 8 CLINER = ((DATA(3)+DATA(4))*2.0*OATA(S)+DATA(4)*D.T A;(i))*UNITC(I)
10480 CWALL = (DATA(3)*OATA(4))*2.0*DATA(5)*UNITC(2)
10490 CSLAB 3 (DATA(3)*1.O)*(DATA(4)+I.O)*UNITC(3)
10500 CTOP - (OATA(3)+1.0)*(OATA(4)+1.0)*UNITC(4)
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10510 CCOLD = (CLINER + CWALL + CSLAB + CT(IP)*EIA(158)

10520 IF(IBLOG .NE. 1)ANK = CCOLD

10530C
10540C COMPUTE SOLAR SYSTEM VARIABLE COST FRACTION

10550C
10560 5 CMULT = 1.0
10570 IF(FLAGSS .EQ. ZERO)GO TO 12

10580 FLAGSS X 1
10590 GO TO 20
10600 12 ROR = EIA(3)/100.0
10610 IEXP = EIA(149)

10620 CMULT = 1.0

10630 14 IF(IEXP .GE. LAP)GO TO 20

10640 CMULT = CMULT + 1.O/(1+RDR)**IEXP
10650 IEXP = IEXP + EIA(149)

10660 GO TO 14

10670 20 SSCOST s DATA(1)*(EIA(140)*FLAGSS*EIA(141)*(1-FLA3SS)*CMULT)
10680 IF(IBLOG .EO. I)GO TO 30

10690C
10700C. ASSIGN RESIDENTIAL SPECIFIC ACES COST COMPONENTS

10710C
10720 ACESC(l) = RHP

10730 CAOD = 0.0
10740 ZZ = SORT(DATA(2)/EIA(1483)
10750 IF(EIA(177).GT..O0)CADD(Z*ZZZZ*2.+ZZ*EIA(148)*4.)*EIA(178)
10760 ACESC(6) = TANK + CADO

10770 GO TO 50
10780C
10790C ASSIGN COMMERCIAL SPECIFIC ACES COST COMPONENTS
10800C
10810 30 ACESC(1) _ CHP

10820 ACESC(6) = TANK * CCOLD
10830C
10840C ASSIGN COMMON COST COMPONENTS

10850C
10860 50 ACESC(5) = SSCOST

10870 ACESC(4) = EIA(142) * FLAGFC

10880 ACESC[3) = EIA(144) * FLAGFC

10890 ACESC(2) = EIA(147)
10900 ACESC(7) = EIA(143) * FLAGAH

10910 DO 51 L=1,7
10920 51 COST(I) = COST(l) + ACESC(L)
10930 IF(IBLDG .EQ. 1)GO TO 52

10940 WRITE(10,5000) EVAP(LSUS),DATA(I),(PLATE(JSUB,K),K1l,2),
10950 & OATA(2),ADJ(KSUB)
10960 RETURN
10970 52 CUBIC = DATA(3) * DATA(4) * DATA(5)

10980 WRITE(10,5001) EVAP(LSUB),DATA(1),(PLATE(JSUB,L),L=1,2),
D ATA(2),

10990 & CUBICDATA(6),DATA(7),ADJ(KSUB)
11000 5000 FORMAT(IX.//.RX.'THE ACES SYSTEM HAS A ',Ab,'S31JRCE EVAPORATOR, ',
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11010 'F7.0,IX,'SQUARE FEET',/,BX,'OF',1 X,2A4,IX,'SOLAR COLLECTORS ANUo,
11020 &F7.0,IX,'CUBIC FEET OF ICE STORAGE.',/,SX,'THE SYSTEC',IX,A6,
11030 61X,'HAVE AN AUXILIARY HEAT SYSTEM.')
11040 5001 FORMAT(IX,//,8X,'THE ACES SYSTEM HAS A ',A6,'SOIJRCEi EVAPORATOH, ',
11050 &F7.O,IX, 'SOUARE FEET',/,8X,'OF,IX,2A4, X, 'SOLAR COLLECTORS,'
11060 &F7.0,1X,'CUBIC FEET OF'HOT STORAGE, ANO',/,BX,F7.0,IX,
11070 'CUBIC FEET OF COLD STORAGE. IT HAS',F3.0,1X,'15KW HEAT PUMPS, ',
11080 &/,8X,F3.0,IX,'20KW HEAT PUMPS AND IT',lX,A6b,X,
11090 &'HAVE AUXILIARY HEAT,')
11100 RETURN
11110 END
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****T************** ****************************************t******
*******************************************************************************

**** **** **** ***** *****

* * * * * * *

+*** **** *** **** * * ***** * **** **

* * * **** * *

* * * * * * * *

**** **** * **** *

************************************************************

.******A************ A*************** **A**********Att************t****

- 3 0 -- DATE 08.31-79 TIME 11.837 ID = El GCS-AJ
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APPENDIX B

TYPICAL INPUTS AND OUTPUTS OF ACESIM

This appendix gives some of the typical inputs needed to run ACESIM as well as

some of the outputs generated by the various modules. The first inputs listed

are those used to run LODMODB. The next listing gives the inputs to run

LODMODA, or, if desired, DESMOD or SIMMOD. The final input schedule shows

the variables needed to run ECOMOD. The first output listing shows typical

results generated by LODMOD A B' The next listing shows results of DESMOD
A or BD

for the single-family residential Full ACES in Philadelphia. The condensed

results of SIMMOD are shown in the next listing for the single-family resi-

dential Full ACES in Philadelphia. Finally, the results of ECOMOD are given

in the last output listing.
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LODMOD B INPUT ARRAY
B





B-5

S NJMU = '41 77 r XXXXXX XXX X <)XXX X XX» X XX XX<X lyE I X xXX XX «]SNJMxxxxxxxxxxxxxxxxxxx = 177r xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XX X XXXXX A A XX xXXXX XXX XX X A X XXAX AX A x A X A A xxxxx AAxxAxx Ax xAtxx

XX X XXXXXX xxxxx< xXXX<
X XX X X X

X X X X X X

x x x x x

XXXXXX X X X X
X X X X X
X XXX X X X

XXKXXXAXX XX X XXX AX XXXX X XXX I XXAXXXXXX XXXAAXXX XXXXXXAXXXX AXX XXXXXXXAX XXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXX xXXXXXXXXXXXXXXXXxXXXXXXX XXXXXXxXXXXX XXxxXKXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

$$ 4177T ENTERED GCS-AJ AT 14.507 FROM SYSTEM-O TSS/S 0-08-24

0001 S SNUM8 4177T
0002 S COMMENT F00648 TSS MEDIA CONVERSION
0003 5 IDENT F00648-ACES
0004 SS USERID F006485
0005 AS CONVER
0006 S LIMITS ,,,50000
0007 S SYSOUT OT,E1
0008 S MULTI 1-1
0009 S DATA INDCOPY,ENOFC
0010 5 ENOCOPY IN
0011 S ENOJOB

TOTAL CARD COUNt THIS JOB = 000188

* ACTY-OI $CARD 40005 CONVER 08/31/79 SOO000000000000
BMC-TTL DATE 771205

S MULTI 1-1
FILE 4000001 TOT 000177 INPUT
INPUT COUNT 000177 OUTPUT COUNT 000177

BLOCKS SKIPPED 000000 IGNORE COUNT 000000
* NORMAL TERMINATION AT 001544 Iz2060 SW=OO00000000

START 14.838 LINES 176 PROC 0.0001 I/O 0.000 IU 5 MEMORY HK
STOP 14.840 LIMIT 50000 LIMIT 0.2000 LIMIT CU 5 M*T 66
SWAP 0.000
LAPSE 0.002 FC D TYPE BUSY IP/AT FP/RT IS/aC MS/#E ADDRESS TN/PKP

MC R MSU450 * 2 0 1 I 1 0-08-06
IN R MSU450 * 154 0 7 7 7 0-08-06
OT SYOUT
P* SYOUT

RC-00 176 LINES AT STA. El

ACTIVITY 01 COST=$ 0.07
*CUMULATIVE COST=$ 0.07
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SNUMb = 4177T, ACTIVITY # = 01, , REPOkT CUOE = (Iu, HREC!JRO Ct)J"IT = (u)1 7h,

S NOTE FILENAME BKOAT
S NOTE LAFELS- A,R(E1)
S NOTE TAIS/SETTNGS- ASIS
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10DATA FOR A RESIDENTIAL STRUCTURE IN PHILADELPHIA
20 1 39.5000 LATITUDE OF INSTALLATION

30 2 75.1()00 LONGIrUDE OF INSTALLATION
40 3 5 0000 TIME ZONE NUMNER

50 4 365,00 NUMBER OF DAYS TO HE SIMULATED

60 5 0.0000 AZIMOUTH ANGI.E OF COLLECTORS
70 6 39.5000 TILT OF COLLECTORS
80 7 1.0000 STARTING OAY OF SImULATION
90 8 365.00 LAST DAY OF SIMULATION
100 9 0.2000 GROUND REFLECTIVITY

110 10 .025 INTEG STEP SIZE
120 11 6.0 HO

130 12 1.85 HI

140 13 .083333 CONDUCTIVITY OF 6 FEET OF EARTH

160 15 0.
170 16 500.
180 17 1.0000 CLEARNESS FACTOR

190 18 .06 U KNEE WALL

200 19 1.46 KNEE WALL OUTSIDE FILM :OEFF

210 20 6825. HIF*FLOOR AREA
220 21 .0688 U OF TANK bELOw GRADE

230 22 0. MODIFY COP OF HEAT PUMP

240 23 0. IF 0 TANK OUTSIDE ELSE INSIDE OR bG

260 25 750. BTU/HR REOtU BY PANEL PUMP

270 26 750. HTU/HR REO'D BY EVAPORATOR PUMP

280 27 750. BTU/HR REO') HY C30LING LOOP PUMP

290 28 .8 GROUND CONDUCTIVITY AROUND TANK
300 29 .5 PERCENTAGE OF PUMN ENERGY TO

310 30 13b. SLAB PERIMETER
330 32 .32 U ROOF(l)
340 33 .16 U SLANT ROOF
350 34 .08 U EXTERIOR WALL

360 35 .09 U GARAGE WALL
370 36 1.4 HIC(I)
380 37 39. TWELL WINTER DESIGN

400 41 .81 SLAH PERIMETER COEFFICIENT

410 45 b. ROOF OUTSIDE FILM COEFFICIENT

420 46 1.41 ROOF INSIDE FILM COEFFICIENT

430 47 1.85 SLANT ROOF INSIDE FILM COEFFICIENT

440 48 24. THERMAL CAPACITY(PSF) 12" EARTH
450 50 120.000 DOMESTIC HOT WATER TEMP

460 51 1.8 U CRUSHED ROCK
470 52 294. AREA NORTH CEILING

480 53 0.3835 11 OF DOMESTIC HOT WATER TANK

490 54 .0515 U CEILING
500 55 5.4 U SLAh
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520 57 .73 U WINI(O
550 58 .79 U SG DOUR

540 59 .7553 U CARPET
550 60 .32 H ROOF
560 61 .31 U NORTH ATTIC WALL
570 62 27.1 U HOT AATER TANK

580 63 319.2 AREA TOP CEILING

590 64 294. AREA SOlTH CEILING

610 66 79. AREA NORTH GLASS
620 67 31. ( AREA EAST GLASS
630 68 48. AREA SOUTH GLASS

640 69 21. AREA WEST GLASS

650 70 34. AREA SOUTH SG DOOR

660 71 1092. FLOOR AREA
670 72 252. AREA ROOF(l)

680 13 79.8 AREA SLANT ROOF (2)
690 74 378. AREA RO(JF(3)
700 75 160.5 CFMINF

710 76 4.0000 PEAK NUMBER OF PEOPLE

720 77 4352.0000 PEAK APPLIANCE BTU

730 78 1.0000 PEAK LIGHTING (AATTS/S2.FT.)

740 79 0.1000 ATTIC VENTILLATION (CcM/S).FT.)

750 80 140.0000 ATTIC SUMMER IESIGN TEMPERATURE

760 81 64.8000 WINDOW DESIGN SOLAR GAIN

770 82 -16.0000 OUTSIDE WINTER DESIGN TEMPERATURE

780 83 92.0000 OUTSIDE SUMMER DESIGN TEMPERATURE

790 84 0.0171 OUTSIDE SUMMER DESIGN HUMIDITY RATIO

800 85 0.0103 INSIDE SUMMER DESIGN HUiIDITY RATIO

810 86 1.0000 OVERCAPACITY OF THE HEATING PLANT
820 87 1.0000 OVRECAPACITY OF THE COOLING PLANT

830 88 70.0000 WINTER SET POINT

840 89 78.0000 SUMMER SET POINT

850 90 0.0000 OPTION FOR NIGHT SETBACK ( 0 = NO SETBACK)

860 91 0.0000 BLANK

870 92 0.0000 OPTION FOR SHADES ( 0 = NO SHADES)

880 93 0. COMPUTE DESIGN LOADS

890 94 33000.0 DESIGN HEATING LOAD
900 95 32000.0 DESIGN COOLING LOAD

910 96 320110.0 PEAK DAILY COOLING LOAD

950 100 22.0000 HOUR H-P HEGINS TO RUN )URING COOLING

960 101 5.0000 HOUR H-P STOPS RUNNIN; OURING COOLING

0970 110 55.83 ***INITIAL TEMP SOUTH SLANT ROOF

0980 111 45.78 ***INITIAL TEMP SOUTH LOwER Rl)F
0990 112 44.99 ***INITIAL TEMP TOP EAST ATTIC WALL

1000 113 45.88 ***INITIAL TEmP SOUTH EAST ATTIC WALL
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11o0 114 4 .74 ***INITIAL MIAP ruP AITIC A14

1020 l11i 47.5 ***INITIAL TIEP SOUTH ATTIC AIR

1030 116 ?7.51 ***INITIAL TEP StJJTH CEILING

1040 111 57.52 ***INITIAL TEMAP SUTJ[H K EE NALL

1050 118 55.85 ***INITIAL TEMP GARAGE WAL.I

1060 125 1,4 HIC

1080 127 45.03 ***INITIAL TEMlP TOP AEST ATTIC WALL

1090 12f 55,85 ***INITIAL TEMP NURTH WALL

1100 129 55,89 ***INITIAL TEMP EAST AALL

1110 130 55.91 ***INITIAL TEMP SOUTH hALL

1120 131 55.93 ***INITIAL TEMP NEST WALL

1130 132 45.93 ***INITIAL TEMP SOUTH wEST ATTIC WALL

1.140 133 44.89 ***INITIAL TEMP TUP SOUTH 3OOF

1150 134 0.7600 BULK GLASS TRANSMITTAMCE

1160 135 0.0000 BUILDING ORIENTATION ANG.E

1170 136 56.60 ***INITIAL TEMP TOP CEILING

1180 137 0. UNUSED SPACE

1190 138 0. UNUSED SPACE

1200 139 .025 U OF TANK TO AIR

1210 140 8. HEIGHT OF TANK (FT)

1220 141 .4 VOLUMETRIC PACKING

1230 142 .0001 PERCENT OF TA.rK ABOVE GROUND

1240 143 9,5904 THERMAL CAPACITY OF TANK (PSF)

1250 144 9,5904 THERMAL CAPACITY OF nALL 8G (PSF)

1260 145 1.0 IF SET=liDESIGN FOR FULL ACES

1270 146 32.0 INITIAL TANK TEMP

1280 147 .84 TAU ALPHA OF SOLAR COLLECT3RS

1290 148 .80 U OF COLLECTOR
1300 149 34. AVERAGE WINTER TEMPERATURE

1310 150 18.0 AREA OF EACH PANEL(SO FTJ

1320 151 36.87 ROOF 123 TILT ANGLE

1330 152 0.0000 ROOFI AZMITH ANGLE

1340 153 36,87 ROOF 456 TILT ANGLE

1350 154 180.0000 ROOF2 AZMITH ANGLE
1360 155 235.2 AREA N KNEE NALL

1370 156 235.2 AREA S KNEE WALL

1380 157 244. AREA N WALL

1390 158 267, AREA E WALL
1400 159 254. AREA S WALL

1410 160 159. AREA W WALL
1420 161 120. AREA GARAGE WALL

1430 162 12.5 AREA ATTIC WALL 1
1440 163 12.5 AREA ATTIC WALL 2

1450 164 19.6 AREA ATTIC WALL 3

1460 165 19.h AREA ATTIC WALL 4
1410 166 19.6 AREA ATTIC WALL 5

1480 167 19.6 AREA ATTIC WALL 6

1490 168 .77 ' ABS WALLS

1500 169 1,61 THERMAL CAP PSF EXr WALL
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15100 10 1.61 THERMAL CAP ROOF
1520 171 2.17 THERMAL CAP SLANT RO3F PSF

1530 172 1.45 THERMAL CAP PSF CEILING

1540 173 ,23 AbS ROOF
1550 174 .17 THERMAL CAP CARPET
1560 175 .975 THERMAL CAP KNEE WALL
1570 176 16.17 THERMAL CAP SLAB
1580 177 7.92 THERMAL CAP CRUSHE) ROCK

1590 178 .47 IJ NORTH DOOR
1600 179 13. AREA NORTH DO(OR
1610 180 430.8h43 THERMAL CAP. OF WEST HALL
1620 181 21407.9040 THERMAL CAP, OF SURFACE 3ELON GRADE

1630 182 3041.0000 THERMAL CAP. OF INTERNAL MASS
1640 183 2000.0000 HAIM

1650 184 343. THERMAL CAPACITY OF AIR MASS

1660 185 57.50 ***INITIAL TEMP NORTH KNEE NALL

1670 186 45.86 ***INITIAL TEMP NORTH EAST ATTIC WALL

1680 187 45.91 ***INITIAL TEMP NORTH NEST ATTIC NALL

1690 188 0. UNUSED SPACE
1700 189 44.89 ***INITIAL TEMP TOP NORTH RO3F

1710 190 67.49 ***INITIAL TEMP SPACE
1720 191 55.82 ***INITIAL TEMP NORTH SLANT ROOF
1730 192 66.27 ***INITIAL TEMP SLAB
1740 193 65.94 ***INITIAL TEMP CRUSHED ROCK

1750 194 47.55 ***INITIAL TEMP NORTH ATTIC AIR

1760 195 45.78 ***INITIAL TEMP NORTH LDOER ROOF

1710 196 57.48 ***INITIAL TEMP NORTH CEILING
1780 197 67.54 ***INITIAL TEMP INTERNAL MASS
1790 198 0. UNUSED SPACE
1800 199 66. ***INITIAL FLOOR TEAPERAriRE
1810 200 U.
1H20 -1
1830 1 30 6U 90 120 150 O20 250 26b 300 3o2
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DESMOD AND SIMMOD INPUT ARRAY



I
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SNIJMH = i89T XXXXXXXXXXXX XXXXXXXXX»XXX XXXXXAXXXXXXX>xXYxxX
XXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXAXXXXXXXXXXXXXXXK XXXXi(XXXXXXAXXXXXX t

XXX XXXX XXXX xxxx xxxxx

X X X XXYX X X X
XX X X X X X X X

XXXX XXXX X XXXX X

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxx xXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXKXrXXXXXXKXXX1XXXXXXXXXXXXXXXYXXxXAXXXXXXXXx XKXXXXXXxxx X XXXxY

SS 3898T ENTERED GCS-AJ AT 11.524 FROM SYSTEMO- TSS/S 0-08-08

0001 S SNUMB 389HT
0002 S COMMENT F00b8 TSS MEDIA CONVERSION
0003 S IDENT F006u8-ACES
0004 SS USERID F00648S
0005 AS CONVER
0006 S LIMITS ,,,50000
0007 S SYSOUT OT,El
0008 S MULTI 1-1
0009 5 DATA IN,,COPY,ENDFC
0010 S ENOCOPY IN
0011 S ENDJOB

TOTAL CARD COUNT THIS JOB = 000167

* ACTY-O1 SCARD #0005 CONVER 08/31/79 SW=000000000O00
BMC-TTL DATE 771205

S MULTI 1-1
PILE #000001 TOT 000156 INPUT

INPUT CO'UNT 000156 OUTPUT COUNT 000156
BLOCKS SKIPPED 000000 IGNORE CUIlMT (00000

* NORMAL TERMINATION AT 001544 1=2061l Sw=00000000000

START 11.551 LINES 155 PROC 0.0001 I/O 0.000 11) 5 MEMORY HK
STOP 11.553 LIMIT 50000 LIMIT 0.2000 LIMIT CU 5 M*T 70
SWAP 0.000
LAPSE 0.002 FC 0 TYPE BUSY IP/AT FP/RT IS/4C rMS/#E AnDRESS Ta/PKI

MC R MSU450 * 22 0 1 I 0-08-16
IN R MS11i50 * 132 0 6 h 6 (-08-l1
UT SYOUT
P* SYOuT

RC-00 155 LltNS AT STA. El

ACTIVITY 01 COS1=$ 0.07
*CUMULATIVE COST=S o.07



B-14

SNUMB = 3898T, ACTIVITY = 01, , REPORT CODE = 00, RECORD COUNT = 000155

S NOTE FILFNAME DATAI
S NOTE LABELS- A,R(El)
S NUTE TABS/SETTNGS- ASIS
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IODATA FOR A RESIDENTIAL STRUCTURE TN MINNEAPOJLIS

20 1 44.7000 LATITUDE OF IISTILATIUI
30 2 93.0000 LONGIrTIDE OF INSTILATION

40 3 6.0000 TIME ZONE NIIIHER

50 4 365.0000 NUMBER OF (AYS TO HE SIMULATED

60 5 0.0000 AZIMOUTH ANGLE OF COLLECTORS

70 6 45.0000 TILT OF COLLECTORS

80 7 1.0000 STARTING DAY OF SIMULATION

90 8 365.0000 LAST DAY OF SIMULATION

100 9 0.2000 GROUND REFLECTIVITY

110 10 0.0250 INTEGRATION STEP SIZE (HOURS1

120 11 4.0000 OUTSIDE SURFACE HEAT XFER C3EF.

130 12 2.0000 INSIDE SURFACE HEAT XFER C)EF.

140 13 0.5000 GROUND CONDUCTIVITY (3TU/HR-FT-F)

150 15 0.0000 OPTION FOR ACES OR CONV. SYSTEM (0,1,2,3,4)

160 16 500.0000 HOT WATER PUMPING POWER (3TU/HR)

170 17 1,0000 CLEARNESS FACTOR

180 21 1000.0000 U OF TANK BELOW GRADE

190 22 0.0000 MODIFICATION TO COP OF HEAT PUMP

200 23 0.0000 IF 0 TANK OUTSIDE ELSE INSIDE OR BELOW GROUND

210 24 0.0000 IF 1 TANK IS SIZED FOR BOTH WINTER AND SUMMER

220 25 1200.0000 BTU/HR REQUIREO BY THE PAMEL PUMP

230 26 750.0000 BTU/HR REQUIRED BY THE EVAPORATOR PUMP

240 27 750.0000 BTU/HR REQUIRED BY THE CODLING LOOP PUMP

250 28 0.5000 GROUND CONDUCTIVITY AR3)IND TANK

260 29 0.3500 PERCENTAGE OF PUMP ENERGY T) SPACE

270 31 0,4167 CONVECTOR COEFFICIENT

280 38 -0.1107 CONVECTOR COEFFICIENT

290 50 120.0000 DOMESTIC HOT WATER TEMPERATURE

300 53 0.3835 U OF DOMESTIC HOT WATER TANK

310 54 0.0700 U OF CEILING
320 55 0,0800 U OF NORTH WALL

330 56 0,1468 U OF WALL BELOW GROUND

340 57 0.5800 U OF GLASS

350 58 0.4900 U OF ODOR
360 59 0.0000 U OF FLOOR

370 60 0,4400 U OF ROOF

380 61 0,3400 U OF NORTH ATTIC WALL
390 62 27,1000 AREA OF HOT WATER TANK

400 63 1444.0000 AREA OF CEILING
410 64 380.0000 AREA OF NORTH WALL

420 65 2200.0000 AREA OF WALL BELOW GROUND
430 66 72.0000 AREA OF NORTH GLASS

440 67 36.0000 AREA OF EAST GLASS
450 68 81.0000 AREA OF SOUTH GLASS
460 69 36.o00oo AREA OF WEST GLASS
470 70 76.0000 DO)R AREA
480 71 0.000o FLOUR AREA

490 72 833.0000 AREA OF ROOFI

500 73 1.0000 AREA O)F NORTH ATTIC WALL
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510 74 b0O.0000 INFILTRATION CFM
520 75 O.UOO BLANK
550 76 4.0000 PEAK NUMBER O)F PEOPLE
540 77 4352.0000 PEAK APPLIANCE 3Til
550 78 1.0000 PEAK LIGHTING (WATTS/S;.FT.)
560 79 0.1000 ATTIC VENTILLATION (CFM/SQ.FT.)
570 80 140.0000 ATTIC SUMMER DESIGN TEMPERATURE
580 81 64.8000 WINDOW DESIGN SOLAR GAIN
590 82 -lb.0000 OUTSIDE WINTER DESIGN TEMPERATURE
600 83 92.0000 OUTSIDE SUMMER DESIGN TEMPERATURE
610 84 0.0171 OUTSIDE SUMMER DESIGN HUMIDITY RATIO
620 85 0.0103 INSIDE SUMMER DESIGN HUAIDITY RATIO
630 86 1.0000 OVERCAPACITY OF THE HEATING PLANT
640 87 1.0000 OVRECAPACITY OF THE C30LiIMG PLANT
650 88 70.0000 WINTER SET POINT
660 89 78.0000 SUMMER SET POINT
670 90 0.0000 OPTION FOR NIGHT SETBA:K C 0 z NO SETBACK)
680 91 0.0000 BLANK
690 92 0,0000 OPTION FOR SHADES ( 0 = NO SHADES)
700 93 1.0000 OPTION TO INPUT HEATING AND COOLING LOADS

710 94 48000.0000 HEATING DESIGN LOAD
720 95 35000.000 COOLING DESIGN LOAD
730 96 42.0000 MAXIMUM TANK TEMP. TO PROVIDE COOLING
740 97 290.0000 LAST DAY TO MAINTAIN 4INIM. TANK TEMP.
750 98 1.0000 DAY COLLECTORS ON
760 99 10.0000 CUTOFF TEMPERATURE
770 100 22.0000 HOUR HEATPUMP BEGINS TO RUN DURING COOLING
780 101 5.0000 HOUR HEATPUMP STOPS RUNNING DURING COOLING
790 102 0.0000 0 IF COLLECTOR, I IF CONVECTOR
800 103 1000.0000 CFM OF OIL FURNACE
810 104 1000.0000 CFM OF GAS FURNACE
820 105 1.0000 STAGES OF STRIP HEAT (1,2)
830 106 15.9900 OPTION TO INPUT TANK SIDE DIMENSION
840 107 1.0000 OPTION TO INPUT COLLECTOR AREA
850 108 0.0000 DAY COLLECTORS OFF
860 109 50.0000 DAY AFTER PEK COLECTORS OFF
870 135 0.0000 BUILDING ORIENTATION ANGLE
880 136 66.5000 INITIAL TEMP. OF CEILING SURFACE
890 137 65.9000 INITIAL TEMP. OF WALL SURFACE
900 138 67.9000 INITIAL TEMP. OF 3ASE^ENT SURFACE
910 139 0,0250 U OF TANK TO AIR
920 140 8.0000 HIGHT OF TANK (FT.)
930 141 0.4000 VOLUMETRIC PACKING FRACTION
940 142 0.0001 PERCENTAGE OF TANK ABOVE GROUND
950 143 9.5904 THERMAL CAPACITANCE OF TANK ON A SO.FT.
960 144 9.5904 THERMAL CAPACITANCE OF WALBG ON A SO.FT.
970 145 1.0000 IF SET = I DESIGN FOR A FULL ACES
980 146 32.0000 INITIAL TANK TEMPERATURE
990 147 0.8400 TAU ALPHA OF SOLAR COLLECTORS
1000 148 0,80U0 I OF COLLECTOR
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1010 149 34.0iO() oAVERAGE OIITI)jOOWN il1TE rEIPERATIIRE

1020 150 18.00ou AREA OF EACm PANEl. (SQ.FT.)
1030 151 30.0UOI ROOFI TILT ANGLE

1040 152 0.00O Rr()FI AZMITH ANGLE

1050 153 30.0000 ROOF2 TILT ANGLE
1060 154 180.000 ROOF2 AZMITH AnGLE

1070 155 0.0800 U OF EAST WALL
1080 156 0.0800 U OF SOUTH -ALL

1090 157 0.0800 U OF WEST WALL
1100 158 0.3400 U OF EAST ATTIC NALL

1110 159 0.3400 U OF SOUTH ATTIC WALL

1120 160 0.3400 U OF WEST ATTIC AALL

1130 161 380.0000 AREA OF EAST WALL
1140 162 380.0000 AREA OF SOUTH MALL

1150 163 380.0000 AREA OF wEST WALL

1160 164 833.0000 AREA OF ROOF2
1170 165 208.0000 AREA OF EAST ATTIC wALL

1180 166 1.0000 AREA OF SOI)TH ATTIC ,ALL

1190 167 208.0000 AREA OF WEST ATTIC HALL

1200 168 0.2300 ABSORPTIVITY OF WALLS

1210 169 1.7115 THERMAL CAP. OF NORTH ATTIC WALL
1220 170 356.0000 THERMAL CAP. OF EAST ATTIC 4ALL

1230 171 1.7115 THERMAL CAP. OF SOUTH ATTIC WALL

1240 172 356,0000 THERMAL CAP. OF WEST ATTIC NALL

1250 173 0.7700 ABSORPTIVITY OF ROOFS
1260 174 1337.0000 THERMAL CAP. OF R)OFI
1270 175 1337.1573 THERMAL CAP. OF ROOF2

1280 176 2877.4500 THERMAL CAP. OF CEILING

1290 177 647.0000 THERMAL CAP. OF NORTH WALL

1300 178 647.0000 THERMAL CAP. OF EAST WALL

1310 179 647.0000 THERMAL CAP. OF SOUTH WALL

1320 180 647.0000 THERMAL CAP. OF WEST WALL

1330 181 20315.0000 THERMAL CAP. OF SURFACE BELOW GRADE

1340 182 3041.0000 THERMAL CAP. OF INTERNAL MASS

1350 183 2000.0000 HAIM
1360 184 325.0000 THERMAL CAP. OF AIR AASS

1370 185 36.0000 INITIAL TEMP. OF WALLS

1380 186 6.9000 INITIAL TEMP. OF ATTIC NAL.B

1390 187 10b6000 INITIAL TEMP. OF ATTIC AIR

1400 188 41.0000 INITIAL TEMP. OF CEILING
1410 189 6.7700 INITIAL TEMP. OF ROOFI

1420 190 6.7700 INITIAL TEMP. OF ROOF2

1430 191 68.4400 INITIAL REMP. OF ROOM AIR

1440 192 61.2100 INITIAL SLA8 TEMP.
1450 193 56.6000 INITIAL TEMP. OF GROJNDI
14b0 194 51.5000 INITIAL TEMP. OF GROUN0O
1470 195 45.9000 INITIAL TEMP. OF GROUNOS
1480 196 0.0000 BUILDING TYPE(O-SI.G.FAM. 2-M.F.)

1490 197 391000.0000 PEAK DAILY COOLING LOAD
1500 198 0.0000 OPTION TO OUTPUT LOAD HISTORY(O-NOI-YES)
1510 -1
1520 1 2 3 4 5 6 7 8
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********************************************************************* **

**************************************************************************

**** **** **** *** * ****

* * * * * * * *

»*** * **** *** ** * * *** * **** **t*

* * * **** * * *

* * * * * * * *

**** **** * **** *

******t******************************************************************t****

**********************t****************************************************

- 3 O *- OATE 08-31-79 TIME 11.952 ID : El GCS-AJ
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ECOMOD INPUT ARRAY
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SNUMH z 3901T xxxxxxxxxxxxxxxxxxxxxKXxxxxxxxXXXxxxKXAXXflixSNUHXX = X X01T XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXIX
xxx x x xx xx xxxxx x x xxxxxxxxxxxxxxxxxxxxx

XXXX X XXXX Xx K XXXX
X X X X X XX X

XXX x x x x x
X XXXX X X X

X X X X X X X

XXXX x xxxx xxx x

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXxxxXXXXXXXx XXxx Xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxKXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXYXXXKlXXXXXXXXXXXXXXXXXXXX

SS 3901T ENTERED GCS-AJ AT 11.545 FROM SYSTEM-O TSS/S 0-08-23

0001 S SNUMB 3901T
0002 S COMMENT FoOb48 TSS MEDIA CONVERSION
0003 S IDENT FOUa48-ACES
0004 S5 USERIO F00648S
0005 AS CONVER
OOOb S LIMITS ,,,'0000
0007 S SYSOUT OT,EI
0008 S MULTI 1-1
0009 $ DATA IN,,COPY,ENDFC
0010 * ENOCOPY IN
0011 * ENDJOH

TOTAL CARD COUNT THIS JOB a 000151

* ACTY-OI SCARD 0005 CONVER 08/31/79 SW=000000000000
BMC-TTL DATE 771205

S MULTI 1-1
FILE O000001 TOT 000140 INPUT
INPUT COUNT 000140 OUTPUT COUNT 000140

BLOCKS SKIPPED 000000 IGNORE COUNT 000000
NORMAL TERMINATION AT 0015a44 I2060 SW=000000000000

START 11.551 LINES 139 PROC 0.0001 I/O 0.000 IU 5 MEMORY 8K

STOP 11.560 LIMIT 50000 LIMIT 0.2000 LaIIT CU 5 M*T 271

SWAP 0.002
LAPSE 0.009 FC O TYPE BUSY IP/AT FP/RT IS/#C MS/#E ADDRESS T#/PK#

MC R MSU450 * 22 0 1 1 1 0-08-06
IN R MSU450 * 110 0 5 5 5 0-08-06
OT SYOJT
P* SYOUT

RC-00 139 LINES AT STA. El

ACTIVITY 01 CUSTeS 0.06
*CUMULATIVE COST=S 0.06
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SNIM8 390U1T, ACTIVITY 3 = 01 , R EPO(T CODE = 00, ECOitDn COUNT = 000139

S NOTE FILENAMF ECOWESM
S NOTE l.AbELS- A,R(El)
S NOTE TABS/SETTNGS- ASIS
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100OtCONOMIC PAAMEltEfS FILE FOR STNGL.F FAMILY ;4IIJNNEAPoLIS
1010 1 1.0 TYPE OF UONER (1=PRIVATE,2=1.ANOLr)O)
1020 2 20. LENGTH OF ANALYSIS PERIOD IN YEARS
1030 3 2.5 REAL DISCOUNT RATE
1040 4 0U. INCOME TAX RATE
1050 5 3.71 PROPERTY TAX RATE
1060 6 10.5 MORTGAGE INTEREST RATE
1070 7 10.0 SALVAGE VALUE (0-100% (IF ORIGINAL PRICE)
IO0 8 1. MAINTENANCE COST FUR CONVENTIONAL SYSrEmS
1090 9 1.0 MAINTENANCE COST FOR ACES (X PER YR)
1100 10 0.4 INSURANCE RATE FOR CONVENTIONAL SYSTEMS
1110 11 0.4 INSURANCE RATE FOR ACES SYSTEM
1120 12 12.0 NUMBER OF MORTGAGE PAYMENTS PER YEAR
1125 13 1.0 MORTGAGE USED (O=NO,1=YES)
1136 14 0.0 DEPRECIATION SCHEDULE (O=NONE ISL,2=SY),,3:SF)
1140 15 3.0 REAL INTEREST RATE FOR SF DEPRECIATION FUNDS
1170 19 2.0 RATE STRUCTURE(1=STAN,2=PLP,3=PLP-STAN)
1180 20 1.0 MILLION BTU PER MCF OF NATURAL GAS
1190 21 139600. BTU PER.GALLON OF HEATING OIL
1200 22 2.0 NUMBER OF PRICE ESCALATION PHASES FOR ELECTRICITY
1210 23 0.600 FIRST PHASE ESCALATION RATE
1220 24 7.0 FIRST PHASE DURATION IN YEARS
1230 25 0.500 SECOND PHASE ESCALATION RATE
1240 26 17.0 SECOND PHASE DURATION IN YEARS
1250 31 2.12 CURRENT PRICE OF NATURAL GAS(S$/CFO
1260 32 4.0 NUMBER OF PRICE ESCALATION PHASES FOR NAT GAS
1270 33 5.610 FIRST PHASE ESCALATION RATE
1280 34 7.0 FIRST PHASE DURATION IN YEAR
1290 35 5.000 SECOND PHASE ESCALATION RATE
1300 36 5.0 SECOND PHASE DURATION IN YEARS
1301 37 2.170 THIRD PHASE ESCALATION RATE
1302 38 2.0 THIRD PHASE DURATION
1303 39 0.910 FOURTH PHASE ESCALATION RATE
1304 40 10.0 FOURTH PHASE DURATION
1310 41 0.463 CURRENT PRICE OF OIL ($/GAL)
1320 42 2.0 NUMBER OF PRICE ESCALATION PHASES FOR OIL
1330 43 2.280 FIRST PHASE ESCALATION RATE
1340 44 7.0 FIRST PHASE DURATION IN YEARS
1350 45 0.900 SECOND PHASE ESCALATION RATE
1360 46 17.0 SECOND PHASE DURATION IN YEARS
1362 49 b.O BEGINNING. MONTH,STANDARD SYS PRIM PEAK
1370 50 2.50 MONTHLY CUSTOMER CHARGE FOR ELEC SERVICE, PRI PEAK
1380 51 1.0 NUMBER OF DEMAND CHARGE BLOCKS (UP TO 4)
1390 52 0.0 DEMAND CHARGE FOR FIRST BLOCK (S/KA)
1400 53 SIZE OF FIRST BLOCK (KW)
1410 54 DEMAND CHARGE FOR SECOND BLOCK (S/KW)
1420 55 SIZE OF SECOND BLOCK (KW)
1430 56 DEMAND CHARGE FOR THIRD BLOCK (S/KO)
1440 57 SIZE OF THIRD BLOCK
1450 61 2.0 NUMBER OF ENERGY CHARGE BLOCKS
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1460 62 .0430 ENERGY CHARGE FOR FIRST BLOCK ($/KWH)
1470 63 1000. SIZE OF FIRST BLOCK (K.H)
1480 64 .0430 ENERGY CHARGE FOR SECOND BLOCK (S/KJH)

1490 65 SIZE OF SECOND BLOCK (KWH)

1500 66 ENERGY CHARGE FOR THIRD BLOCK (S/KNH)

1502 69 10.0 HE(;IlNING MIINIH,STArjNDARD SYS SEC PEAK
1510 70 2.50 MUNTHLY CUSTOMER CHARGE FOUW LEC SERVICE, SFC PFAK

1520 71 1.0 NIMHER OF DEMAN) CHARGE BLOCKS ('IP TO 4)

1530 72 0.0 t)EAND CHARGE FOR FIRST BLOCK (S/<w)
1540 73 SI/E UF FIRST BLOCK (KW)
1550 74 DEMAND CHARGE FOR SECOND BLOCK ($/Kh)
1560 75 SIZE OF SECOND BLOCK (KW)
1570 76 HEMAND CHARGE FOR THIRD BLOCK ({/KW)
1580 77 SIZE OF THIRD BLOCK
1590 81 2.0 NUMBER OF ENERGY CHARGE BLOCKS
1600 82 .0390 ENERGY CHARGE FOR FIRST BLOCK ($/KWH)
1610 83 1000. SIZE OF FIRST BLOCK (KWH)
1620 84 .0230 ENERGY CHARGE FOR SECOND BLOCK ($/K4M)
1630 85 SIZE OF SECOND BLOCK (KWH)
1640 86 ENERGY CHARGE FOR THIRD BLOCK (S/KWH)
1650 90 10.0 MINIMUM BILLING DEMAND FOR SEASJN 1
1660 91 10.0 4INIMUM BILLING DEMAND FOR SEASON 2
1670 92 95.0 DEMAND X MULTIPLIER FOR SEASON 1
1680 93 60.0 DEMAND X MULTIPLIER FOR SEASON 2
1690 101 2.0 NUMBER OF SEASONAL PEAKS (1 OR 2)
1700 102 6.0 BEGINNING MONTH OF HIGHEST SEASON PEAK PERIOD*****

1710 103 0.00 ON-PEAK DEMAND CHARGE, PRIMARY PEAK SEASON
1720 104 0.00 OFF-PEAK DEMAND CHARGE, PRIMARY PEAK SEASON
1730 105 0.0743 ON-PEAK ENERGY CHARGE, PRIMARY PEAK SEASON (S/KWH)
1740 106 0.0214 OFF-PEAK ENERGY CHARGE, PRIMARY PEAK SEASO3 (S/KWH)

1750 107 1.0 WEEKDAY BEGINNING WEEKLY PEAK PERIOD

1760 108 5.0 WEEKDAY ENDING WEEKLY PEAK PERIOD

1770 109 9.0 HOUR BEGINNING DAILY PEAK PERIOD
1780 110 21.0 HOUR ENDING DAILY PEAK PERIOD
1782 111 5.500 MONTHLY CUSTOMER CHARGE, PRIM PEAK PLP

1790 112 11.0 BEGINNING MONTH OF SECONDARY SEASON PEAK PERIOD
1800 113 0.00 ON-PEAK DEMAND CHARGE, SECONDARY PEAK SEASON
1810 114 0.00 OFF-PEAK DEMAND CHARGE, SECONDARY PEAK SEASON
1820 115 0.0604 ON-PEAK ENERGY CHARGE, SECONDARY PEAK SEASON ($/KVH)

1830 116 0.0214 OFF-PEAK ENERGY CHARGE, SECONDARY PEAK SEASON ($/KAH)
1840 117 1.0 WEEKDAY BEGINNING WEEKLY PEAK PERIOD
1850 118 5.0 wEEKDAY ENDING WEEKLY PEAK PERIOD
1860 119 9.0 HOUR BEGINNING DAILY PEAK PERIOD
1870 120 21.0 HOUR ENDING DAILY PEAK PERIOD
1872 121 5.500 MONTHLY CUSTOMER CHARGE, SEC PEAK PLP
1880 130 820.0 COST OF CONVENTIONAL GAS SPACE HEAT PLANT
1890 131 730.0 COST OF CONVENTIONAL OIL SPACE HEAT PLANT
1900 132 840.0 COST OF CONVENTIONAL ELEC SPACE HEAT PLANT
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1910 133 3436.0 COST OF AIR-TO-AIR HEAT PUMP
1920 134 1120. COST OF CONVENTIONAL SPACE COOLING EQOIPIENT
1930 135 182.0 COST OF CONVENTIONAL G;AS OHW HEATER
1940 136 170. COST OF CONVENTIONAL ELEC OHW HEATER
1950 137 4200.0 COST OF ICE MAKER HEAT PUMP
1960 138 4804.0 COST OF ICE MAKER HEAT PIIMP ilrH OtIFSIDE EVAPORATOR
1970 140 19.h5 COST OF GLAZED SOLAR PANELS ($/SO FT)
1980 141 9.50 COST OF ABSORMER PANELS (S/Sf FT)

1990 142 15l0.0 SOLAR FIXED COST COMPONENT
2000 143 300.10 COST OF HACKUP SYSTEM
2010 144 563.0 NON-SOLAR FIXED COST COMPONENT
2020 145 COST OF LARGE COMMERCIAL SYSTLM HEAT PiPuM

2030 146 COST OF SMALL COMMERCIAL SYSTEM HEAT PIP
2040 147 1150.0 CllST OF ACES CONTR)L PACKAGE
2045 148 8.u HEIGHT OF STOIRAGC T'ANh (FEEl)
2046 149 10.0 LIFE OF THE AHSORHEk SOLAR PANELS

2047 150 1957.0 YEAR THAT SIMULATION BEGINS
2048 151 3.0 DAY OF wEEK SIM BEGINS(IMON,7=SIJN)
2050 158 1.005 REGIONAL ACES TANK COST ADJ MULT
2060 159 0.32 SCALE FACTOR EXPONENT FOR HEAT PUMP
2070 160 5.0 NlUMER OF SYSTEMS TO BE ANALYZED
2080 161 1.0 ACtS SYSTEM (O=NO,I=YES)
2090 162 2.0 ALL ELECTRIC (O=NO,2=YES)
2100 163 3.0 AIR-TO-AIR HEAT PUMP (O=NO,3=YES)
2110 164 4.0 OIL HEAT (O=NO,4sYES)
2120 165 5.0 NATURAL GAS HEAT (OsNO,5=YES)
2122 166 6.0 ASSUMED AVERAGE INFLATION RATE
2124 167 10.0 DOWNPAYMENT ON MORTGAGE
2125 169 1.0 DUES PROP TAX APPLY TO SOLAR (O=NO,1=YES)
2130 170 3.0 NUMBER OF LEARNING CURVE POINTS
2140 171 0.0 NUMBER OF YRS FROM 1978 TO FIRST POINT
2150 172 1.0 FIRST POINT COST ADJ MILT
2160 173 2.0 NUMBER OF YRS FROM 1978 TO SECOND P3)JT
2170 174 0.60 SECOND POINT COST ADJ MULT
2180 175 4.0 NUMBER OF YRS FROM 1978 TO THIR) POINT
2190 176 0.48 THIRD POINT COST AOJ MULT
2200 177 0.0 I IF INSUL 0 IF NOT
2210 178 0.54 COST OF ADO INSUL/FT2
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*********************************************************************** *****

********************************************************** ************

**** **** **** * *****

* * * * * ** *

**** **** *** * * * * * * **** **

* **** * * * *

* * * * * * *

**** * **** *** *

******«******************************************************************

***********************************************************************

.3 0 *- DATt 08-31-79 TIME 11.984 ID = El GCS-AJ
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LODMOD OUTPUT SUMMARY



I



HOURLY SUIf'ARY FOR lAY I 1MONlH I

IaHL UHrw C I[NC I COl nL XI NF I SIU IJINCI
I 0.25487E 05 0.17780E 04 0. O. . Fn,^ E 0Is ) o.uo4 E 04 n, O.
2 0.194b4E 05 0.53h38E 03 0. u. 0.15559E 05 d.S4ll4E 04 u. 0.
3 Q.18527E 05 0.55559 03 0. 0. 0.14445F 05 0.5h276t 04 O . 0.
4 0.18452E 05 0.53554E 03 0. . 0.14012E 05 0.59751E 04 0. 0.
5 0.18480E 05 0.53556E 03 0. 0. 0.138b7E 05 0.6l481E 04 O. 0.
6 0.18411E 05 0.53550E 03 0. 0. 0.13798E 05 0.61491E 04 0. o.
7 0.15078E 05 0.13322E 04 0. O. 0.14S.4E 05 0.63716E 04 0. 0.
8 0.15471E 05 0.30055E 04 0. 0.34496E 02 O.lh430E 05 0.68846E 04 0.1qb96E 04 0.25bb4E 02
9 0.15519E 05 0.43915E 04 0. 0.12145E 03 0.17962E 05 0.6841lE 04 0.50051E ) 4 0.913b1E 02

10 0.1O6lb 05 0.50105E O04 0. 0.18017E 03 0.17011E. 05 0.67233E 04 0.5bH74E 04 0.136buSE U3
11 0.14212E 05 0.42104E 04 0. 0.19480E 03 0.15639E 05 0.69028E 04 0.49369E 04 0.14752E 03
12 0.13548E 05 0.29303E 04 O. 0.15563E 05 0.14678E 05 0.69125E 04 0.307olE 04 0.I1809E 03
13 0.13824E 05 0.24508E 04 O. 0.12124E 03 0.14422E 05 0.69082E 04 o.5I850E 04 0.9198i E 02
14 0.14155E 05 0.32508E 04 0. 0.10265E 03 0.1470hE 05 0.69035E 04 0.31329E 04 0.77747E 02
15 0.14760E 05 0.19718E 04 0. 0.71300E 02 .0.14589E 05 0.70680E 04 0.25155E 04 0.5379bE 02
16 0.12918E 05 0.18102E 04 0. 0.36901E. 02 0.14662E 05 O.h9221E 04 0.16430E 04 0.275b9E 02
17 0.l4666E05 0.1b51 04 0. 0. O0.1411E 05 O.759q9E 04 0. U.
18 0.15424E 05 0.25521E 04 0. 0. 0.15426E 05 0.79252E 04 O. o.
19 0.16004E OS 0.41373E 04 0. 0. 0.160OlE 05 0.79169E 04 O. O.
20 0.16902E 05 0.67184E 04 0. 0. O.16274E 05 0.79039E 04 0. O. I
21 0.17754E 05 O.5b529E 04 0. 0. O.lh793E 05 0.82383E 04 O. 0.
22 0.21479E 05 0.42168E 04 0. 0. 0.16367E 05 0.83571E 04 0. O.
23 0.21974E 05 0.34441E 04 0. 0. 0.16868E 05 0.83512E 04 0. 0.
24 0.23657E 05 0.30124E 04 0. 0. 0.17143E 05 0.86732E 04 0. 0.

DAILY SUMMARY

0.41083E 06 0.66186E 05 0. 0.10186E 04 0.37822E 06 0.1h723E 06 0.31913E 05 0.76977E 03



OINC2 ABSORB(1) ABSORB(2) ABSOR3(3) ABSOR8(4) XTEMP HASLOI

1 0. 0. 0. 0. 0. 0.6h9dE 02 0.

2 0, 0. 0. 0. 0. 0.68390E 02 0.

3 0. 0. 0. 0, 0. 0.b6466E 02 0.

4 0. 0 0. 0. 0. 0.h8471E 02 0.

5 0, 0. 0. 0. 0. 0.b t46dE 02 0.

6 0. 0. 0. 0, 0. 0.h6414E 02 0.

7 0. 0. 0. 0. 0. 0.68158E 02 0.

8 0.13033E 01 0.3261E 01 0.4328OE 02 0.32425'i 02 0.326llF 01 .871E 0.7E2 0.

9 0,44701E 01 0.12377E 02 0.93h42E 02 0.99498E 02 0.12377E 02 0.h671SE o0 0.

10 0.65539E 01 0.18948E 02 0.B9019E 02 n.R3R01E 0O O.18948E 02 U.6b81fE 02 0.

11 0.81318E 01 0.23009E 02 0.58111E 02 U.1531E 03 0.2?009E 02 0.h8822F 0 0.

12 0.78740E 01 0.21273E 02 0.2281OE 02 O.lllSiE. 05 0.212713E 02 0.AH ri/E 02 .

13 0.b424bE 01 0.1711;E 02 0. 1711E 02 O.H82 SiE 0P 1).35145ii 2 O.hf685E 02 0.
14 0.53885E 01 0.l4222E 02 0.14222E 02 i.7^hO55E 0? 0.4H194E 02 10.6M,26E 02 0.

15 0.3hh47E 01 0.947q03 01 0.94O703E 01 1.'h,159E 02 0.5)822E 0Ž2 u1,, 1715E 0Ž2 .

lb 0.164I5SE 01 0.)407?9E 01 o.40189E 0l 0 ,'S.3bE u F,423s'iF 02 ,e 4 .a iF e ( i.

17 0. ". 0. 0. 0. 02. hm 7 i I .

1H 0 ) . o. l .O .h/?21k 0 .

19 0. I 0. 6(.. 7 5E t2 0.

20 . . I.. (i. O. 9 S, tE (' II.

21 O. 11 ).' I) 0 0. dl E (E "2 0

22 . n1. n. o . 0. .h21E Ž ,

2S .n0, t. , , I).0hl/IF ) .w

24 0. . 0. I). n, i u.bHIht 0 .

DAILr SUMMARY

0.45'4bUE 02 0.12?5/E 003 3l/1 5t :3 I.7, 1 t4t 7 H 0.,2,5l41: . I) 0 .b a ulL .?! u .



HOIIRLY SIJMARY Fnf DAY 30 MONTH 1

OHL OHn QC OIJCI CONNlL XINF TSR QINCI
I 0,16589E 05 0.17268E 04 0. 0.12h41E 05 0.54lhE 04 0. n.
2 0.16971E 05 0.53427E 03 O. 0. 0.1285hE 05 0.5b49bE 04 0. 0.
3 0.17337E 05 0.53458E 03 0. 0. 0.13054E 05 0.5s177E 04 O. 0.
4 0.17708E 05 0.53490E 03 0. 0. 0.13257E 05 0.5957t 04 0. 0.
S 0.18087E 05 0.53523E 03 0. 0. 0.13468E 05 0.blS3bE 04 O. 0.
b 0.18476E 05 0.53556E 03 0. O. 0.13b90E 05 0.63214E 04 0. 0.
7 0.15272E 05 0.13324E 04 0. 0. 0.14858E 05 0.65421E 04 0. 0.
8 0.15144E 05 0.30050E 04 0. 0.13755E 02 0.15313E 05 0.65428E 04 0.H3413E 03 0.1032bE 02
9 0.15934E 05 0.43918E 04 0. 0.36584E 02 0.15347E 05 0.65311E 04 O.t6213E 04 0.27696E 02

10 0.15253E 05 0.50110E 04 0. 0.16419E 05 0.17941E 05 0.63683E 04 0.56635E 04 0.12469E 03
11 0.13628E 05 0.42099E 04 0. 0.18502E 03 0.15924E 05 0.62182E 04 0.51227E 04 0.14077E 03
12 0.12026E 05 0.29290E 04 0. 0.1943EE 05 0.14960E 05 0.6hO80E 04 0.47413E 14 0.15107E 03
13 0.11288E 05 0.24486E 04 O. 0.19341E 03 0.14500E 05 0.59050E 04 0.47982E 04 0.14722E 03
14 0.11312E 05 0.32483E 04 0. 0.25856E 02 0.10645E 05 0.55574E 04 0.57171E 03 0.19561E 02
15 0.12394E 05 0.19698E 04 0. 0.19903E 02 0.11751E 05 0.55419E 04 0.57904E 03 0.15018E 02
16 0.10635E 05 0.18082E 04 0. 0.11341E 02 0.12707E 05 0.53948E 04 0.44604E 03 0.85100E 01
17 0.11421E 05 0.16490E 04 0. 0.16159E 01 0.12R12E 05 0.57292E 04 0.98648E 02 0.12003E 01
18 0.11312E 05 0.25286E 04 0. O. 0.13331E 05 0.59045E 04 0. 0.
19 0.11769E 05 0.41337E 04 O. 0. 0.13622E 05 0.60710E 04 0. 0.
20 0.12439E 05 O0.7146E 04 0. 0. 0.13650E 05 0.60613E 04 0. 0.
21 0.12579E 05 0.56484E 04 O. O. 0.13791E 05 0.60595E 04 0. O.
22 0.15825E 05 0.42119E 04 O. 0. 0.15054E 05 0.60117E 04 0. 0.
23 0.16132E 05 0.34390E 04 O. 0. 0.13364E 05 O.60085E 04 0. 0.
24 0.17125E 05 0.30068E 04 0. 0. 0.13285E 05 0.59939E 04 0. 0.

DAILY SUMMARY

0.34665EOb 0.666087E 05 O. 0.85010E 03 0.32982E 06 0.14392E 06 0.24477E 05 O.b4OS5E 03



UINC2 AHSUORB(1) A8S(HRi(2) ARtSUR (') At3SORB(4) X P 1 HASL(On
1 0, (. O. . .o. .8te4E 02 * .
2 O. O. n. .o. 59.- 0 O,.
3 0. 0. 0. O. O.hH3 O ?2 0.
4 0. 0. 0. 0. . o. H532i 02 0.
5 0. 0. 0. O. 0. O.bH t (2' 0.
b 0. O.. 0. 0. I. O.h4b8E U 0.
7 0. 0. 0. 0. O. 0.hb741E 02 0.
8 0.69009E 00 0.17315E 01 0.H182bE 02 0.llhb4E 02 0.17515E 01 0.hH745E 02 0.
9 0,18294E 01 0.48805E 01 0.297d4E 02 0,27244E 02 0.80HfOE 01 0.6bAh8E 02 0.

10 0.77U89E 01 0.21432E 02 0.87949E 02 O.llSbE 03 0.21432E 02 0..b739E 02 0.
11 0.91200E 01 0.25319E 02 0.62673E 02 0.121hSE 05 0.25319E 02 O.hH873E 02 0.
12 0.97771E 01 0.27259E 02 0.34459E 02 0.13383E 03 0.27259E 02 O.900hbE 02 0.
13 0.95313E 01 0,26533E 02 0.26533E 02 0.1309bE 03 0.50535E 02 0.690b6E 02 0.
14 0.34122E 00 0.16278E 01 0.16278E 01 0.18789E 02 0.11006E 02 0.69061E 02 0.
15 0.30965E 00 0.12925E 01 0,12925E 01 0.15143E 02 0.13959E 02 0.6Hq19E 02 0.
16 0.23314E 00 0.78418E 0 0.78418E 00 0.q9476E 01 0.12832E 02 0.69123E 02 0.
17 0.80945E-01 0.18695E 00 0.18695E 00 0.15793E 01 0.31172E 01 0.69052E 02 0.
18 0. 0. 0. 0. 0. 0.69063E 02 0.
19 0. 0. 0. O. 0. 0.69024E 02 0.
20 0. 0. 0. 0. 0. 0.6b968E 02 0.
21 0. 0. 0. 0. 0. 0.68957E 02 0.
22 0. 0. 0. O. 0. 0.6fl62E 02 0.
23 0. O. 0. 0. 0. .b8663E 02 0.
24 O. 0. 0. 0. 0. 0.68579E 02 0.

DAILY SUMMARY

0.39b22E 02 O.11IOSE 03 0.26361E 03 0.59048E 03 0.17207E 03 0.68803E 02 0.



HOURLY SLUIARY FOR UAY f MONTH 3

OHL QHW OC iINCI CONIL XINF ISK IIlJC1

1 0.18653E 05 0.16838E 04 0, 0, 0.1380OE 05 O.h31H8E (4 U. .
2 0.18752E 05 0.53579E 03 0. 0. 0.13971E 05 0.63175E 04 O. 0.
3 0.19078E 05 0.55608E 03 0. . 0.14128E 05 (.b4MblE 04 0. 0.
4 0.19152E 05 0.53614E 03 .0. 0.14203E 05 o.6'l851E 04 0. o.
5 0.18926E 05 0.53594E 03 0 0. 0.14147E 05 0.b3151E 04 0. 0.
6 0.18921E 05 0.53594E 03 0. 0. 0.14142E 05 0.63151E 04 0. 0.

7 0.15320E 05 0.13024E 04 O. 0, 0.15080E 05 0.63682E 04 o. 0.
8 0.15232E 05 0.29124E 04 0. 0. 0.14742E 05 0.63681E 04 0. 0.
9 0.16355E 05 0.42475E 04 0. O. 0.14326E 05 0.6351hF 04 0. 0.

10 0.17119E 05 0.48447E 04 0. , 0.14173E 05 0.b3407E 04 O. (.

11 0.17179E 05 0.40750E 04 0. 0. 0.14233E 05 0.634)1E 04 0. 0.

12 0.16520E 05 0.28429E 04 0. 0. 0.14435E 05 0.63499E 04 0. 0.

13 0.16434E 05 0.23811E 04 O. 0. 0.14406E 05 0.63509E 04 O. 0.
14 0.16143E 05 0.31505E 04 o. O. 0.14284E 05 0.61h81E 04 O. O.
15 0.16092E 05 0.19189E 04 0. 0. 0 0.183E 05 0.61824E 04 0. ).
16 0.13942E 05 0.17631E 04 0. 0. 0.14751E 05 0.6141E 04 O. 0.
17 0.13750E 05 0.1b091E 04 0. 0. 0.14557E 05 0.2161E 04 0. .0.
18 0,12956E 05 0.24550E 04 0. O. 0.14654E 05 0.62278E 04 0.- 0.
19 0.12844E 05 0.39994E 04 0. 0. 0.14541E 05 0.62291E 04 0. 0.

20 0.13296E 05 0.64834E 04 0. 0o 0.14347E 05 0.h?224E 04 O. .
21 0.13297E 05 0.54571E 04 0. 0. 0.14347E 05 0.62226E 04 0. 0.

22 0.16721E 05 0.40747E 04 0. 0. 0.13b17E 05 O.h3454E 04 0. 0.
23 0.17002E 05 0.33308E 04 0. 0. 0.13901E uS 0.63426E 04 0. 0.

24 0.17972E 05 0.29148E 04 0. 0. 0.13798E 05 0.6b324E 04 0. 0.

DAILY SUMMARY

0.39166E Ob 0.64127E 05 0. O. 0.34289E 06 0.15142E 06 O. 0.



HOURLY SUMHARY FOH DAY 3 MONTH 3

QHL QHw QC QINCI CONDL XINF TSR OINCI

I 0.14621E 05 0.16804E 04 0. 0. 0.10817E 05 0.53365E 04 0. 0.

2 0.15445E 05 0.53296E 03 0. 0, 0.113b0E 05 0.56714E 04 0. 0.

3 0.16260E 05 0.53366E 03 0. 0. 0.11787E 05 0.60064E 04 O. 0.

4 0.16809E 05 0.53413E 03 0. 0. 0.12172E 05 0,61719E 04 0. 0.

5 0.17329E 05 0.53458E 03 0. 0. 0.12525E 05 0.63378E 04 0. 0.

b 0.17828E 05 0.53501E 03 0. 0.6913bE-01 0.12886E 05 0.65040E 04 0,27605E 02 0.53837E-U1

7 0.12770E 05 0.13002E 04 0. 0.57224E 02 0.18087E 05 0.62324E 04 0.54242E 04 0.44495E 02

8 0.10023E 05 0.29078E 04 0. 0.1408BE 03 0.17600E 05 0.59239E 04 0.76277L 04 0.10892E U3

9 0.84644E 04 0.42407E 04 0. 0.21b9hE 03 0.156blO 05 0.54257E 04 0.82548E 04 U.16741E 03

10 0.71800E 04 0.48361E 04 0. 0.27686E 03 0.13368E 05 0.49241E 04 0.77251E 04 0.21343E 03

11 0.62341E 04 0.40656E 04 0. 0.31558E 05 0.11270E 05 0.459UHE 04 0.62418E 04 0,24317E 03

12 0.51219E 04 0.28331E 04 0. 0.33014E 05 0.10421E 05 0.426(3E 04 0.53047E 04 0.25436E 03

13 0.47762E 04 0.23710E 04 0. 0.31947E 03 0.10722E 05 0.40917E 04 0.57241E 04 0.24616E 03

14 0.38497E 04 0.31399E 04 0. O.28436E 05 0.11009E 05 0.37586E 04 0.6hO57E 04 0.21919t 03

15 0.27347E 04 0.19074E 04 0. 0.22748E 03 0.10423E 05 0.34279E 04 0.6h053E04 0.17549E 03

16 0.71591E 02 0.17509E 04 0. 0.15347E 03 0.99313E 04 0.32984E 04 0.61471E 04 0.118b1E 03

17 0.36316E 02 0.15969E 04 0. 0.70097E 02 0.82328E 04 0.329H3E 04 0.44837E 04 0.54425E 02

1B 0.46750E 03 0.24441E 04 0. 0.21634E 01 0.55854E 04 0.32901E 04 0.49364E 03 0.17335E 01

19 0,27143E 04 0.39908E 04 0. 0. 0.68571E 04 0.37737E 04 0. 0

20 0.51090E 04 0.b47b4E 04 0. 0. 0.81155E 04 0.42593E 04 0, 0.

21 0.64216E 04 0.54512E 04 0. 0. 0.91010E 04 0.45875E 04 O. U.
22 0.1038bE 05 0.40693E 04 0. 0, 0.84196E 04 0.47029E 04 0. 0.
23 0.11284E 05 0.33259E 04 0. 0. 0.96559E 04 0.4h45E 04 0. .
24 0.12801E 05 0.29103E 04 0. 0. 0.99350E 04 0.50158E 04 0. ).

DAILY SUMMARY

0,20874E Ob 0.63968E 05 0. 0.2A944E U4 0.2hb634 Ob 0.11575E 06 0.7(06hh6" 0 0.1'475Ft 04



OINC2 A8SORB(1) ABSORB(2) ABSORH(3) AtSORH6(4) XTfMP HASL01

I 0. 0. 0. 0. 0. 0U.878bE 02 0.

2 0. 0. 0. 0. 0. 0.B671ti 02 O.
3 0. 0. 0. 0. 0. O.bRbSIE 02 0.

a 0. 0. 0. 0. 0. 0.6860bE 02 0.

5 0. 0. 0. 0. 0. O.6B563E 02 0.
6 0.29377E-01 O.84395E-01 0.76789E 00 0.36846E-01 0.3h84bE-01 O.b6822E 02 O.
7 0,83022E 01 0.98021E 01 0.14497E 03 0.23723E 02 0.98021E 01 0.68955E 02 0.
& 0.14978E 02 0.17152E 02 0.185b5E 03 O.bb136E 02 0.17152E 02 0.69175E 02 0.
9 0,20109E 02 0.22634E 02 0.17753E 03 0.lOb65E 03 0.22634E 02 -0.69301E 02 0.

10 0.23912E 02 0.26647E 02 0.14352E 03 0.137ROE 03 0.26647E 02 .0.69407E 02 0.
11 0.26306E 02 0.29161E 02 0.93553E 02 0.15842E 05 0.29161E 02. 0.694SE 02 0.

12 0.27198E 02 0.30094E 02 0.34830E 02 0.1661l E 03 0.30094E 02 0.h9578E 02 0.
13 0.26544E 02 0.29411E 02 0.29411E 02 0.16049E 0 0.84841E 02 0.69605E 02 0.
14 0.24377E 02 0.27138E 02 0.27138E 02 0.1417qE 03 0.13662E 03 0.69683E 02 0.

15 0.20785E 02 0.23352E 02 0.23352E 02 . b11160E 0 0.17364E 03 0.6977bE 02 0.

16 0.15860E 02 0.1810SE 02 0.18105E 02 0.72692E 02 0.18670E 03 0.70029E 02 0.

17 0.94731E 01 0.11120E 02 0.11120E 02 0.30042E 02 0.15655E 03 0.70028E 02 0.

18 0.76696E 00 0.16459E 01 0.95016E 00 0.95016E 00 0.18698E 02 0.6998lE 02 0.

l9 O. 0. 0. 0. 0. 0.69171E 02 0.
20 O. 0. 0.. . 0. 0.69572E 02 0.

21 0. 0. 0. 0. 0. 0.694b5E 02 0.

22 0 O. 0. 0. 0. 0.69131E. 02 0.

23 0. 0. 0. 0. 0. 0.69063E 02 O.

24 0. 0. 00. 0. 0.68936E 02 0.

DAILY SUMMARY

0.21864E 03 0.24635E 03 0189090E 03 0.11759E 04 0.89257E 03 0.69283E 02 0.



HOIJRLY 51lj4AR FOD DAY 30 MONIH 4

OHL OHV OC UINCI CONOL XlNF TSR QINCI
I 0. 0.16327E 04 0. 0. 0.45056E 04 0.23297E 04 0.
2 0. 0.50824E 03 0. O. 0.45056E 04 0.23297E 04 0. U.
3 0. 0.51398E 03 0. 0. 0.4505hE 04 0.23297E 04 0. 0.
4 0.18938E 02 0.51814E 03 0. 0. -0.22138E 03 0.17585E 04 0. O.
5 0.68285E 03 0.52025E 03 0. 0. 0.47481E 03 0.17233E 04 0. 0,
6 0.79036E 03 0.52031E 03 0. 0.12173E 02 0.45135E 04 0.18957E 04 0.40985E 04 0.10930E 02
7 0,72362E 01 0.12587E 04 0. 0.77803E 02 0.11316E 05 0.15571E 04 0.67713E 04 0.b6161E V2
8 0. 0.28352E 04 0. 0.15250E 03 0.11316E 05 0.15571E 04 0.788q9E 04 0.1194IE 03
9 0, 0.41470E 04 0..2200BE 0o 0.11316E 05 0.15571E 04 0.80491E 04 0.17155E 03

10 0, 0.47324E 04 0. 0.27277 03 0.E 01131 5 0.15571E 04 0.733q2E 04 0.21209E 03
11 0. 0.39669E 04 0, 0.30582E 03 0.11316E 05 0.15571E 04 0.59069E 04 0.23751E 03
12 0. 0.27447E 0.3E 04 0. 031649 3 0.1131E 05 0.15571E 04 0.52294E 04 0.24571E 03
13 0. 0.22854E 04 0. 0.30593E 03 0.1131hE 05 0.15571E 04 0.57069E 04 0.2 3bbE 03
14 0, 0.30404E 04 O. 0.2b915E 03 0.11316E 05 0.15571E 04 0.64944E 04 0.20931E 03
15 0, 018182E 04 0. 0.21504E 03 0.1131hE 05 0.15571E 04 0.66717E 04 0.167bbE 03
16 0, 0.1bS28E 04 0.22546E 04 0.14b53E 03 0.1131bE 05 0.15571E 04 0.b2275E 04 0.11468E 03
17 0. 0.14994E 04 0.19233E 04 0.71763E 02 0.1131hE 05 0.15571E 04 0.51330E 04 0.57084E 02
18 0. 0.23349E 04 0.30171E 04 0.10222E 02 0.11316E 05 0.15571E 04 0.29184E 04 0.80147E 01
19 0. 0.38599e 04 0.74725E 03 0. 0.11316E 05 0.15571E 04 0. 0.
20 0. 0.63192E 04 0. 0, 0.1131hE 05 0.15571E 04 0. 0. I
21 0. 0.53164E 04 0. 0. 0.11316E 05 0.15571E 04 0. 0.
22 0, 0.39b88E 04 0. 0, 0.1131hE 05 0.15571E 04 0. 0.
23 0. 0.32479E 04 0. 0. 0.11316E 05 0.15571E 04 0. 0.
24 0. 0.28500E 04 O0 0. 0.11316E 05 0.15571E 04 0. 0.

DAILY SUMMARY

0.14994E 04 0.62092E 05 0.79423E04 0).23749E 04 0.22197E 06 0.40394E 05 0.78435E 05 0.18521E 04



QINC2 ABSORB(1) ABSDRB(2) ABSORB(3) ABSORB(4) XTEMP BASLOO

1 0. 0 0 0 0. 0.71944E 02 0.

2 0. 0 0. . 0. 0.71097E 02 0.

3 00. 0. 0. 0. 0.70544E 02 0.

4 0, 30 0. 0. 0.70145E 02 0.

5 0. 0. . 0. 0. O.b69942E 02 0.

6 0.92687E 01 0.23897E 02 0.9a898E 02 0.71501E 01 0.71501E 01 O.b993bE 02 O.

7 0.19967E 02 0.2042bE 02 0,17003E 03 0.lb200E 02 0.lb200E 02 0.71983E 02 0

8 0O27113E 02 0.22740E 02 0.18590E 03 0.46675E 02 D.22740E 02 0.73189E 02 0.

9 0.3240bE 02 0.27779E 02 0.17087E 03 0.80331E 02 0.27779E 02 0.736b7E 02 0.

10 0.36180E 02 0.31443E 02 0.13577E 03 0.10726E 03 3.31443E 02 0.75997E 02 0.

11 0.38448E 02 0.3366bE 02 0.87499E 02 0.12433E 03 0.33bb7E 02 0.74552E 02 0O

12 0.39167E 02 0.3437bE 02 0,3437bE 02 0.12987E 03 0.3670hE 02 0.75200E 02 0.

13 0,38319E 02 0,33542E 02 0.33542E 02 0.12535E 03 0.91793E 02 0.75530E 02 0.

14 0.35925E 02 0.31197E 02 0.31197E 02 0.10539E 03 0.13922E 03 0.75989E 02 0.

15 0,32029E 02 0,27418E 02 0.27418E 02 0.77778E 02 0.17296E 03 0.7bb33E 02 0O

16 0,26604E 02 0.22267E 02 0.222b7E 02 0.3772E 02 0.18596E 03 0.77924E 02 0.

17 0.19266E 02 0.21764E 02 0.15581E 02 0.15581E 02 0.16 7bE 03 0.7806bE 02 0.

18 0.81041E 01 0.22154E 02 0.62207E 01 O6b2207E 01 0.84140E 02 0.78080E 02 0.

19 0O 0 0. 0. 0. 0.78027E 02 0.

20 0. 0O 0. 0. O0 0.77253E 02 0.

21 0. 0. 0 0 O. 0.7b287E 02 0.

22 0. 0. 0. O0 0. 0.74375E 02 0.

23 0. 0. 0. O. O. 0.73074E 02 0.

24 0O 0. 0. 0 0. 0.71767E 02 0O

DAILY SUMMARY

0.36280E 03 0.35267E 03 0.1015bE 04 0.88391E 03 0.l01bSE 04 0.74t34E 02 0.



HOIIRLY SUM[ARY F)R DAY 30 MUlTH 5

UHL OHW QC JINCI CONDL XINF TSR I NClI
I 0. 0.15447E 04 0. 0 0.89155E 04 u.26h40t 04 0.
2 0. 0.50919E 03 0. 0. 0.89155E 04 0.26h40E 04 0.0.
3 0.19127E 02 0.51704E 03 0. 0. -0.11074E 04 0.264bE04 00. .
4 0.97963E 03 0.52051E 03 0 0. .- O.R5430E 02 0.25H5bE 04 0. 0.
5 0.19275E 04 0.52132E 03 0. 0o.915hE 00 0.12531E 04 0.25722E 04 0.37652E 03 0.7b43(0 00
6 0.14582E 04 0.52087E 03 0. 0.20480E 02 0.46283E 04 0.240h3E 04 0.40556E 04 O.lb987T 02
7 0.23883E 02 0.12091E 04 0. 0.78747E 01 0.44366E 04 0.24239E 04 0.73228E 03 U.h3422E 01
8 0. 0.26697E 04 0. 0.14602E 02 0.4436hE 04 0.24239E 04 0.76897E 03 0.1154SE 02
9 0. 0.38751E 04 0. 0.15767E 03 0.443b6E 04 0.24239E 04 0.69557E 04 0.12354E 03

10 0. 0,44102E 04 0. 0.25491E 02 0.44366E 04 0.24239E 04 0.b7687E 03 0.19941E 02
11 0. 0.37064E 04 0. 0.28502E 02 0.44366E 04 0.24239E 04 0.54015E 03 0.22259E 02
12 0. 0.25801E 04 0. 0.11859E 03 0.4436bE 04 0.24239E 04 0.3h27bE 04 0.92535E 02
13 0. 0.21507E 04 0. 0.2835bE 02 0,44366E 04 0.24e39E 04 0.52139E 03 O.22146E 02
14 0. 0.28461E 04 0. 0.25211E 02 0.4436bE 04 0%24239E 04 0.59991E 03 0.1972bE 02
15 0. 0.17233E 04 0. 01.20319E 02 0.44366E 04 0.24239E 04 0.63278E 03 0.15958E 02
lb 0. 0.15710E 04 0 . 14142E 02 0.4436bE 04 0.24239E 04 O.61596E 03 0.11193E 02
17 0. 0.14291E O0 0. 0,74091E 01 0.443bbE 04 0.24239E 04 0.58248E 03 0.5980bE 01
18 0. 0.21954E 04 0. 0.1b211E 01 0.4436hE 04 0.24239E 04 0.49484E 03 0.13484E 01
19 0. 0.35994E 04 0. 0.8762BE-01 0.4436bE 04 0.24239E 04 0.24466E 02 0.68265E-01 t
20 0. 0.58620E 04 0. 0. 0,443hbE 04 0.24239E 04 0. . w
21 0. 0.49351E 04 0. 0. 0.4436bE 04 0.24239E 04 0. 0,
22 0. 0.36934E 04 0. 0. 0.44366E 04 0.24239E 04 0. 0.
23 0. 0.30263E 04 0. 0. 0.44366E 04 0.24239E 04 0. 0.
24 0, 0.26581E 04 0. 0. 0.4436bE 04 0.24239E 04 0. 0.

DAILY SUMMARY

0,440O3E 04 0.58274E 05 0. 0.47134E 03 0.10238E 06 0.59lb6E 05 0.21205E 05 0.37034E U3



OINC2 ABSORB(I) ABSORB(2) ABSORR(3) A8SOR8(4) XTEMP ASLOO

I 0. 0.0 0. 00 . 0.71799E 02 0.

2 O. 0. O. 0. 0. 0.71006E 02 0.

3 0. 0. 0. 0. O. 0.70251E 02 0.

4 0. 0. 0. 0. 0. 0.69916E 02 0.

5 0.73560E 00 0.29500E 01 0.55915E 01 0.52488E 00 0.52488E 00 0.69839E 02 0.

6 0.11429E 02 0.29084E 02 0.70719E 02 0.11356E 02 0.1135bE 02 0.h9882E 02 0.

7 0.26425E 01 0.39468E 01 0.16840E 02 0.18603E 01 0.180O3E 01 0.70984E 02 o.

8 0.33307E 01 0.24222E 01 0.17768E 02 o.27537E 01 0.24222E 01 U.71270E 02 0.

9 0.31295E 02 0.37954E 02 0.11132E 03 0.53601E 02 0.S7954E 02 0.71q9bE 02 0.

10 0.41940E 01 0.31677E 01 0.12874E 02 0.80850E 01 0.31677E 01 0.726H5E 02 0.

11 0.44076E 01 0.33574E 01 0.837b3E 01 0.96100E 01 3.33574E 01 0.73075E 02 0.

12 0.20924E 02 0.27894E 02 0.27894E 02 0.4bb32E 02 O.2H410E 02 0.7572?E 02 0.

13 0.43972E 01 0.33483E 01 0.33483E 01 O.9555bE 01 O.B7172E 01 0.74b45E 02 O.

14 0.41736E 01 0.31498E 01 0.31498E 01 0.79439E 01 0.13150E 02 0.75059E 02 O.

15 0.38061E 01 0.28283E 01 0.28283E 01 0.55075E 01 0.1h5b6E 02 0.75370f 02 0.

16 0.32890E 01 0.23875E 01 0.23875E O. 0.253M7E 01 0.1779bE 02 '.76551 E 02 0.

17 0.258b1E 01 0.40439E 01 0.18152E 01 0.18152E 01 0.16652E 02 0.7b750E 02 0.

18 0.15464E 01 0.42281E 01 0.10372E 01 0.10372E 01 0.11321E 02 0.77073E 02 0.
19 0.55605E-01 0,220b4E 00 0.45943E-01 0.45943E-01 0.40054E 00 0.770Hi3 02 0.
20 0. 0. 0. 0. 0. 0.76h6l8 02 0.

21 0. 0. 0. . 0. 0.7.)034E 02 0.
22 O. 0. 0. 0. 0. 0.743?7E 02 O.

23 0. 0. 0. 0. 0. 0.7343bE 02 0.
24 O. 0. 0. 0. 0. 0.72394E 02 0.

DAILY SUMMARY

0.98811E 02. 0.13098E 03 0.286OOE 03 0.16285E 03 0.17346E 03 0.73407E 02 0.



HOULLY SU4MARY nOR OAY 19 M(NTH 7

QHL QHW nC OINCI CONI)L XINF TSH QlINCI
I 0, 0.12510E 04 0. 0. 3.9H143E 04 0.25276E 04 0. (
2 0, 0.45101E 03 0. 0. 0.9143E 04 0.2527dt 04 0. 0.
3 0, 0.45590E 03 0. 0. 0.9S143E 04 0.25278E 04 0.0 .
4 0. 0.45972E 03 0. 0. 0.98143E 04 0.25278E 04 O. 0.
5 0, 0.46411E 03 0. 0.95212E-02 0.98143E 04 0.25278E 04 O'.3955hE 01 0.741H4E-02
6 O. 0.46391E 03 0. 0.18709E 02 0.98143E 04 0.25278E 04 0.48529E 0 0.14532t 02

0. 0.980b6E 03 0.30099E 03 0.71115E 02 0.98143E 04 0.25278E 04 0.67492E 04 0.57040t 028 0. 0.21045E 04 0.31338E 04 0.37180E 02 0.98143E 04 0.25278E 04 0.21h72E 04 0.29293E 029 0. 0.30397E 04 0.53536E 04 0.15095E 03 0.98143E 04 0.25278E 04 0.68844E 04 O.lIl5oE 03
10 O 0.34572E 04 0.87818E 04 0.2157hE 03 0.98143E 04 0.2527dE q04 0.7716hE 04 O.16lh6E 03
11 0. 0.291b8E 04 0.10572E 05 0.20874E 03 0.98143E 04 0.25278E 04 O.b5967E 04 0.16293E U3
12 0. 0.20530E 04 0.10203E 05 0.29253E 02 0.9fl43E 04 0.2527dE 04 0.48845E 03 0.22827E 02
13 0, 0.17293E 04 0.11653E 05 0.73540E 02 0.98143E 04 0.2527dE 04 0.22279E 04 0.57389E 02
14 0. 0.22687E 04 0.11764E 05 0.21329E 03 0.9145E 04 0.25278E 04 0.69790E 04 .0.Ih66bE 0315 0, 0.14045E 04 0.13129E 05 0.19095E 03 0.9q145E 04 0.25276E 04 0.70574E 04 0.149blE 03
16 O. 0.12935E 04 0.16728E 05 0.10156E 03 0.98143E 04 0.25278E 04 0.49430E 04 0.79874E 0217 0, O.11856E 04 0.15302E 05 0,6H592E 02 0.9H145E 04 0.2527E 04 O4q6576E 04 0.54729E 0218 0. 0.17794E 04 0.16389E 05 0.20b51E- 02 0.9814iE 04 0.25278E 04 0.29791E 04 O.1h921E 0219 ,. 0.28644E 04 0.14824E 05 0.15577E 01 0.9814E 04 0.25278E 04 0.44152E 03 0.12130E 01
20 0. 0.46077E 04 0.12298E 05 0. 0.98143E 04 0.25278E 04 0 . o
21 0. 0.38886E 04 0.91117E 04 0. 0.98143E 04 0.25O78E 04 (. U.
22 0. 0.29185E 04 0.33718E 04 0. 0.98143E 04 0.2527dE 04 0. 0.
23 0. 0.23971E 04 0.13922E 04 0. 0.9q143E 04 0.25278E 04 0. 0.
24 0. 0.21055E 04 0.16367E 02 0. 0.98143E 04 0.2527BE 04 0).

DAILY SUMMARY

0. 0.4b540E 05 0.16432E 06 0.14021E 04 0.23554E 06 0.60hbbE U5 0.64745E 15 .l11000E 04



UINC2 A80OR6(I) ABSO(RB(2) ASORB(31 ABSORA(4) xTEMP HASLOO

I 0 0O. 0. 0. 0. 0.71103 2 n,
2 0. 0. 0. 0 0 0.76h04E 02 0.
3 0 0, 0. 0. 0. 0.761b3E o02 0
4 0. 0. 0 0 0. 0.757bbE 02 0.
5 0,72800E-02 0.31292E-01 0.57541E-01 0,49636E-02 0.49636E-02 0.75343E 02 0.

6 0.12707E 02 0.34.893E 02 0.86bb3E 02 0.10961E 02 0.109hlE 02 0.753h63 02 0.

7 0.23543E 02 0.40189E 02 0.13903E 03 0.22045E 02 0.22045E 02 0.77577E 02 0O
8 0.87008E 01 0.10329E 02 0.39069E 02 0.10467E 02 0.10329E 02 0,78077E 02 0.

9 0.302b4E 02 0.37143E 02 0.11125E 03 0.51294E 02 0,37143E 02 0.78125E 02 O.
10 0.38844E 02 0.45421E 02 0.11466E 03 0.77607E 02 0.45421E 02 0.78198E 02 O.
11 0,36582E 02 0.46594E 02 0.77493E 02 0.80308E 02 0.46594E-02 0.78261E 02 0O

12 0.44198E 01 0.34866E 01 0.40268E ul 0O10179E 02 0,548b6E 01 0o78275E 02 0.

13 0.12836E 02 0,16457E 02 0.16457E 02 0,28469E 02 0.2S183E 02 078262E 02 0.
14 0.38170E 02 0.46040E 02 0.46040E 02 0.78431E 02 3.10523E 03 0.78293E 02 O0
IS 0.36683E 02 0.40834E 02 0.40834E 02 0.6316SE 92 0.13496E 03 0,78350E 02 0.

16 0,22868E 02 0.28188E 02 0,28188E 02 0.30950E 02 3.96991E 02 0.78638E 02 0.

17 0.19899E 02 0.32375E 02 0.22463E 02 0.22463E 02 0.10337E 03 0.78631E 02 0.

18 0.10054E 02 0.24685E 02 0.10734E 02 0.10734E 02 0.60294E 02 0.78634E 02 0.

19 0.10334E 01 0.39531E 01 0.83173E 00 0,83173E 00 0.76302E 01 0.78459E 02 0.
20 0 0. 0. 0. 0. 0.78503E 02 0.

21 O0 0. 0. O. O0 0.78239E 02 0.

22 O. 0. 0. 0. 0. 0.78099E 02 0.

23 0. 0. 0. 0. 0. 0.78057E 02 0.

24 O0 0. O. O0 0. 0.77980E 02 O.

DAILY SUMMARY

0.29b61E 03 0.410b2E 03 0.73779E 03 0.49791E 03 0.70964E 03 0.77699E 02 0.



HOURLY SUMMiARY FOR DAY 18 MONTH 8

UHL OHW QC QOICI CONOIL X1NF TSR OINCI
I 0. 0.12905E 04 0. 0. 0.98143E 04 0.25278E 04 0. O.
2 0. 0.46099E 03 0. 0. 0.98143E 04 0.25278E 04 0, 0.
3 0 0.46948E 03 0. 0. 0.98143E 04 0.25278E 04 0. 0.
4 0. 0.47399E 03 0. 0. 0.q9143E u4 0.25278E 04 0. 0.
5 0. 0.47703E 03 0. O. 0.98143E 04 0.25278E 04 0. o.
6 0. 0.48042E 03 0. O.hl541E 01 0.9s143E 04 .0.2527E 04 0.12014F 04 0.47dtn9t Ul
7 0. 0.10247E 04 0. 0.57559E 02 0.9ql43E 04 0.25278E 04 0.49137E 04 0.454b/E o0
8 0. 0.21837E 04 0. 0.1s509E 03 0.9M143E 04 0.25278E 04 0.70209E 04 0.976blE U2
9 0. 0.31413E 04 0. 0.18295E 03 0.98143E 04 0.?5278E 04 0.7HP23E 1)4 0.14253E 03

10 0. 0.35703E 04 0.2O869E 04 0.24345E 03 0.9H1l4E 04 0.25,17E 04 O.76.h5sE 04 0 .18944E u3
11 0 . 0.30098E 04 0.63450E 04 0.27E27E 0i 0.9r14EF 04 0n.257E 0)4 0.70tr1E t04 0.21375E 03
12 0. O.21134F 04 0.10083E 05 0477E 0 0 0.44 0.25'2ti 1)4 0.6557E 04 0.19240De u
13 O. 0.1777bE 04 0.10352E E05 0.15291E 03 0(.q4143E 04 0.2728E 1)4 O.4773sE )4 O'.1lIE U03
14 0. 0.23312E 04 .936hllE l4 .1357'1E o0 (l.q14H'E )4 0.252/7(.E o .4 0.4.2lhF 114 0.10682E U3
15 0. 0.14414E 04 U . I 0 3 05 0.1 7ShSE 0 0).9H143F 04 0.2527dc 04 O.6,b17E 04 l .l 9E
16 0. 0.132 7E 04 0.1 2 5h4F )5 0.74 70? 0? 0. 1 4E04 O. S '2 EE 4) 0 3 p 04 U, 2 277 . o2
17 0. 0.12173E 04 0.1115hE 05 .7h09/E o t LI.9Hi14F o)4 0i.5s27tE )c14 4).49Hir 0 ().(o20?10E ul
18 0. 0.i835E 04 0.10119E 7 S 0.l5(O4hE 01 On.slt4iF ('4 o.2'iIhttm oIl/ ./7%7ti 0(3 U.lOq)93OU vl
19 O. 0).29570EE 04 O. 0H43h3Se 4 0. l 4 )Hlq 1 (04 0.'%et 7 t4E oi (I. o
20 0. )0.4/h39E 04 u.hIid 4F ). t).4 04 0. 04 04 L.isi-t | Ui. ). 0
21 0. tl.40178E 04 l.40tb2E. 4 'I. O.l 14E 104 O. 7 iH, (. u o
22 0. 0.30129E 04 0. (. O.981q43E u)4 0.%2i7ti ( t4 , u.
23 0. U.24729E 04 0. u. o.qsl43E 04 v.P527MF 4. 0. o.
24 0. 0.21755E 04 0. O. 0.98143E 04 0.25276E 4 0. O.

DAILY SUMMARY

0. 0.48031E 05 0.10247E 06 U.lb928E 04 0.23554E Ob6 0O.6hhbb 0)5 0.633HlE 05 0.1317Ytu 04



OINC2 ABSORB(l) ABSORb(2) ABSORB(3) A9SORB(4) XTEMP HASLOD
I 0. 0, 0. 0. 0. 0.7b171E 02 0.
2 0, 0. 0. 0. 0. 0.75h44E 02 O.
3 0, 0. 0. 0. 0. 0.7482bE 02 0.
4 0. 0. 0. 0. 0. 0.74393E 02 0.
5 0. O0 0. O. 0. 0.74100E 02 0.
6 0.28504E 01 0.74858E 01 0.2456bE 02 0.33715E 01 0.33715E 01 0.73774E 02 0.
7 0.14532E 02 0.20067E 02 0.10590E 03 0.1741HE 02 0.17418E 02 0.75267E 02 0.
8 0.23403E 02 0.28031E 02 0.14146E 03 0.44295E 02 0.28031E 02 0.7b409E 02 0.
9 0.29364E 02 0.36210E 02 0.138b8E 03 0.73066E 02 3.36210E 02 0.77624E 02 0.

10 0.34768E 02 0.40718E 02 0.12718E 03 0.10143E 03 0.40718E 02 0.78088E 02 0.
11 0.37502E 02 0.44321E 02 0.91845E 02 0.11783E 0. 0.44321E 02 0.7s160E 02 0.
12 0.35549E 02 0.47626E 02 0.50252E 02 O.10H78E 03 0.4762bE 02 0.7a232E 02 0.
13 0,23399E 02 0,3b740E 02 0.30040E 02 0.b7771E 02 0.52609E 02 0.78240E 02 0.
14 0.21705E 02 0.31309E 02 0.31309E 02 0.59771E 02 0.67940E 02 0.7824E 02 0.
15 0.28380E 02 0.36984E 02 0.36984E 02 0.71797E 02 0.12417E 03 0.7825HE 02 0.
16 0.15076E 02 0.20812E 02 0.20812E 02 0.3049E 02 0.78082E 02 0.7N332E 02 0.
17 0.18257E 01 0.16659E 01 0.15897E 01 0.15897E 01 0.15958E 2 21E 02 0.
18 0.78556E 00 0.19528E 01 0.67174E 00 O.b774E 00' 0.82381E 01 0.78254E 02 0.
19 0. O0 . 0. . 0. 0.78210E 02 0.
20 0. 0. 0. 0. 0. 0.78148E 02 0.
21 0. 0. 0. 0. 0. 0.78121E 02 0.
22 0. 0. 0. 0. 0. 0.77867E 02 0.
23 0O 0. 0. 0. 0. 0.77754E 02 0.
24 0. 0. 0. 0 0. 0,77191E 02 0.

DAILY SUMMARY

0.26914E 03 0.35122E 03 0.80530E 03 0.b69d3E 03 O.56469E 03 0.7706bE 02 0.



HOUINLY SUAmARY A O i)AY 17 MONTH 9

UHL (H' OC , OINCI CONDL XINF TSk OIC1
1 0. 0.13314E 04 0. O. .9143E 04 O.P5278E 04 0o.
2 0. 0.45502E 03 0 0. 0.9q143E 04 O.5,i/E t04 0, .
3 0. 0.45890E 03 0. 0. 0.98143t 04 0.2523E 04 0 0.
4 0. 0.46185E 03 0. 0, 0.98143E 04 0.25278E 04 0. 0.
5 0. 0.46438E 03 0. 0. 0.98143E 04 0.25278E 04 0. ,.
6 0. 0.46769E 03 0. 0. 0.98143E 04 0.25278E 04 . 0.
7 0. 0.10446E 04 0. 0. 0,9814E 04 0.25278E 04 0.0.
8 0. 0.22152E 04 0. 0. 0.98143E 04 0.25278E 04 0. 0.
9 0. 0.32994E 04 0. 0. 0.98143E 04 0.25278E 04 0, 0.

10 0. 0.37616E 04 0, 0. 0.98143E 04 0.25278E 04 0. 0.
11 0. 0.31723E 04 0. 0.30369E 02 0.98143E 04 0.25278E 04 0.57471E 03 0.23373E U2
12 0. 0.22239E 04 0. 0.31403E 02 0.98143E 04 0.25278E 04 O.SOMh2E 03 0.24167E 02
13 0. 0.18648E 04 0. 0.29991E 02 0.98143E 04 0.25278E 04 0.56252E 03 0.23083E u2
14 0. 0.2450hE 04 0. 0.26237E 02 0.98145E 04 0.25278E 04 0.640o3E 03 0.20200E 02
15 0. 0.15043E 04 0. 0.20421E 02 0.98143E 04 0.25278E 04 0.64391E 03 0,15737E 02
16 0. 0.13798E 04 0.38844E 04 0.13041E 02 0.98143E 04 0.25278E 04 0.55801E 03 0.10062E 02
17 0. O.12blbE 04 0.29733E 04 0.49312E 01 0.98143E 04 0.2527dE 04 0.34972E 03 0.38199E 01
18 0. 0.19101E 04 0.34139E 04 0. 0.98143E 04 0.25278E 04 0. 0.
19 0, 0.30937E 04 0.11783E 04 0. 0.9H143E 04 U.25278E 04 0. 0.
20 0. 0.49969E 04 0.30054E 04 0. 0.9H143E 04 0.25218E 04 0. 0.
21 0. 0.42106E 04 0.30608E 04 0. 0.98143E 04 0,25278E 04 0., O
22 0. 0.31582E 04 0. 0. 0.9H143E 04 0.25278E 04 0. 0.
23 0. 0.25927E 04 0. 0. 0.98143E 04 0.25278E 04 0. 0.
24 0. 0.2279bE 04 0. 0. 0.98143E 04 0.25278E 04 0. 0.

DAILY SUMMARY

0. 0.50119E 05 0.17516E 05 0.15640E 03 0.23554E Ob 0.60b66E 05 0.38375E 04 0.12044E 03



OINC2 ABSORB(l) ABSURB(2) Ad90R3(3) ABSORB(4) XTEMP BASLOI)
1 0. 0. 0. 0. 0. (.76h51E (2 0..
2 0o 0. 0 0 0 . 0(7b21 tE 02 0.
3 0. 0. O. 0. 0. 0.75845E 02 0.
4 0 0,. 0. o0 O 0.75bl1E 02 0.
5 0 0. 0 , 0. 0O 0.75318E 02 0.
b 0 0. O . 0. 0. 0.74999E 02 0.
7 0. 0. 0. 0. 0. 0.76232E 02 0.
8 0 0. 0. 0. 0. 0.76528E 02 0.
9 0. 0. 0. 0. 0. 0.7b333E 02 0.

10 0. 0 0. O 0 0. 0.15842E 02 0.
11 0.23432E 01 0.27721E 01 0.80363E 01 0.15712E 02 0.27721E 01 0.75796E 02 0.
12 0.24039E 01 0.23839E 01 0.28339E 01 0.lb266E 02 0.32847E 01 0.76257E 02 0.
13 0.23208E 01 0.27494E 01 0.27494E 01 0.15510E 02 0.88635E 01 0.76762E 02 0.
14 0.20976E 01 0.25207E 01 0.25207E 01 0.13502E 02 0.13568E 02 0.77139E 02 0.
15 0.17426E 01 0.21503E 01 0.21503E 01 0.10403E 02 0.16645E 02 0.77402E 02 O .
16 0.12619E 01 0.16288E 01 0.16288E 01 0.6b927E 01 0.17016E 02 0.78031E 02 0.
17 0,63312E 00 0.88326E 00 0.88326E 00 0.22999E 01 0.12136E 02 o.78052E 02 0.
18 0 0. 0O 0. 0. 0.78075E 02 0.
19 0 O0. 0. 0 0. 0.78066E 02 0.
20 0. 0. 0. 0. 0. 0.78039E 02 0.
21 0O 0. 0. 0 O. 0.78041E 02 0.
22 O. 0. 0. 0 O. 0.77159E 02 0.
23 00 0 0 . 0 0.76709E 02 O.
24 0. O, O. 0. O. 0.7blO4E 02 O0

DAILY SUMMARY

0.12803E 02 0.1553AE 0 0.20803E 02 0.8 08018E 0.74285E 02 0.76710E 02 0.



HOURLY SUAMARY FOR DAY 27 MONTH 10

UHL UHW OC QONCI CONDL XIF TSk UINCI
I 0.13615E 05 0.14409E 04 0. 0. 0.91951E 04 0.535106 04 0. 0.
2 0.13839E 05 0.53157E 03 O. O. 0.10023E 05 0.53480E 04 0. 0.
3 0.14260E 05 0.53193E 03 0. O. 0.10277E 05 0.55152E 04 0. i.
4 0.14684E 05 0.53230E 03 O. 0. 3.10534E 05 0.56h25E 04 0. 0.
5 0.14037E 05 0.53242E 03 O. 0. 0.10689E 05 O.SbNO4E 04 O. O.
6 0.14953E 05 0.53252E 03 0. 0. 0.10807E 05 0.56787E 04 O. O.
7 0.11393E 05 0.11391E 04 0. 0.32857E 01 0.12040E 05 0.57313E 04 0.25421E 03 0.24h43E u1
8 0.11219E 05 0.24145E 04 0. 0.1323bE 02 0.12007E 05o .57324E 04 0.b64b3E 03 U.10014E 02
9 0.11939E 05 0.34720E 04 0. 0.2lOb6E 02 0.11443E 05 0.554B4E 04 0.73288E 03 0.15992E 02

10 0.12326E 05 0.39449E 04 0. 0.26bHbE 02 0.11014E 05 0.53b97E 04 0.66hh5E 03 0.20291E U2
11 0.11518E 05 0.33344E 04 O.0 0.b98170 02 0.11705E 05 0.50351E 04 0.1l302E 04 0.5338bE 02
12 0.103b5E 05 0.23578E 04 0. 0.30512E 02 0.10234E 05 0.48783E 04 0.48R3UE 03 0.23221E 02
13 0.98101E 04 0.19915E 04 0. 0.28525E 02 0.10141E 05 0.45395E 04 0.55335E 03 0.21b99E 02
14 0,91925E 04 0.26007E 04 O. 0.55841E 02 0.10948E 05 0.43151E 04 0.18133E 04 0.42b32E U2
15 0,90099E 04 0.16250E 04 0. 0,39b75E 02 0.10-314E 05 0.45508E 04 0.15385E 04 0.30225E 02
16 0,69358E 04 0.15012E 04 O. 0.82762E 01 0.97606E 04 0.45812E 04 0.38875E 03 0.62401E 01
17 0.76290E 04 0.13799E 04 0. 0. 0.91300E 04 0.49170E 04 0. 0.
18 0,74535E 04 0.20504E 04 0. 0. 0.10281E 05 0.50932E 04 O. 0.
19 0,75803E 04 0.32741E 04 0. 0. 0.10410E 05 0.50913t 04 0. 0. W
20 0,84522E 04 0.52424E 04 0. 0. 0.10469E 05 052518E 04 0. 0.
21 0,91373E 04 0.44300E 04 0. 0. 0.10818E 05 0.55887E 04 0. 0. O

22 0.12737E 05 0.33356E 04 0. 0. 0.10265E 05 0.57093E 04 0. 0.
23 0.13138E 05 0.27464E 04 O. 0, 0.10672E 05 0.57047E 04 O0 O.
24 0.14750E 05 0.24175E 04 0. 0. 0.10874E 05 O.bO278E 04 0. 0.

DAILY SUMMARY

0.27077E 06 0.53359E 05 O. 0.29694E 05 0.25525E Ob 0.12696E 06 0.Hq9125E 04 O.261bE 03



QINC2 ABSOHB(1) ABSORB(2) ABSODB(3) ABSOR((4) XTEMP BASLOF
1 O. 0. 0.. O.. 0.h8M,70E 02 0.
2 0, O. O. . O. 0.6853E 02 0.
3 0, 0, 0. o. 0. U.h 817E 02 0.
4 ,. 0. 0. 0. 0. 0.68bR72 02 0.
5 0. 0. 0. 0, 3. 0.bt770E 02 0.
6 0. U. O. 0. 0. 0.b8761t 02 0.
7 0.12544E 00 0.33553E 00 0,9.2'1976E 01 0.33553E 00 0.b9o64E o2 O.
8 0.31645E 00 0,11023E 01 0.146b7E 02 0.97183E 01 0.11023E 01 0.6ou71E 02 0.
9 0.38432E 00 0.15969E 01 0.14h02E 02 0.q144E E02' 3.19qb9E 01 0.h9009E u2 O.

10 0.41485E 00 0.1927YE 01 0.11293E 02 0.177bOE 02 0.19?27'9 01 o.689q7e 02 O.
11 0.404'14E 01 0.10647E 02 0.186blE 02 0.4Q9i1E 02 n.l0647E 02 0.69OqUE 02 0.
12 0.55560E 00 0.214h7E 01 0.214h7E 01 0.19948E 02 0.3h595E 01 'v.h914t 02 o0.
13 0.466bbE 00 0.2036E 01 0.2033E 0l 0.18814E 02 0.9072AE 01 0.6blnot 02 0.
14 0.31351E 01 .85475E 01 .O..547SE 01 0.36003E 02 0.30458E 02 O.69240E 02 0
15 0.22925E O.lE01 .61140EE 01 0.261E 1 0. 91E 02 0.32427E 02 0.69253E 02 0.

b1 0.24407E 00 0.75024E 00 0.75024E 00 0.b45blE 01 0.12110E 02 u.69429E 02 .
17 0. 0. 0. 0. O. O.6q3ihb 02 0.
18 0., 0 0, o. 0, 0.b9385E 02 0.
19 0. 0. 0. 0. 0. 0.69372E 02 0.
20 0. 0 O 0. 0. 0. 0.69298E 02 0.
21 O. 0. O. O. 0. 0.6q241E 02 0.
2 0, 0. 0. 0. O. 0.689q7E 02 0.
23 0. 0. 0 0. 0. 0.68911E 02 O.
24 0. O, O. 0. 0. 0.b8774E 02 0.

DAILY SUMMARY

0.11976E 02 0.35202E 02 0.85320E 02 0.19653E 03 0.10334E 03 0.69065E 02 0.



HUURLY SUMMARY FOR DAY lb MUNTH 11

UHL UHW Q(C UINCI CONDL XINF TSR U1NC1
I 0,70108E 04 0.15248E 04 0. 0. D.52317E 04 0.33b49E 04 0. 0.
2 0.83577E 04 0.52687E 03 0. 0.. O.b6082E 04 0.3abh3E 04 0. 0.
3 0.90743E 04 0.52747E 03 0. 0. 0.65722E 04 0.40296E o4 0. 0.
4 0.97035E 04 0.52801E 03 0. 0. 0.70376E 04 0.41939E 04 0. 0
5 0.10287E 05 0.52851E 03 0. 0. 0.745b8E 04 0.43589E 04 0. 0.
6 0.11116E 05 0.52923E 03 0. 0. 0.79512E 04 0.4693SE 04 0. 0.
7 0.75403E 04 0.11958E 04 0. 0.189HE 00 3 .91n31E 04 0.45733E 0)4 (.149q79E u2 0.13979E uo
8 0.72570E 04 0.259b5E 04 0. 0.109S4E 02 0.9?67ME 04 0.44027E (14 0.542h1E 03 o.H 217E 01
9 0.77544E 04 0.37578E 04 0. 0.19444E 02 0.87040E u4 0,4048hE 0)4 0.b624bE 03 0.l4bh9E 02

10 0.7317bE 04 0.42764E 04 0. 0.25J51iE 02 0.79777E 04 0.33b9qE 04 0.b3S7hE 03 U.19147E 02
11 0.b6637E 04 0.36061E 04 0. 0,28?62E 02 0.75314E 04 0.3024bE 04 0.50727E 03 0.2lb8OE 02
12 0.50423E 04 0.25331E 04 0, 0.29504E 02 0.72395E 04 0.25283E 04 0.47091E 03 0.2219hE 02
13 0.36367E 04 0.21301E 04 0. 0.27314E 02 0.66223E 04 0.t550UE 04 0.52853E 03 0.20h75E 02
14 0.30030E 04 0.27993E 04 0. 0.22725E 02 0.h2035E 04 0.1b905E 04 0.5793hE 03 0.17171E 02
15 0.216h6E 04 0.17270E 04 0. 0.15599E 02 n.6h45hE 04 0.13iSjE 04 0.52401E 03 0.11743E u2
lb 0.50024E 02 0.15903E 04 0. 0.5'bObE 01 0.592A9E 04 0.1401bE 04 0.26303E 03 0.4150HE 01
17 0. 0.14553E 04 0. 0. 0.54219E 04 0.1401hE 04 0.).
18 0. 0.21894E 04 0. 0. 0.5921qE 04 0.14016E 04 0. t.
19 0. 0.35340E 04 O. 0. 0.59219 04 0.l401bE 04 0. 0.
20 0. U.56979E 04 0. 0. 0.5919E 04 0.14UlbE 04 U. U.
21 0,54h95E 03 0.480b4E 04 0. O. 0.53402E 04 0.24187t 04 0.0.
22 0.41919E 04 0.3b041E 04 0. 0. 0.48842E 04 u.2538A 04 0. 0.
23 0.51489E 04 0.29i75E 04 0. O. 055(1qE 04 0.28725E 04 0. O.
24 0.62876E 04 0.25957E 04 O. 0. 0.55761E 04 0.28561E 04 0. O.

DAILY SUMMARY

0,12222E 06 0.57218E 05 0. 0.18503E 03 0.15953E 06 0.904 2E 05 0.44OH9E 04 u,.13974t 03



UINCC2 AdtSOUHtI) A8S0ko(w ) A 3S h(I) AHiSOiA(4) xl7F.iP i ASL )i)

0.0.0 0 o( 1. O. .941E l 0.

2 0. 0. O. . 0. ),h9SlSE 1 ) .

3 0. U. 0. u. O. u.b9241E 02
4 0. 0. 0. o. 0. O.h91451 )2 (0.
5 0, 0. 0. 0, 0. O.h91 oE 02 0.
6 0 0U. 0. 0. 0. 0.b90I7E 02 0.
7 0,b84S4E-02 O.lbIlSE-01 0.37890E 0l 0.19 39E 00 O.lblShE-01 0.b953E 02 0.
8 0.24b32E 00 0;79667E 00 0.12205E 02 0.91509E 01 0.79h67E 00 O.h93q4E 02 0.

9 0.33244E 00 0.13167E 01 0.13482E 02 0.14850E o2 0.lb167E 01 .b69356E 02 0.
10 0.36804E 00 0,16540E 01 0.lObb7E 02 0.la71E 02 3.1bS54)E 01 0.69395E 02 0.

11 0.3 E 80E00 0.18400E 1 0S13E 01 2 0 0.5981.3E1 E 01 .2050.69449E 02 0.
12 0.38596E 00 0.18776E 01 0.18776E 01 O.O0850E 02 3.32548E 01 0.6958hE o2 0.
13 0.37755E 00 0.17666E 01 0.17666E 01 0.19b10E 02 0.84S47E 01 0.697)2E 02 0.

14 0.35397E 00 0.15069E 01 0.150b9E 01 0.lh89bE02 02 .12582E 02 0.9752E 02 0.
15 0.30014E 00 0.10875E 01 0.10875E 01 0.12358E 02 0.13616E 02 0.69822E 02 0.

16 0.15266E 00 0.43007E 00 0.43007E 00 0.50125E 01 0.80679E 01 0,70086E 02 0.

17 0. 0. 0. 0. 0. 0.70194e 02 0.

18 0. 0. 0. 0. 0. 0.70440E 02 0.
19 0. 0. 0. 0. 0. 0.70372E 02 0.
20 0. 0. 0. 0. 0. 0.70093E 02 0.
21 0. 0. 0. 0, 0. 0.69953E 02 0.
22 0, 0. 0. 0. 0. 6.69645E 02 0,

23 0, 0. 0. 0. 0. 0.9572E 02 0.
24 0. 0. 0. 0. 0. 0.9477E 02 0.

DAILY SUMMARY

0.29071E 01 0.12292E 02 0.49383E 02 0.13790E 03 0.51400E 02 0.h9627E 02 0.



MONTHLY SUMMARY

UHL (,HW LC 0 NC I C IO"I)L x INF 1SR (J lNC
1 0.12793E B0 0.2?05USE 07 0. (.20475SE 05 .0 l I q1 08 0.5o7 33t 0l 1. Sbtl urn H1 .lbqh4hE OS

2 0.88033E o07 0.1831(0E 07 O.. .20 14E hS 0.SH50SE 07 ).3h9q31E 0I iO.bHl I h 0.15F UoS
3 0.76408E 07 0.198i1E07E O- 07 0. u.S.138E U 0.o33E 07 u.sbso b 07 u.lOloE 07 0.41 iliE 05
4 0.3663bE 07 0.HINHSE 07 0.12798E Oh o0.331 E 05 0.591q29E 7 0.23.34e 07 0.11542t 7 .c(h02t. u15
5 0,88648E Oh b O.8058E 07 0.641O5E Oh b .58lqJE 15 n.49aolE 017 0.h757E 07 0.lIqh6E 07 oU..33hhE 05

b 0.69354E 05 0.15857E 07 0.3265E(E 07 (,.3355E 05 n.hl2I3E 07 0.18/79t: u7 0.lqlbE 07 U.cbr lbhE 05
7 O. 0.14427E 07 O.4bO6hE 07 0.4r21HSE 05 0.73018E 07 u OlH0OhE 01 0.17hEt u7 O).530199t u5
8 O. 0.14081E 07 0.2q573E 07 0.3H2?4E 05 0.73016E 07 u.lHtubt 01 O.l2gq4OHE l7 0.2i19yq u5
9 0.304'i9E 06 0.1b16E 07 0,1h2b2E 07 ).312BSE EOS Oh5$hSE 017 0.1.215E 07 v7 .) .1l2uE 7 0o2Q1E

10 0.2532bE 07 0.lb420E 07 0.65181E 04 0.3b60lhE 05 O.q98qE0 07 0.219V 6 01 0,ll174E 07 U.2b152-e u
11 0.50154E 07 0.17175E 07 0. 0,250B2E 05 0.hl2b5E 07 0.2b99tE 07 7 .71147'IE Ob O.i9u(7t u
12 0.85465E 07 0.19021E 07 V. 0.2205%E 05 O.85395E 07 o.37824E 07 (.59tahE Oh .166h30t u5

UINC2 AHSi)NH ([ ) AtSn H f (2) A rtSi -t ( ) A rSllHr () Xl Er1 i HASLIll)

I 0.64803E 03 U0.19733E 04 o,091hHE I4 .1,5)70E 05 O.57h57t 04 b 0.H570t 12 I.
2 O.681b4E 03 0.20b23E 0 0.h4279E 04 0.1I lTS7E 05 n0.hS'9bE UJ o.hH(H91E 02 I.

3 0.236 .40 0.2399E 04 0,4014E 04 0,121o06E Vb E,1744sE OS .,l lqT7E OS O.b692j7t 02 r .
4 0.45733E 04 0.5624s E 04 (.13101E 0S ul4-i4E 05 (0.lq175E 05 0.71)ib7E uO ,
5 0.70200E 0)4 O.820(h4E 04 0,1 7UIE S 0 1(9?2E' " O.1H U9 5 0.lqi3 9t z2 0.
6 0.71089E 04 0.91517E I04 . 15t'9E 0 05 o, 111 E v5 ) .l55I9F 15 I. ?hl4 I 9t2 O.
7 0,8O.2b '04 O.109Y E05 O600 05 0.20tE 15 0.1440F H 5 O.19 4SE 05 u.77 1 l0t o2 0.
8 0.62237E 0(4 0.775hbE 04 O.llbh0E "5 ,.15.213E 5 0. 15b66 6 5 0.777 h6t li . 0
9 0.32004E 04q 0.0ub6032 04 0.11245E S l.I E 05 (0.12091 lF (1b , 0. 7S ti 2 uI .

10 0.18959E 00 4 (. 440140 0 0 0 .1240 4 ES .22hhEI 05 I0.1128E lS I 1. II 7 '. ° I'.

11 0.79842E 03 O.25042E 04 0.75191t u4 0o,1hOIE 5i Il0.h80') t '4 I),hi .,4lt 2 U.

12 0.59738E 00 0.1891nE 04 0.b097E 04 0.171 92E 05 .5lOE 14. .h46S19 4 '4.I 1.

YEARLY SUMMARY

THLOAD TCLOAO THO)WL TINF TTSR TCUNDL CPEAK HPEAK

0.50255256E 08 0.1320716bE 08 0.208496Eb2E 08 0.23155258Ei 0 .12876440OE 08 0.51525059E 08 0.25492889E 0 0.30b51430E 05
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DESIGN PARAMETERS

HEATING DESIGN LOAD 0.33000000E 05
COOLING DESIGN LOAD 0.25000O00E 05
CAPACITY OF HEATING PLANT 036b202144E 05
CAPACITY OF COOLING PLANT O.28000000E 05
BLOWER CFM FOR COOLING SYSTEM 0.70000000E 03
BLOWER CFM FOR HEATING SYSTEM 0.19000000E 04
GAL./MIN. THROUGH EVAPURATOR 0.1055555bE 02
RATED EFFECTIVENESS OF HEAT EXCHANGER 0.790000OE 00
WATER VELOCITY THnUUGH HEAT EXCHANGER 0.13t833s OE 01
WATER TEMPERATURE RISE U.50000000E 01
COIL FACE AREA O.t7500000E Ji
PEAK DAILY COOLING LUAD 0.31433455E 06



INITIAL TEMPERATURES

CEILING SURFACES TOP - 68.05 NORTH . B,13 SOUTH - 66.12
WALL SURFACE - SUUTH KNEE 68.23

- NORTH KNEE 68.22
- NORTH WALL 67.84
- EAST WALL 67.85
- SOUTH WALL 67.86
- WEST WALL 67.86
- GARAGEWALL 67,69

FLOOR SURFACE 68.72
WAL - SOUTH KNEE 57.72

- NORTH KNEE 57.60
- NORTH WALL 56.06
- EAST WALL 56b.19
- SOUTH WALL 56.32
- WEST WALL 56.28
- GARAGEWALL 55.96

ATTIC WALL - TOP EAST 43.98
-TOP WEST 44.15
-S EAST 44.96
-S WEST 45.13
-N EAST 44,87
-N WEST 45.04 4

ATTIC AIR - TOP ATTIC 44.66
- SOUTH ATTIC 46.66
- NORTH ATTIC 46.66

CEILING - TOP CEILING 56.64
- SOUTH CEILING 57,67
- NORTH CEILING 57.55

ROOF - TOP SOUTH 43.69
- SOUTH SLANT 56.02
- SOUTH LOWER 44.66
- TOP NORTH 43.69
- NORTH SLANT 55.96
- NORTH LOWER 44.66

INTERNAL MASS 69.05
SPACE h8.9b
SLA bb6679
CRUSHED ROCK 6b.21
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DESMOD OUTPUT SUMMARY





WELL WAIER TEMPERATURE 40.000 41 .0 3000 043.000 00.(O ji5.000 57.001) 66.000 64,.O()O hl.00( 59.00i 53.000 47. 000
FANCFM FANCFMI SIZEI SIZE2 HEATO

0.70000000E 03 0.19000000E 04 0.36202144E 05 0.?iOOOOE 05 0.33oOOOOE 05
13206715.63 50255256.00 20849662.00 372531.4h

22.214 -285.916 0. 9 7.%S5 2h, H.02 P.
21.303: 111.1b6 o. 1S 71.9 ?R -l11. 1 -111, 1 h
21.280 2.521 Q. 14 2?.4? -?.3oa -?.Sl
21.280 0.225 0. 1449.327 -0.ol - .11

162.00 274.00 0 0 0 0
45889074.50 15242837.50 22 S11(0. e2 50540708.50 74 93

-4135.594 1449.018 0. 7.3()0 7.500 0. 749.070
162.00 214.00 0 0 1 161

45484222.50 15229978.50 2304293.7H U3806h5h.50 59.13
-4135.594 1449.018 0. 3.750 3.750 0. 165f,241

162.00 274.00 71 8 1 161
45330938.00 15223955.88 2417657.97 27044014.5o 3.200

-4135.594 291.975 0. 1.875 1.975 1157.043 248u.70Y
162.00 274.00 95 15 1 161

. 5239927.50 15220932.88 24h4889.34 14356647.88 32.00
-4135.594 -1183.623 0.938 1.875 0.938 2632.640 3245.811

162.00 274..00 110 q1 I 161
45282022.50 15222546.75 2445353.31 20896506.75 32.00

-4135.594 -420.350 1.406 1.875 1.406 1869.368 2807.h98
162.00 274.00 110 14 1 161

45305699.50 15223312.00 2433454.16 24035378.75 32.00
-4135.594 -56.778 1.641 1.875 1.641 1505.796 2638.078

162.00 274.00 95 15 1 161
45318882.00 15223690.38 2426131.28 255692050n .00 20

-4135.594 120.197 1.641 1.758 1.?58 1328.821 2561o.818
162.00 274.00 95 15 1 161

45311848.00 15223503.38 2431349.88 24006159.00 32.00
-4135.594 32.312 1.641 1.b99 1.699 1416.706 2598.847

162.00 274.00 95 15 1 161
45309093.50 15223405.13 2431478.13 24420857.75 32.00

-4135.594 -12.290 1.670 1.699 1.670 1461.307 2618.517
162.00 274.00 95 15 I 161

45310711.00 15223453.75 2430635.41 24613415.00 32.00
-4135.594 9.923 1.670 1.685 1.685 1439.095 2608.770

162.00 274.00 95 5 1 161
45309781.50 15223429.00 2431195.94 24517067.50 32.00

-4135.594 -1.153 1.677 1.685 1.677 1450.171 2613.613
162.00 274.00 95 15 1 161

45310249.00 15223441.88 2430915.88 24565483.50 32.00
-4135.594 4.412 1.677 1.681 1.681 1444.606 2611.165

162.00 274.00 95 15 I 161
45310136.00 15223435.38 2430916.81 24541298.00 32.00

-4135.594 1.594 1.677 1.679 1.679 1447.424 2612.42?
162.00 274.00 95 15 1 161

45309839.00 15223432.00 2431195.50 24529149.25 32.00
-4135.594 0.257 1.677 1.678 1.678 1448.761 2612.983

162.00 274.00 95 15 1 161



45391545.50 15224777.13 23hSB6.31 34778200.00 32.00
1.678 -1163.965 2.517 -686.850 3.125 247.114 213S.6If

162.00 274.00 91 8 1 161
45483631.00 15229859.b3 2303757.13 43721589.0( 58.85
2.517 -686.850 3.725 -217.,)61 4.283 0. 1666.079

162.00 274.00 71 8 1 161
45541363.00 15232401.75 227(147.53 45367463.50 63.72
3.725 -217.061 4.283 -39.156 4.406 1, 1480.174162.00 274.00 71 8 1 161

45558518.50 15232940.25 2261710.09 uSh7713S.on 64.S0
4.283 -39.156 4.406 -2.192 4.413 o, 145$1.?1162.00 274.00 71 7 1 161

45559553.00 15232971.38 226311h.75 4u9h910n64.() h4.5
4.406 -2.192 4.413 -0. 14 4. tt1 .

4 0
1 19. 11

71.000

tw

Ll
0'
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ACES COP3INFNT SIZES

THE LISTED COMPONENT SIZES ARE FOR THE FULL ACES

THE VOLUME OF THE ACES STORAGE TANK IS 3872.00 CUtIC FEET

THE AREA OF THE COLLECTOR/CONVECTOR ARRAY IS 90.00 SOUARE FEET

THE SIDE DIMENSION OF THE TANK IS 21.28 FEET

THE FRACTIONAL NUMBER OF PANELS NEEDED ARE 4.41
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SIMMOD OUTPUT SUMMARY





ANNUAL ENERGY USAGE OF THE ACES

THE TOTAL HEATING LOAD EQUALS 50255245.50 ATUS THI TOTAL HOT WATER LOAD EOUALS 20849b67.00 BTUS

THE TOTAL COOLING LOAD EQUALS 13206715.63 I8TIS THEIYEARLY RTUS SUPPLIEO HY THE GAS SYSTEM ARE 0.

THE YEARLY BTUS SUPPLIED 8Y THE OIL SYSTEM ARE 0. THE YEARLY bTIlS SUPPLIEO HY THE ELECTRIC SYSTEM ARE 24551665.25

THE TOTAL BACKUP ELECTRICITY NEEDED IN BTIS IS 0. THE DAY THAT ICE WOULO PEAK IN THE TANK IS 71.00

THE HEAT PUMP SCALE FACTOR IS 1.05
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ECOMOD OUTPUT SUMMARY
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ECONOMIC ANALYSIS PARAMETERS

ANALYSIS PERIOD (YRS) 20. MAINTENANCE 4ATE 1,0 X
CAPITAL REC FACTOR 0.064 INSUIANCE RATE 0.4 X
REAL DISCOUNT RATE 2.5 X PROPERTY TAX 2.5 %
SALVAGE VALUE PERCENT 10.0 % INCOME TAX 30.0 X
RETURN ON INVESTED CAP REC FUNDS 3.0 X
MORTGAGE INTEREST RATE t1.5 X

ANNUAL COST SUMMARY-1978 INSTALLATION
.............

SYSTEM TYPES BY SOURCE OF SPACE HEAT
ALL HEAT NAT

COST ITEM ACES ELEC PUMP OIL GAS
A......."........ ...... .....

EQUIPMENT 1080. 116. 189. 127. 115.
HEAT PUMP 275.
CONTROL PKG 78.
E.T.M. 38.
SOLAR FIXED 107.
SOLAR COLLECT 103.
STORAGE BIN 478.

OPERATIONS
MAINTENANCE 67. 17. 28. 19. 17.
INSURANCE 64. 7. 11. 7. 7.

FUEL
NATURAL GAS 0. 0. 0. 0 . 481.
HEATING OIL O. 0. 0. 289. 0.
ELECTRICITY 530. 1351. 1033. 789. 403.

ENERGY COST 102. 427. 417. 41t1 200.
ENERGY COST 248. 743. 436. 198. 23.

TOT/AL FUEL 530. 1351. 1033. 1078. 884.
TAXES

MORTGAGE OED -317. -34. -55. -37. -34.
PROPERTY TAX .275. 30. 48. 32. 29.
TAX CREDIT 0.

TOTAL ANNUAL COST 1700. 1486. 1254. 1226. 1018.

PRESENT VALUE OF-
DELTA CAP & OP COSTS -16118. -14799. -15920. -16140.
DELTA FUEL COSTS 12788. 7845. 8538. 5509.
TOTAL NET BENEFITS -3330. -6954. -7381. -10631.

BREAKEVEN POINT(YRS) 999. 999. 999. 999.
PAYBACK PERIOD (YRS). 999. 999. 999. 999.

THE INITIAL CAPITAL COST OF THE ACES WAS 5 15898.65
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ECONOMIC ANALYSIS PARAMtTERS

ANALYSIS PERTII) (YRS) 20. MA I JTFlIJA!CE RATE IE 0 %

CAPITAL RtC FACTOR 0.064 INSJRANCE RATE 0.4 X
REAL DISCOUNT RATE 2.5 X PROPERTY TAX 2.5 X
SALVAGE VALUE PERCENT 10.0 X INCOME TAX 50.0 X
RETURN ON INVESTED CAP REC FUNDS 7.0 X
MORTGAGE INTEREST RATE 10.5 X

ANNUAL COST SUMMARY-1980 INSTALLATIrON

SYSTEM TYPES BY SOURCE OF SPACE HEAT
ALL HEAT NAT

COST ITEM ACES ELEC PIIMP OIL GAS

EQUIPMENT 617. 111. 180. 121. 109.
HEAT PUMP 157.
CONTROL PKG 45,
E.T.M. 22.
SOLAR FIXED 61.
SOLAR COLLECT 59.
STORAGE BIN 273.

OPERATIONS
MAINTENANCE 64. 16. 26. 18. 16.
INSURANCE 36. 7. 11. 7. 6.

FUJEL
NATURAL GAS 0. 0. 0. o. 481.
HEATING OIL 0, 0, 0. 28S. 0.
ELECTRICITY 509. 1297. 993; 755. 387.

ENERGY COST 98. 41(. 401. 395. 19?.
ENERGY COST 238. 714 . 419. 190. 22.

TOTAL FUEL 509. 1297. 995. 1041. 868.
TAXES

MORTGAGE OEO -181. -32. -53. -35. -32.
PROPERTY TAX 157 . 28. 46. 31. 28.
TAX CREDIT O.

TOTAL ANNUAL COST 1203. 1427. 1202. 1182. 996.

PRESENT VALUE OF-
DELTA CAP K OP COSTS -8798. -75'U. -8h61. -8M19.

DELTA FUEL COSTS 1?285. 7536. 8286. 5588.
TOTAL NET HENEFITS 3486. -7. -524. -3231.

6REAKEVEN POINT(YRS) 7. 999. 999. 999.
PAYBACK PERIOD (YRS) 14. 999. 999. 999.

THE INITIAL CAPITAL COST OF THE ACES hAS $ 95$9.19
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ECONOMIC ANALYSIS PARAMETERS
--weww-www----------------

ANALYSIS PERIOD (YRS) 20. MAINTENANCE RATE 1.0 X
CAPITAL REC FACTOR 0.064 INSURANCE RATE 0.4 X
REAL DISCOUNT RATE 2.5 X PROPERTY TAX 2.5 X
SALVAGE VALUE PERCENT 10.0 X INCOME TAX 30.0 X
RETURN ON INVESTED CAP REC FUNDS 3.0 X
MORTGAGE INTEREST RATE 10.5 X

ANNUAL COST SUMMARY-1982 INSTALLATION

SYSTEM TYPES BY SOURCE OF SPACE HEAT
ALL HEAT NAT

COST ITEM ACES ELEC PUMP OIL GAS

EQUIPMENT 470. 105. 171. 115. 104.
HEAT PUMP 120.
CONTROL PKG 34.
E.T.M. 17.
SOLAR FIXED 47.
SOLAR COLLECT 45.
STORAGE BIN 208.

OPERATIONS
MAINTENANCE 61. 15. 25. 17. 15.
INSURANCE 28. 6. 10. 7. 6.

FUEL
NATURAL GAS 0. O. 0. 0. 78.
HEATING OIL O. 0. 0. 275. 0.
ELECTRICITY 488. 1244. 952. 727. 371.
ENERGY COST 94. 393. 384. 378. 184.
ENERGY COST 229. 684. 401. 182. 21.

TOTAL FUEL 488. 1244. 952. 1002. 849.
TAXES

MORTGAGE DED -138. "31. -50. -34. -31.
PROPERTY TAX 120. 27. 43. .2;. 27.
TAX CREDIT 0.

TOTAL ANNUAL COST 1029. 1367. 1151. 1137. 970.

PRESENT VALUE OF-
DELTA CAP & OP COSTS -hSO56. -5'12. -b327. -6526.
OELTA FIEL COSTS 11776. 7224. 8015. 5619.
TOTAL NET BENEFITS 5270. 1912. 16BR. -908.

BREAKEVEN POINT(YRS) 3. 8. 11. 999.
PAYBACK PERIOD (YRS) 10. 14. 16. 999.

THE INITTAL-CAPITAL COST OF THE ACES IAS S 7?6t.35
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ANNUAL ENERGY IISE StUMMARY

(UNITS OF 1 MILLION HTLI)

SYSTEM TYPES BY SOURCE OF SPACE HEAT

ALL HEAT NAT

ENERGY FORM ACES ELEC PUMP OIL GAS

NATURAL GAS 0. 0. O. 0. 105.63

HEATING OIL 0. 0. 0. 68.26 0.

ELECTRICITY 24.55 77.44 50.26 29.11 8.26

TOTAL ENERGY USE 24.55 77.44 50.26 97.37 113.89

MONTHLY ELECTRICAL DATA
.. ...............

SYSTEM TYPES BY SOURCE OF SPACE HEAT

ALL HEAT NAT

ACES ELEC PUMP OIL GAS

PEAK HOUR ENERGY USE
IN KhH PER MONTH

JAN 574. 1726. 1043. 382. 53.

FEB 397. 1165. 667. 328. 33.

MAR 343. 1005. 608. 343. 26.

APRL 203. 590. 434. 333. 21.

MAY 122. 389. 367. 353. 66.

JUNE 122. 566. 566. 566. 317.

JULY 127. 666. 666. b66. 437.

AUG 114. 514. 514. 514. 279.

SEPT 107. 427. 421. 417. 169.

OCT 130. 386. 312. 265. 6.

NOV 235. 744. 476. 300. 18.

DEC 396. 1162. 669. 336. 33.

OFF-PEAK ENERGY USE

IN KWH PER MONTH

JAN 868. 2624. 1634. 362. 90.

FEB 656. 1951. 984. 307. 65.

MAR 616. 1815. 917. 323. 59.

APRL 354. 1055. 580. 280. 39.

MAY 162. 491. 359. 276. 35.

JUNE 102. 381. 369. 362. 146.

JULY 92. 403. 403. 403. 209.

AUG 86. 332. 332. 332. 1I1.

SEPT 98. 332. 287. 257. 62.

OCT 269. 838. 476. 246, 24.

NOV 383. 1229. 638. 263. 39.

DEC 635. 1899. 1004. 317. 63.
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MAX PEAK DEMAND PER
MONTH IN Kw

JAN 10. 10. 10. 10. 10.

FEB 10. 10. 10. 10. 10.

MAR 10. 10. 10. 10. 10.

APRL 10. 10. 10. 0. 0.

MAY 10. t0. 10. 10. In.

JUNE 10. 10. 10. 10. In.

JULY 10. 10. 10. 10. In.

AUG 10. 10. 10. 10. 10.

SEPT 10. 10. 10. 10. 1n.

OCT 10. 10. 10. 10. 10.

NOV 10. 10. 10. 10. In.

DEC 10. 10 10. 10. 10.

EXCESS OFF-PEAK DEMAND
PER MONTH IN KW

JAN 0. O . 0. 0. O.

FEB O. 0. 0. 0. 0.

MAR 0. 0. 0. 0. 0.

APRL O,0. . . 0. 0.

MAY 0. 0. 0. 0. 0.

JUNE O. 0. 0. 0. 0.

JULY 0. 0. 0. 0. 0.

AUG O. 0. 0. 0. 0

SEPT O. 0. 0. 0. 0.

OCT O. 0. 0. 0. o.

NOV 0. 0. 0. 0, 0.

DEC 0. 0. 0. 0. .

/ ~ ~ ~ ~ ~ ~ ~ ~ ,O
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APPENDIX C

CACESS COMMERCIAL BUILDING

PROGRAM LISTING

This appendix gives a compiled listing of the CACESS program, a sample execution

run, and the program output. The execution run is for the sizing of the com-

mercial components. The simulation run can be executed by rerunning the listed

program with the appropriate input flag. The economic evaluation run can be

made by utilizing the ECOMOD subroutines found in the residential programs.





6828T 01 03-01-79 10.174 SIMULATION OF A COMMERCIAL ANUAL CYCLE ENERGY SYSTEM (ACES) LABEL ...... PAGE

I C SIMULATION OF A COMMERCIAL ANIIAL CYCLE ENERGY SYSTEM (ACES)
2 C THIS PROGRAM IS DEVELOPED BY HONEYHELL ENERGY RES(URCES
3 C CENTER. THE PROGRAM IS DESIGNED TO FURNISH TWO TASKS,
4 C 1. SIZING THE COMPONENTS NECESSARY FOR AN ACES.
S C THE GENERAL COMPONENTS IN A COMMERCIAL ACES ARE,
6 C A HOT STORAGE BIN FOR HEATING,
7 C A COLD STORAGE BIN FOR COOLING,
8 C A HEAT PUMP TO TRANSFER HEAT FROM COLD BIN TO HOT
9 C BIN,
10 C A SOLAR COL-ECT3R FIELD (IN COLD CLIMATE
11 C REGION) TO ASSIST THE HEATING SEASON
12 C 2. SIMULATE A COMMERCIAL ACES USING ACTUAL WEATHER
13 C DATA AND LOAD PROFILE CALCJLATED BY THE NBSLD SOFTWARE FOR
14 C ELEVEN ZONES, WHICH ARE
1S C ZONE I BASEMENT
16 C ZONE 2 1ST TO 5TH FLOORS, SOUTH SIDE
17 C ZONE 3 1ST TO STH FLOORS, WEST SIDE
18 C ZONE 4 1ST TO 5TH FLOORS, NORTH SIDE
19 C ZONE 5 1ST TO 5TH FLOORS, EAST SIDE
20 C ZONE 6 1ST TO 5TH FLOORS, CENTRAL
21 C ZONE 7 6TH FLDOR, SOUTH SIOE
22 C ZONE 8 bTH L3OOR, WEST SIDE
23 C ZONE 9 6TH FLOOSR NORTH SIDE
24 C ZONE 10 bTH »LOOR, EAST SIDE
25 C ZONE 11 6TH FLD3R, CENTRAL
26 C EACH FLOOR HAS THE GROSS FLOOR AREA OF 10,000 FT2.
27 C THE VARIABLE AIR VOLUME HVAC SYSTEM IS USED TO FURNISH THE
26 C BUILDING HEATING AND COOLING LOADS.
29 COMMON /CTRL/ A(183), NTABLE(20)t X(50), XOOT(50), IRTYPE,
30 2 OT, CTHETA, NSTATE, TIME, TSTORC, TSTORH, AREAIWKDAY,
31 3 IWORKD, IYEAR, IMONTH, IDAY, IHOUR, TAMB, BARP, IHOL
32 4 ,RMCSC,UASTC,OCFUSECTIME.,MCDAYMONTHCISIZNGRMCSH
33 5 ,UASTH,DEWP,IBUFLG,TCOVER
34 COMMON /HVACS/ HA, HEXIT, HZ(c1), OLS(1), OLL(ll), NZONE,
35 1 TZ(11),RH(1), OFUSE, OMFUSE, OELEO
36 COMMON /SIZING/ OCOSQOHDS,)HCONSHOAYHCOLLATOTALNROWSLROW
37 1 ,NSERES,LCOLLOCCONSIOCLCON
36 REAL LCOLL, LROW
39 RE.INO 8
40 CALL INPUT
41 IF(A(12) ,EO. 2.) A(II) · 2.
42 ISIZNG * IFIX(A(II))
43 IRTYPE * IFIX(A(12))
44 IF(A(98) .EO. 1.) WRITE(9,1111)
45 1111 FORMAT(//#1X,t THIS RUN IS FOR CONVENTIONAL SYSTEM')
46 IF(A(98) ,EO. 1.) GOTO I
47 IF(IRTYPE .EO. 1) WRITE(9,170)
48 IF(IRTYPE .EO. 2) 4RITE(9,180)
49 IF(IRTYPE .EO. 2) GOTO I
50 IF(ISIZNG .EO. 1) WRITE(9,190)
51 IF(TSIZNG .EO. 2) WRITE(9,195)
52 1 CONTINUE
53 INDEX * IFIX(A(31))
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54 NPOINT : IFIX(A(32))
55 DEUTAP = A(M3)
56 IF(INDEX .GT. 0) NRITE(9.9970) INDEX
57 9970 FORMAT(//41X,'THE VAWIABLE PARAMETER IN THIS RUN IS At',
58 1 13,')')
59 00 9000 IIP = 1, NpnINT
60 IF(IIP .GT. 1) A(TNnEX) = A(INDEX) + OELTAP
61 IF(INDEX .En. O) GOTO 9987
62 wRITE(q,99H5) IIP, INDEX, A(INDEX)
63 9985 FnRKAT(1Hl//2X,'RUN NO.',I2,', A(',I3,') = ',E12.5)
64 9987 CONTINUE
65 HDAY A(13)

618 ANSTEP = IFIX(A(16))
b7 TCOVER e A(2?)
6h HhLENG = A(37)
69 HPHEIG = A(38)
70 HHAREA = 2.*HBLENG*HHLENG + 4.*HRLENG*HBHEIG
71 UASTH = A(71)*HRAPEA
72 RMCSH = 62?.*HBLENG*HBLENG*HRHEIG
73 CHLFNG = A(h6)
74 CHHEIG = A(69)
75 CHAREA = 2.*CHLENG*CBLENG * 4.*C8LENG*CRHEIG
76 UASTC = A(71)*CRAREA
77 RMCSC = 62.a*CHLENG*CBLENG*CRBH:aI
78 NRnOW = IFIX(A(63))
79 LROr) = A(h4)
80 LCOLL = A(65)
81 HCOLL = A(66)
82 ICONV = IFIX(A(98))
83 NSERES=IFIX(A(15))
84 FOTDGE = .5
85 FUDGE1 = .5
8b PERCNT = .1
87 ALLnO = A(23)/100.
88 ALLOwl = .1
89 SERES = FLOAT(NSERES)
90 IF(IRTYPE .EQ. 2) GOTO 2
91 IF(ISIZNG ..E. 2) GOTO 2
92 IF(A(98) .EQ. 1) GOTO 2
93 LRU[ = 3.
94 NR(W = I
95 SFRES = 1.
96 2 CONTINUE
97 ATOTAL = LROA*HCOLL*FLOAT(VROW3)*SERES
98 AREA=ATOTAL*A(96)
99 FPACK = A(70)

100 OMFIJSE = 13.6*RMCSC

101 IF(IRTYPE .EO. 1) GOTO 3
102 CALL ACESIM
103 GOTO 5000
104 3 CONTINUE
105 IF(ISIZNG .EQ. 2) GOTO 5
106 CALL ACESIM
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107 IF(ICnNV .EO. 1) GOTO 4
108 CALL CSZE (nCOS, 9HDSOQHCONS, OCCONSHDAYOCLCON)
109 a CONTINIIE
ItO rOT 5001)

111 5 COlTINIIF
1? TF(ATrTAL .LE. 0.) GOTO 5000
113 C FIND CFILLECTOP AREA USING NETO3N ITERATION METHOD
11 00) 301 II = 1,5
i1500 O P = 1,NSTEP
116 DO in = 1,2
117 >RITF(9,'99'7)
118 99q7 F(R'-IAT(//2X,' ITERATION STEP GRADIENT STEP')
119 WI I EC (q, 99q ) N,M
120 CALL ACESIM

121 FPACKI = 0CFIlSE/rFtIISE
122 C IF THE FIRST GUESS IS OUT OF THE IOUN3 CRITERIA
1t3 C FPACK**2 .LT. FPACKI .LT. SORT(FPACK)
124 C THEN FTNln THE NEE: GIESS SITHIN THE 9OIJND
125 IF(FPACK1.RT.SQrRT(FPACK) .0R. FDACKI.LT.FPACK**2) GOTO 100
I P IF(t1M .Er. 2) COTO1 10
127 ERRrnO = FPACKI - FPACK
128 C IF THE FIRSr CONSTRAINT IS SATISFIEn, GO TO THE RISECTION
129 C METHOn TO REFIME THE ACCURACY 3F THE SOLUTION
130 IF(APS(ERRORI) .LE. (FPA K*ALL311)) GOTO 1000
131 ATOT = ATOTAL
132 AT)TAL = ATrT * (I.+PERCNT)
133 IF(Fkf)Rl .LT.n.) ATOTAL = ATOT*(I.-PERCNT) Ln
13a LRO_ = ATOTAL/(HCOLL*SERES*NRO4S)
135 AREA = ATfTAL * A(9,)
136 10 CU'r THUE
137 FPACK1 = rJCFIISE/Q.FIISF
13H ERRnOR = FPACKI - FPACK
139 SLOPE = (ERSO(2-ERROQl)/(AT0TAL*:ERCNT)
140 IF ('ROHI .LT. 0.) SLOPE = -SL3PE
Ii DELTA = -ERRRIH1/SLOPE
142 ATOTAL = ATnT ODELTA
1H3 LROrIS = AnrTAL/(HCnLL*SERES*NROiS)
14 AREA = ATOrTAL * A(9gh)
145 WRTTE(q,9999)
14h 9998 FORMAT(//PY, '*********** *CONVERGENCE CHECK***********',
17 1 //?y, ' FPACK ERROR! ERROR2
lu8 2 ' SLOPE OEI.TA ATnTAL')
1J9 iRITFf9,99u9) FPACK,ERRORI ,ERR3',SLOPE,DELTA, ATOTAL
150 9999 FOR'4AT(V)
151 20 COTr! ITTlF
152 V;RITE(9,3o ) N
153 30 FORfAT(4X,' CONVERGENCE IS MOT FOUND AFTER,I13,
154 1 1 ITERATIONS FOR COLLECTOR AREA')
155 GOTO 100
156 100 CONJTINIlE
157 C INITIAL GUESS FOR COLLECTOR AREA (.HEN NECESSARY) 8Y
158 C )OUIJ'LMIG flR HALVING THE PREVIOIIS AREA IUITIL IT COMES
159 C WITHII THE CRITERIA
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160 C FPACK**2 .LT. FPACKI .LT. SoRT(FPACK)

161 IF(FPACKI .GT. FPACK*FPACK) GOTO 150

162 ATOTAL = ATTAL * FIJ)GE

163 GOT) 200
16b 150 COtNTINUF
165 ATOTAL = ATnTAL/FlrGE
16t 200 LROl = ATOTAL/ (HCOLL*SERES*\NRJS)
167 AREA = ATOTAL*A(9h)
168 NSIrN = 1

169 IF(FPACKI .LT. FPAK) NSIGN = -1

170 ISII;N = NSIGN + ',SLAST
171 IF( I .NF. 1 .ANI). ISIGN .EO. 0) FUDGEI = FUnGEI/2.

172 IF(II .NE. I .ANIa. ISIGN .En . ) FUDGE = FUDGE + FIJDGEI

173 NSLAST = NSIGN

174 300 CONTINUE
175 .NR TF (q, 99 0)

176 99qq FnMrAT(//2X, ' WARNING, THE CALCULATION DOES NOT CONVERGE !1!')

177 1000 C"ONT!!iJiF
178 JF(ARS(EPRORi) .LE. (FPACK*aLLO0)) rOTO 5000

179 C ENTER THE NISFCTION '-ETHOD T(O RFINE THF ACCUIJRCY OF THE
180 C RESULT. THE EXACTNESS OF THE RESULT MAY NOT BE MFAN INGFIILL

181 C DUE Tl) THE NATIJUE OF THE SYSTEM
182 ATI = ATOTAL
183 AT2 = ATOTAL*(1..-ALLOt'1)

1 I4 IF(ERRnRl .rT. O.) AT2 = AT3TAL * (I.+ALLO.I )

185 nO 1030 I = 1, NSTEP
186 ATOTAL = (AT1+AT2)/?.
187 LROwN = AT)TAL/(H:I:LL*SERES*NRONS)
188 ARFA = AT(TAL*A (ch)
189 CALL ACESTM

190 FPAC. I = tCFIJSE/rlFUuSE

191 iRITE(9,99PO) ATOTAL, FPACKI, I

192 9980 FOR'R AT(2X,' ATOTAI. =',E12.5,'FPAC ; =' ,Fh.3,' NSTEP =',I4)

193 ERROR = FPACK1 - FPACK

194 C IF THE SECOND CONSTRAINT IS SATISFIED, JIJMP OUT OF THE

195 C LOOP ANn STOP
196 IF(ARS(ERKOR) .!E. (FPACK*ALLON) ) GnTO 5000

197 C TEST ''liEHER F(ERRORI) AND F(EIRIR) ARE OF OPPOSITE SIGNS.

19'
P

C RESET VALUES ACCORDINGLY
199 IF(ERRO0*ERRURI) 1010,1011,1012
200 1010 AT2 = AT)TAL
201 GO)TO In 0
202 1012 AT1 = ATO[AL
203 ERWORI = ERROR
20i 1030 CONTINUIE
20(5 wJRIT(9,9915) NSTEP
20h 9915 F9ORMfAT(//2X,' OOFS NOT CONVERGE AFTER',I, 'STEPS OF'

207 1 ' 3ISECTION ITERATION')

208 GOT() 5000

209 1011 WRITE(9,9916)

210 9916 FORM.AT(' ERROP')

211 5000 CON ITNIE

212 IF(ISIl7MG .El. 1) GOTO 6000
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213 FPMAX OCFIJSE/UM4FIISE
214 FPFINL = [FIISE/OnFUSE
215 RITEC9,220) FPMAX, CTIME, 4COAY, MONTHC, FPFINL
216 IF(IRTYPE .EO. ?) GOTO 6000
217 NCOLL = IFIX(ATOTAL/(HCOt.L*LCOLL))
21 WRITE(9,lh5) fPACKl,RtMCSC,ATOT4ALNCOLL
219 WRITE(9,160) NROWS,LROW,NSERES
220 h000 CONTINUE
221 9000 CONTINUE
222 STOP
223 165 FOPMAT(//2X,' NITH THE PACKING FACTOR OF',F6.2,'ANO THE STORAGE'
22 1 ' CAPACITY OF',F1O.1,' HTIJS/F',/2X,' THE MINIMUM'
225 2 ' COLLECTOR AREA REtIREMENT IS',F10.l,' FT2, OR THE TOTAL'
226 3 1

OF',15,' COLLECTORS')
227 160 FORMAT(/2X,' THE NUMHER OF COLLECTORS IS DIVIDED INTO',
22S 1 I2.' R(IS, EACH RON HAS THE LENGTH OF',FlO.l,' FTS',//2X,
229 2 1

THE COLLECTORS ARE CONNECTED RY',I2,' IN SERIES')
230 170 FOPMAT(//l4X,'THIS RUN IS FOR COMPONENT SIZING')
231 180 FORiMAT(//tlX,tTHIS RUN IS FOR SYSTEM SIMJULATION)
232 190 FORMAT(//41X,'THIS IS THE FIRST RUi FOR COMPONENT SIZING'
233 1 ,/I1X,'THE APPROPRIATE OUTPUT SHOULD BE USED IN'
234 2 ,/1X,'THE NEXT RUN FOR STORAGE ANO COLLECTOR SIZING'
235 3 ,/ l1X,' A(IS),A(37),A(63),A(6U),'
236 . ,/41X,' A(hj),A(h) , Af(5) ,) ,A(hR),A( )') 0
237 195 FORMAT(//41X,'THIS IS THE SECON) RUN FOR COMPONENT SIZINGt,/41X,
238 1 'THE COLLECTOR AREA % CONJFIGURATION ARE PREnICTED HELOW. ')
239 220 FORMAT(//2X,' MAXIMUM ICE RATIO IS',F6.3,'AT TIME'
240 1 ,Fh.3,' Om OAY',1,' ( MONTH', I,' )',/?X,
241 2 THE F.INAL ICE RATIO IN STORAGE IS'.F6.3)
242 END

EDIT DATE 03-31-77 **SR4J**

ELAPSED TIME (SEC) .84 LINES/MINUTE 17199

THERE WERE I DIAGNOSTICS IN AROVE COMPILATION
29K AORDS WERE USED FOR THIS COMPILATION
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I SUBROUTINE ACESIM
2 C THIS ROUTINE DIRECTS ALL THE COMPUTATION OF THE PROGRAM
3 C IT ALSO SAMPLES THE OUTPIJT DATA ACCORDING TO THE USER RFOIREMENT
4 COMMON /CTRL/ A(183), NTA6LE(20), X(50), XOOT(50), IRTYPE,
5 2 DT, CTHETA, NSTATE, TIME, TSTORC, TSTORH, ARFA,IWKDAY,
6 3 IWORKD, IYEAR, IMONTH, IDAY, IHOOR, TAMB, BARP, IHOL
7 4 ,RMCSCJUASTC,fCFUSE,CTIMEMCDAY,MONTHC, ISIZNGRMCSH
8 5 ,UASTH,UEWP,IHIJFLG,TCOVER
9 COMMON /HVACS/ HA, HEXIT, HZ(11), QLS(II), QLL(11), NZONE,

10 I TZ(ll),RH(11), QFtISE, OMFUSE, OELEO
11 COMMON /FAN/ PCFMAX, TFMAX, DF.AA
12 COMMON /SIZING/ QCDS,OHDS,OHCONS,HDAY,HCOLL,ATOTALNROWS,LROV
13 1 /,NSERES,LC3LL),CCONSQCLCON
14 DIMENSION NAMET(44),NAME(70),YEAR(1,44),AVERAG(52,44),
15 1 ANNIJAL(3h6,44)
16 COMMON /PLOTTR/ IYSYMB(5)
17 DIMENSION MONTH(12,44),DAY(24,70)
18 COMMON /SOLAR/ S(35)
19 COMMON /FLOW/ MDOTCC, MDOTCS
20 REAL MDOTCC, MDOTCS
21 DIMENSION AXC(31), AXH(31),AXCL(31)
22 COMMON /WEATHR/ NAMERM,D0(24),D),w(24),w8(24),WS(24),P(24),
23 1 TC(24),TOC(24) ,ET(24),DRY(24),CALDH(24,11),
24 2 CALRH(24,11),0aO.(24,11),OQLL(24,11),ULIGHT,
25 3 OEOUIP,OROOFOQPEOPL
26 LOGICAL SUMMER
27 REAL MONTH
28 CHARACTER NAME*6, NAMET*6, NAMERM*4(9), IYSYMB*!
29 DATA NPRINT/70/,NSIZE/44/
30 DATA NAME/6H IDNC ,6H IOHC ,6H ITHC ,6HQDIRCT,6HOAVAIL,6HOCOLCT,
31 1 H OCR ,6H OHB ,6H ODHW ,6HnCBTOTC HOHBTOT,6HQTAMB ,
32 6HRACKUP,6H OHI ,6H OH2 6H OH3 ,6H OH4
33 3 bH OH5 ,H OHb ,6H OH7 ,6H OH ,6H OH9
34 4 6H OHIO ,6H OHII ,6H H OC 6H C2 H OC3
35 5 6H OC4 ,6H OC5 ,6H C6 ,6H OC7 ,6H OCR
36 6 6H OC9 ,6H OC10 ,6H ACIl ,6HOCOMPA 6HFPOhER
37 7 6H PUMPC,6HOHGAS ,6HHOIL ,6HOELECT 6HOEACESo
38 8 6HOEHCON,6HOECCON,6H TZI ,6H TZ2 ,bH TZ3

399 6H TZ4 ,6H TZ5 ,6H TZ6 6H TZ7 6H TZ8
40 1 6H TZ9 ,6H TZIl ,6H TZ1I ,6H TAMB ,6H TSC
41 6H TSH 6H OFUSE,6H RHI ,6H RH2 ,6H RH3
423 6 H4 H RH 5 ,6H R5 H6 ,6H RH7 ,6H RH8
43 4 6H RH9 ,6H RHIO ,6H R411 /
44 DIMENSION IPLOT(13)
45 DATA IPLOT/56578,7,5,5,7,7,,9,5.6,7,8,9/
46 DATA IYSYMB/IH.,IHO,1H+,IH-,IH*/
47 DATA X/50*0.0/,XDOT/50*0.O/,OAY/lhO0*O0./,YEAR/44*0.0/
48 DATA MDNTH/528*0.0/,D8/24*0.0/,Nq/24*0.0/,TC/24*0.0/
49 DATA DP/24*0.O/,wS/24*0.O/,PR/24*0.O/,CALDn/264*0.O/
50 DATA CALRH/264*0.0/, QLS/264*0.O(/,QOLL/2?6*0.0/
51 DATA JEOIJIP/0./,QLIGHT/0./,QROOFO/O./,QPEOPL/O./
52 DATA TOC/24*0.n/,WET/24*O.O/,ORY/2*0.0/,A/1A83*O.0/
53 DATA ND/O/,TIME/O.O/,ITER/O/,I)AY/O/,IHOUR/24/,IMONTH/l/
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54 - NDAYS = IFIX(.A(4))
55 ISTART = IFIX(A(7))
56 !AY = ISTART - 1
57 IEN) = IFIX(A(B))
58 IESCAP =120*28*(IENO-ISTART + 1)
59 OT = A(q)
60 TIMF = 0.0
61 TSAMPL = A(10)
62 IWR!TE =IFIX(A(29))
63 CONV = A(9H)
64 IF(CONV .Er. 0. ) SOTO 1112
65 IF(A(32) .I.E. 1.) GOTO 1112
66 IiRITE = IvRITE - 1 + A(103)
67 1112 COMTT NIlE
68 IF(.'JRITE .GT. O) WRITE(9,1113) INRITE
69 1113 F!R'

M
AT(//2X,'THE ENERGY CONSUMPTION IN THIS- RUN IS WRITTEN ON'

70 1 ' THE FILE CODE NO.',I3)
71 IFCON = IFIX(A(30))
72 IF(INRITE .EO. O) SOTO 2
73 HtILD = 1.
74 WRTTE(IVRITE) BUJLD
75 HTVOL = RMCSH/62.4
76 RN4 = A(21)
77 Rr.6 = A(25)
78 GLAZE = A(35)
79 IF(CONV .ED. 0.) GOTO 1
80 AREA = n.
81 ATflTAL = O
82 HTViL =O.
83 A(68) =0.
84 A(69) = 0.
85 RNU =0.
86 9R6 = 0.
87 GLAZE = 0.

8 1 C()N r INtIF
9 'IR RITE(TWRITE) ATOTAL, HTVOL A (6) , A (68), A (69) ,RN6, RNa, GLAZE
90 DHEAT = A(102)
91 WRITE(IwRITE) DHEAT
92 2 CONr TINUE
93 FHACLIP = A(16)
94 IFIIRTYPE .En. 2) 30TO 5
95 IF(ISIZr;G .EO. 2) GOTO 5
96 IF(ISTAPT .EO. 1) GOTO 5
97 WRITE(9,3)
98 3 FORMAT(2X,' CHECK INPUT ARqAY',//?X,' TO USE THE SOFTWARE FOR'
99 1 ' COMPOIENT SI7TNG (A(12) = 1.), THE WEATHEP TAPE SHOULO',/,

100 2 2X,' BE POSITIONEO AT THE FIRST DAY (A(7) = 1.)')
101 STOP
102 5 CONTINUE
103 NSTATE = U
104 JPLOT =IFIX(A(5h))
105 O NAVG =IFIX(A(62))
106 C COLLECTOR LOf)P FLOW RATE, ASSIJUING NORMAL FLOW RATE OF 0.'



h82HT 01 0-01-79 10.175 LAREL ACESIM PAGE 3

107 C GPM PER COLLECTOR
10B MUOTCC = AREA*.5*60.*8.33333/ (15.*A(9S)
109 C STORAGE FLOw RATE, ASSUMING T4IAT TT IS EOUAL TO THE COLLECTOR

11 C FLO" kATE

111 MO)TCS = MDOTCC

112 IkIIFLG = 0

113 PCFIAX O.
114 OHOS = o.
115 OCnS = 0.
116 OFIISF = 0.
117 OCFtISE = O.

11H rLIGHT = o.
)19 OE'JlIP =
120 nPEOPL = 0.
12l1 r)OFnO = O.

122 QCIrn = .

123 0nHH l AX = O.
124 OXCLTT 0.
125 o) 1I J = 1r(NSTATE-2)
126 YEAu(1,J) = 0.
127 00 7 K = 1,3h6

12 AN1JIIJAL (K,J) = O.

129 7 CONTIITNJE
130 00 10 I = 1,12
131 MON' TH(I,J) = 0.
132 10 CONTINlUE
133 D0 20 T = 1,NSTATE
13" X(I) = n.
135 XoI '(I) : 0.
136 20 COtlT NI1IF
137 X(NSTATE-1) =A(27)

13A X(NSTATE)= A(28J

139 TSTITRC = X(NSTATE-1)
o10 TSTOtH = X(NSTATE)

141 IF(TSAMPL .GT.I.E-Oh) NSAMPL = 24/TSAMPL + 0.5

142 TPASTI = DT
1a3 TPAST2 = OT
144 C I;ITIALIZE COLLECTOR PARAMETERS
45 CALL COLECT(0.0,O.0,0.0,0)
lub C INITIALIZE SlII ARRAY

147 S(l) = A( )
148 S(2) = A(2)
149 (3) = A(3)
150 5(1) = A(7) - 1.0

151 S(5) = 2".0
152 S( )! = A(17)

153 NZiONE = IFIX(A(48f))

154 C POSITION TAPE FUR START OF AEATHER OATA

155 NYRS=IFIX(A(135))
155 NSTARS = IFIX(A(143))

157 NEiJtS IF-IX(A(144))

158 IF (',YRS .LT. 1) GO TO 713
159 DO 7(4h N = 1,NYRS
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160 READ (8) (IDUOM,I=1,3),(OUM,I, 216)
161 no 708 J = 1,NZONE
162 REAO(8) NAMERM,(DJM,KK=l,192)
Ih3 708 CONTII1UE
164 713 CONT INUIE
165 INIT:ISTART-1
Ib6 IF(INIT .EO. 0) GO TO 750
167 00 715 N = 1,INIT
168 READ (8) (IDUM,I=l,3),(DUM,I=1,216)
169 DO 715 J = 1,NZONE
110 REAO(8) NAMERM, (DIIJ,K=1,192)
171 715 CONTINUE
172 750 CONTINUE
173 SUMtMER 5(4) .GE. NSTARS .ANr. S(4) ,LT. NENDS
170 IDPASTr IDAY
175 ItnPST = IhKDAY
176 IMPAST = IMONTH
177 IHPAST = IHnL
178 C INTEGRATE OVER TIME STEP DTI
179 CALL STEP
Io0 C FIND THE MAXIMUM HOIJRLfY HEATING L3AO AND THE MAXIMUM
1AI C HOURLY COOLING LOAD
182 IF(XDOT(7) .GT. OCHMAX) GOTO 792
183 QrCHMAX XDL)T(7)
184 792 IF(xnOT(8) .LT. QHHMAX) GOTO 794
185 mHHMAX = XODT(H)
186 794 CONTINuIIE
187 IF(IWR1TE .EJ. O) GOTO 755
188 IF(TIME .GT. 0.) wRITE(IWRITE) X3OT(39), XDOT(0O), XOOT(41)
189 1 , XDOT(42), XDOT(43), XDOT(4t), IWKOAY, IHOL
1 9 755 CONTINIJE
191 C SAMPILE OUTPUT AT EACH SAMPLE TIME
192 IF(TSAMPL .LT.I.E-06) GO Ti 800
193 760 IF((TIHE - TPASTI) .LT. (TSAMPL - 0.0001)) GO TO AO0
194 FACTOR : TSAMPL/(TIME - TPASTI)
195 IF(NO .EFJ. 0) FACTOR = 1.0
196 IF(ARS(FACTOR-1.).LT..001) FACTO? = 1.0
197 TPAST1 = TPASTI + TSAMPL
198 NOP1 = NO +*
199 IF(NDPI .GT. NSAMPL) NDPI = I
200 nn 770 KI:,NSIZE
201 o)AY(NOP1,K) = OAY(N),K) + (XnOT(K) - OAY(ND,K))*FACTOR
202 IF(K .EO. 6 .AND. ISIZNG .En. 1) OAY(NOPI,K) = O.
203 IF(K .EU. 7) DAY(NOPIK) = -nAY(NOPI,K)
200 770 CONTINUE
205 n0 780 K = 1,NZONE
206 780 )AY(NOP),NSIZE+K)= DAY(NO,NSIZE+K)+(TZ(K)-DAY(NO,NSIZE+K))*FACTOR
207 K = NZONE+NSIZE
208 DAY(N)OP1,K+) = DAY(ND,K+I) + (TAMH - OAY(NO,K+I))*FACTOR
209 DAY(rJDPtlK+2) = DAY(ND,K+2) + (TSTORC - DAY(N),K+2))*FACTOR
210 DAY(NDP1,K+3) = OAY(ND,K+3) * (TSTORH - OAY(ND,K+3))*FACTOR
211 OAY(NI)P,K+4) = r)AY(ND,K+4) + (OFJSE - DfAY(NO,K+4))*FACTOR
212 K = K+5
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213 KENI) = K+NZON.E-
214 DO 790 I = K,KEND
215 790 DAY(NOPI,I) = DAY(NO,I) + (RH(I-<+tI)-AY(ND,I))*FACTOR
215 i N = NDPI
217 800 CONTTINUE
21f C AT THE END OF EACH DAY RECORD ENERGY FOR YEAPEND SIJMMARY
219 IF(FTI''E - TPAST2) .LT.(21.O-.00o(l) ) GOTO 910
220 TPAST2 = TIME
?21 Y 1IAY = MI) AY + 1
222 C SEARCH FOR N CONSECUTIVE COLDEST DAYS OF THE YEAR AND
223 C CALCULATF THE NET HEATING LOAD FOR THOSE DAYS
224 C ALSO, SFARCH FOR N CONSECUTIVE HOTTEST DAYS OF THE YEAR AND
225 C CALCtJLATF T-E TOTAL COOLING LOAD FO? THOSE DAYS
226 IF(IRTYPE .EO. 2) GOTO B19
227 IF(ISIZNG .EO. 2) SOTO 819
228 xH = X(B)
229 XC = X(7)
230 XCL = X(h)
231 IIDAY = HOAY
232 IF(NDAY .GT. IIOAY) GOTO 810
233 AXH(NOLY) = XH
23a AXC(NDAY) = XC
235 AXCL(Nr)AY) = XCL
236 OXHTOT = OXHTOT + XH
237 QXCTOT OnXCTOT + XC
23B QXCLTT = QYCLTT + XCL
239 GOTO 812
24u 810 COlNTIINUE
241 AXH(IIDAY + 1) = XH
242 AXC(IIDAY + 1) = XC
243 AXCL(IIDAY + 1) = XCL
244 OXHTOT = JYHTOT + XH - AXH(I)
245 OXCTOT = XCTOT + XC -AXC(I)
24h OXCLTT = nxCLTT + XCL - AXCL(l)
2U7 DO 811 1 = 1,IIDAY
248 AXH(I) = AXH(I + 1)
249 AXC(I) = AXC(I + 1)
250 AXCL(I) = AXCL(I + 1)
251 811 CONTINUE
252 812 IF(OXHTOT .LE. OHCONS) GOTO 814
253 OHC()NS = XHTnT
254 CoCCOrJ = OXCTOT
255 OCLCON = DXCLTT
256 811 CONTINUE
257 IF((-OXCTOT) .LT. OCDS) GOTO 815
258 "COS = -9XCTOT
259 815 COITINlUE
260 IF(X(A) .LE. OHDS) GOTO 819
261 OHOS = X(8)
262 819 00 820 I = 1,NSIZE
263 IF(ISIZNG .EU. 1 .ANO. I .Eq. 5) X(I) = 0.
264 NAHET (I) =NAME ( I)
265 YEAR(I,I) = YEAR(1,I) + X(I)
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266 %MONTH(TM(INTM,T) = MONTH(IMONTH,I) * X(I)
2h7 ANNUIALt(NAY,I) = ANNUAL(NOAYI) + X(I)
2SR IF(ISIZNG .EO. 2 .AND. OCFJSE .GE. OMFUSF) GOTO 970
269 820 X(I) = n.
270 C AT THF ENn nF SELECTED DAYS OUTPUT TARLES AND PLOTS
271 IF(TSAMPL .LT.I.E-h0) GO TO 910
272 DO 900 I = 1,20
273 NOUIT = NTABLE(1)
2741 IF(NfAY .NE. NOIIT) GO TO 900
275 'RITE(9,2000) NDAY, IOPAST, IMPAST
276 IF(IWDPST .EO. 1) WRITE(9,2001)
277 IF(IwDPST .EO. 2) WRITE(9,2002)
278 IF(IxnPST .E. 3) wRITE(9,2003)
279 IF(InVPST .EQ. 4) WRITE(9,2001)
280 IF(IwOPSr .EO. 5) APTTE(9,2005)
281 IF(IDOPST .EQ. 6) V ITE(9 ,006)
282 IF(IWDlPST .EO. 7) nRITE(9O,.007)
263 IF(IHPAST .EO. I) wRlTE(9,200 )
2'a CALL C4OUTPIIT(OAY,1,NSAMPL,NPRINT,NAME)
289 XDELT _ rSANPL
286 XMIN = XOtELT
287 YMIN = A(57)
2A8 YMAX = A(58)
289 IF(JPLOT .EQ. 1) WRITE(9,2200)
290 IF(JPLOT .EO. I) CALL LPPLOT(09,1,3,NSAMPL,.24,61,XOELT,OAY,XMIN,
291 1 YMIN,YMAX,NAME,61,IPLOT,13)
292 YMIN = n.
293 YMAX = A(59)
294 IFJPLOT .Fo. 1) NWITE09,2300)
295 IF(JPLOT .ED. 1) CALL LPPLOT(09,a,5,NSAMPLt24h,1,XDELT.DAY,XMIN.
296 1 YA4I.MYMAX,NAME,61,IPLOT,13)
297 900 CONTINIJE
298 910 ITER = ITER + 1
299 IF(ITER .GT. IESCAP) GO TO 920
300 IF(S(l)-FLOAT(IENO)) 750,750,920
301 920 CONTINIF
302 CALL CHOUTPUT(MONTH, I, 12',NS IZE,AMET)
303 CA L CHBUTPUT (YEAR I,I,NSTZE,NA'4ET)
304 IF (NVG .En. O) GOTO 970
305 DO 9qo MH = 1,52
306 DO 900 I = 1,SIZE
307 ODMMY = 0.
308 DO 930 ND = 1,NAVG
309 N = (NW-1)*7 + 3 - NAVG/2 + ND
310 IF(N .LE. 0) N = N + NDAYS
311 IF(N .GT. NDAYS) N = N - NOAYS
312 930 OUMMY = DU!MMY + ANNUAL (N,)
313 AVERAG(Nf,I) = DUMMY/NAVG
314 IF(I .En. 7) AVERAG(NWI) = -AVERAGCNW.I)
315 IF(I .EQ. 10) AVERAG(NN,I) -AVEAG(N', I)
316 900 CONTINIUE
317 IF(ISIZNG .EQ. I) GOTO 960
318 YMIN : o.
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319 Y 'AY = 0.
320 1)11 950 NW = 1,52
321 IF(AVERAG(Nt,5) .LT. YMAX) GnTO 950
322 YMAX = AVERAG(Nw,5)*I1.
323 950 COtITINUE
324 IF(JIPLT .FO. 1) WRITE(9,2100) NAVG

325 XMI = 1.
326 XnFl.T = 1.
327 IF(JPLOT .EO. 1) CALL LPPLOT(09,9,.,52,52,35,XDELT,AVERAG,XMIN,
328 1 YMIN,YMAX,NAME,35,IPLOT,13)
329 9F0 CONT ITUE
330 IF(JPLOT .EO. 1) WRITE(9,2400) NAVG
331 X 'I,4 = 1.

332 X)XLT = 1.
333 YMIN = 0.
334 YMAX = A (f)
335 IF(.JPLOT .EO. 1) CALL LPPLOT(09tl l552?,5P,35,XDELT,AVERAG,XMIN,
3 6 1 Y^I'4,YMAX,NAME,35,IPLOT,13)
337 970 CONTIh:IE
338 IF(ISIZNG .EQ. 2) WRITE(9,7000) TSTORH,TSTORC
339 rPITE(Q,80n0) OLIGHT,QEQJIIl, )PEOPL
340 RITTE(q,R100) PCF~AX, rFMAX, OFMAX
3'1 IF(ISIZNG .E). 1) GOTO 980
3/2 IF[(lDOTCC .GT. 0.) NPITE(9,8200) MIJOTCC
303 980 CONTINUE
344 NWRITET(9,8300) r)CH9AX, OHHMAX
345 RE'IT'lRO 8
30b IF(lnRITE .EO. 0) GOTO 990
307 HIlFLAG = FHACLUP*IRUFLG
340 WRITE(IWRITE) HIFLAG
349 IF( llFLAG .EO. 0.) WRITE(9,9900)
350 IF(HBIFLAG .EQ. 1.) IRITE(9,r99t)
351 990 CONTtINUJE
352 IF(ITRITE .EO. 0) GOTO 999
353 REWIND THRIrE
354 999 IF(IECON .FO. 1) CALL ECOJO0
355 P EIIRN
35b 2000 FOWRIAT (IH 1, X,22H DAILY SJUMNARY FOR DAY,I4,2H (,12,4H OF I2,1H))
357 2001 FUR AT(//4IX,' THE SAMPLED DAY IS SUNDAY')
358 2002 FORMAT(//UlX, THE SAMPLED DAY TS MONOAY')
359 20(13 FfJRMAT(//OlX, THE SA^PLE D4AY IS TUESDAY')
360 2000 F)RM'T(//'tlY,' THE SAMPLED DAY IS hENFSOAY')
361 2005 FORMNAT(//Ol X, THE SAAPLEO DAY IS THuRSDAY')
3FH2 2006 FORMAT (//Ol X, T' HE SAMI'.EDO DAY IS FRIDAY')
363 2007 FORfIAT(//11X, THE SAIPLED DAY TS SATIIROAY')
360 2008 FORuIAT(//4lX, IT IS ALSO A HOLTOAY')
365 2200 F)ORMAT (H I,4OX, 3HTE4PERAATORE 'LOTS (FAHRENHEIT DEGREES)/)
366 2300 FORNAT ( 1H1 ,5X,25H FNERGY PLOTS (ITIIS/HOIIR)/)
367 2(00 FOR!AT ( H1 , 32X, 1HENE9R3Y PO.TS OF,13,
36h 1 ?2H DAY AVERAGES (4TIJS/OAY))
3h9 7000 FORMAT(IHI ,//2X,'FINAL TEMP

'
. I ' HOT STIRAGE BIN IS ,Fh. 1, 'EG F',

370 1 /2X,'FINAL TEMP. IN COLD STORAGE BIN IS',F6.I,' EG F')
371 8000 FORHAT(' YEARLY INTERNAL LAn) GENERATED BY LIGHTS =',E12.5,/,
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372 1 35X,'EUtIPMEENT =',E12.5./,35X,'PEOPLE =',E1?.5)
373 8100 FORMAT(/2X.' THE MAXIMUM FAN FLOr1 RATIO IS',F6.3,' AT TIME',
374 1 Fb.2,' ON DAY',F5.0)
375 8200 FORMAT(//2X,' THE COLLECTOR.AND STORAGE LOOP THERMAL FLOW RATE'
376 1 ' IS'.Et1.5,' HTIJS/HR4 F')
377 8300 FORMAT(//2X,' THE MAXIMUM COOLING LOAD IS',E12.5,' HTUS/HR',
378 I /2X,' THE MAXIM.IM HEATIMG LOAD TS',E12.5,' HTUS/HI')
379 9900 FORMAT(///ouX,' THIS SYSTEM OOES NOT USE HACK-UP HEATING')
380 9910 FORMAT(///'IX,' THIS SYSTEM JSES BACK-UP HEATING')
381 END

EDIT DATE 03-31-77 **SRaJ*.

ELAPSED TIME (SEC) 1.74 LINES/MINUTE 13100

THERE WERE I DIAGNOSTICS IN AHOVE COMPILATION
32K tORDS WERE USED FOR THIS COMPILATION

Ln
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1 C
2 SUIHRUTINE LPPLOT(IW,I START, 'PLnTSNIPOTNTNPSMNRMXDELl1,RPXMIN,
3 1 YMIN,YMA X,NAME, NDJ ,IPLOT, MAX)
4 ODIMENSION YY(52,5), YSCALE(1), RP(NOSM, NRM'!), NAME(LniM4),
5 1 TPLOn(IMAX)
6 DIMENSION ITITLE (5), I i( 120) I X1JUFA(5) ,IXBUF H(l0)
7 COMMON /PLOTTR/ IYSYMH(5)
8 CHARACTFR NAE1*6
9 CHYARCTER ITITLE*h

10 CHARACTFR IYSYMH,1
11 CHAtACTER IlUF* I
12 CHARACTER IHLANK*1
13 CHARACTER IMI.NlIS*1
1a CIIAWACTER 11*1
15 IHLAIN = 1H

b1 IMINIS = 1H-
17 II IHI
18 JJ = ISTART - 1
19 Dl 132 J = 1,NPLOTS
20 <JJ = JJ 1
21 JCIJPVE = IPLOT(JJ)
22 ITITLE(J) = NAME(JCURVE)
23 00 132 I=1,NPOINT
2aYY ( ,J)=RP( I ,JClIRVE)
25 IF(YY(I,J) .GT. Y'AX) YY(I,J) = Y^AX
2h IF(YY(I,I) .LT. YMIIN) YY(I,J) :YMIN
27 132 COrlT INI.IE
2 YOnELO = (YMAX-YMTN)/'10
29 XOFL5 5.0 * xnFLI
30 YMAX = Y'-N + 10.0 * YDEL10
31 wNRIrE(Iw,6O) ((ITITLE(J), IYSYI(fJ)), J = I,NPLOTS)
32 600 FOR.AT(/1QX,5(A6, 11H SYIHFL = ,A1,3X))
33 00 h68 J = 1,11
34 6fO YSCALE (J) = YMI *+YOEL10 * FLOAT(J-1)
35 VRITE (Iw, 700) YSCALE
36 700 FORIAT(/2X,11(F10.1))
37 00 730 J = 1,10
38 730 IHUF (J) = IBLANK
39 0O 70( J = 112,120
40 740 IRUF (J) = 1HLANK
1 00 750 J = 12, 110

42 750 IHt)F (J) = II4NUS
43 DO 770 J= 11, 111, 10
44 770 IHUF (J) = II
45 v.RIrE (IA, 790) IHUF
a6 790 FORMAT (2(hOA1))
47 820 CONTINUE
48 ILINE ^ 0
49 IXPRNT =
50 XSCALE = XMIN
51 890 ILINF = ILINE + 1
52 0 910 J = 1, 120
53 910 IPJF (J) = IHLANK
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5a IHItF(II1)=TI
5S 00 1120 J = 1,NPL)TS
5> YCO = YY(ILINE,J)
57 Yr)IFF - Y'MAX .- YvIIN
58 IF(YnlFF.EnO.0.) YOIFF = 1.00
59 YRAT = 10l.0*(Y) - YMIN) / YDIFF
60 IF(YRAT.LT.O.) YRAT=0.
61 TF(YRAT.GT.10O.) YRAT=100.
62 TYn = 11 + IFIX (YRAT + 0.5)
63 IiliF(IYQ) = IYSY'II(J)
64 112 0 rOlTINU!E
65 IHUF (11) = II
66 IF ( LINE .LT. IXPRNT) GO TO 63
67 IF(NPOINT .NE. 52) GO TO 61
68 C
69 C TIME AXIS FOR ANNUAL PLOTS
70 C
71 IWEEK - XSCALE
72 l'RITE(IT,59) IWEEK, (I81JF (ISON), TSON=I 1 20)
73 59 F[)WMAT (6H vEEK,I3,60A1,SlA1)
74 GO TO h2
75 C
76 C TIME AXIS FOR DAILY PLOTS
77 C
78 61 IHOJR XSCALE "
79 IMIN IFIX(bo*(XSCALE-FLOAT(IHOJ))) I80 IF(IMIN .GE. 10)
8
6

1 ITE(IF , >66) IHOWIR, IMIN,(IlIFi(II tN), ISON=10,120)
82 IF(IMIN .LT. 10)
83 1 WRITF(Iv',67) IHOIDR, IMIN ,(TIBJF(ISON) IS ON4=.10,120)
B4 66 FORHAT(4X,T2,IH ,I2,60-AI,51AI)
85 67 FORMtIAT(aX,I2,2H 3,11,60A1,51AI)
86 62 IXPRNT - IXPQNT + 5
87 XSCALE = XSCALE + XnEL5
98 GO TO 6S
89 63 WRITE (IN, 790) IH8IF
90 65 IF (ILINE .LT. NPOINT) GO TO 890
91 00 10O J = 1,10
92 130 IHII' (J) = ILANK
93 00 1'40 J = 112,120
94 140 IHUF (J)= IILA1NK
95 D0 150 J = 12, 110
96 150 IHtlF (J) = IMINUS
97 00 170 J = 11, 111, 10
98 170 I8IJF (J)= It
99 I.RITE (I4, 790) I8uF

100 RETURN
101 ENO

EDIT DATE 03-31-77 **SRJJ**
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I SURROUTINE CS IZE( OCS, OHDS, 9HCONS,OCCONS,HDAY,OCLCON)
2 C THIS SIIHROUTINE COMPUTES AN3 SIZES
3 C THE COMPONENTS, THE STORAGES, AND THE COLLECIOR
4 C AREA RASEn ON CERTAIN wORST CDNSECIJTTVE HEATING DAYS AND MINIMUM
5 C CONSECITIVE SOLAR .ENERGY COLLECTED DAYS, USING NEWTON
6 C ITERATION METHOD.
7 C
8 C QCOS = LARGEST N CONSECUITIVE DAY COOLING LOAD
9 C QHDS = LARGEST DAILY HEATING LOAD

10 C OHCONS = LARGEST NET (HEATING - COOLING) LOAD
11 C IN N CUNSECUTIVE DAYS
12 C HDAY = NUMBER OF CONSECUTIVE DAYS FOR COMPONENT SIZING
13 C
14 C
15 COMMON./CTRL/ A(183), NTARLE(20), X(50), XDOT(50), IRTYPE,
h1 2 DT, CTHETA, NSTATE, TIME, TSTOPC, TSTORH, AREA,II.KDAY,

17 3 IWORKO, IYEAR, IMONTH, IDbY, IHOUR, TAMH, 9ARP, IHOL
18 4 ,RMCSC,llASTC,QCFUSE,CTIME,MCDAY,MONTHC, ISIZNGRMCSH
19 5 ,IASTH,DEwP,IHUFLG,TCOVER
20 REAL KWHP, K.HP4, KWHP6
21 REAL LCOLL
22 LOGICAL SIUMMER
23 DATA SOUIMER/.FALSE./
24 TEXIT : A(1H)
25 ISIZNG A(11)
26 Ni = A(24)
27 N6 = A(25)
28 RCSC = A(37)
29 IF(CRCSC .LE. 0.) RMCSC = 10000.
30 TH!4AX A(43)
31 THMIN = A(44)
32 TEfIDIIR = A(45)
33 NSERES = A(15)
34 HCOLL = A(hh)
35 LCULL = A(65)
36 SSIDE = A((H)
37 SHITE = Ath9)
38 SSIDE1 = SIOE
39 SHITEI = SHITE
40 SCUhE = 0.
41 FPACK = A(70)
42 USTUHC = A(71)
43 TGROUN = A(72)
44 C COMPUTE THE MAXIMUM POSSIBLE CHARGING HOURS OF HEAT PUMP PER N DAY
(5 C PERIOD IN SUMMER
4h HRCHP = 0.
47 NWEEK : IFIX(HOAY/7.)
48 tORES : HDAY - NWEEK*7.
49 HRCHR = (rlEEK*5.+NDRES)*(24.-(4(39)-A(40)))+NWEEK*2;*24.
50 IF(NDRES .GE. 6) HRCHR = HRCHR + (A(39)-A(40))
51 C COMPUTE THE HOT STORAGE SIZE AND THE SLOPE FOR THE HEATING
52 C RESET CONTROLLER
53 OHMAX : (HDS*TENDUR/24.
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5'1 kMCSH = =QHMAX/(THM AX-THMIN)
55 V(ILHT = R!-CSlH/62.u
56 SIUEHT = V(OLIT**.333333
57 AREAHT = STI)EHT*SITDET*6.
5A UAHT - AREAHr*ISlt RC
59 OIFF = (THMAX-THMIN)/TEXIT
60 C COMPRESSOR RATINGS
61 TEVAP = 20.
62 C RATINGS OF THE 4RA3-200n-TSK MODEL
63 CALL HP( ,0,(O.,THMAXXTHAX,3?.,rHPH,QHPC,KWHP,0.,30.,SUNMER)
64 rHPC4 = (JPC
65 OHPH4 = 1JHPH
66 KWH0Pa = KiJHP
67 COPRT'4 = HPH4/(KW-.<P p*3'13.)
68 C RATItGS OF THE 6RHI-3500-TSK MODEL
69 CALL HP((I, l,(.,THMAX,THMAX,32.,D-PH,QtPC,K HP,0.,30.,SUMMER)
70 OHPC6 = JHPC
71 IIHPH6 := OHPH
72 Kw.HP6 = KHP
73 COPRT6 = (HPH6/ ((K'HPh*3413.)
7u4 QWN-4AX = roHCONS*(1.-(N4+Nh)/(Na*COPRTi+N6*COPRT6)) + OCCONS
75 C SIZE THE HFAT PUMP
76 QnSMAX = AMA'XI (QNMAXCDS)
77 OC.-,'AX O I)SNAX/HICRHR
78 C DETERMINE THE SrORAGE SIZE 0
79 IF(IJI'JAX LE. 0.) SUTU 90 I
8e0 () 6.0 = 1,2o o
61 0D 50 J = 1 ,
82 IF(SS ID .Eo. 0. .AND. SHITE .EQ. 0.) GOTO 30
83 IF(SHITE .E .. 0.) rTO 10
84 SSIDE = SORT(PIRMCSC/(62.4*SHTTE))
65 GOTI) 20
8 t10 SHITE = RMCSC/(S2.4*SSISSI SSTOE)
97 20 SARFA = 2.*S.SSIE*SSICE+4.*.SSIDE*SHITE
88 GOTO an
89 30 SCUHE = (PMCSC/62.4)**.35333533
90 SAREA = SCIlRE*SCUHE*6.
91 40 I)ASTC = UST(UC * SAREA
92 OLSC = IJASTC*(32.0-TGROUN)*2».*Hr)AY
93 QNE = OQNRAX+flLSC
9U P.'CSCP = (NET/(1'3.6*FPACK)
95 IF(J .En. 2) ,OTO 5S
96 EPPl = RMCSCP-KMCSC
97 IF(AhS(ERRF ) .LT. RMCSC*.001) SOTO 80
98 RWCSC1= RhCSC
99 RtCSC = RMCSC * 1.001

100 50 CONTINUJE
101 ERR2 R HCSCP - RMCSC
102 SLOPF = (ERR2-ERR1)/(RMCSC*.001)
103 DELTA -ERR1/SLOPE
104 RMCSC = RMCSC1 + DELTA
105 60 CONTINUE
10h wPRITE(9,70) I
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107 70 FOPRMAT(4aX. rH COr:VERGENCE IS NOT FOUND FOR STORAGE SIZE AFTER
te 1 I1, 11H ITERATIONS)
109 STOP
110 80 RMCGAL = PMCSC/S.333333
11 C FIRST GUESS FOR COLLECTOR AREA
112 AGUESS = ONM.-AX/0CLCON
113 C OUTPUT .................................
11 lR I TE(9, 8)00) fC'-AX, RMCSH, .THMAX, OIFF, TENDUR
115 wRITE(980005) SIOEHT, UAHT
11h VRITE( 9,01 0) OHPCI, RHPH4, KA'HP TH'.AX, TEVAP,COPRT
117 vlPITE(9,l0>?O) OHPC6,OHPH(h,KAHP6, THMAX,TEVAP,COPRT6
llS hNRIIE(9,0)3(l) HPAY, OHCONS, ICCOn'S
119 IF(SSIf)Fl .F. 0. .ANO. SHITEl .EO. 0.) wRITE(9,9000) SCUSE
120 TF(SHITF1 .GT. 0.) kRITE(9,9010) SSIOE, SHITE
121 IF(SSTnEI .GI. 0.) tRITE(9,9020() SSIDE, SHIIE
122 WRITIE(9,9030) RMCSC, RMCSGAL, UASTC
123 V;RITE(9,904() HilAY
124 IF(f,);'AX .GT. 0.) wRITE(C, 060) aGUESS,LCOLL , HCOLL,NSERES
125 IF(r)lN.lAX .LE. 0.) WRITE(q,9070) H)AY
126 5RE TURN
127 8000 FORIAT7(///2X,r HEAT PUMP COOLINt CAPACITY =',E12.5,' BTUS/HR',
128 1 /2X,' HASEO ON THIS CAPACITY, THE USER HAS TO SPECIFY THE'
129 2 ' NUMBER OF COMPRESSORS TO BE USED IN THE HEAT PUMP ,/2X,
130 3 ' EITHER TYPE URA3-r000-TrS( O)R TYPE 6RHI-3500-TSK OR THE'
131 4 ' COMnINATION. SEE ROJTrINE HP IN THIS SOFTAREE FOR IOETAIL', O
132 5 /2X, THE HOT STORAGE BIN CAPACITY =',E12.5,' LHS',
133 6 /2x,' THE EUIIATITON F3R THE TEMPERATURE RESET COUNTRnLLER'
134 7 ' IN THE STlORAGE TS,',/
135 8 /,6X,'TSFTH =',FH.l,' -',F6.2,' * TANB',/2X,
136 9 ' THIS IS HASED ON THE ATILIITY TO HEAT THE RUILDING FOR',
137 1 Fh.2,' C(lOSECIITIVE HO.IRS FOIM HOT STORAGE.')
13 8005 FOPMAT(//PxX, IF THE HOT ST.)RA3E TS ASSUIMED TO HE A C!I1HF,EACH'
139 1 ' SIDE ',FH.2,' FT LO'G, THEN THE',/2X, HEAT TRANSFER'
140 2 ' COEFFICIENT OF THE T.AN TS',F8.2, 'BTUS/F HR')
1-41 8010 FnRMAT(///2X, ' RATINGS OF IHE HEAT PUMP COMPRFSS(RS, ',//,
142 1 RX,' 4RA3-?000-TSK',//lsX,
1I43 2 COOLING CAPACITY =',E12.5,' TTUS/HR',/16X,
144 3 'HEATING CAPACITY =',E12.5,' DTUS/HP',/1hX,
145 4 COMPRESSIIR SIZE =',Et2.5,' K X',/lhX,
a16 5 ' C[)N)ENSOR TEMPERA11RE =',Fs.2,' F',/16X,

11l7 6 EVAPORATO4R TEMPERATLIRE =' ,FI.?,' F',/16X,
48 7 ' RATE)O COP F/lR HEATINr =',E1?.5)

149 8020 FORMAT(//Sx,' hRHI-3500-TSK',//1hX,
150 I ' COI)LLI"N(; CA'ACIIY =',Et2.,' TUS/HR',/16X,
151 2 HEATING CAPACITY =',F12.5,' lTIJS/HP',/lbX,
152 3 ' C(OMPRESSJR SIZE ='.E12.S,' KW'',/1(X,
153 4 ' C()NENSOR TEMPERATURE =',FO.2,' F',/1hX,
15 5 ' EVAPORATOR TEMPERATURE =',FH.2,' Ft,/1bX,
155 6 ' RATED COP FOR HEATI"G =',E12.5)
155 R030 FORMAT(//2X,' r)IJ;ING THE ',F 6.1,' CONSFCUTIIVE JAYS OF MAXIM i.UT'
157 1 NET HEATING, THE HFrTT. 3 LOAD IS',E1 2 . , ' HTI.S',/.X,
155 2 ' ANO THE COOLING LOAD IS',E12.5, ' TUIS')
159 9000 FORMAT (///, 2X, THE COLD ST)RAGE IS (PRESIIMEO BY THE USER) A CUBE'
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160 1 'HAVING THE DIMENSION OF',F7.1,' FT AT EACH SIDE.')

161 9010 FORMAT(///2X,' THE COLD STORAGEi HAS THE FOLLOWING DIMFNSION',/
162 1 AX,F7.1 ' FT AT EACH SIDE (CnlPI.lTED) FROM THE SOFT'ARE),'
163 2 'AJD',//IX,F7.1, ' FT HEIGHT (PRESUMEO HY THE USER)')

164 9020 FORMAT(///2X,' THE COLD STORAGE HAS THE FOLLO(IING DIENSI N',/

lh5 1 4X,F7.1,' FT AT EACH SIDE (PRFSUMEO HY THE USER), AND',
Ihb 2 /,4X,F7.1,' FT HEIGHT (COMPIJTED FROM THE SOFTiARE) ')
Ib7 9030 FORMAT(//2X,' THE COLD STORAGE CAN STORE',FIO.l,' LHS OR',F10. .,
lbt 2 ' GALLONS IOF 'JATER' ,/4, ' THE STORAGE IJA = ',FIO.1,
1b9 3 ' 8TUS/HR F')
170 q040 FORMAT(//2X' THE AROVE INFnl^MAIIfN IS fiASFD lN',Fb.l,
171 1 ' CONSEClITIVE DAYS OF 0U ST HEATING LOAD( IM THE YEAR.')
172 9060 FDORMAT(//2X' THE FIRST GUESS FOR COLLECTOR AREA S'F . ,

173 1 ' FT2 , /2X 'EACH COL ECT.JR HAS OIMENSION OF',F6.t,' *',
174 2 F6.1,'FT?, AN) THE COLLECTORS ARE PLACE)', T3,' IN SERIES',
175 3 /2X,'THIS INFU. MUST 9E 11iT IN THIS PROGRAM PROPERLY'
176 2 ' FOR COLLECTOR SIZING')
117 9070 FORMAT(//2X, ' IN THIS PARTICULAR RlllN, NO COLLECTOR IS NEEOEO'
178 1 ' !,ECAUSE THE NET MAX1YliV NMET LOAD',/2X,
179 2 FOR',.F6.1, ' CONSECUTIVE DAYS IS LESS THAN ZERO.')
10 END

EDIT DATE 03-31-77 **SR4J** C'

ELAPSED TIME (SEC) .66 LINES/MINTTE 16257

THERE ¢;ERE I DIAGNOSTICS IN AROVE COMIPILATION
28K .ORDS WERE USED FOR THIS COMPILATION
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t SUBRO)UTINE COLECT(TINLET, COLL,OAVAIL,IFLAG)
2 C THIS SU8ROUTINE COMPUTE THE FLAT PLATE COLLECTOR EFFICIENCY
3 C AND THF AVAILABLE AND COLLECTED SOLAR ENERGY.
4 niMFtSIn'I AT (2R) ,HTR(2) ,CT (2), T A040(2)
5 DIMENSIr)IJ FRP(2) ,IILL(2),FP(2)
6 COMMON /CTL/ A(183), NTARLE(20), X(50), XDOT(SO), IRTYPE,
7 2 DT, CTHETA, NSTATE, TIME, TSTORC, TSTORH, AREA,INKDAY,
8 3 INORKD, IYEAR, IM3rT'HM I IDAY, IHOIIR, TAMR, BARP, IHOL
9 4 ,RMCSCIUASTCfCFIJSECrI-EIE,MCAY,MONTHCISIZNG,RMtCSH

10 5 ,UASTH,DEvP,IBUFLG,TCOVE4
11 COMMON /SIZING/ CO3CDS,IHOS,QHCONS,HOAY,HCOLLATOTAL,NROI'.S,LROW
12 1 ,NSERES,LC3LLI, CCONS,OCLCON
13 COMMON /SOLAR/ S(35)
14 COMMON /FLOW/ MOOTCC, MDOTCS
15 REAL MDnICC, MDUTCS
16 LOGICAL TFIRST
17 DATA TFIRST/.TRUF./
18 DATA ATR/-2.9Ah,-1 .42143/, 3TR/-3.7360,-5.7356/
19 DATA CTR/1.3'51 ,S.7723/,TAUO40/0.96,0.q2/
20 DATA FRP/0.93,0.QO//, ILU/O.S59,0.S.57/,FP/0.956,0.919/
21 REAL LCOLL, LSHAUE, LRO:'
22 IF(AREA .E3. (.) RETIJRH
23 IF(.NOT.TFIRST) GO TO 50
24 TFTwST = .FALSE.
25 SERFS = FLOAT(NSFRES)
26 RAI) = 3.1IlSq/lIHO.
27 TANPHI:SIN(A (I) *RAD)/COS(A(1)*RAO)
28 TILT = A(6)*RAO
29 CTILT = COS(TILT)
30 STILT = SIN(TILT)
31 FTT T = (1. - CTILT)/2.
32 AZIM = A(S)*RA)
33 CAZIM = COS(AZIM)
30 SAZIM = SIN(AZIM)
35 RHO = A(20)
36 AA = A(34)

37 XNG = A(35)
38 NG=IFrxY(XNG)
39 CC = A(3h)
40 nIST = A(67)
4t TA160O=FXP(-1.21453*XNG*.0125)*(I.O-EXP((ATR(NG)+
42 1(HTR(NG)+CTR(NG)*0.5)*0.5)*0.5))*(t.0565**NG)
43 PIRTl'iNt
441 50 TOIFF = TINLET - TAMR
45 C ... COWPtITF COSINE OF ANGLE OF INCIOENCE
i6 IF (IFLAG .E. 0) GOTO 101
47 CTHETA : CTILT*S(13) + STILT*SAZIM*S(14) - STILT*CAZIM*S(15)
48 IF(CIHETA .LT. 0.0) CTHETA = 0.0
u9 C ... COMPUTE SOLAR RADIATION ON TILTED SURFACE
50 nOIR = XDOT(1)*CTnETA
51 QI)TF = (XnnT(3)-xrOrT(2))*(i.0-FTILT) * RHO*XOOT(3)*FTILT
52 IF(NROwS .EO. 1) GO TO 150
53 C ... COMPUTE SHADEU AREA
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5/4 LSHADE=0.0
55 HSHAUE=0.0
56 CALPHA=CIS(S(2(l) )
57 ZZ=COS(S(21)-AZI")
5R Z77=S(13) *CTILT+STILT*CALPHA*ZZ
59 IF(A8S(ZZZ).GT.l.E-06) HSHAOE=HCOLL*SERES-DIST*S(13)/ZZZ
60 IF(HSHAIW..LT.O.) HSHAOE=0.0
hl IF (HSHAI)E. GT HCLLHSHADEHCOLL*SE HA=HLL*SERES
62 IF(Al»S(ZZ).G 1 .E-06) LSHODE=LROq-(DIST-(HCOLL*SERES-HSHAnE)
63 1*CT [LT)*SIT (AhS(S(21)-AZT") )/ZZ
64 IF (I. S ADE .1 . U.) LSHADE= . 0

65 IF (LSHAI)E .T .L4t0() LSHAOE=LR lW
66 150 ASHADE = FLOAT(NR(U.iS- I)*LSHADE*HSHADE
67 QTot = nDIR + 'DIF
68 iQAVAIL = )TOT*(ATOTAL - ASH4DE)/ATOTAL
69 TAI =0.0
70 IF(CTHE7A.LT....71) 0O TO 96
71 IF(rTnTT.LT.1.EO-b) GO TO 9S
72 STHETA=SOHT(1.-CTHETA*CTHETA)
73 STH?=STHFTA/1.526
7t CnSTH2=S5fRT( 1,-STH2*STH2)
75 T AU=T AIJO (N)
76 IF(CTHETA.f;..766) GO TO 86
77 TAll=(l. I.I-tXP( (ATlR(NG)+( OTR(NG) +CTR(NG)*CTHETA)*CTHETA)*CTHETA)
78H 1) * (1 .05h5**N(;) N,
79 86 TAU=),) I I/(1TUT*T All*EXP(-XNG *.01 25/COSTH2)
8e TAII=TA ll+IIF//I OT*TAl.60
81 96 ETAF=A A* T l/TAiOaO (NG)
82 FR=MnOTCC*SERES/(ARFAA*ULO(NG) )*(1.-EXP(-FP(NG)
83 1*.lLI) (NG) *AREA/ (MMI1STCC*SERES) ) )
Hu ETAF=ETAF/FRP(NG)*FR
85 101 COmTINlfIE
66 C ... COMP'PTE ETA FOR FLAT PLATE COLLECTOR
87 OCOLL = QAVAIL*EIAF-CC*FR*TOIF/FRP(NG)
8M 500 XDOT(u) = nOiR
89 XOOT(5) = QAVAIL*AREA
90 RETIURN
91 END

EDIT DATE 03-31-77 **SR4J**

ELAPSED TIME (SEC) .43 LINES/MINUTE 12630

THERE WERE 1 DIAGNOSTICS IN AROVE COMPILATION
28K WORDS WERE USED FOR THIS COMPILATION
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I C
2 SUHROUTINE DERIV
3 COMMON /CTRL/ A(1A3), NTABLE(20), X(50), XDOTC50), IRTYPE,
4 2 OT, CTHETA, NSTATE, TIME, TSTORC, TSTORH, AREA., KOAY,
5 3 I(ORKD, IYEAR, IMONTH, IDAY, IHOUR, TAMB, HARP, IHOL
6 4 ,RMCSC,UASTC, OCFIJSE,CT IME, CDOAY, MONTHC, ISIZNG, RMCSH
7 5 ,lASTHOEvEP,T IiJFLG,TCOVER
8 COMMON /SOLAR/ S(35)
9 COMMON /NEATHR/ IAMERM,OR(2) ,DP(21) ,W8(24) ,WS(24) ,PB(24),

10 1 TC(24),TOC(24), ET(2a),DRY(24) ,CALDUt(2, 11),
11 2 CALRH(24, 11)) ,LS(24,11),OUlLL(24,11),1lLIGHT,
12 3 QEOQIIPORUOFOQPEOPL
13 COMMON /SCHDL/ TFLL( 12) ,MH)T (t4), PEOPLE(24)
14 COMMON /HVACS/ HA, HEXIT, HZ(11), LLS(11), LLL(11), NZONE,
15 1 TZ(11),RH(11), IFUSE, RMFIJSE, QELEn
I6 DIMENSION OOLITE (4, 11 ) , EEDOIP(24 , 1 ) ,QROOF (24, 11) ,QPEOP(24l 1)
17 CHARACTER NAMERM*4(9)
18 REAL MHOTW
19 NZONE = A(84)
20 C THIS SUBROUTINE COMPUTES FUiCTIONS OF TIME, THEN CALLS THE
21 C SUROUJTINE HVAC THAT COMPIPTES THE STATE DERIVATIVES
22 C COMPUTE THE FUNCTIONS OF TIIE
23 IF((TIME - OLDTIl) .LT. 1.0 .AMD. TIME.GT.I.E-Ob) GO TO 100
24 OLOTI l TI iE
25 OHOLD = OH(IHOUR) ('
26 WBOLD = WH(IHUUR)
27 OPOLD O DP(IHOIN) L
28 PBOLO = Pk(IHOUR)
29 TCOLD = TC(IrlOUR)
30 NTYPF = IFIX(TOC(IHOUR))
31 IF(S(5) .LT. 2a.0) GO TO 50
32 TCOODI = O.
33 S(4) = S() + 1.
34 S(5) = S(5) - 24.0
35 READ (8,END=40) IYEAR,IMONTH,IDAY, OBP,)PWBWS,PB,TCTOC,WET,DRY
36 DO 23 J = 1, NZONE
37 READ (8,END=40) nJAMERM, (CALD(I, J) ,1=l,24), (CALRH(I,J), I=1,24),
38 1 (O0l.S(I,J),I=l,24), (OLL(I.J),I=1,24),(OOLITE(IJ),I=1,24),
39 2 (nOEUUP(I,J), I=1,24), (OQROOF(I,J), I=l,24a), (OOPEOP(I,J), I=1,24)
40 IF (TIME .GT. 0).) GOTO 23
41 IF(J .En. 1) WRITE(9,5) IOAY, IMONTH, IYEAR
"2 5 FORMAT(///6X,' THE SIMULATION STARTED ON DAY',Il4, MONTH',I3,
43 1 ' OF THE YEAR',15)
44 IF(J .EO. 1) .VRITE(9,10)
45 WRITE(9,20) J, NAMERM
46 10 FORMAT(///6X,' ZONE NAME OF ZONE',//)
47 20 FORMAT(8X,I3,BX,9A4)
48 23 CONTINUE
49 40 CALL SUN(O)
50 IWK)AY = NKDAY(IYEAR,IMONTHIDAY)
51 CALL HOLDAY(IYEAR, IMONTH,IDAY, INKDAY, IHOL)
52 50 I'URKD : 1
53 IF(S(5) .LT. A(149) .OR. S(5) .GE. A(150)) IWURKO = 0



6828T 01 U3-01-79 10.177 LAHEL )ERIV PAGE 2

54 IF(I , iKDAY..Ef.i.OR.Il.KODAY.E.7.0 .T HOL.EQ. ) IWORKD = 0
55 HOTN=s'HO I ( IHOUR ) J -1;ORKD*3n. 33*PEIPLE (HOUR) *A( 15
56 IHOI!R = IFIX(S[5 ) + 1
57 OELFEI 0.
58 00 75 I:,NZIINE
59 OL3(I) = (OLS(IH l. HI I)
b0 COLL(I) = OfTLL(THIUI!R, I
b T2(I) = CALD)(IHUIIWR.I)
h2 RH(I) = CALRH(IH[11) I)
63 hI.IGHT = JLI(;HI + QOILITE(IH3UR,I)
ha4 fE'JiltP = tOEIUIP + '1IJEUI IP(I1- 9IR,I)
65 iW[inF[) R = r[JO0OF() + IJOWF OF ( In IHI IR I)

66 OUPFIPL = 0OEOPL + nmPEOP( IO);R, I)
61 CFQL-Or = tELEo) + O)HLITE(IHC)U4, I) + QOEOQIP(IHOtR,I)
68 75 CO'r I'TNIE
69 100 CO ClI TIiIE
70 C ... INTERP(LATE FOR AMHIENT TE1PERATURE AND CLOUD COVER
71 CCOIVER = TCOLD + (TC(IHOIIR) - TCiLD)*(TIIME - OLDTIM)
72 IF(NTYPE .En. 0) CCDvER = CC)VER/2.
73 CCF = 1.0 + .011*CCOVER - .007Q2*CCOVER*CC(IVER
74 IF(TI;fI.LLr.l.E-06 .A\)[. tHS()H)LDr).LT.1.E-Oh) DHOLO = I)(1)
75 TAN!i = OH(LD + (I),(TH( I UR) - f)D.O_())*(TIyE - OLOTIM)
76 IF (TIME.LT.1.E-Oh.ANAI).AHS(,N[IL)).LT.1.E-O6) *OL. r) H = rtH(1)
77 TV.ET i tO1LO +(r:!( IHI1J)-vSOL) )*(TIIIE-OLOT Ir)
78 TF(TIt.'E.LI.1..E-O, .ANI). ARS(DPOLt).LT.l.E-0h) OPOLO = 1)P() I
79 OEr!P DPIILO + (I)P(1 HI)HIR) - DP1lLD)*(T IE - OLI)TI') 0
80 IF(TI-'E.Lr.1.E-O0.A'Jl.AJS(P!)OL3).LT. .E-)Oh) PROL) = P ( )
81 HARP = PH(ILI>+(PHI( IH(OII)-PtWOL ))*(TTtE-OL[)TIM)
82 C CO:PIJTE SI)LAR RKA)IATIO'I CO'POt'jE' TS
81 CALL SIUJf(1)
0q IF(.ETT(IHOII)R).LT.1.E-06 .ANF). )RY(IHOllH).LT..E-06) GO TO 120
85 C ... IF PRECII'ITATION PRESENT, T-EN ND DIRECT OR DIFFUSE RADIATION
R6 S(23) 0.0
87 S(2?) = (.0
R8 C CLOII MODIFIED A IATI ..........
89 C ... DIREC I NJIO MAL RADIATION (CL011O)9 ,OD FIED)
qO 120 X)OT(I) = (1.0 - .09*CCOVER)*S(2?4)
91 C ... DIRECT RAnIATION ON HORIZO(TAL SURFACE (CLOID ItODIFIED)
92 XDOT(2) = XDjT(T)*S(13)
93 C ... rOTAL RADIATI(IN ON HORIZONTAL SURFACE (CLOUD MO)IFIED)
9q OXl)T( ) = ZCF*S(d3)
95 MO )EC = U
96 IF (ViFT IHl)lR) LT.1 .E-OF- .AD. )RY (IHoIJR) .LT. .E-O6 .ANn.
97 1 (S(S)-S(l1)).rT.-l..E -Ob.AN. S(5) .LT. S(12)) MODEC = 1
98 CALL HVAC(HOTWMIiUI)EC,MODET)
99 RETIURN

100 E ND

EDIT DATE 03-31-77 **SR4J**

ELAPSED TIME (StC) .52 LINES/MINUTE 11027
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THERE WERE NO DIAGNOSTICS IN ABOVE COMPILATION
28K WOROS WERE USED FOR THIS COMPILATION

~~~~~~~~~~~~~~~~~~~~~I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Ihj
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1 FUNCTION hKOAY(YY,MO,OAY)
2 C
3 C **************************
4 C
5 C !'K)AY= 1 SII J!AY
6 C K 1)AY=2 i t: Y

7 C IKOAY= i TIJES 3 A Y
8 C ;iKDAY=a iEDFltISOUAY
9 C KKDA Y =S THI.IR S 1AY

10 C wKl'AY=b FRI' AY
11 C VAKI)AY=7 SAT UIIIAY
12 C
13 ItNTF.rE R Yq, )'AY , WKKAY,TD1AY,FSTOAY
14 tnII-MEISIOI FSTDAY(12) /31,59,90,120,151,181,212,243,273,300,334,
15 * 365/
16 N=YR/
17 = -II A 5
1H IY=8
19 IF (NJ.E .0) G UIO 40
20 IF (N).LT.0) G(TUO 10
21 IAI.)l=?
22 GOTO 20
23 C
2a 10 r!D=-NJD
25 I AI)=- 1-
h6 20 1)O 3*) J 1-tD ,t

27 YIY= -IAnl)
28 IF(IY.lT.7) IY=lY-7

9 qIF (IY. .() IY=7
31 IF(tI.LT.() IY=IY+7
31 30 C U i T I r!.) E
32 40 MU- )=Yr -r* l
33 IF (! . E .) T K IY
34 IF (NO.EO.l) IlvKIY+2
35 IF (MO.E(I.2) IlK=I Y+3
36 JF(M:D.E[,.3) IWK=IY+a

37 IF(J rK.G;T.7) I .K= I iK-7
38 IF(NMO.NE.l) GOT() 50
39 TOAY=)AY-1
40 GUTr) HO
41 C
a2 50 DO bO J=2,12
a3 IFl(MO..NF.J) GtOO 60

q0 TDAY=FSTOAY(J-1)+DAY-1
115 GOTt) 710
46 60 CUNTINIJE
u7 70 IF(M!).EOn..A IA).MO.GT.2) TDAY=TOAY+*
048 60 NTX=TilAY/7

a 9 r\ r X = TI) Y - 7 * NT X + I , K

50 IF (1JX .GI .7) NOX;NDX-7
51 ' :DAY ) IIX

52 KV=YR/1I0
53 KTEST=YR-KV*100
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5 IF(MO.GT.2.0R.KTEST.NE.O) G3TO 90
55 KV=KV-I
56 90 LV=KV/U
57 LTEST=KV-LV*q
58 IF(LTEST.EO.2) WKDAY=wKUAY+I
59 IF(LTEST.EO.l) WKf)AY=jKDAY+2
60 IF(LTEST.EO.O) WKOAY=iKDAY+3
bl WKIAY=.UK DAY-3*(LV-4)
62 100 IF(WKI4Y.LE.O) WKOAY=KKDAY*+7
b3 IF(WKAY,.LE..0) GOTO 100
64 IF (KDAY.GT.7) WKDAY=WKDAY-7
65 RETURN
66 C
67 END

EDIT DATE 03-31-77 **SR4J**

ELAPSED TIME (SEC) .29 LINES/MINUTE 13627

THERE NERE NO DIAGNOSTICS IN ABOVE COMPILATION
27K WUHOS wERE USED FOR THIS COMPILATION

\0
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1 SUBROUTINE HOLOAY(YR,MO,DAY,NDAY,HOL)
2 C
3 C ******************************** ************* *****
4 C
5 INTEGER YR,OAY ,HrL,wKDAY
6 JUDAY=.,KOAY(YR, MO, )AY)
7 HOL=0

IF (lO.EP. 1 .Al ID.l)AY.EQ. 1 ) HOL=I
9 F F(r). E. 12. ?.A )AY. E( .3AND. O AY.EQ.6) HOL=1

10 IF (0:O. F:.1 .AilD . AY .El.?.AND.NDAY.EQ.?) HOL=1
11 IF (M'.).F .2.A'ij).UlAY.Ef'.22) HUL=1
12 IF(I it .E0.2.AHlD.)AY.Q.Fl ." A1N.NDa.tY.FEn.) HOL=1
13 IF (rMo ).EQ. .Ai).r)AY .E . 3..A 'JU. OWDAY.E[.2) HOL=I

14 IF(''%).Er.59.ArlD.DAY.EO.3nr) D3L=l
15 IF (iO.Et.5.ANO.DiAY.FEn..29. AND.

:
AY.EQ.(,) HOL=l

16 IF (qO. EO.5.AND.I!AY .E .31. AN).NDAY.EQ.2) HOL=I

17 IF(I t .E1J.7.A'l).0AY.E).(0) H3L:1
18 IF (s').EQ.7.Ai'lf).DAY .O. ..ANO.'JAY.EF.6h) HUL=I

19 IF(MM.E:,.7.AD.i)AY.EF.5.AD.N')AY.E0.2) HOL=1
20 IF (MO.-F.12.ANiU.DAY.E1.25) -IHL=1
21 I F ( . 2.AN.ll Y. .. A t). 2 'A .EF. 6) HOL=l
22 IF (r'U.Er3.12.ANi).i)AY.EQ. 6.AnlD. Dnv.EF.2) HOL=l
23 IF (MO.En.9.AN0.[)AY.LT.7 .AND.NOAY.Er.2) HOL=l
24 IF (:MOi.En. 1 . AAND. )AY.GT. 214.A O. ND AY.EQ.5) HUL=1
25 RET i JN
26 C
27 EFN1)

EDIT DATE 03-31-77 **SR4J**

ELAPSED TI'E (SEC) .24 LINES/MINUTE 6612

THERE .ERE NO DIAGNOSTICS IN AHOVE COMPILATION
26KK ,ORUS wEHE USED FUR THIS COMPILATIUN
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1 SUHROUTINE HVAC (HOTWMOOEC, MODET)
Z COtMM)N /CTPL/ A(l13), NTAHLE(20), X(50), XOOT(50), IRTYPE,
3 [)T, CTHETA, NSTAtE, TIME, TSTORC, TSTORH, AREA,IKDOAY,
4 3 IwORK), IYEAR, [MONTH, I IA IHOIJR, TAMK, HARP, IHOJL
5 4 ,HRCSC,UASTC,QCFUSE,CTIME,MCDAY,MO()'THC,ISIZNGRMCSH
6 5 ,UASTH,rDEP,I8UFLG,TCOVER
7 COMMON/HVACS/ HA, HEXIT, HZ(11), QLS(11), OLL(II), NZONE,
8 1 TZ(ll),RH(lI), OFlISE, OMFLISE, OELEO
9 COMt-ION /FAN/ PCF^AX, TFMAX, 3FV1AX

10 DIM!EIENSION FLA( 11) ,RMAZt(11) ,QZDNE(11)
11 COMMON /SIZING/ (JCOS,OHOS,OHCONS,HDAY,HCOLLPATOTAL,NROwS,LROU
12 1 ,NSERES,LCOLLQCCONSQCLCON
13 COMMON /SCHOL/ T'ELL(12) MHOT(2I4),PEOPLE(24)
14 COMMON /SOLA9/ S(35)
15 INTEGER PCOLL
16 REAL. KwHP
17 LOGICAL TFIRST, SLIMMER
18 DATA TFIRST/.TRLIE./
19 C
20 C THIS SLIUROUTINE COMPUTES STATE DERIVATIVES FOR A BUILDING WITH AN
21 C HVAC SYSTEI
22 C HEATING/COOLING SYSTEM SCHEMATIC
23 C
24 C
25 C ------
26 C / I I
27 C /I I I-
2 C /\/ I I I
29 C /...--- ----- ---- .........
30 / / I I I I II I I
31 C / / I I I ---- I I----I I
32 C COLLECTOR / HEAT I I C3LO I----I I----I HOT I
33 C FIELD / /EXCiANGERI ISTORAGE I I I I STORAGEI
34 C /I II I . I I
35 / / I I I I HEAT I I
36 C /----- ---------- PUMP ......-...
37 C // I I I I I I
38 C / I I I I I I I
39 C /--...---.----- ----- T I II
40 C I I I I
41 C COOLING HEATING
42 C LODS LOADS
43 C
44 C
45 C
46 C THE X VECTOR AND XDOT VECTOR ELEMENTS ARE DEFINED AS FOLLOWS
47 C
48 C 1 IONC 2 IDHC 3 ITHC 4 ODIRCT 5 QAVAIL 6 OCOLCr 7 QCO
49 C 8 0HBM 9 3DHW O0 OCOT3T 11 DHATOT 12 O(TAI4F 13 BACKUP 14 nH1
50 C 15 OH? ih QH3 17 H/4 18 QH5 19 Q H6 20 RH7 21 QH8
51 C 22 r H9 23 OHIO 24 lHII 25 3C1 26 OC2 27 iC3 28 oC4
52 C 29 QCS 30 Q(Cb 31 0C7 32 OCR 33 OC9 34 OCLt 35 OCl1
53 C 36 OCOMPA 37 FPOWER 38 PU.MPC 39 3H3AS 40 OHOIL 41 OELECT 42 OEACES
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54 C 43 IJ HCl[)r 41l 3t CCuON '15 TSC 46 TSH
55 C
5h IF(.lNOT.TFIRST) GO TO 30
57 TFIRST = .FALSE.
5a C INIrIALIZE hITH INPUT PARA'4ETEES
59 RM HA A(1 4)
hO tJMa = A(2?4)

61 NM5 = A(25)
62 NNAX = N'4M'+NM6
h3 THOT A(2h)
64 OFFPT = A(39)
65 O iNPT = A(40)
h6 IHPL = 0
h7 TSFTC = A(4l)
58 DELTAT = A(42)
69 THMAX = A1(43)
70 THMIN = A(44)
71 OTSIAG = A(4b)
72 TSUIAX = A(41)
73 TCLUTOF = A(48)
74 TSqES = 70.
75 D)TiANn = IHMtAX - THMIN

7h ALIN = OTDAN)/FLUAT(NMAX)
77 IF(TSrTAG .GT. ALIM)wRITE(9,2) ALIM
78 2 FORIAT(//2X,'LIMIT EXCEEDED, RESET A(46) SMALLER THAN',
79 1 F7.2)
40 IF(I TSTAG .GT. ALIM) STOP
81 QLSH = O.

82 OLSC 0.
83 RIFF = A(9)
84 TGRUIIN = A(72)
85 (3MIN = A(51)
h FFPACK = A(70)

87 PC:TN = A (H3)
88 NZ)ONE = A(8u)
89 FLM'IN = 0.
90 00 5 I = 1, NZONEi
91 RMAZ(I) = A(84+I)*R1lBA*PCMIN
92 5 CONTINItE
93 ICI)IrV = A (9)
94 ETAo(IL= A(99)
95 ETAGAS = A(100)
96 FPMAX = A(101)
97 NSTA9S =A( 143)
98 NENi)S = A(144l)
99 ELCOIL = A(145)*3413.

100 FbACtJP = A(t4b)
101 TW1RK = A( 149)
102 30 COUN T I lE
103 IF(TIME .GT. I.E-0h) GOTO 32
104 ICMODE = IFIX(A(103))
105 IGAS = 0
106 IOIL = 0
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107 IELECT = 0
108 IF(ICMODE .EO. 3) IGAS 1I
109 IF(ICMODE .EQ. 2) IUIL = I
110 IF(lCMROE .El. I) IELECT I
111 32 CONTINUE
112 )O aO I:4,NSTATE
113 40 XOOT(I) = 0.0
114 HACKUP 0.
115 OTAIN : 0.
I1h CIP = 0.
117 rJCb 0.
118 OHH = 0.
119 CTHETA = 0.0
120 OH)IL: 0.
121 OHGAS 0.
122 OCOMPC 0.
123 HECONC = 0.
124 FLoTOT = 0.
125 OTA4M8 0.
126 PCFLOW = O.
127 OhPC = 0.
128 OHPH = 0.
129 OLSC = 0.
130 OLSH 0.
151 KnHP = o.
132 UOCOLCT = 0.
133 PIIMPC: 0. w
134 TSTORC : X(NSTATE-1)
135 TSTORH : X(NSTATE)
136 SUMMER = S(t) .GE. NSTARS .AND. S(4) .LT. NENOS
137 IPEAK = 0
138 IF(S(5) .LT. OFFPT .AND. S(5) .GE. ONPT) IPEAK = 1
139 IF(IHOL .EQ. 1 .OK. IWKOAY .EO. 7 .OR. IWKDAY .EQ. 1) IPEAK 0
140 ICSU.I = 0
141 IF(SUMMER) ICSUM = 1
102 IF(ISIZNG .EO. 1) GOTO 39
143 IF(TSTORH .LT. (THMIN-15.)) WRIT=(9,33) TSTORH
144 IF(TSTORH .LT. (THMIN-15.)) STOP
l05 33 FUIMAT(//2X,'HOT STORAGE TEMPERATURE =',F7.2,' RESIZE THE
146 1 'HOT STORAGE, OR HEAT PUqP, OR A(b4)')
107 C COMPITE THE RESET TEMPERATURE 1'J THE STORAGE BIN
148 TSETH = THMAX-01FF*TAMB
149 IF(TSETH .LT. THMIN) TSETH = T-HIN
150 IF(S(5) .GT. 11. .ANI). S(5) .LT. 13.) TRESET = TSETH
151 IF(TRESET .GE. TSETH) GOTO 35
152 TRESET : TSETH
153 TRSMAX : TRESET + DELTAT
154 35 CUNTINUE
155 C COMPOTE THE HEAT PUMP OPERATING STAGE
156 TSTAGE THMIN
157 DO 38 N = 1,NMAX
158 IF(TRESET ,GE. TSTAGE) ISTAGE = N
159 TSTAGE s TSTAGE + DTSTAG
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1 S 38 C nrT I UE
I1 lr. =4 H MIN(ISTAGE NM4)
Ih2 N,;h = ISTAG - Na
163 IF(N' .LT. 0) r6 = 0
lb4 IF SUIr. IE ) NJ e NHM4
lb5 IF(SUtMlE) E N6 = Nt,b

166 IF(!CSilM .EO. 0) TRSMAX = AMAX1(THMAX,TRStlAX)
f67 C IN SI.I:ER, CI:WP!ITE THE A!OUNT OF ICE ALLOWED IN COLD STORAGE
Ib8 IF(.:!OT. SUMNIER) GOTO 39
169 IF(S(5) .i;T. ,. .AN). S(5) .LT. 10.) TSRES = TAMH
170 IF(TSHES .GE. TAMH) ;OTO 399
171 TSl'S = TAMv

172 FPSII.l = FPAC'K*(TSRES - TCtI TOF)/(TSIIAX -TCUTOF)
173 IF(FPSlUM .LT. 0.) FPSUI' = O.
174 IF(FPSUIJ .GT. FPACK) FPSU'I = FPACK
175 399 C( OT INUEI
176 39 CONT INUE
177 C
178 IF(ISIZJGG .EO. 2) ;0OTO 41
19 IF(;UMOEC .Eo. I .OR.
180 1 TAPB .GT. (TSTORC+5.)) CA.L C3LECT(32.0,QCOLCT,DAVAIL,I)
1,1 IF(UJCOLCT .LT. 0.) COtLCT = 0.
182 GOT(O ,2
183 C THIS SIhkUUTIriNE CONPUrES THE ENERGY NEEUEO FOR THE BUILDING AS
Itt4 C uErE HRlr'ED UBY THE AMlENIT TE.MPERA rJRE AND OESIGN LOAD FOR) THE BUILDING
185 41 CONT IhllE
1806 CAlL FIISI UN-
187 C COMPtITE STT)HAGt GAIN OR LOSS
188 ULSC = tJ4STC*(TSTuRC-TGROUN)
189 OLS" = UASTH*(TSTluRH-TGROUN)
190 IF(lNrU)EC .En. 1) CALL COLECr(32..O.,QAVAILl)
191 IF(SI.IMtlF .AN'O. TSTURH .GT. TRS'AX) GOTO 42
192 IF(TSTOPC .GT. (TSETC-10.)) GOrO 42
193 IF((ur AVAIL.GI.JMINi .OR. TAI.GT.(1STDRC+5.)) .AND. AREA.GT.O.)
194 1 CALL CHAHRE(rMOECf(JAVAIL,)COLCT)
195 PPtlAY = 5.
196 IF(TliIAL .LT. 2232.) PPMAX = 3.
197 IF(AIUTAL .LT. li.) PP-Ax = 0.
19a IF(JCULCT .GT. 0.) PUIPC = PPA,4X* 41..
199 42 COkT [rNJE
200 C OETEHMRINE EhIERGY PREIlIRHED FOR ,OT NATER
201 )Hv: = HOTi!*(ThTT-rTIFLL (IO\IrH))
202 IF(IGAS .El. 1) lJiDH = J.-iDHA/ETAGAS
203 CALL EITHLP
20a C COLMPUTF THE VENTILAITON AIR FLON ( ATE IN EACH ZONE
2u5 DO 50 I = 1, NZONE
206 OZOrjE(1) = OLS(I) + OLL(I)
207 FLU(I) = -,ZOUNE(I)/(HZ(I)-HEXIT)
208 IF(FLOT'(I) .LT. w4AZ(I)) FLOA(I) = RMAZ(I)
209 IF(ICOI'V.EO.o.. .. AN) .(.NlOT.SlI:MER)) FLOW(I) = RNAZ(I)
210 FLUN(l) = FLOi ( I)*I .l*O)<l)
211 FL;TO1 = FLNTUT + FLU.(I)
212 C COMPUTE THE IOIAL HEATING LOAD
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213 IF(I)ZONE(I) .GT. 0,) OHB = QHB + OZONE(I)
214 C COMPUTE THE TOTAL COOLING LOAD
215 IF(UZONE(I) .LT. 0.) UCB = OCH * OZONE(I)
216 C COMPUTE THE NET COOLING CONTRIBUTION FROM AMBIENT AIR
217 OAMH FLON(I) * (HZ(I) - 4A)
218 4AMIN = RMAZ(I)*(HZ(I)-HA)
219 IF(UJA. .LT. O..AN.3.FLOW(I) .GT. RMAZ(I)) OAMS = GAMN
220 riTAIi3 = TAMH + t!AM
221 rOTAMIN = fTAMIN+)AMIN
222 50 CONITINIUE
223 UCITUT = UCH
22a OHOHTUT = UH8
225 C COMPUTE THE FAN POWJER
226 PCFLJW = FLWTUT/RMHA
227 FP()OER = FPMAX * 5413. * (.8 * PCFLOW * .3)
e2H IF(PCFLO' .El). 0.) FPONER = 0.
229 C IF THE OAMIPE IS SEI AT MINIMUM A'D THE AMBIENT AIR IS TOO COLD,
230 C ADD THE EXTRA LI)AO TO THE HEATIrJG LOAD
231 OCHP = (IJC - FPUrVER + OTAMIN) * INOWRKD
232 IF (JCIP .GT. 0.) JOHt = UH3 + iC8P
233 C THIS PU,;ER ADDS HEAT TO THE COOLINS LOAD
234 C THE FINAL COOLING LOAD IS
235 rJC = (UCH - FPOwER + OTAMB) * IORKO
236 IF(OCH .GT. 0.) UCb = 0.
237 1F(PCFMAX .GE. PCFLOW) GOT3 52
238 PCFMAX = PCFLOW
239 TFMAX = S(5)
2o DOFIAX = S(o)
2(11 52 COI'NIIUE
202 IF(ISIZNG ,NE. 2) GOTO 90
2"3 C OPERATE HEAT Pt)MP WHEN NECESSARY
244 C
205 C HEAT PJUMP CONTROL
246 IF(IPEAK .EO. I .ANO. TSTORH .GT. THMIN) GOTO 85
247 IF(TSTORH .GE. TMSMAX .AND. IHPL .EO. 1) IHPN-O
248 IF(TSTORH .LT. (TRSMAX-OELTAT/2.) .AND. IHPL .EO. 0) IHPN = I
249 IF(TSTOQC .GT. TSETC) IHPN = 1
250 IHPL = IHPN
251 IF(SUUIHMER) GOTO 85
252 IF(FHACUJP .E(. 0.) GOTO 55
253 IF((OFUlSE/rMFJSE).LE.FPACK .AND. TSTORH.GT.(THMIN-5.)) GOTO 55
25q HACKUP = ELCUIL*IHPN
255 IF(IHPN .ER. 1) IHJFLG = IHP'
25b IF((WFUSE/J4FUSE) .GT. FPACK) GOTO 86
257 55 CONTIrNUE
258 IF(IHPN .EO. I .AND. OFOSE .LT. 0MFIJSE*FPACK)
259 1 CALL HP(N4, Nb,TAMH,TRSMAX,TSTORH,TSTORC,OHPH,OHPC,KwHP,
260 2 TCOVER,TSETCSIUMHER)
261 GOT) 86
262 85 IF(()FUSE .GT. (OrMFUSE*FPSJM) .ANO. IHPN .EQ. 0) GOTO 86
263 IF(IPEAK .EO. 1 .AJD. TSTORC .. E. TSETC) GOTO 86
264 CALL HP(It4,
265 IN6,TANB,TRSMAX,TSTORH, TSTORC,Q-IP4,HPCKWHP,TCUVER,TSETC,



h828T 01 03-01-79 10.180 LABEL HVAC PAGE

2(h6 2SUMMER)
27 IF(rJFUSE .GT. (04FUSE*FPACK)) OHPC = O.
2,8 IF(IHPCIN .EQ. 0) 94PH = O.
2r9 86b COlT ITNIlE
'70 C CALCULATE THE ENERGY ,hALANCE I THE STORAGE
271 DTSC = (1OC3.CT*(1-ICStJl^)+PL)CmC-0Hoc-C3LSC--CB)/RMCSC
272 DTSH = (QCOLCT*TIrSU.+rCS HPH+3ACKUP-'LSH-QHF-n)/RCSH
2'73 rG To 1 0 (
74u 90 Cr; ITllUE

215 C Ct)NVE.'tTI \NAL SYSTEM S5I7ING
c7h IF(I;(:I'V . 'F.. 1) GrOT 1000
?77 0l11. = r'lR/ETAOIL
? 7 AJ r;AS = 1l2H/FTAn ;AS
219 IF(I1Ce .G,E. l).) r OT) 1000
,)'; CALL ACCo'lV(TA'.Tlt, C PCOqn )
' 1 :'*CO:lPC = -r-OCRH/CrC'n

; 2 1000 C',ITId'xillE
.;i8 t O 1S = C UIN + ( Al;),ICtA'
2aJ OHnlL = O(IL*IOIL
2P5 C MISCElLANEll!JS ELECTRIC USAGE (LTGHTING, EOUIPMENTS, DH , ETC.)
2Ah OELFCT = I;DH A* (1 -T AS) + FPOwER + PU!,PC + OELEE
2d7 C ELECTRIC FOR ACES HEAT P!lIP
288 rEACES = KWJHP*15/3. + BACKlIP
2H9 C ELECTRIC FOR CONVE'iT!ONAL HEATIMG

J E290 OEHCON = nHFR*TCONIV*IELECT
Nr 291 C ELECTRIC FOR CONIVENTIrDNAL CDOLIING
--. 292 OECCON = OCCO'PC

243 XDO(T (h1 ) FCIILCT
294 XDOT(7) = )CH
29q XnDT(8) = OHH
29' XYnOT(9) = RDH,'
g97 X00T(1n) = OCTOT
2Q9 XDO(ll ) = DOHIOT
299 XDIIT(1?) = OTAMR
300 XDOT(I'5) = BACKUP
3501 DO 1 ( 1=1 ,NZOINE
302 IF(QLS(I)+OLL(T) .GE. 0.) XDOT(I3+I)=OLS(I)+)LL(Il
303 IF(lQLS(I)+.LL(T) .LT. 0.) XDOTT(2t+I)=QLS(I)+OILL(I)
304 100 COr TINIIE
30n XDOT(3h)= Kl'.P*3a13.
306 XDOT(37) = FPO'nER
307 XDI)T(3H) = piPIIPC
30A Yr)OT( 9) = nH!rAS
309 XYOOT (()0 = OHO IL
310 x lT('41) = OELECT
311 xDOT(4)) = OEACES
312 XDOT(43) = OEHCCN
313 XD0)T(44) = ECCON
31 XLOTn(NSTATE-1) = DTSC
315 xnOT(NSTATE) = nTSH
316 RFTURN
317 ENrJ
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EDIT DATE 03-31-77 **SRqj**

ELAPSED rIME (SEC) 1,07 LINES/MINUITE 17715

THERE 'WERE 1 DIAGNOSTICS IN ABOVE COMPILATION
30K WORDS WERE USED FOR THIS COMPILATION
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1 SU4ROUJT I rJF ACCUNV(TAMI ,COPCON)
2 C THIS SIIH-R()ITNE CO:PITE THE CO'JE CVFrJTIO!L AIR CONIITIONER COP
3 C HASErn )N THE r)ATA Fnw THE RH I-3500-TSK COMPRESSOR.
/4 TC NOD = TA'YH + rO.
5 (3VPC -= e-2"O.*TCOrlO + 498000.
h K'ilHP = .) 0l)S*TCONr)*TCONI) + .O31*TCOND + 17.54
7 C)PCON = UHPC/(K.!;HP*3 13. )
H RE TTRN
9 rJr

EDIT DATE 03-31-77 **SP4J**

ELAPSED TTME (SEC) .13 LINES/MINUTE 40h7

THF'E AERE NO DIAGNOSTICS IM AROVE COMPILATION
26hK nO9RDS AFRE USFD FOR THIS CnOMPILATION

0I
CO
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I S1.1ROUTINE HP(t14,Nh,TAMBTRSMAX,TSTORH,,TSTORC,OHPH,rOHPCKWHP,
2 t TCOVER,TSETC,SIJMNER)
3 C
4 C THIS SIIHROUTINE COMPITES THE ENER3Y FLOW IN/OUT OF A HEAT PUIMP IN AN
5 C ACES. UATA IS CIRVE FITTED FRO'1 HARRY FISCHER'S, ACES CONSULTANT,
6 C PHONE (305) 632 5092.
7 C
n C
9 C

10 C
11 C I\/\/I AIR SIDE I\/\/I AIR SIDE
12 C I I EVAP3RATOR I I CONOENSOR
13 C I I I I
1 C I I OUTrOOR I I
15 C ---------- ------- I-------------------------I--------------------
16 C-------------I--- - -- ----------------------------- I-----------------
17 C I I I.DOOR I I
18 C I I I I
19 C COLO STORAGE I I I I HOT STORAGE
20 C-------------I I I I I --------------
21 C I I I I--------I I I I
22 C I I I I I I I I
23 C ----------I----I---.--I HEAT I---------I----I----- ....
24 C I I PUMP I I /
25 C / I I I II \
2 C \ I I I I I I
21 C / I I I I I I
2R C --------------- T-----I I--------------I---------- .......
29 C I II I
30 C I I I I
31 C------ ------ I I--------I I----.--------
32 C
33 C
34 REAL KWHP, KWHP4, KWHP6
35 LOGICAL SUMMER
36 OHPC4 = 0.
37 OHPC6 O0.
38 OFPH = 0.

40 K'AHP4 0.
41 KWHPh , 0.
42 K'.HP = 0.
43 IF(TSrORH .GT. TRSMAX) GOTO 70
4 IF(SIJUMME) GOTO 5

45 IF(TSTnRC .LE. TSETC .AND. TAMB .GT. TCOVER) GOTO 70
Is 5 TF(TSTORC .GT. 40.) GOTO 50
47 IF(N4 .LE. 0) GOTO 10
48 C HEAT PlUMP WITH THE 4PA3-2000-TSK COMPRESSOR MODEL, RUNNING WITH
4q C TEVAP = 20 F.
50 OHPCO4 TSTnRH*(-.OR33533*TSTOH**3+36.66h^5*TSTOtH*TSTOH-
51 1 bOl1.664*TSTORH+43'133.1) - 1.1492E7
52 K'IHP4 _ -.0002a57*TSTORH*TSTORH*.ta46571*TSTORH+1.26
53 JHPC4 = OHPC4*N4
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54 KW HP = K! H P*N4

55 10 CONTINUE
56 IF ( .IF. 0) GOTO 100

57 C HEAT PI IMP .'ITH THE RhHI-3500-TSK COlAPRESSOR MODEL, RI)NNING WITH

58 C TEVAP = 20 F.
59 r)HPCb = .3333-i33*TSTORH**3-?75.*TSTnfH*TSTORH+276f6h.7*TSTORt

60 1 -9t$tl(i0.
h1 KriH'Ph = .n005*TSTORH*TSTORH+.031 *TSTORH+17 .Sl

6? OHPC6 = rPCh*NC h
53 K'.lPh6 = K'~HPb*N6
64 0GrTn lo0

65 C HEAT PlilPp wITH THE 4RA3-2000-TSK CO*PRESSOR MODEL, RIINNING ;ITH

66 C TEVAP = 39 F.

b7 50 COirINUE

6h IF(r!a .LE. 0) GOTO 60

59 OHPC, = -.16765bh7*TSTORH**3+57.R57Ia*TSTORH*TSTORH8061.90S*TSTOPH

70 1 +586q00.

71 KW.HHP = .t? *TSTORH + 2.4

72 rOHPC4a = 'lHPCq*N4
73 .T- PHP4 K:A'HP4*N94
74 60 ClOHT INLIE

75 IF (h .LE. 0) GUTO 100

7h C HEAT PUMP wrITH THE 6RHI-3500-TSK CO0PRESSOR MODEL, RUNNIN7G WITH

71 C TEVAP = 5 F
7H rjHPC, = .41 hh667*TSTORH**3-1 39.21 3*TSTORH*T STORH+12ia4.a8*TSTORH

79 1 +8b160).
80 KliHPh = .l01*TSTORH*TSTORH+.002*TSTORH+17.76

l8 OHPC6 = UHPCh*Ntb
62 KKHPh = KWHPh*Nh

.3 (;r01 100
8a 70 CUr!TI"\!JE

85 C IF THE AMhI ENT TEMPERATt)RE IS rREATER THAN THE CHANirGE-rVER

Hh C TEPFPATURE, OPERATE THE HEAT PJUIP NITH THE OUTDOOR EVAPORATOR

67 IF (SIIjMERY GOTO 75

88 IF(TST(OPC .GT. TSETC) GOTO 75

59 TF(TAMH ,GT. TCOVER) rOTn 90

90 C I'N THE CASF THAI THE HOT STrRAGE ITN TEMPFRATtiRE I GRE ATER THAN

91 C L lt IT, UISF 3UTDUI)R AIR C0IL C DONE'NSER. TEVAP = 20 F.
9? 75 TCONI) = TANrt+20.

93 IF (N .LE. 0) GOTO r80

9q4 JHPC -1=110.*TCO)IN + 247700.

95 K.,HP4 = -. 000( 2R57*TCON0*TCDON+. 1 4657 1* TCOND+ .26
96 OHPC C = UH PCL4*1'J

97 KiHPR4 = KWrHP4*'M4

98 80 CON;T I NlE
99 IF (Nf .LE. 0) SOTO 100

100 r)HPC6 = -2300.*TCOND+i!9R000.

101 K tHPh = .)(o05*ICONO*TCOND+.031*TCOND+17.54

102 OHPCh = )HPCh*r'!
103 K P -h = KKHHPh*Nh
104 G(TO! 100

105 90 CONTINUE

106 nHPC = 0.
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107 rJHPH4 = 3292.86*TAMB + h8532.98
10H HPHI = UHPHU*35./20.
109 0HPH = fOHPH4*N14 + rtHPH6*N6
110 KWHP4 - .OR8*TAMH+l1.04
111 KWHPf6 KWHP4*35./20.
112 KOJHP = KWHPI*N4 + KWHPb*N6
113 GOTO 1000
114 100 CONTINt!E
115 OHPC = OHPC6+!IHPC4
116 KWHP = KIHP6+KWHP4
117 IF(TSTORH .LE. TRSMAX) OHPH = OHPC+KtHP*3413.
118 1000 RETURN
119 END

EDIT DATE 03-31-77 **SR4J**

ELAPSED TIME (SEC) .42 LINES/MINUTE 16987

THERE EHEE NO DIAGNOSTICS IN ABOVE COMPILATION
27K NWORi)S w.ERE USED FOR THIS COMPILATION

cp
1-
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1 SUHnillT PTE ENTHLP
2 C THIS OlJTITNE 'OMPUTES THE ENTHALPIES OF THE STATE POINTS AT THE
3 C ECn;OMlI ZER
4 C
5 C
b C
7 C EXHAUST
A C I I I I
9 C I I I I
1) C OUTDOOR I I I I
11 C--------------------------I I----------I I-----------------
12 C--------------------------I I----------I I----------------
13 C INjDOOR I I I I
14 C I TAMB I I
15 C I (HAXB) I I I
1h C I I DAMPER I I
17 C J//////////T---**----I////I
18 C I I *** I I---------
19 C I I I I
20 C I I I I I---------
21 C ------------------- I I---I-----I
22 C IIIII II / I-------.
23 C IFANI T II / TZ(I)
2a C IIT E II / I--------
25 C I x II HWuMIDIFIER OR / TMIX I
2h C III I II DEHUMIDIFIER / (HI^IX) I---------
27 C I III T II /
?8 C IIII II / I---------
29 C -------------------------------------------- I
30 C
31 C
32 C
33 COMMON /CTRL/ A( I3), NTARLE(?E), X(50), XDOT(5v), IRTYPE,
314 2 DT, CTHETA, NSTATE, TIME, TSTnRC, TSTORH, ARFA,I wK )AY
35 3 IWFRKD, IYEAR, 'TONTH, TA Y, IHOIR, TAMH, RARP, IHOL
3h6 44 ,RMCSC,UASIC,qCF1JSF,CTIME,ACDAYtO NTHIC, ISIZNG,RtC SH
37 5 , UASTH, I!E. F', I IIIFl. G, TCOVEFR
3Ft C(IHMON /HVACS/ iiA, HEXIT, HZ ll), 0 .S( ll), OLL (1 ), NZONE,
39 1 T (ll),RH(1II), OFIISE, nOMF ISE, mELEO
40 COM'I(OI /SrIL'Al/ S(C' 5)
41 LOGICAL TFIRST
42 DATA TFIRSI/.TRlIF./
43 IF(.NOIT.IFIlST) GOTO 10
44 TFISIT = .FALSE.
45 C CALCULlATE THE [IFSIG( FAN EXIT ENTHALPY
4b6 ExIT = A(t8)
47 RHFXIT A(lq)
4 SRHlMllAX A A(21)
49 PVSE PVSF(TEXIT)
50 PVE PHEXIT*PVSE/10n.
51 'E = .6h?*PVE/ (FA-P-PVE)
52 HEYIT = .21*TEXIT+(10l.+.444*TEXIT)*«wE
53 10 C),,TI NUF
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54 C COMPUTE THE ENTIHALPY OF THE RETURlNING nlICTS
55 no o11) I = 1,NZOlE
5h IF(uH(I) .GT. RHRMAX) RH(I) = R-iq4AX
57 PVSZ PVSF(TZ(I))
58 PVZ = RH(I)*PVSZ/100.
59 WZ = .622*PVZ/(H4M!P-PVZ)
60 HZ(I) = .2*TZ(I)+(1061.+.R444*TZ(T))*WZ
6h 100 CONTINUE
62 C CALCULATE THE AMRIErIT AIR ENTHALPY
63 PVA = PVSF( nEEP)
6L4 WA - .h?2*PVA/(BARP-PVA)
65 HA = .24*TAMR+H1Ii6hl.o444*TAB}8)*NA
6h RETIURN
61 ENI

EDIT DATE 03-31-77 **SRPJ**

ELAPSED TIME (SEC) *.2h LINES/MINUTE 14906

THERE 0WERE NO DIAGNOSTICS IN AROVE COMPILATION
26K WORDS wERE USED FOR THIS COMPILATION

0-
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1 SULlt-OIIT l )E FIJSIOtJ

2 C THIS RI)'UTINE CO1MPUTES THE A'OUlT OF HEAT OF FUISION IN THE STOIRAGE

3 C AID) KEEPS TRACK OF THE ICE BUILT JP AND TEMDERATIRE CHANGE
4 C
5 CO'lruOrN /CTRL/ A(13S), NTAfLE(20), Y(5n), XO)T(50), IPTYPE,

6 2 OT, CTHETA, NSTATE, TIE, TSTORC, TSTORH, AREA,I':,KDAY,
7 3 Iv;ONKI IY) , IYMEA T INT, IDAY, IHOIUR, TA: 1H, HARP, IHOL

8 4 ,.' C SC , IIA ST C , OCFIISE , CT TI E , C D AY , M()N THc , IS I Zhr , Rf.t: SH

9 5 ,lUASTH, l)DE.P, IIIFLG, COVER

10 COnMON /HVACS/ HA, HEXIT, HZ l 1), QLS(I ) , QLI(I 1), NZONE,

11 1 TI ( 11),9H(1 l'), nFJSE, QF USE, nEL F
12 COritln /SOLAR/ S(35)
13 f (OFlISF - lu3.b*R'4CSC
la O)TFIISF = .

15 C CALCULATE THE HEAT )F FUSICON IN TIE STOnRGE
6 IF (TSTORC .GT. 32.0 .AilO. FFIISE .LE. 0.) GOTO 1020

17 IF(TSTORC .LT.320 of .AND. FJSE .GE. QlMFU)SE) GOTO 1020

18 IF(TSTOPC .LT. 3,'.') GOTO 1010

19 OxCEEf = Rk:CSC* (TSTORC-32. 0)

20 OFIISE = .FlI.SE -fJXCEE

21 IF((F!ISF .GEE. 0.) Gf)TO 1015

22 DOT;!SE = (FJSE/R"CSC
23 nF'ISE 0.

24 GOln 1015
25 1010 qxc-CFn = RlrSC *(32.0-TSTORC)
2b CFIISE = E FI.ISE + i'XCEEO

27 IF (OFISE .LE. glFOlSE) OT1) 1015 -
28 FDTFIISE =-(UFIISE- :.iFU SE)/RAtCSC -

C

29 OFO SE = i,.FUSE

30 1015 TSTfIRC = 32.0 +DTFUSE

51 1020 CI J TINIJjE
32 C RESET STORAGE IEFPEWATUJRE FOR OUTPUT PURPOSE
33 X(rSTATE-l) = TST)RC

34 IFf(FIISE .LE. OCFUSE) GOTO 1100

35 OCFIISE I= OFISE

3h CTI'F = S(5)

37 MCOAY = S(4)

38 MOr,:THC = IMONTH

39 1100 CONTIMUJE
40 ?ETIRN

11 EN)

EDIT DATE 03-31-77 **SR4J**

ELAPSED TIME (SEC) .20 LINES/IINUTE 11939

THERE mERE NO DIAGNOSTICS IN AROVE COMPILATION
2'K AOROIS AERE USED FOR THIS COMPILATION
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1 StUIROOTINE CHARGE(MODEC,1AVAIL, 3OLCT)
2 CO)MMON /CTRL/ A(1t3). NTARLE(20), X(50), XOOT(50), IRTYPE,
3 2 DT, CTHETA, NSTATE, TIME, TSTORC, TSTORH, AREA,tIJKOAYo
4 3 I'l)RKO, !YEAR, IMONTH, IDAY, IHOIR, TAMN, HARP, IHOL
5 4 ,RMCSC,UASTC,JCFUSE,CTIME,MCDAY,MONTHC, ISIZNGRMtCSH
h 5 ,UASTH,E'P,IHUFILG,TCOVER
7 COMMON /HVACS/ HA, HEXIT, HZ(l1), QLS(11), OLL(l1), NZONE,
8 1 TZ(lt),RH(11), OFUSE, IMFUSE, QELEQ
9 COMMON /SOL'AR/ S(35)

10 COMMON /SIZING/ QCnS,OH:)S, 9-ICONS,HnAY,HCOLL,ATOTALNROWS,LROW
11 I ,NSE ES,LC3LL!lCCONS QCLCON
12 COMMON /FL)W/ MDOTCC, MDOTCS
13 REAL LCOLL,LROW
10 DIElFSTON TITER(O0),QITER.(10)
1S LOGTC L TFIRST
16 DATA TFIRST/.TRUE./
17 REAL MDO(TCC. I)OTCS,MCMIN,MCiAX
18 IF(.NOT.TFIRST) GO TO 10
19 TFIRST .FALSE.
20 E = 4.
21 SERES = FLOAT(NSERES)
22 HOILPT = A(53)
23 MSTEP = A(74)
24 TZERO = A(7h)
2% IJLPIPIA(79) (
26 IJLPIP2=A(H)O)
27 PLOSS = EXP(-ULPIPl/IO.TCC)
27 PLOSS2 = EXP(-ULPIP2/MDOTCC)
29 MCMIN = AMIN1(MDOTCS,MDOTCC)
30 MCMAX = AMAX1(.DOTCS,MDOTCC)
31 tUO = MCIN/MC.1AX
32 IAX = A(55)
33 IF (on ,GE. 1.) GOTO 5
34 EXPCS = EXP(-(1. - QIJO)*IIAX/MCMIN)
35 ECS = (1. - EXPCS)/(1. - QUO*EXPCS)
36 GOTO 7
37 5 ECS = UAX/(MCMIN++AX)
38 7 TCINI = TSTORC
39 10 CONTINUE
40 DO 130 N=1,MSTEP
41 DO 120 K=1,2
42 MSIEP1 N
43 TCIN2 = TAMl + PLOSS1*(TCII1 - TAM8)
£404 CSrFT = 0.
45 OCOLCT = 0.
46 TITER(1) = TCIN2
07 DO 110 ISERES=I,NSERES
48 CALL C(LECT(TITER(ISERES),OCSOFT, AVA IL 0)
49 OITER(ISEHES) = QCSOFT*AREA/SE4ES
50 TCOIT1 = TITER(ISERES) + (oIrER(ISERES)/MDOTCC)
51 TITER(ISERES+l) = TCOUTl
52 110 OCOLCT : ICOLCCT + OITER(ISERES)
53 TCOUT2 = TAMB + PLOSS2*(TC)UTI - TAM8)
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54 IF(TCOUT2 .LT. BOILPT) GO TO 115
55 TCOUT2 = UOILPT
5h 115 TPINt TCOUTJT - (MCMIN/410OTCC)*(TCOIJT2 - TSTORC)*ECS
57 IF(K .EO. P) GO TO 1?0
5R ERRI = TPINI - TCIN1
59 IF(AHS(ERRI) .LT. TZERO) GO TO 150
hO TONE = TCIN1
61 TCI.NI TCTNI + E*SIGN(1.0,ERR1)
62 120 CON(TINIlE
63 ER = TPINI - TCINI
6a SLOPE = (ERR2 - ERI1)/(E*SIGN(l.0,ERR1))
hS rOELTA -ERRI/SLUPE
66 TCIill TONE + DELTA
67 130 C' :JTItUE
68 V'PITE(q9,lO) S(5),S(4) ,MSTEPh
9 10 FORMAT(12H RARNING, AT,FF9.,7H ON OAY,14,6H TCINI

70 1 20H DOES NOT CONVERGE AF.TER,h6,11H ITERATIONS)
71 150 TCINI = TPINI
72 OCOLCT = MDOTCC*(TCOUT2 - TCIN1)
73 IF(TCOUT2 .LT. (TSTORC+3.)) OCOLCT = 0.
70 RETIRN
75 ENO

EOIT DATE 03-31-77 **SRuJ**

ELAPSED TIME (SEC) .34 LINES/MINUTE 13042

THERE ,'ERE NO DGIAGNOSTICS IN AROVE COMPILATION
27K OR(OUS ntRE USED FOR THIS COMPILATION
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1 C
2 FUNCTION PVSF(X)
3 OIlEN SION A(f) ,H(') ,P(4)
4 DATA A/-7.90q2,S.AU,5.02R,-l.3816E-7,1l .3441,a.1328E-3,-3.U919/
5 DATA i /-q.6971 e,-3.5hh4,0.f767q3,O.0060273/
6 T=(X+45Q.h8H)/1.R
7 IF (T.IT.?273.6) GO TO 10
8 Z=37'.lh/T
q P( 1)=A()*(Z-i.)

10 P(2)=A(2)*ALO(;t1(Z)
It Zl=A(4)*(l-I/Z)
12 P(3)=A(3)*(10**Zt-t)
13 ZI=A(h)*(Z-1)
14 P(a)=A(5)*(10.**Zl-l.)
15 GO TO 20
16 10 Z=273.1h/T
17 P(1)=f(1)*(Z-1.)
18 P(?)=B(2)*ALOG10(Z)
19P(i)=R(3)*(I.-1./Z)
20 P(4)=ALOG10(4Ht))
21 20 St14=0
22 DI) 30 1=t,4
23 30 SIIM=SIM4+P (I)
24 PVSF=29.921*10.**SUM
25 RFTURN
2h END

EDIT DATE 03-31-77 **SR4J**

ELAPSED TIME (SEC) .19 LINES/MINUTE 8031

THERE WERE NO DIAGNOSTICS IN AROVE COMPILATION
2bK AOROS WERE USED FOR THIS COMPILATION
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1 C
2 $ RrIi l IT ItJINE INPUT

3 Co)MtOlrN /CTrL/ A(1R3), NTABLE(20), x(50), XOOT(50), TRTYPE,
4 2 nr, CTHETA, NSTATE, TI-ME, TSTORC, TSTORH, AREA,IWhKDAY,
5 3 It,'RK[), IYEAR, TMDONTH, TDAY, IHOUJR, TAMR, HAR P, IHOL
6 4 ,PMCSC,tlASTC,UrCFUSE,CTTME. MCDALTONTHC, TSIZN(,RMCSH

7 5 ,UASTHr, i)P, IHJFLG,TCUVE9
8 COP)M!CONM0 /SCH)DL/ T.AIELt. ( 12) , YHOT,/ (24) ,PEOPLE (24)
9 D I!- EN S IN LAHEL (1 ) ,I1PA4R IN (13)

10P R A : HO. , L I GHT

11 CHA4ACTFLA LAitEL*6, IMARP [N*
12 MAXA = 0
13 READ(5,510O) ]Ai'AR;TN
14 , I ITE(9, 1000) MAR GIN
15 100 R 4AI)(5,20Utl) M, DIUM, LABEL
16 IF(N .LE. 0) GO TO 200
17 IF(:N .GT. MAXA) MAXA = N
18 A ( ) = OU L

19 wqITE(9,3(OO) N, A(N), LAH-L
20 GO T0 1 00
21 200 REA)(5,2(0) (T,'ELL(I) I =I,1 )
22 Re 1API(,20) (MHriTl(I ) , =1 ,2/4)
23 REAI)(S,?0) (PEOPLF (I),I=l, ?a)
2a4 vITE(9,913) TOELL., H[IT, PE OPLE
25 913 FU(RtAT (2>X, 2H>!ELL A TER TE 'PERA TRE, 2X, 2FH.S/
26 12X,22H HOT JATER SCHEDUJLE,?X , PF.3/26X, 12F8.3/
27 22X,2?H OCCIPANCY SCHEDU)LE, 2X, 2F8.3/26X, I ?F8.3)
2H PRFAIl (S,J000() NTAr;LE
29 RITE(9,5000) NTA,ILE
30 20 FOPMAT(V)
31 PETIIPIf

32 500 FIP'lP AT(31A6)
33 1000 FOGAT( HIIH,17H INPUT PARAMETERS,1X,13A6//)
34 2000 FORnr.AT(I5,F15.0,10AS)
35 3000 FOCT!,1T(3H A(,I3,1H),G15.5,3X,10AS)
36 400O FnkiT (20 T4)
37 5000 FORFMAT(///4OH OUTPUT TA13LE AnD PDLOTS FOR DAYS LISTED .20I4)
38 ENI)

EDIT DATE 03-31-77 **SR4J**

ELAPSED lIME (SEC) .22 LINES/MINUTE 10224

THERE NERE NO DIAGNOSTICS IN ABOVE COMPILATION
26K wORDS AERE USED FUR THIS COMPILATION



b828T 01 03-01-79 10.1R3 LAREL STEP PAGE

I C
2 SIItROUTINE STEP
3 COMMON /CTRL/ A(lt3), NTA3LE(20), X(5O), XDOT(50), IRTYPE,
a 2 nT, CTHETA, NSTATE, TIME, TSTORC, TSTORH, AREAIKnD)Y,
5 3 IWORKD, IYEAR, IMOINTH, IDAY, IHOIIR, TAMB, RARP, IHOL
6 a ,RMCSClJASTC,OCFUSE,CTIME,MCnAYMONTHCISIZNGRMCSH
7 5 ,UASTH,rDEP,IRtlFLG,TCOVER
8 COMMON /SOL'A/ S(35)
9 CALL DERIV

10 C INTEGRATE STATE VARIA9LES
11 IF (TIME.LT.I.E-06) GO TO 5
12 DO 300 N=l,NSTATE
13 300 X(N)=X(N)+XDOT(N)*OT
14 5 CONTINJUE
15 TIME = TIME + nT
16 S(5) = S(5) + OT
17 RETIJUN
1B ENn

EDIT DATE 03-31-77 **SR4J**

ELAPSED TIME (SEC) .14 LINES/MINUTE 7230

THERE WERE NO DIAGNOSTICS IN ABOVE COMPILATION
2S6.K OROS WEHE USED FOR THIS COMPILATION

\0
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1 C
2 SIlIRu UT I lE CHnLITPUT (A RA Y, START, I ,J,NAME)
3 OI-'FENSTON ARkAY(IJ), NAME(J)
4 CIHARAC TF R NA-lE*h

5 M = J/8

h MLAST = MOn(J,8)
7 IF(nLAST .IE. 0) M = M + I
8 IF('LAST .FQ. 0) MLAST = 8
9 )0 200 ir.l = I,, M

10 Jl = f .*( l M-l) + 1
11 J2 J1 + 7
12 IF(M!;, .FO].M) J2 = JI + MLAST - 1
13 \IRITE ,(9, 1000)(rNAE(JJ), JJ = J1,J2)
14 1)( 10 'r Mr = ISTART.I

.5 IF(TSTART .r;T. t .OR. I .,T. 1)
1 I vR RITE(9,2 000) NN,(4 :;R AY(NN, JJ) JJ = J1,J?)
17 IF(ISTART E. .I .ANi. I .EQ. 1)
1A 1 VWRITE(9,3000)(ARRAY(NN,JJ),JJ = J,J?2)
19 100 CONTINUE
20 200 CONTINUE
21 RETIIRN

22 1000 FlNMAT (//5X,8(4X,Ah,3X)/)
23 2000 FOATAT( I4,8(2X,1?E11.4))
24 3000 FOANAT (4X, 8(2X,lPE11.4))
25 ENDr

EDIT DATE 03-31-77 **SR4J**

ELAPSED TIME (SEC) .19 LIMES/MINI1TE 777'0

THEME NEME NO DIAGNOSTICS TN ABOVE COMPILATION
26?. AOROS WERE USED FOR THIS COMPILATION
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I C
2 StIHPROITINE SIUN(MODE)
3 CO':iflN /SIOLAR/ S(355)
u DIMENSION AO(5),A1 (5) ,A2(5),A3(5) , 1 () , ) ,3(5)(5
5 DATA Ao/. 30,-. 0002,3h8..4,.1717,.0905/
6 DATA l1/-22.93,.4197,24.52,-.0344,-.o0'O/
7 DATA A2/-.?29,-3.2265,-1 .l",.05? .0073/
R DATA A3/-.21',-.0903,-.109O, 002' .0015/
9 DATA' H /3.SM1,-7.351,.53,-.0013,-.OO03U/

10 DATA 2?/.oA2,-. 3912,-.I t,o., .00O/
11 DATA R3/-. 05,-.3l56t , .?$, Oo-.o00o>/
12 REAL LA ,l.AT,LICG,MER I O, LOON
13 C S(l): LATITLJOE, OE;REES(+NN(IRTH,-SOIJTH)
la C S(2): LONGrTUT)E,OEGREES(+vtEST,-EAST)
15 C 5(3): TIM4E ZOf'E NtIMHER
h6 C STANOAROI TIME DAYLIGHT SAVING TIME

17 C ATLANTIC 4 3
18 C EASrERN 5 a
19 C CENTiAL 5
20 C MOUNTA IN 7 6
21 C PACIFIC 8 7
22 C S(4): DAYS(FROM START OF YEAR)
23 C S(5)= TIAE.,HO[lR AFTER MIDNIGHT)
24 C S(h)= DAYLIGHT SAVING TIME INIICATOR
25 C S(8)= CL.EARNES5 NLUMER
P6 C S(11)=SIIN RISE TIME (HOURS AFTER MIDNIGHT)
27 C S(l)=:StJN SET TI 1E
28 C S(1 ):COSZ DIRECTION COSINES
29 C S( 14):C(SN DIRECTION COSINES
30 C S(15):CUS(S) DIRECTION COSINES)
31 C S(16)=ALPHA DIRECTIO'J COSINES NORMAL TO SURFACE
32 C S(20)=SOLAR ALTITUOE ANGLE, RADIANS
33 C S(21)=SOLAR AZIMUTH ANGLE, RADIANS
34 C S(22):=nFFLSE SKY RADIATION ON HORIZONTAL SURFACE
35 C S(?3)=TOIAL HORIZONTAL RADIATION ITH
36 C S(2A):DIRECT NORMAL RADIATION
37 C S(28)=SlUN OECLINATION ANGLE OELTA, RADIANS
38 C S(29):=EnUATI>N (!F TIME ,H3L)RS
39 C S(30) = SOLAR FACTOR A

o0 C S(31) = SOLAR FACTOR 8
41 C 5(32) : SOLAR FACTOR C
12 C S(359)SOLAR HOUR ANGLE OMEGA, RADIANS
43 DATA RPH/0.2617993M8/
41 PI=3.14 159q26
45 TWO'll1:=628318531
46 IF(M(OE .NE . 0) GO TO 15
47 C COMPUTE DECLINATION, EDUATION OF TIME, APPARENT SOLAR CONSTANT,
48 C ATMOSPHERIC EXTINCTION COEFFICIENT, SKY DIFFUSE FACTOR,
49 C ANtI SUN RISE AND SUN SET TIMES ONCE EACH DAY.
50 X=2*PI/3h6.*S(4)
51 C:lCOS(X)
52 C2:COS(2*X)
53 C3:COS(3*X)
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54 SI=SIN(X)
55 S2=SI'!(2*X)
5h S3=I5(3*X)

57 00 10 K=t,5

5ti KS=(K-1 ) +28
59 10 S(KS)=AO(K)+A1 (KC2CK)l+A2K)*C?+A3(K)*C3+81(K)*3Sl+2(K)*S
hO 01+ 3 ( K )*S 5

hi S(2$) = S(2q)*PI/180O.

S2 S(24): (2'-))/h0.
h3 LATI)=S( )
b L0rlr,=5s(P)

f5 ME kr iT)=15*S(3)

b6 LONOt=LOIJG- F.RI

h7 Y = 5(?¥')
8h 8YY=LATOF*PI/lQ.
h9 qHPs=-$1 SI l(Y)/c(ls (Y) *SI N(YY) /COS(YY)
70 TR=1 2/fPT*AC:1S ( H)
71 S(11 )=(1?-rR-S(2q)+LONO/l5.
72 S(12) = 5(11) + 2.0*TR
73 C CO)'PIIT F DATLV Cr.)NSTANTS
74 TYY=SIN(YY)/C()S(YY)

75 TY=STI(Y)/COS(Y)
76 CY=COS(Y)
77 SY=, I N(Y)
78 CYY=COS(YY)
79 SYY=SITN(YY)

O A C P C S(HP) N

li HPI = ARC1S(HP)
¢2 Xl =AnS(H'I)
83 GO T0) 13C0
84 C COMHFITE THE FOLLOWING SIUN PARAMETERS ON EACH DT CALL
r5 15 CUiT INIIE

6h C COMPJITF SOLAR H4)IUR ANGLE
A7 H = -RPH*(S(5)-12+S(3)+S(29)-S[(S) + S(2)*PI/180.0
88 5(35) = H
89 C IS THe SliF UP
90 X?=:AS(H)

91 IF (X1-X2) 130,20,20
92 C COMPUTE SOLAR DTIECTION COSINES
93 20 S(13)=SYY*SY+*CCY*CCOS(H)

94 S(la) = CY*S[tl(H)
95 S(15)=-SYY*CY*CUS(H)+CYY*SY

96 C COlMPIJIE SrfLAR ALTITUDE ANI) AZIVULTH

97 50 S(20)=ARSTN(S(1j))

98 S(?l)=(PI-A'COS(S(15)/COS(S(20))))*SIGN(1.O,H)
99 C CO:'1PUTE NADIATr(IN; INTENSITY

100 CALL FXOPT(89,1,1,0)
101 S(24)=S(3(0)*S(N)*EXP(-S(31)/S(13))

102 CALL FXOPT(R9,1,0,0)
In3 S(22)=S(32)*S(24)

lt04 S(25) = (5(3?) + S(13))*S(24)

105 GO TO 150

106 130 S(24)=C.
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1(17 S(22)=0.
10 S(2 4)=0.
109 150 CONTINUE
110 RE riRN
111 END

EDIT DATE 03-31-77 **SRuj**

ELAPSED TIME (SEC) .J3 LINES/MINUTE 15169

THERE WERE NO DIAGNOSTICS IN ABOVE COMPILATION
27K NORDS WERE USED FOR THIS COMPILATI)N

Cn

LO
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OR'GI.41,J iATE vMOnLE i'4TRY LOCATION ENTRY LOCATION ENTRY LOCATION ENTRY LOCATION ENTRY LOCATION

S'.'HPROnRANS I'CLJUF)O IM' DECK.

F OPTION FONTRAN
154512 03/01/79 .......... 15S12

rl.1CK COOM'J()N .DATA. 15010 STZI7ir 153774 HVA:S 153676 CTRL 153162

150?2h 03/01/79 AtCS ACESI1i 159'i26

,L1JCK CO"'O'N .DATAT. 07711n e,'EATHi 07ui02 FLO. 0711500 SOLAR 071434 PLOTTR 074426

SIZI G I1.3/7a FANJ 010422 HViCS 153676 CTRL 153162

0734176 i3/01/79 LPPL LPPLIlT 073a76
-LOCK CO') il ', . ATA . 0725a0 PLOTTP 07 U25

0/15 )0 )3/il//9 CSIZ CSI7E 071500

5i OCCK C AO 1 I .A TrA . 0)7111i, CT'JL 153162
0676/40 U3/01/79 C;LE COLECT n76h40

HL CKi C'I'II)'J .O Tt. h 075920 FL3W 0171500 SOLAR 071341 SIZING 153774 CT L 153162

Ob 6. 2 0 /01/7/ DEtH IIE I V 066 L 2

>'L)CK C)4.'-0N .!)ATA. OJ,300 HVACS 153676 SC -)L 0642014 WEATHR 074502 SOLAR 074134

CTRL l3I{62
0S37n4 03/01/79 vK I)A I.nAlY (i6.37'i

.oArA. 03b650
O533?q 4 ) /01/79 HOLD HUIDAY Oh6. ?l

.D IA . 0 4 3: I I

0ld6 i) 03/01/79 HVAC C HVAC Ioh

aBLfCK CO4iOv, A . 0AT6A. 1 0O SOLAR 07a434 SCHDL 064204 SIZING 153774 FAN 0714a22

HVaCS 5:i367h CTRL 153162 I

0s113/ (03/01/19 ACCO ACCIl'V 06 1 134
,0;TIA. O Il a

h06356h 05/0 1/79 HP HP k0S03%6

.D4TA. OhU6'h?

06Cll 0(O/01/'1 Ef'NTH EilTHLP Ol 0)11(

H.L(CK C(1"!'n, l .'nATA. ')h00'i( SOLAR 07a4534 r VACS 153676 CTRL 153162
051724i l(S/01/79 Fll'il FIISI:I4O 0s772

OL-OCK Cl'l)"'
:

N .0A TA. US7700 SOLAR 0774q34 HV1CS 153676 CTRL 153162

051306 03/01 /7 C9AR CiAA GEs CS730h

HLOCK Cln'-.ON ' .DA1 A. 057160 FLO (I 074500 STZING 1557714 SOLAR 0744311 HVACS 153676

CTRL 15i31h2
057012 03/01/79 PVSF P',SF 057012

.; A A 0567 0

056nu70 0i/0'/7° INPl) I.:PloT lha70

tA. OCK C(O'.: iU, A . ATA. 0n6330 SCHDiL 0642?0 CTRL 153162

0596270 )3/01/79 SIEP STEP o05h70
3LOCK L C()"-lO'N .)ATA. 05hr0 SOLAR 074434 CTRL 153162

05hO600 0 /0!/79 Ct(I.l COI)U.TP 0s6nq0

.DATA. 05i770

055212 04/01/79 S!Jr SUN (5?212

BaLJCK COr)^
!
'-
l .1i)TA. 055060 SOLAR 074034

05?7a0 03/01/79 EC.lN ECnr)'O.1 05;27a0

JLOCK CO-IIIr, .I0ATA. n2ithO OIITP 052?02 DAAVD 052374 ACES 0523112 BILL 052266

FI; EL tl) 7/4 EC( 051250

059'010 03/01/79 A .'Oll -'.:0!T'lT 0.o0iin

BLOCK CO'-ilrOi .OA1A. OQ7460 D MAN !) )05?37 a ACES 052342 FUEL 051674 ECON 0512501
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ORIGIN OATrE 'M()ULE ENTRY LOCATION ENTRY LOCATION -NTRY LOCATION ENTRY LOCATION ENTRY LOCATION

047552 11i/01//9 I!CAL )OCALC 0417s2
HLOCK C:)',I')N .OA rA 00/7550 OMANn 052574 EC3N 051250

046052 03/01/79 CUEL FIIELCO 046052
B3LOCK C')Oniq .!ATA. , 1'5720 ACES 052342 81.L 052266 FUEL 051674 ECON 051250

045576 03/01/79 HILL RfILLI 4 0145576
BLOCK C3'MO-"0 .01TA. 045550s HILL 052266

043300 03/01 /19 JlUTP OUTPUT 103300
ML(OCK CU'O*l)l .OATI. 0'12a20 OUTP 052402 AC 052342 FUEL 0516774 ECON 051250

011734 03/01/79 ACES ACESCO oa1734
PLOCK CO()M:-l) .·)ATA. 0415O00 ACES 052342 ECON 051250

SI'HPPOGRAMS OHTATINED FROM SYSTEM LIRRARY

OQI131 7t/06/11 Fv;RP .CE.L. 041373 .FEXIT 041312 .A;LIST 041376 .wLEND 041410 .FDSLD 041411
.ASRT 041371 EXIT 041312

t01134 76/06/11 FALC .FOSGT 0411.3 .FDS.L 041244 .FOSCH 041305
0'1130 76/0/11 FSIP .F0SET 041130 FI)IIMP 01J1131 FOE1IIG 041131
U097h6 /h/ul/05 FDXP .Ff)XP? 041015 (OPOw 04101U 9 Fx?5 040766 .FXP6 040770 .FDXP3 041002

.FXP 041 006
040554 71/03/la FOLG O LOG 04055 DLOr2 04075 D LOGI0 040565 .DLGIO 0a0570 .DLOG 040557

. LOG2 04o1)h?
040360 76/01/n5 FOEX nExP 04 0 3.60 DXP2 040372 DEXP10 040365 .nEXP 040363 .DEXP2 040375 ,
(a40?14 75/09/10 F2?XP .FXP2 0oun214 .FIDXP 040216
0o4012 16/01/oS5 F3XP .FXP3 o04 102 P0v o012 L n

037750 1,/03/P2 FSI.' SIN 037756 COS 037750 .SI 037761 .COS 037753 .SINI 0377S6
0376b0 7/01/05 F fSR S)RT 0 76f60 .Sa4T 0375h2
0;'1474 7//03/14 FALG ALOG 0l37/47 ALOGl? 0 3 16 AL0o10 057505 .ALG1U 037510 .FAL)OG 037477

.ALOG2 037522 .ALOGI 037474
037236 7b/03/2P FASN AHSIN 072a41 ARCOS 03723'6 .ARSIN 037242 .ARCOS 037237 ASIN 037241

ACOS 037 h
037056 75/01/05 FEXP EXP 057(66 EXP2 037100 EXPIO 037073 .EXP2 037103 .EXP 037071

.EXP1 0370h6
056752 70/05/19 FSLO .FSLO. 036752 .FSnO. 036757 .FSLI. 036763 .FS)I. 036767 .FSII. 036773

.FSIO. 036777 .FSI. 0 037003 .FSRO. 037007 .FS21. 037013 .FS20. 037017

.FShI. 037027 .FSeO. 037033 .FSCI. 037037 .FSCO. 037037 .Fx21. 037023

.FX20. 037025
035520 76/10/21 FROH .FRD3. 0o'6153 .Fw;RI. 035713 .S'RLT. 036452 .FHDT. 036 a36 .FRLR. 036336

.Fi;LR. 036371 .F rHC. 036301 .F 3CA 056277 .FBLI. 036h70 .F3SI. 036470

.FXOI. 036470 .FB1)I . 036472 .-8LO. 03647h .FRSO. 036474 .FXnD. 036474

.F00. 036476
035254 77/03/30 FROD .FROO. 035a/10 .FWRD. 035441 .- PIlN. 0350442 .FENC. 035443 .FDEC. 035444

.FRC). 0354/5 .FPR'J. 0354"6 .FTTN. 055447 .FFIL. 035i50 .DOCNV 035451

.BDCNV 05354'75 ..A8LK 035267 .3C3MP 035316 .. LNSZ 035326 .. A37R 0.5424

.PRNIT 035271 .ASTRK 035614 .. TC 035273 .POINT 035313 .SIGN 035314

.FRMTR 035514 .FRMTZ 0 35514 .PIIINT 05-5272 .FILL 0353?4 .A2 n3526h0
.. A7 035322 .. A1 0 35260 .. 3 035270 .. A4 0353. . . 035324

.. A9 035327 .. A 13 035330 .. A 1| 035331 .. A15 035332 .. A17 035333

..A18 0352h0 .. 21 035535 .. 2Ai 035260 .. A30 0n3'513 .. A31 035347
.. A7 035344 ..32 035372 .. A3 035374 ..A34 035370 . .6A35 035376
.. A3 0350425 .. 1l 035437 .LPRCH 0355.22 CMACH 035263
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ORIGIN DATE MODULE ENTRY LOCATION ENTRY LnCATION -NTRY LnCATION ENTRY LOCATION ENTRY LnCATION

.ECHR 035266 .I1IPPRT 03265 .IIPPF 0356 .L'A'T ( 3.2h5 *LWMF 03526h

."CThO 052?61 . .A i2 03525' .F XIC . 03525; .. 51 (' 5?5 C' I 6 0 ' )3ih6

031464 77/12/05 FUIO .F RI 03L243 .FR T 040335, :P 030331 .FNC 050552 .FOC 030lhOU
,FCO 0301 23 .FPR 0 3 3 3 FL 03.535 .FRT 0 1i 5 1 I .101 05 31 57
.1115 031271 .LHCIR o3561 I F RnC 0352'l2 .FCNVI 02?277 .F2NMVR 0323(i6
.FC¥v 2 0 ?312 .SKP-3] (3;25, I \CTR (0 5246 .CKST A 032501i .FMSCI 0 1517
.Fr.'SC2 031505 .FISCO 031522 :WSCS5 031557 .F!4SC6 031531 .EFFLG 0Ol352i5
.SVpr 031U70 ..FTI O1'3 5 .IGTi RG 030346 .SXIT 031570 .°TI12 0324413
.L'.ulOiN 0'<4(632 ° *.'Hik' 03226i .V'LISI 032212 .CSCFP 031 1 .CFFX ) :031 (.2
.FEFL T I l(,(,L .F )F L_ 0.1663 .CSLSH '030l102 .C[rCPT O6201 .CSCF'4 031bl0
.CC'!A A 031h26 .CRPAR 03!722 .CLA 031666hhh .LCIIF A n05162 .SK, PH3 032273
.CKSTP 032'162 .. CKST 032?'173 .Dn)Til' 0351 44 .. STOP 032721 .VCO'.lA 053374
. .CCR 033407 1 ASTRK 034 716 YASTR1 03 721 .C FI 0 32FS 0SZ 35233
.FCNV. 32i55 .STP 032575 .F:NVD 032315 .FCNVL 03232?5 .FI NV'C 03233a

031006 75/09/10 F8ST .FiST. 0).31(1
03(732 74/01/11 FEOF .FEOF. 0(50732
03n5.'- 70/07/22 F SL, .FSLEI'N 0O)5566
00A364 75/11/25 FEFT .FEFT. 030360 .FFRT. 030371 .FEFTS 030376
0300O0 09/01/73 F xEN F EE', 030S51 .FxfEM. U30050 .F.xE 0 30061 F.XMC 030210 .TAB1 030300

.LSTNS 030350 .KIND0 (3016' .JrGG 03n0163 .MXFRR 030052 ..FXl1 030050

.. FX2 03)0076 .. FX3 03010 1 .. FX1I 030173 .LRG 030120 .. FX8 03 1 ('I
.FX9 03r 075 .CLI.R 030310 .EYOEE 030316 .FX 030106 1 .. F5 03t(105

to ..FX6 030151 .. FX7 030200
026620 77/03/30 FXER .FX-. 0266a0 F. xm 027319 I 'NYEPR 027466 FXOPT 027350 FXDVCK 027010

.FGFRR 027337 FXALT 027025 .FX1LT 0I270l17 S.REr. 026h30 .FFRTN 027310

.Fl.IFIN 03003?2 FXnV 030000 FXFDV 02777h FXCO n 027272 .TS S O.?7Ua0
.;SX 02701' 5 .FXPhIT 027173 .FYT 'C 026735 .FXS3 1 027270 .FXS'? 027300

.FXS. 3 027304 ERkLK 02747q .FLTIR 0274J76-
025540 76/02/27 FXIT .FTERM( 0265a0 FTF-'R'A 026Oh0 JEXIT 0265'10 .JEXIT 0),'h50
0257 6( 76/02/10 FrPE .FPOPEN (02007 .FHAD. 026002 .FX',P. 026232 .FGIFB 026003 .FJOV. 026005
02'5,5?; 1I /0/15 F)Pr .FI)DO. 0256h56
025320 75/09/10 FSLI .FSLII (O2552 .FSLI 3 .F025532 .FSLTH 05320 .FXFLG 025350
0220'23 O/2O?/72 FC.HA .FCHM;A '252?) .FCHM. 025210 .FC- '- 025211
025052 75/09/1/I0 STU .FSE TI nP, 'io .ST1.i. 02510'4 .RROV 025073 .FiJFTY 025062 FPARAM 025052

.Ft.D'. 025,"74 .FTL 025102 .FL XI 025102 .LINSZ 025075
025002 75/09/L6 FHC' .ASCF. 0250?2 .ASCH 0250D2
0246l0I 03/05/13 FT03 .GTAH. 02640
023a55 75/09/1S F-XN .MX'O 020u630 .aN'XN' 02L635 .GLG 0?2b63b .FRENT 0?2637
02a3' l,7'/l '/r GCSR .GHSRC 02035' .*GARSP 02/3' BSp--C 020354
02?272 01/0 3/6bh ,',I .G'IAI T 024212 .GAnI 0242 72 4ATT 020272
02 2 2 01/3/6 G ST I , STI T IN 022 4 SETIN5 0242a2
02ul30 7b/02/12 G010 .GSTOT 02?130 SETOiT 0?i130
0.oo050 07/07/69 G,;uC .G:TRC 02'0f060 .(;A' /TR 020060 TTREC 020060
025320 77/05/03 0;GT .GGTHK 0233?0 G THK 0233P0 .G3ET 023322 GET 023322 .rAGTB 0?3320

.,AG;ET 02.3322 .GO)1 023320
023312 0(7/07/59 GRMYT .GOIPN (023312 .GCLSP 023512 .GGETP 023312 .GPUTR 023312
022552 77/07/11 GPIh .G COPY 022552 C(PY 022552 .GPTHK 022555 PUTBK 022555 .GPUT 022560

PuT 022560 .GACOP 022552 .GAPTR 022555 .GAPJT 022560 .GF467 023265
.GPSAV 022553

022?a5 01/03/65 GPSZ .GPTSZ 022l5 4 .GAPTS 022454 'UISZ 022u45
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ORIGIN DATE MODULE ENTRY LOCATION ENTRY LOCATION ENTRY LOCATION ENTRY LOCATION ENTRY LOCATION

021636 77/04/07 GOPE .GOPEN 021636 .GAOPE 021636 .GPSZ 022446 .GLPPP 0?2246 OPEN o21636021630 04/29/72 G'N:T .GXREA 021630 .GXwvT. 02130 .GXLAr 021630 .GXOPN 021631
021126 77/04/07 GCLO .GCLSE 021126 .GACLS 021126 .GR185 021240 .GR186 021346 .GR178 021245

CLOSE 021126 .GHCLS 021126
021026 07/07/69 GNEL .GRLSE 021026 .GARLS 021026 RELSE 021026
020642 73/12/03 G20R .GR200 020642
020554 77/04/07 G25R .GR225 020554
020476 7 /02/12 G50R .;R250 02047h
020224 75/02/03 G27R .GH275 020224
020042 75/02/05 G37W .GR377 020100 .GR375 020042 .GR37X 020117 .GR390 020137
0210020 74/12/03 G60R .GR960 02lo025 .GA8TB 020020
017424 77/07/11 G80R .GR980 017424 .GR979 017527 .GR99X 017430 .GR984 017475 .GR985 017527

.GRq99 017443 ASCII 017525 ASCRPT 017532 NORRPT 020012
017372 75/04/11 G90R .GR990 017572 .GRl91 017413
016516 77/04/07 GLAB .GINHD 016523 .GOlOTH 016522 .SINTL 016521 .GOUTL 016520 .GUSWH 016517

.GnVRL 016524 .GLREA 016624 .GRCVY 016516 .GRPRV 016556
016514 03/07/66 GINI .GINIO 0)6514

RANGE SIZE
ALLOCATEO CORE 000000 THRIJ 155777 156000

RELOCATABLE 016514 THRU 155777 137264
S TAPE9 08,X10,,63345,,LOADS
S DATA 05
6$ DATA 20

$ SYSOUT 09,O RS
S SYSOUIT 10,ORG

FCB AND IUJFFER SPACE
AVAILABLE 000101 THRU 016513 016413
FILE CTRL BLKS 016206 THRU 016513 000306
MAXIMUM LBAFFER SPACE REQUIRED 00e307

51K, IS THE MINIMIM MEMORY NEEOED TO LOAD THIS ACTIVITY WITH ALL FILES OPEN 770310 4/J001674 LOCATIONS REQUIRED FOR LOAD TA3LE:
EXECUTION PROGRAM ENTERED AT 154512 THROUGH .FSETU



C-58

SNUMB = b682t, ACTIVITY h = 02, , REPORT CODE = 11t RECORD COUNT = 000261
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INPUT PARAMETERS MINNEAPOLISi MN.'

A( 1) 44.700 LATITUDE OF INSTALLATION*
A( 2) 93.000 LONGITUDE OF INSTALLATION*
A( 3) 6.0000 TIME ZONE*.
A( 4) 365.00 NI/RmHFR OF AY.S IN YEAR*
A( 5) O. AZIMUTH OF COLLECTORS (DEGREE)*
A( 6) 44.700 TILT OF COLLECTORS (DEGREE)*
A( 7) 1.0000 STARTING DAY FOR SIMULATION*
A( 8) 365.00 LAST DAY FOR SIMUILATION*
A( 9) 1.0000 INTEGRATION STEP SIZE (HRS)*
AC 1t) 0. S4APLE TIME (HRS)
A( 11) 1.0000 SIZING TYPE (1=OTHERS, 2=CJLLECTOR)*
A( 12) 1.0000 RUN TYPE(1=COMPONENT SIZING,2=SIMULATION)*
A( 13) 12.000 NO..OF CONSECUTIVE DAYS FOR COMPONENT SIZING*
A( 14) 0.26000E O0 FLOW RATE OF ATR IN BUILDING (LBS PER HR)
A( 15) 1.0000 NUMBER OF COLLECTORS PER R3, IN SERIES
A( 16) 10.000 NO. OF ITERATIOn STEPS ALLD-ED IN COLLECTOR SIZING*
A( 17) 0.90000 CLEARNESS FACTOR FOR HOUSE LOCATION*
A( 18) 55.000 DESIGN SUPPLY AIR TEMPERATURE FSR HVAC (F)*
A( 19) 95.000 DESIGN SUPPLY AIR HUMIDITY FOR HVAC*
A( 20) 0.20000 GROUND REFLECTANCE (RHO)*
A( 21) 55.000 MAXIMUM HUMIDITY IN HUILOING*
A( 22) 80.000 CHANGEOVER TEMPERAT!RE! FOR AP AIRSIDE CONDENSOR
A( 23) 5.0000 ERROR PERCENTAGE ALLOWED IN COLLECTOR SIZING
A( 24) 2.0000 NO. OF IRHI-2000-TSK TYPE COM'RESSORS FOR H.P.
A( 25) 2.0000 NO. OF hRHI-3500-TSK TYPE COMPRESSORS FOR H.P.
A( 26) 100.00 MAXIMUM DOMESTIC HOT NATER TEMPERATURE (F)
A( 27) 32.000 INITIAL TEMPERATURE IN COLD STORAGE (F)
A( 28) 120.00 INITIAL TEMPERATURE IN HOT STORAGE (F)
A( 29) (. FILE CODE FOR R/w (O.= NO R/N)*
A( 30) O, ECONOMIC ANALYSIS INCLUOE) (I=Y_6, O=NO)*
A( 31) 0. A ARRAY INDEX FOR VARIABLE INPUT*
A( 32) 1.0000 NUMBER OF INCREMENTAL POINTS COR VARIABLE INPUT*
A( 33) 0. DELTA INCREMENT FOR VARIABLE INMPT*
A( 34) 0.84000 FRTA FOR FLAT PLATE COLLECTOR (NORMAL INCIDENCE)*
A( 35) 1.0000 NUMHER OF GLASS COVERS (I OR 2)*
A( 36) 0.80000 FRUL FOR FLAT PLATE COLLECTOR*
A( 37) 10.990 LENGTH OF HOT STORAGE RIN
A( 38) 10.990 HEIGHT OF HOT STORAGE BIN*
A( 39) 21.000 START OF OFF PEAK TIME FOR ELECTRIC USAGE.
A( 40) 9.0000 START OF ON PEAK TIME FOR ELE!TrIC USAGE
A( 41) 50.000 MAX. ALLOWARLE TEMP. IN COLD STORAGE (F)
A( 42) 10.00U DELTAT DEAD BAND FOR HOT STORAGEI CHARGING (F)
A( 43) 130.00 MAXIMUM TEMPERATURE FOR RESET HEATING (F)*
A( 44) 90.000 MINIMUM TEMPERATURE FOR RESET HEATING (F)*
A( 45) 8.0000 TIME ENDURANCE FOR HEATING OF HOT TANK (HRS)*
A( Ub) 10.000 TEMPERATURE DIFFERENCE FOR HEATING STAGE RESET
A( 47) 90.000 DESIGN SUMMER TEMPERATURE FOR THE LOCATION
A( 48) 78.000 AMB. AIR TEMP. AT WHICH N. ICE IS NEEDED IN STORAGE
A( 49) 0.73000 SLOPE FOR THE RESET TEMPERATURE CONTROL EQ.
A( 51) 10.000 MIN. INSOLATION TO.TURN C3LLI. ON (RTUS/FT2 HR)
A( 53) 205.00 MAXIMUM COLLECTOR OUTLET TEMPERATURE (F)
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A( 55) 18000. UA HEAT EXCHANGER - COLLECT3R/STORAGE (HTUS/HR F)

A( 56) 0. OUTPUT ALSO IN GRAPHIC FORM (0=NO, I=YFS)
A( 57) -20.000 MINIMUM TEMPERATUIRE FOR P_DTTING OUTPLIT

At 58) 200.00 ManXIMltt TEMPERATURE FOR OLOTT ING rlITPUIT
A( 59) .15000E 07 MAXIMUM ENERGY FOR PLOTTIIG OJTPUIT (rTUS/HR)

A( 6() 0.5000UE 07 MAXIM IMI ENERGY FiOR YEARLY PLOT (RTIUS/OAY)

A( 62) 30.000 NORIIIIER OF )AYS FOR PLOTTI G AVERAGE

,( [5) 1.00o0 FtLAT PI.ATE SHADING NU',!AER 3F RD;S

At( 6) 0. FLAT PLATE SHADING LENGTH OFCOLFCTOR ROW
1( 5) ..0O0 FLAT PLATE SHADIItG LEN;T8 3F CtLLFCTOR
A( 6f) 3,oH. . O'II. TH f(' CML!) l) Iil';t [ n h 4J F " 1 . ir I)*

A( h4) 12.1()uO HFlIr;HT O'F C(ILI) STO[ AGE (IF A(fhH)-=n.) (FT)*

AC 7 1) 0. OiluOt! PA(CKIIf(; FACTIlR :)F ICF IN CI!LI) STnl^,AGFr *

(A 71) O. luOO AVFARAGE U VALUE AT STORAGE SURIFACE (tIJUS/FT2 HR F)*

A( 72) '12.0()0 GRO)!NO TE'.PERAT'LRE AT STORAGE SIZING TIME (F)*

A7 704) 10.000 NJ!!8iEP OF ITERATION STEPS IN TrE FLOW LOOP
A( 76) 0.25000 TFMPFRATUIRE CONVERGEN:E CRITERIA IN COLL. LOOP (F)
A( 79) 50.0()0 UI OF PIPE GOIN:; TO COLLECTOR INLET (i3TIS/HR F)

,( 6o) 50.000 UiL OF PIPE C(VI JG TO HOIISI- OR STORAGE (BTUJS/HR F)

:.( 3) O.10000 MI NIIrUM FRACTI lr)i OF AN-'TIENT AIR FOR VENTILATTON*

AC 8C) 11.U NtIMRFR OF HEAlT'JG/COOLING ZONES TN RL)G.*

A( 85) 0. FRACTION OF VENT. AIR THRU Z)NE 1*

A( 86) 0.75000E-01 FRACTInOJ OF VEINT. AIR THRU ZONE 2*

( 87) ..75000E-O1 FRACTION OF VENT. AIR THRU Z( N7 l S*
A(t ,) 0.75000E-01 FRACTION OF VENT. AIR THRU ZONE I*
A(C 9) 0.75000FE-01 FRACTIOiA OF VENT. AIR THRU ZONE 5*
A( 90f) ).53S33 FRACTION rF VENT. AIR THRU ZONE 6*

^( 01) 0.1501)OF-01 FRACTION nF VENT. AIR THRU ZONJE 7*
A( 92) 0.15000F-01 FRACTTON OF VENT. AIR THRU 7.')E R*

( 93) 0.150(0F-01 FRACTION OF VENT. AIR THRU Z)NE 9*

A( 9a) O.15OOOF-01 FRACTION OF VENT. AIR THRJ ZONE 10*

A( 95) O.1u'b7 FRACTION OF VENT. AIR THLU ZONE II*
A( 96) 0.85500 COLLECTOR GROSS TO APERATJRE AREA RATIO*

At 98) o. FLAG FOR ACES OR CONVENTIONAL SYSTEM,0=ACES,I=C)*
t( 99) 0.75000 OIL FIRED FIIRNACE EFFICIENCY*
A(100) 0.65000 GAS FIREI) FURNACE EFFICIENCY*

A;(IOl) 45.01<0 OFSIGN POWER CONSU!MPTION DF CIRCULATION FAN (HP)*

A(103) 1.0(00 HEATING MODE (3=GAS,2=0IL, 1=ELECTRIC&ACES)*
A(135) O. NO. OF DAYS TO SKIP FOR PRELTi1. ¢EATHER TAPE POS.*

I(laI2) 27'.00 START HEATING SEASON (COUNTING FROM JAN. 1)

A(lU3) 182.00 BEGIN OF COOLING SEASON*

A(u 4) 366.100 END ,(F COLLING SEASON*

A( 15) 230.001 BACK UP COIL CAPACITY (K<)
a(lC1) O. FLAG FOR BACK IP MOD)E (O.=NO,I.=YES)

A(109) 8.0000 HEGINNING ) ORKI'NG HOUlR*

a(150) 17.000 END OF WORKING HOIIR*

A(151) 540.G0 MAXIMUM PEOPLE TNQ THE BUILDING*

(C13) 0. REiMARK, INDICATOR * MEANS INPUT REQIIRED WHEN A(1)=.



*'ELL IATER TEMPERATURE 4S.Oe.O i2.000 O.0 1)00 39.000 41.000 415.000 51.000 55.000 57.000 57.000 55.000 50.000
HOT IATER SCHEDULE 0. 0. 0. U. 0. 0.063 0.063 0.063 0.063 0.063 0.063 0.063

0.063 0.063 0.063 0.053 0.063 0.0h3 0.063 0.n63 0.063 0. 0. 0.
OCCUPANCY SCHEDULE 0. 0. 0. 0. 0. 0.100 0.100 0.200 1.(0U 1.000 1.000 1.000

O.OO0 1.000 1.000 1 .000 1.0 00 0.8 00 .(OO 0.100 0.100 o. 0. 0.

OUTPUT TAHLE AND PLOTS FOR DAYS LISTED 5 6 7 8 9 10 11 12 13 1 4 15- 16 17 0 0 0 0 0 0 0

THIS RUN IS FOR COMPONENT SIZING

THIS IS THE FIRST RUN FOR COMPONENT SIZING
THE APPROPRIATE DUT'UT SHOULD BE USED IN
THE NEXT RUN FOR STORAGE AND COLLECTOR SIZING
A(15)J,A(37),A(53), (64),
A(65), A(6h6), A ( ),A(6 ),A(69)

THE SIMULATION STARTED ON DAY I MONTH 10 OF THE YEAR 1957

ZONE NAME OF ZONE

1 IIAS MEFtJT
2 S.i. SINlE /rlfJF, IST T) STH FLOORs

5 <V'f.. 5Il)E 7UL F . IST TO .r. FLO.) RS
4 NO. SlDE Z("0^I, IST T) STH FLOORS
5 EA. SI)lE. Z7ONF, 1ST TO STH FLOO(RS
6 CEriTRAL /IONF, ISt TO 5rH FLOORS
? SO. SlI!E 70ZF , 6TH FLUOR
8 NF.. SIOE 70NE, 6TH FLOOR
Q NO. SInE ZO.NE, 6TH FLOUR

10 EA. SIUE ZONE, 6TH FLOOR
11 CENTR:AL ZONE, 6TH FLOOR



IONC IOHC ITHC POI cr AAVAIL QCOLCT OCR OH
1 4.3624E 04 2.6272E 04 3.715?E 04 2.93?9E 04 6.1114E 05 0. -1.1702E Oh ?.073aE 08
2 3.5979E 04 2.3535E 0O4 3.56hE 04 2.1939E 04 5.1294E 05 0. -6.7897E 06 1l.24?F 0A
3 4.7199E 04 3.1977E 04 5.015SE 04 2.7112E 04 6.7881E 05 O. -1.7962E 07 M.719SE 07
4 4.l400E 04 2.757hE 04 1.34L3E 04 2.4252E 04 6.0104E 05 0.-1.3703F 07 4.(0?9: 07
5 3.3020E 04 2.0697E 04 3.501'E 04 2F.065E 04 5.2515E 05 0. -2.3070E 07 1.?2h4E 07
6 2.9914E 04 1.6h75E 04 2.852?E 04 ?.1503E 04 5.022RE 05 0. -9.3476E 07 2.91h5E 05
7 3.3608E 04 1.5574E 04 2.398aE 04 2.614hE 04 5.2379E 09 0. -1.7520E 08 9.99qlE 04
8 2.7134E 04 9.6939E 03 1.5767E 04 2.1h33E 0a 4.1990E 05 0. -1.4734qF OR 1.l14E 05
9 2.6718E 04 7.8649E 03 1.2041E 04 2.135hE 04 3.M90nE 05 0. -2.81i9F 07 o4.4hRE Oh

10 2.00(E0E 04 6.2577E 03 1.0119E 04 1.5959E 04 3.009sE 05 0. -f.5743E 07 2.7H81F 07
11 1.7078E 04 6.7698E 03 1.1619E 04 1.3313E 04 2.7390E 05 0. -1.7151E 07 7.8H5AE 07
12 3.4825E 04 1.7669E 04 2.708?E 04 2.5629E 04 5.3018E 05 0. -5.3h6hE Oh 1.2337E 08

,I)HW QOCTOT nHOTO)T QATAMH BACKUP OHI H2 0H3
1 4.7286E 06 -1.3848E 08 1.7932E 08 1.282PE 08 0. 5.2561E O 3.029^E 07 3.7873E 07
2 4.2160E 06 -1.279sE 08 1.1572E 08 9.6h23E 07 0. 4.8657E06 h .95h5E 07 ?.a211E 07
3 4.sd49E 06 -1.5519E 08 8.9lIaE 07 1.0151E 08 n. 5.2516E 0 1 .l )EF 07 1.q9?qF 07
4 4.8102E 06 -1.7739E 08 3.8qO9E 07 2.0627E OR 0. 5.1307E 06 6.7436E Oh 7.0047E Oh
5 4.940OE 06 -2.0304E 08 1.27H4E 07 1.6456E 08 O. 5.2516E 06 1.h13?E Oh 1.42A2E Oh
6 o4.336E 06 -2.?065E OA 2.9165E 05 7.0935E 07 O. 2.377AE 05 1.730FK 04 5.9393E 03
7 4.2i87E Oh -2.5993E 08 9.q94lE 04 3.3154E 06 O. 9.9910E 04 2.b23hE-(1 .7,76/E-01l
8 4.'128E 06 -2.4952E 08 1.14qE 05 3.H1i0E 07 0. 1.04(1E 05 l.h454E 03 5.5775E 02
q 3.7647E 06 -2.(116E 08 4.46ARE 06 1.3822E 09 0. 9.3699E 04 8.0071E 05 8R.959E 05

10 4.141qE 06 -1.7224E 08 2.72n2E 07 6.5294E 07 0. 4.9257E 06 4.0053E h0 4.8763E 06
11 4.0437E 06 -1.3712E 08 7.5434E 07 8.h870E 07 0. 5.125HE Oh 1.2310E 07 1.54h4E 07
12 4.0822E 06 -1.3127E 08 1.1382E 08 9.7006E 07 0. 5.5269E O0 1.AB91E 07 2.3713E 07

QH4 QHS nH6 0H7 048 I0H9 OHIO OH 1
1 .l1O2l E 07 3.5858E 07 0. 6.0595E 06 7.577E .03E6 8 13 0h 7.1716E 06 0.
2 2.6433E 07 2.2170E 07 0. 3.9130E 05 4.921E 06 .5.2865F 06 4.4539E 06 0.
3 1.86?0E 07 1.4505F 07 0. 2.7795E 06 3.3959E 06 3.7240E 06 2.9011E 06 0.
4 7.9868E 06 6.3710E 06 6710. 1.3487E O 3E 06 .09 0 1.5974E 06 1.27E4E 6h O.
5 1.7490E Ob 1.4864E 06 O. 3.2263E 05 2.856hE 05 3.4979E 05 2.9727E 05 0.
6 1.0113E 04 1.0934E 04 O. 3.0612E 03 1.1879E 03 2.11H6E 03 2.16E 03 0.
7 2.3033E-01 2.523UE-01 0. 5.6a73E-02 5.3528E-02 4.6066E-02 5.0461E-02 0.
8 3.7819E 03 2.7357E 03 0. 5.2907E 02 1.1155E 02 7.5636E 02 5.4714F 02 0.
9 1.0692E 06 H.9SE05 .1.61E 05 .61E 1.779?E 05 2.1393E 05 1.77?PE 05 O.

10 5.388eE 06 4.2963E h 6 0. 7.9719E 05 9.7528E 05 1.0778E 06 8.5927E 05 0.
11 1.6721E 07 1.4096E 07 0. 2.4h20E 06 3.0q 7E 06 3.31J41E h6 2.8192E 06 0.
12 2.5423E 07 2.2193E 07 0. 3.7P33E 06 4.7425E 06 5.0845E 06 4.4345E Oh 0.



fUCl rC2 OC3 oCa 1C5 QC6 OC7 OC8

I -1.7245E 004 -7.5582E 06 -3.7h7E OS -0.2156E 02 -3.3149E 05 -1.0713E 08 -1.511S E Oh -7.3534E 04

2 -l.491OE 04 -9.1112E 06 -2.2761E 06 -2.5050E 0a -1.3969E 06 -9.3807E 07 -1.822P E 06 -o.5522E 05

3 -1.72',E 04 -1.1728E 07 -. 466b?E 06 -3.3274E 05 -5.6544E 06 -1.0713E 08 -2.'J05E 06 -8.9395E 05

4 -1.6450E 04 -1.6091E0 7 -1E 07 - 70E 07 -4.6321E 06 -1.2h99E 07 -1.0269E 08 -3.2181E 06 -2.3409E 06

5 -1.7296E' 0 -1..909E 07 -1.7907E 07 -9.2'i~e E Oh -l.nlS£E 07 -l.n713F Os -3. A17E oF -I. hlOF 06

A -'1' ., }'.i > -I, ^ i l -/,I,*'* I* ir -l.. l,",P iI -,. J<iMlF nr -l.o.'hi'f ,I _ n.,I.l r O. -hl. 97 I fla
7 -I .94,SE Uh -P.I i5^ Ot -4.hI1 07 -I.ll )I)E. W O -S.1 0I 07 -I .0S7F- (hR -%.t11 1. 4)h -h6. - 1t Oh

8 -2.13E83E oh -7PIE 7 -2.'201 017 -l.ho?9E 07 -2.7275E 07 -1.l I 52E OH -* 44J)(OE 06 -5.021ME Oh

9 -1.8I49E 06 -2.Z?81E 07 -1;5l.08E (7 -7.IR4 4E 06 -1.8454E 07 -1.0034E 08 -4.5h3E 06h -3.0415E Oh

10 -1.9799E 04 -1.724ZE 07 -7.8975E h06 -3.44OaE 06 -A.H394E Oh -1.OhO E 08 -3.46BOE Oh -1.579SE Oh

11 -1.b4SOE 04 -7.9957E 06 -1.617,E 06 -2.7031E 05 -1.6780E 06 -1.0269E 08 -1.5991E 06 -3.?34HF 05

12 -1.5604E 04 -7.92t9E 06 -5.1799E 05 -3.9047E 04 -5.5450E 05 -1.0034E 08 -1.5S44E Oh -1.0360E 05

QC9 QCIO OC1 OCCOMPA FPO)ER PUMPC OHGAS OHOIL

I -8.4312E 01 -6.6299E 0 -2.126E 07 O. 1.1556E 07 0. 0. O.

2 -5.U100E 03 -2.7938E 05 -1.8761E 07 O. 9.9BOOE Oh 0. 0. O.

3 -6.65a9E 04 -1.1309E 06 -2.142bE 07 0. 1.1556E 07 0. O. 0.

4 -9.2h62E 05 -2.5398E 06 -2.0538E 07 O. 1.5715E 07 0. 0. 0.

5 -1.8485E 06 -3.6191E 06 -2.142bE 07 0. 1.6b77E 07 0. O. 0.

6 -2.B504E 06 -4.7896E 06 -2.0538E 07 0. 1.6861E 07 0. 0. O.

7 -4.2019E 06 -6.266hE 06 -2.0741E 07 0. 1.7579E 07 O. 0. 0.

8 -3.2057E 06 -5.4550E 06 -2.2104E 07 0. 1.9865E 07 0. O. 0. a

9 -1.5609E 06 -3.6868E 06 -2.0069E 07 0. 1.5,07E 07 O. O. O.

10 -6.8Q6bE 05 -1.7679E 06 -2.1215E 07 O. 1.1556E 07 O. 0. O.

11 -5.4061E 0o -3.3560E 05 -2.0538E 07 O. 1.1030E 07 O. O. 0.

12 -7.8094E 03 -1.1090E 05 -2.0069E 07 0. 1.0505E 07 O. O. O.

QELECT OEACES OEHCON QECCON
I 9.4316E 07 O. 0, 0.
2 8.2843E 07 O. 0. O.
3 9.4572E 07 0. 0. 0.
4 9.5429E 07 O. O. 0.
5 9.9q52E 07 0. 0. 0.
6 9.629rE 07 O. 0. 0.
7 9.78o5E 07 0. 0. 0.
8 1.OJu4E 08 O. 0. 0.
9 9.3195E 07 0. 0. 0.

10 9.2704E 07 0. 0. O.
11 8.9978E 07 0. 0. 0.
12 8.8a11E 07 0. 0. 0.



IDNC IOHC ITHC ODIRCT DAVAIL OCOLCT rQC OHB
3.9058E 05 2.1036E 05 3.3054E 05 2.6903E 05 5.8697E 06 0, -5.9546E 08 7.0702E 08

('OHw OC8TOT OHBTOT OTAMB BACKUP QHI nH2 OH3
5.2931E 07, -2.1740E 09 6.5015E O0 1.1971E 09 0. 4.)869E 07 1.0817E 0O 1.32u4E O0

OH4 OH5 nH6 QH7 OH8 DH9 OHIO OH I
1.4443E 08 1.218BE 08 0. 2.1630E 07 2.6487E 07 2.8885E 07 2.4375E 07 0.

QC1 OC2 OC3 nCa QC5 OC6 0C7 OC8
-7.9322E 06 -1.924bE 08 -l1.092E 08 -7.7104E 07 -1.5024E 08 -1.2443E 09 -3.8512E 07 -2.8183E 07

OC9 oC1O QC11 OCOMPA FPOWER PUMPC OHGAS OHOIL
-1.Sa21E 07 -3.0048E 07 -2.4886E 08 0. 1.6779E 08 0. 0. 0.

OELECT QEACES nEHCON OECCON
1.1289E 09 0. 0. 0.

YEARLY INTERNAL LOAD GENERATED BY LIGHTS = 0.75805E 09
EOUIPMENT = 0.15019E 09
PEOPLE = 0.11153E 09

THE MAXIMUM FAN FLOW RATIO IS 0.l99 AT TIME 15.00 ON DAY 291.

TH M4tIMIUM C(dILlNG LfAnD 1s-0.1606 E' (T7 HRT/HH
THE MAXIMU4IM HEATING LOAD IS 0.73946E O0H HTIIS/HR

HEAT PUMP COOLING CAPACITY = 0.5394FE 06 RTIJS/HR
BASED Oi THIS CAPACITY, THE USER HAS TO SPECIFY THE' MU1MER OF COMPRESSORS TO 8E USEI) IN THE HEAT PUMP
EITHER TYPE 4RA3-2OO0-TSK OR TYPE 6RHI-3500-TSK OR THE' COARINATION. SEE ROUTINE HP IN THIS SOFTARPE FOR DETAIL
THE HOT STORAGE HIN CAPACITY = 0.82881E 05 LHS
THE EQUATION FOR THE TEMPERATHRE RESET CONTROLLER' IN THE STlRAGE IS,

TSETH = 130.0 - 0.73 * TAMN
THIS IS BASED ON THE AHILITY TO HEAT THE BUILDING FOR 8.00 CONSECUTIVE HOURS FROM HOT STORAGE.

IF THE HOT STOWAGE IS ASSUMED TO RE A CUBE,EACH' SIDE 10.99 FT LONG, THEN THE
HEAT TRANSFER' COEFFICIENT OF THE TANK IS 72.50BT!IS/F HR



RATINGS OF THE HEAT PUMP COMPRESSORS,

4RA3-2000-TSK

COOLING CAPACITY = 0.10399E 06 BTIIS/HR
HEATING CAPACITY = 0.15687E 06 BTUS/HR
COMIPESSOR SIZE = 0.15%23E O? KW
CONOENSOR TEMPERATURF = 130.00 F
EVAPORAtOR TEMPFkATIRE = 20.00 F
RATED COP FOR HEATING = 0.20628E 01

bRHI-3500-TSK

COULING CAPACITY = 0.2000hE 06 8TUS/HR
HEATING CAPACITY = 0.30?tbE 06 BTUS/HR
COMPRESSOR SI7E = O.300(OE "O KV
CIJNDENSOR TEMPERATtIRE = 130.00'F
EVAPORATOR TEMPERATURE = 20.00 F
RATED COP FOR HEATING = 0.29520E 01

DURING THE 12.0 CONSECUTIVE DAYS OF MAXIMUM' NET HEATING, THE HEATING LOAD IS 0.90089E 08 STIIS

AND THE COOLING LOAD IS-0.95707E 03 BTUS

U,

C~l

THE COLD STORAGE HAS THE FOLLO"IING DIMENSION
3b.A FT AT EACH SIDE (COMPUTED FROM THE SOFTWARE),'AND
12.0 FT HEIGHT (PRESUMED BY THE USER)

TdE COLD STORAGE HAS THE FOLLOWING 3IMENSIO'4
36.6 FT AT EACH SIDE (PRESIMED BY THE USER), AND
12.0 FT HEIGHT (COMPUTED FROM THE SOFTWARE)

THE COLD STORAGE CAN STORE 1015079.4 LBS OR 121809.5 GALLONS OF WATER

THE STORAGE UA = 447.9 HBTS/HR F

THE ABOVE INFORMATION IS BASEI) ON 12.0 CONSECUTIVE DAYS OF .ORST HEATING LOAD IN THE YEAR.

TrPt F I f S .il , F ,zri :: f r ir: A I,' A I; tIt . F TP
EACH CULLECTU) IHA IMJIt,'4.iIN IF, .11 * h.l'l' A'J) THF: C!lLLECTO{) WS AHR PLACEI) I IN SLRHFS
THIS I'IF(I. MIIST HE PUT IN THIS PRIOGRAM PPOPERLY' F3O C)LLECTOR SIZING



C-66

INPUT PARAMETERS MINNEAPOLIS, MNN

A( 1) 44.700 LATITlinE OF INSIALLAIION*
A( 2) 93.0O0 LONGITUDE OF INSTALLATION*
At 3) 6.0000 TIME ZONE*
A( 4) 365.00 NIMBER OF DAYS IN YEAR*
A( 5) 0. AZIMUTH OF COLLECTORS (DEGREE)*
At 6) 44.700 ,iTILT. OF COLLECTORS (DEGREE)*
A( 7) 1.00(0 STARTING DAY FOR SIMULATI)N*
A( 8) 182.00 LAST DAY FOR SIMULATION*
A( 9) 1.0000 INTEGRATION STEP SIZE (HRS)*
A( 10) 0. SAMPLE TIME (HRS)
A( 11) 2,0000 SIZING TYPE (1=OTHERS, ?=COLLECTOR)*
A( 12) 1.0000 RUN TYPE(IlCOMPONENT SIZING,2=SIAULATION)*
A( 13) 12.000 NO. OF CONSECUTIVE DAYS FOR COMPONENT SIZING*
A( 14) 0.26000E 06 FLOW RATE OF AIR IN BUILDING (LBS PER HR)
A( 15) 1.0000 NUMBER OF COLLECTORS PER ROi IN SERIES
A( 16) 10.000 NO. OF ITERATION STEPS ALLOWED IN COLLECTOR SIZING*
A( 17) 0.90000 CLEARNESS FACTOR FOR HOUSEILOCATION*
A( 18) 55.000 DESIGN SUPPLY AIR TEMPERATURE FOR HVAC (F)*
A( 19) 95.000 DESIGN SUPPLY AIR HUMIDITY FOR 4VAC*
A( 20) 0.20000 GROUND REFLECTANCE (RHO)*
A( 21) 55.000 MAXIMUM HUMIDITY IN BFiTLDING*
A( 22) 80,000 CHANGEOVER TEMPERATURE FOR HP AIRSIDE CONDENSOR
A( 23) 5.0000 ERROR PERCENTAGE ALLOWED IN COLLECTOR SIZING
A( 24) 2.0000 NO. OF 4RHI-2000-TSK TYPE COMPRESSORS FOR H.P.
A( 25) 2.0000 NO. OF 6RHI-3500-TSK TYPE COMPRESSORS FOR H.P.
A( 26) 140.00 MAXIMUM DOMESTIC HOT WATER TEMPERATURE (F)
A( 27) 32.000 INITIAL TEMPERATURE IN COLD STORAGE (F)
A( 28) 120.00 INITIAL TEMPERATURE IN HOT STORAGE (F)
A( 29) 0. FILE CODE FOR R/W (0.= NO R/W)*
A( 30) 0. ECONOMIC ANALYSIS INCLUDED (I=YES, OmNO)*
AC 31) O. A ARRAY INDEX FOR VARIABLE INPUT*
A( 32) 1.0000 NUMBER OF INCREMENTAL POINTS FOR VARIABLE INPUT*
A( 33) 0. DELTA INCREMENT FOR VARIABLE INPUT*
A( 34) 0.84000 FRTA FOR FLAT PLATE COLLECTOR (NORMAL INCIDENCE)*

A( 35) 1.0000 NUMBER OF GLASS COVERS (I DR 2)*
A( 36) 0.80000 FRUL FOR FLAT PLATE COLLECTOR*
A( 37) 10.990 LENGTH OF HOT STORAGE BTN
A( 38) 10.990 HE.GHT OF HOT STORAGE BIN*
A( 39) 21.000 START OF OFF PEAK TIME FOR ELECTRIC USAGE
A( 40) 9.0000 START OF ON PEAK TIME FOR ELECTRIC USAGE
A( 41) 50.000 MAX. ALLOWABLE TEMP. IN COLO STORAGE (F)
A( 42) 10.000 DELTAT DEAD BAND FOR HOT STORAGE CHARGING (F)

A( 43) 130.00 MAXIMUM TEMPERATURE FOR RESET HEATING (F)*
A( 44) 90.000 MINIMUM TEMPERATURE FOR RESET HEATING (F)*
A( 45) 8.0000 TIME ENDURANCE FOR HEATING OF HOT TANK (HRS)*
A( 46) 10.000 TEMPERATURE DIFFERENCE FOR HEATING STAGE RESET
A( 47) 90.000 DESIGN SUMMER TEMPERATURE FOR THE LOCATION
A( 48) 78.000 AMH. AIR TEMP. AT WHICH NO ICE IS NEEDED IN STORAGE
A( 49) 0.73000 SLOPE FOR THE RESET TEMPERATURE CONTROL EO.
A( 51) 10.000 MIN. INSOLATION TO TlRN COLL. ON (HTlIS/FT2 HR)
A( 53) 2u5.00 MAXIMUM COLLECTOR OUTLET TEMPERATURE (F)
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A( 55) 18000. UA HEAT EX.CHANGER - COLLECTOR/STORAGE (HTUS/HR F)

A( 5b) 0. OUTPUT ALSO IN GRAPHIC FO;M (O=NOI YES)

A( 57) -20.000 MINIMUM TEMPERATURE FOR PLOTTING OUTPUT
A( 58) 200.00 MAXIMUM TEMPERATURE FOR P_-TTING OUTPUT
A( 59) O.15000E 07 MAXIMUM ENERGY FOR PLOTTING OUTPUT (BTUS/HR)

A( 60) 0.50000E 07 MAXIMUM ENERGY FOR YEARLIY PLOT (TTIIS/DAY)
A( 62) 30.000 NUMHER OF DAYS FUR PLOTTING AVERAGE
A( 63) 1.0000 FLAT PLATE SHADING NU4HER OF fAnNS

A( Fhi) 10n-4.O FLAT PLATF SHAnlRG i ENIr' IF ClLLFCTOR ROW
., „,*, ,, ,,,,,. n tAt ' ilt *:.'i, I',¢(. . 4:.1 ...4 I .C"'... . T,,

~,( ,,.. ) ~. .!l!uo I Af fI)[ * I*.i i , Tf l,. ,< T:;>< t if C n ) .l '{'f"1 '

A,( ~,) l?. .oUFL AT PA TE S AOltr'G ()ISIT.J:E -TfNI EFN RflwS

A( Aq) 36.40 V.Il)TO, OF COLD STORAGE (IF A(69)=0.) (FT)*

A( 9q) 12.000 HF.GrHT OF CllLn STORAGE ( -'I AC(8)=0.) (FT)*
A( 70) O.0000 PACKING FACTOR OF ICE IrJ C3LO ST)RAGE*
A( 71) 0.10000 AVERAGE U VALUE AT STORAfrGI SURFACE (HTUS/FT2 HR F)*
A( 72) 42.000 GROUND TEMPERAT'IR;E AT STORAGE SIZING TIME (F)*
A( 74) 10.000 NIItMRAF OF ITTFRATTIN STEPS IN THE FLOW LOOP

A( 76) O.25000 TEFiPERATURF CONVERGFNCE CRITERIA IN COLL. LOOP (F)

A( 79) 50.000 UL OF PIPE GOING TO COLLE:TOR INLET (HTUS/HR F)

4( 80) 50.000 UJL OF PIPE COMING TO HOUSE OR STJRAGF (FTTUS/HR F)

a( 83) 0.1)000 MINIMIIM FRACTION OF AqiTIENT,AIR FOR VENTILATION*

A( 89) 11.000 NUMBER OF HEATING/COOLING ZONES IN ILDOG.*

A( 95) O. FRACTION OF VENT. AIR THRU ZONE t*

A( A6) 0,75000E-01 FRACTION OF VENT. AIR THRU ZONE 2*

A( B7) o.75000E-01 FRACTION OF VENT. AIR THRU ZONE 3*
.A( R8) 0.75000E-01 FRACTION OF VENT. AIR THRU ZONE 4*
A( 99) 0.75OOOE-U1 FRACTION OF VENI. AIR THRU ZONE 5*
A( 90) 0.53333 FRACTION OF VENT. AIR IHRU ZONE 5*

A( 1) 0.15000E-01 FRACTION OF VENT. AIR THRU ZONE 7*

A( 92) 0.15000E-01 FRACTION OF VENT. AIR THRU ZONE 9*

A( 93) 0.15000E-01 FRACTION OF VENT. AIR THRU ZONE 9*
A( 94) 0.15000E-01 FRACTION OF VENT. AIR THRU ZONE 10*

A( 95) 0.10I67 FRACTION OF VENT. AIR THRJ ZONE 11*

A( 96) 0.8550( COLLECTOR GROSS TO APERATURE AREA RATIO*
A( 98) 0. FLAG FOR ACES OR CONVENTIONAL SYSTEM(O=ACES,l=C)*
A( 99) 0.75000 OIL FIRE) FURNACE EFFICIENCY*
A(100) 0.65000 GAS FIRED FlIRMACE EFFICIENCY*
A(101) 45.000 DESIGN POWER CONSUMPTION OF CIRCJLATION FAN (HP)*

4(103) 1.0000 HEATING MODE (3=GAS,?=OIL,I=E.ECTRIC&ACES)*
A(135) 0. NO. OF DAYS TO SKIP FOR PRELIM. NEATHER TAPE POS.*

A(102) 27a.00 START HEATING SEASON (COUJTING FROM JAN. 1)

A(143) 182.00 BEGIN OF COOLING SEASON*

A(la)) 366.00 END OF COLLING SEASON*
(l145) 230.00 HACK UP COIL CAPACITY (KW)

A(lU6) O. FLAG FOR BACK UP MOOE (0.:NO,1.=YES)
A.( 49) 8.0000 BEGINNING wORKING HOUR*

A(150) 17.000 END OF WORKING HOIR*
A(151) 540.00 MAXIMUM PEOPLE IN THE AUILOING*

A(183) O. REMARK, INDICATOR * MEANS INPUT REQUIRED WHEN A(1l)=l.



*ELL IATEZ TEMIPERATURE 5.00U a?.n0004 40.nu 0 3g. 000 aI.00o 4.000 51.n 0 5.000 57.000 57.000 55. o00 50.000
HUT .IATER SCHEDULE 0. 0. 0. 0. 0. 0.0o3 n .03 0 .063 0. 63 0.0.3 o.nb3 0.063

0.0 3 0.0h3 0.063 0.0 3 0.0h3 0.063 0.06 0 . 3 0 . n O. . 0.
OCCUPA'NCY SCHEOULE 0. . 0. n. 0. 0.100 0.100 0.o00 I ,1 I .000 1 ,000 .000

O.HOO 1.000 1.oo0 1.000 1.n0o n0.800 o .00 0.100 0.100 0. 0. 0.

'JT:IJT TA^LE AN;( PLOTS FUR OAYS LISTED 5 h 7 8 9 10 11 12 13 14 15 16 17 0 0 0 0 0 0 o

THIS RUN IS FOR COMnPOENT SIZING

THIS IS THE SECJNn R'J' FnO C0OPO0'E;T S17INf,
THE CULLECTOL AREA & C0O!FIGLJIAT Ort ARE PEUOICTEiO EFLO..

ITERATIO, STE' GWAOIENT STEP

I 1

THE SIMIJLATION SIARTEO ON OAY I MOIJTH 10 OF THE YEAR 1Q57

C-)
',. "-,
iD oo

-.j
l IrS IF.A iF IlF Z/l)!.'

1 HASF'MK N T

2 i . SITnE ZO'iF, ST TOr 5T FLOORS
3 .'E. SI)E 70U/F, IST Tn STH FLOOrS
a r H. STOE Z"'!F, IST T I 5TH FLIOk' S
5 F2 . SI )E 7'; i , 1ST To) 'iTH FLO()RS
6 Clf.r ifaA. Z(;E- , IST T) 'iTH FL.nnOw
1 SiO. :I[DE z7 '-F , bT' FLLI[OR
'8 'FE. SI)E nr:. , hTH FL(IiR
9 N O. SlOE ZO7F, hTH FLOOR

10 EA. SIiOE ZOr.N, TTH FL:O')
1 CENTRAL ZO!E , 61 H F I.Ot



!ONC IDHC ITHC ODIRCT OAVAIL QCOLCT OQC OHB
I 4,3h24E 04 2.6272E 04 3.7152E 04 3.2763E 04 2.537AE 08 1.2072E 08 -1.1702E 06 2.0734E 08
2 3.5919E 04 2.3535E 04 3.56uhE 04 2.0038E 04 2.0275E 08 8.7572E 07 -6.7897E 06 1.2428E 08
3 4.7199E 04 3.1977E 04 5.0152E 04 2.8504E 04 2.5305E 08 4.3498E 07 -1.7962E 07 8.719SE 07
4 9.1021E 01 5.1669E 01 2.0O02E 02 3.8461E 01 1.0077E 06 1.9711E 05 O. 2.2444E 06
5 0, 0. 0. 0. 0 0. 0. 0.
6 0. 0. o. 0. 0. 0.. 0. O.
7 0. O. 0. 0. 0. O. 0. 0.
8 0. 0. O. 0. 0. 0. O. 0.
9 0. 0. 0. 0. 0. 0 0.0.

10 2.0080E 04 6.2577E 03 1.0119E 04 1.5959E 04 1.0323E 08 5.1100E 06 -6.5743E 07 2.7881E 07
11 1.7078E 04 6.7698E 03 1.1619E 04 1.5516E 04 1.1216E 08 2.8463E 07 -1.7151E 07 7.885BE 07
12 3.4825E 04 1.7669E 04 2.7082E 04 2.7673E 04 1.934E 08 7.3953E 07 -5.3686E 06 1.2337E 08

QOHW OCTTn OBTT nTT TAMB BACKUP OHI OH2 nH3
1 4.7286E 06 -1.384PE 08 1.793sE 08 1.2821E 08 0. 5.2561E 06 3.029HE 07 3.7873E 07
2 4.2160E 06 -1.2795E 08 1.1572E 08 9.6823E 07 O. 4.8657E 06 1.9565E 07 2.4211 07
3 4.9849E Oh -1.5519E 08 8.1994E 07 1.0151E 08 0. 5.2516E 06 1.389BE 07 1.6929E 07
4 O. -1.2582E 06 2.2?44E 06 0. 0. 2.6585E 05 2.9720E 05 4.2620E 05
5 0. 0.. 0. 0. 0. 0. 0.
6 0. . 0. . 0. O. 0. 0.
7 0. O. 0. n. O. 0. 0. O.
8 0. 0. 0. 0. 0. 0. 0. 0.
9 0. 0. 0. 0. O. O. 0. O.

10 4.1412E 06 -1.7224E 08 2.7202E 07 6.5294E 07 0. 4.9257E 06 4.0053E 06 4.87h3E 06
11 4.0437E 06 -1.3712E 08 7.5434E 07 9.6870E 0 0. 5.1258E 06 1.2310E 07 1.5a46E 07
12 4.0822E 06 -1.3127E 08 1.1382E 08 9.7006E 07 O. 5.5269E 06 1.8916E 07 2.3713E 07

OH4 OH5 OH6 OH7 IH8 OH9 OHIO OHII
I 4.1021E 07 3.5858E 07 0. 6.0595E 06 7.57a7E 06 8.2043E 06 7.1716E 06 0.
2 2.6433E 07 2.2170E 07 0. 3.9130E 06 4.8a21 h06 5.2865E 06 a.4339E 06 0.
3 1.8620E 07 1.4505E 07 0. 2.7795E 06 3.3859E 06 3.7240E 06 2.9011E 06 0.
4 5.3853E 05 3.h869E 05 0. 5.9440E 04 8.5240E 04 1.0771E 05 7.7370E 04 0.
5 0. O. O. 0. O. O. O. O.
6 O. 0. 0. 0. 0. O . o. 0.
7 0. . 0. 0. 0. 0. 0. 0.
8 0. O. O. 0. 0. 0. 0. 0.
9 0. 0. 0. 0. 0. 0. 0. 0.

10 5.3889E O0h .2963E O6 0. 7.9719E 05 9.7526E 05 1.0778E 06 8.5927E 05 0.
11 1.6721E 07 1.4096E 07 0. 2.4620E Ob 3.0927E 06 3.3441E 06 2.q192E 06 0.
12 2.523E 07 2.2193E 07 0. 3.7833E 06 4.7425E 06 5.0845E 06 4.4385E 06 O.



OCI QC2 0C3 rC4 OC5 0C6 nC7 Qcs
1 -1.72o5E O' -7.556?E Oh -3.6767E 05 -0.P156E O0 -o.319qE 05 -1.0713E 08 -1.511hE 06 -7.3593E 00
2 -1.4910E 04 -. 111?E Oh -2.P7hlE Oh -. 5057OE O -l.o9h9E Oh -9.3f0O7E 07 -1.fl??F Oh -4.S5??E 05
3 -1.7?2hE O( -1.17AEF 07 -4.4hh2E Oh -'.3?74E (0 -5.h'Sn4 nh6 -1.0713E 08 -P.3455' O -8.9(?SE 05
za n.-rs«^>,r-ns n (.. -7.nnlifi-n'< .i.n'l'iSF rrh *1. ,hSF -nl n.
4> . ,,. (.) . 0 I (I.) .
h n . o. o. . O. Uu.. o.
7 0. O. O. . 0. 0. 0. .
8 0. 0. 0. 0n. . o. 0. 0.
9 0. O. 0. 0. o O. 0. 0.

10 -1.9799E 04 -1.7242E 07 -7.AR75E Oh -3.448JE Oh -S.939qE 06 -1.06OE 08 E Oh -1.9795E 06
11 -1.6450E 4 -7.9957E 06h -1.6174E 06 -2.7031E 05 -1.780OE 06 -1.0269E 08 -1.5991.E 06 -3.2348E 05
12 -1.5604E 00 -7.9219E 06 -5.1799E 05 -3.9007E 04 -5.550SE 05 -1.0034E 08 -1.5R44E Oh -1.03hOF 05

OC9 OCIo ncli OCOMPA FPOWER PJMPC OHGAS OHOIL
1 -8.4312E 01 -h.h299E 04 -2.1426F 07 6.0158E 07 1.155hE 07 5.3925E 06 0. 0.
2 -5.0100E 03 -2.7938E OS -1.87hlE 07 4.3281E 07 9.9800E 06 4.2151E 06 0. 0.
3 -6.6549E 04 -1.1309E 06 -2.1426E 07 2.7928E 07 1.1556E 07 2.3720E Oh 0. 0.
4 0. -1.4038E-03 -2.0969E 05 1.7152E 06 0. 1.7065E 04 0. 0.
5 0. 0. 0. 0. 0. 0. 0. 0.
6 O. 0. 0. 0. 0. 0. 0. 0.
7 0. 0. 0. 0. 0. 0. 0. ,.
8 0. 0. 0. 0. 0. O. O. O.
9 0. 0. 0. . 0. 0. 0. 0.

10 -6.8969E 05 -1.7h79E 06 -?.1215E 07 1.602?E 07 1.1556E 07 1.3652E 05 0. 0.
11 -5.4061E 00 -3.35hOE 05 -2.0538E 07 2.54013E 07 1.1030E 07 2.h963E 06 O. 0.
12 -7.a094E 03 -1.1090E 05 -2.0069E 07 4.2307E 07 1.0505E 07 3.9250E 0h 0. 0.

OELECT OEACES FEHCON OECCON
1 9.9708E 07 8.019HE 07 0. 0.
2 8.7058E 07 4.32H1E 07 O. 0.
3 9.6944E 07 2.79?2E 07 0. 0.
4 1.0410E Oh 1.7152E 06 0. 0.
5 0. 0. 0. 0.
6 0. 0. 0. 0.
7 O, 0. 0. 0.
8 O. 0. O. 0.
9 0. 0. 0. 0.

10 9.2841E 07 1.60?2E 07 0. 0.
11 9.2674E 07 2.5443E 07 0. O.
12 9.2336E 07 4.2307E 07 0. 0.



IDOC IOHC ITHC 3OIRCT OAVAIL OCOLCT OCa QHB
1.9888E 05 1.1253E 05 1.7198E 05 1.4'49E 05 1.1253E 09 3.5951E 08 -1.ll18E 08 6.5118E 08

QDHw OCHTOT OHBTOT QTAM3 BACKUP OH1 OH2 QH3
2.6197E 07 -8.6351E 08 5.9573E 08 5.7571E 08 0. 3.1218E 07 9.9q29E 07 1.2349E 08

OH4 QH5 QHS QH7 9H8 OH9 OHIO OH11
1.341E 08 1.1350E 08 0. 1.9854E 07 2.u699E 07 2.6829E 07 2.2701E 07 0.

OC1 OC2 OC3 QC4 $C5 OC6 QC7 nC8
-1.0130E 05 -6.1557E 07 -1.7143E 07 -4.11hOE 06 -1.8455E 07 -6.1822E 08 -1.2331E 07 -3.42?86E 06

OC9 QOC10 OCII OCOMPA FPOWER PUMPC OHGAS OHOIL
-8.2319E 05 -3.6909E 06 -I.236uE 08 2.3685E 08 6.6t83E 07 1.8754E 07 0. 0.

QELECT IdEACES OEHCON QECC3N
5.6260E 08 2.3h85E 08 0. 0.
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FINAL TEvY. IN H;)T STOAGE !HIN IS 1 9.5D1EG F

FIl.,L TFMP. IJ COLD STORAGF BTN IS S2.OOEG F

YEARLY INTEWNAIL LOAD GENERATEO) Y LIGHTS = O.S76O9E 09

EFUIP'4ENT = o.76bl7E 09
PEOPLE = 0.57459E 08

THE MAXIMUM FAN FLOA RATIO IS 0.100 AT TIME 8.00 ON DAY 1.

THE COLLECTOR AND STORAGE LOOP THERMAL FLOW RATE' IS 0.85750E 05 BTUS/HR F

THE MAXIMUM COOLING LOAD IS-0.93999E 06 BTUS/HR

THE MAXIMUM HEATING LOAD IS 0.73969E 06 HTUS/HR

ITERATION STEP GRADIENT STEP
I I

THE SIMULATION STARTED ON DAY 1 MONTH 10 OF THE YEAR 1957

ZONE NAME OF ZONE

1 MASEMENT
~2 SO. SIDE ZONE, 1ST TO 5TH FLOORS

3 wE. SIDE ZONE, IST TO 5TH FLOORS

~4 ~ NO. SIDE ZONE, 1ST TO 5TH FLOORS

5 EA. SIDE ZOJE, 1ST TO 5TH FLOORS

6 CENTRAL ZONE, IST TO 5TH FLOORS

7 SO. SIDE ZONE, 6TH FLOOR

8 V;E. SIDE ZONE, hTH FLOOR

9 NO. SIDE ZONE, 6TH FLOOR

10 EA. SIDE ZONE, 6TH FLOOR

11 CENTRAL ZONE, 6TH FLOOR



IDNC IDHC ITHC ODIRCT QAVAIL OCOLCT QCB RHR
1 4.3624E 04 2.6272E 04 3.7152E 04 3.4896E 04 1.3a47E 08 7.6861E 07 .-1.170E Oh 2.0734E 08
2 3.5979E 04 2,3535E 04 3.5646E 04 2.4498E 04 1.0545E 08 6.7294E 07 -6.7897E 06 1.2028E 08
3 4.7199E 04 3.1977E 04 5.0152E 04 3.1431E 04 1.4452E 08 9.7592E 07 -1.7962E 07 8.7198E 07
4 9.1021E 01 5.1669E 01 2.0402E 02 3.8461E 01 5.0385E 05 0. 0. 2.2444E 06
5 0. 0. 0. 0. 0. 0. O. 0.
6 0. 0. 0. 0. 0. 0. 0. 0.
7 0. 0. 0. 0. 0. O. O. 0.
8 0. O. 0. 0. O. 0. 0. 0.
9 0. 0. 0. 0. 0. 0. 0. 0.

10 2.0080E 04 6.2577E 03 1.0119E 04 1.5995E 04 5.1819E 07 3.1960E 06 -6.5743E 07 2.7881E 07
11 1.7078E 04 6.769qE 03 1.1619E 04 1.5671E 04 5.6575E 07 2.0038E 07 -i.7151E 07 7.R85RE 07
12 3.4825E 04 1.7669E 04 2.7082E 04 2.8192E 04 1.0186E 08 6.7617E 07 -5.3686E 06 1.2337E o0

QOH QnCBTOT OHBTOT OTA % BACKPIP nH1 OH2 OH3

1 4.7286E 06 -1.3846E 08 1.7932E OR 1.2R21E OA 0. 5.2561E 06 3.0298E 07 3.7A73E 07
2 4.2160E Oh -1.2795E 08 1.1572E 08 9.6823E 07 0. 4.8657E 06h 1.9ShE 07 2.4211E 07
3 4.9849E 06 -1.5519E 08 8.1994E 07 1.0151E O 0. 5.251hE 06 1.3B98E 07 l.6929E 07
4 O. -1.2582E Oh 2.2444E Oh n. 0. ?.h,5SE OS .97?OF 05 4.?h?OF nO

M .O, (, tO. n. o. n. O n.
f 0o. . l. 0. 0. 0. .

n. Ioo. n. t. o. o. n. w
10 4.1412E Oh -1.72?rqE 08 2.720?E 07 h.5294E 07 0. 4.9257EOh 4.0053E Oh O.R7h3F Ob
11 4.0437E Oh -i.5712E 08 7.5134E 07 '.6H70E 07 0. 5.1258E Oh 1.2310E 07 1.54h4E 07
12 4.0822E Ob -1.3127E 08 1.1382E 08 9.7006E 07 0. 5.5269E 06 1.8916E 07 2.3713E 07

OHO4 HS OH6 OH7 -H8 OH9 OHIO OH1 1

I 4.1021E 07 3.5858E 07 0. 6.0595E 0O 7.57a7EO06 8.2043E Oh 7.1716F 06 0.
2 2.6433E 07 2.2170E 07 0. 3.9130E 06 4.8421E 06 5.2865E 06 4.4339E Oh O.
3 1.8620E 07 1.4505E 07 O. 2.7795E 06 3.3859E 06 3.72a0E 06 2.9011E 06 0.
4 5.3853E 05 3.86h5E 05 0. 5.9440E 04 8.5240E 04 1.0771E 05 7.7370E 04 0.
5 0. O. O. 0. O. 0. O. 0.
6 0. 0. 0. 0. 0. 0. 0. 0.
7 O. 0. 0. 0. 0. 0. 0. 0.
8 O. O. 0. 0. 0. 0. O. O.
9 0. 0. 0. 0. 0. 0. 0. 0.

10 5.3889E 06 4.2963E 06 0. 7.9719E 05 9.752AE 05 1.0778E 06 R.5927E 05 0.
11 1.6721E 07 1.409qE 07 O. 2.u620E O0 3.0927E 06 3.3441E 06 2.819?E Oh 0.
12 2.5023E 07 2.2193E 07 0. 3.7833E 06 4.7025E 06 5.0845E Oh 4.4385E 06 0.



'JC1 nc2 oc3 OC4 nC5 OC6 nc? OC8
I -1.7?a5E 04 -7.5i82E 06 -3.6767E 05 -4.215hE 02 -3.3149E 05 -.10713E 08 -1.5116E 06 -7.3534E 04
2 -1.4910E 04 -9.1112E 06 -2.2761E 06 -2.5050E 04 -1.3969E Oh -9.3R07E 07 -1.A?22F 06 -4.55?2F 05
3 -1.7296E 04 -1.1728E 07 -4.4662E 06 -3.3274E 05 -5.6544E 06 -1.0713E OH -2.3455E f0 -8.9325E 05
4 0. -b.3324E-03 0. 0. -7.0190E-03 -1.0485E 06 -1.2h65E-03 0.
5 0. 0. 0. O. o. 0. 0. 0.
6 O. 0. 0.. . . 0. .
7 0. o. 0. 0. 0. o. n.
8 0. 0. 0. 0. 0. 0. 0. 0.
9 0. 0. 0. 0. 0. 0. 0. 0.

10 -1.9799E 04 -1.7242E 07 -7.8975E 06 -3.4a84E Oh -8.9394E Oh -l.06RE 08 -3.4bROE 0O -1.5795E 06
11 -1.6450E 04 -7.9957E 06 -1.617qE 06 -2.7031E 05 -1.6780E 06 -1.0269E 08 -1.5991F Oh -S.P234E 05
12 -1.5604E 04 -7.921E 06 -5.1799E 05 -3.9047E 04 -5.5450E 05 -..0035E o0 -1.5$SiE Oh -1.0360E 05

QC9 OC10 OJC11 COMPA FOW'ER PUMPC (HGAS OHOIL
1 -8.4312E 01 -6.6299E 04 -2.142hE 07 8.0661E 07 1.1556E 07 5.a096E 06 0. 0.
2 -5.0100E 03 -2.7938E 05 -1.8761E 07 4.3214E 07 9.900E 06 5.4267E 06 0. 0.
3 -6,6549E O -1.1309E 06 -2.1426E 07 3.0091E 07 1.1556E 07 6.5700E 06 0. 0.
4 . -1.4038E-03 -2.0969E 05 1.7152E 06 0. 0. 0. 0.
5 O. O. . . 0. 0. 0. .
h o0. 0. . . 0. 0. 0. 0.
7 . 0. 0. 0. 0. 0. 0. .
8 0, .0. O 0. 0. 0. 0.8 O. O. o. O. O. O.
9 0. O. 0o. o. 0. 0. o.

10 -6.89h8E 05 -1.7679E 06 -2.1215E 07 1.5683E 07 1.1556E 07 1.7065E 05 0. 0.
11 -5.O061E 04 -3.3560E 05 -2.0538E 07 2.5465E 07 1.1030E 07 2.3038E 06 . 0.
12 -7.6094E 03 -1.1090E 05 -2.0069E 07 4.3432E 07 1.0505E 07 5.3243E 06 0. 0.

OELECT QEACES OEHCON QECCON
1 9.9725E 07 8.0661E 07 0. 0.
2 8.8210E 07 4.3214E 07 0. 0.
3 1.O011E 09 3.0091E 07 0. 0.

1.0239E 06 1.7152E 06 0. 0.
5 0. 0.O. 0.
6 O. 0. 0. 0.
7 0. 0. 0. 0.
8 0. 0. 0. 0.
9 0. O. 0. 0.

10 9.2875E 07 1.5683E 07 o. O.
11 9.2281t 07 2.4qhSE Oi o. .
12 9.3735E 07 4.342E 07 . 0.



rDONC ITHC nOIwCT UAVAIL DCOLCT OC8 OHn
l.998E 05 1.1253E 05 1.71qsE 05 1.5072E 05 5.9530E 08 3.3260E OR -1.118aE OR 6.5118E O8

QOHA ICTOT O8TOT OTAMH 9ACKIIP OH1 OH2 OH3
2.6197E 07 -8.bh51E OA 5.9573E 08 5.7571E 08 0. 3.1218E 07 9.9289E 07 1.234qE OA

.H4 q 5 QH6 OH7 3H8 OH9 OHIO OH1I
1.34alE 08 1.1350E 08 0. 1.9854E 07 2.ah99E 07 2.h829E 07 2.2701E 07 0.

OCI OC2 0C3 OC4 CS OC06 QC7 OCR
-1.0130E 05 -6.1557E 07 -1.71a3E 07 -4.1160E 06 -1.8455E 07 -6.1822E 08 -1.2331E 07 -3.a286E 06

QC9 OC10 ncil QCOMPA F'O04ER PUMPC OHGAS AHOILI
-8.2319E 05 -3.6909E 06 -1.23b6E 08 2.4026E 08 6.6183E 07 2.5205E 07 0. 0.

QELECT OEACES rFHCON OECCON
5.6905E 08 2.4026E 08 0. 0.



FINAL TEMP. IN HOT STORArE HTN IS 119.hDEr, F
FINAL TEMP. IN COLf STORAGE HIN IS 32.01)Er, F

YEARLY INTERNAL LOAD GENERATED 8Y LIGH1S = 0.37590E 09
EOUIPMENT = 0.74617E 08
PEOPLE = 0.57459E OR

THE MAXIMUM FAN FLOW RATIO IS 0.100 AT TIME R.0n ON DAY 1.

THE COLLECTOR AND STORAGE LOOP THERMAL FLOW RATE' IS 0.42R75E 05 BTUS/HR F

THE MAXIMUM COOLING LOAD IS-0.93999E 06 HTIJS/HR
THE MAXIMUM HEATING LOAD IS 0.7-q69E 06 HTUS/HR

MAXIMUM ICE RATIO IS 0.404AT TTME12.000 ON DAY 147 ( MONTH 2 )

THE FINAL ICE RATIO IN STORAGE IS 0.009

OITH THE PACKING FACTOR OF 0.40AND THE STORAGE' CAPACITY OF 1014054.9 BTUS/F

THE MINIMUM' COLLECTOR AREA RF.IREMENT IS 3087.0 FT2, OR THE TOTAL' OF 171 COLLECTORS

THE NUMHER OF COLLECTORS IS DIVIDED INTO 1 ROWS, EACH RON HAS THE LENGTH OF 514.5 FTS

THE COLLECTORS ARE CONNECTED HY I IM SERIES
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APPENDIX D

TYPICAL WEATHER YEAR

SELECTION REQUIREMENTS
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PROCEDURE FOR SELECTING A TEST YEAR OF WEATHER DATA

RECOMMENDED BY ASHRAE

The term "test year" means a selected calendar year whose actual hourly weather

observations are to be used for comparing the computed energy requirements of

different buildings in the same municipality or different heating and air condi-

tioning systems in the same building. The weather in the test year is not to

be considered sufficiently typical to yield reliable estimates of average energy

requirements over several years.

All the desired weather data are readily available only for about ten years at

most stations. The problem is to select one test year from among these ten,

basing the selection on the 120 values of the monthly mean temperatures for the

ten years. The principle of selection is to eliminate years containing months

with extremely high or low mean temperatures until only one year remains.

To do this the extreme months must be arranged in order of their importance

for energy comparisons. Hot Julys and cold Januarys are assumed to be the

most important. All the months are ranked by alternating between the warm

half (May to October) and the cold half (November to April) of the year, with

the months closest to late July or late January given priority. The resulting

order is given in the center column. If, in addition, it assumed that

hot summer months and cold winter months are more important than cool summer

or mild winter months, then the order of extreme months will be down the first

column from "Hottest July" to "Coolest April" and then down the last column

from "Coolest July" to "Warmest April."

Hottest July Coolest

Coldest January Mildest

Hottest August Coolest

Coldest February Mildest

Hottest June Coolest
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Coldest December Mildest

Hottest September Coolest

Coldest March Mildest

Warmest May Coolest

Coolest November Warmest

Warmest October Coolest

Coolest April Warmest

The first step is to mark all 24 extreme months and to count the number of

marked months in each year.

If there is one and only one year remaining without any marked month, then this

is the test year.

If there are two or more years remaining without any marked month then continue

marking months starting with next-to-the-hottest July, then next-to-the-coldest

January and so on down the first column above until only one year remains with-

out any marked month.

If there is no year without a marked month and only one year with only one

marked month, then this is the test year.

If there are two or more years with only one marked month, then note these

months and whether they are hottest or coldest. Starting at the bottom of the

right hand column of the table move upwards until you find one of the extreme

months noted. This month is presumed less important than those higher in the

table and the year containing it is the test year.

Similar rules could be followed when all years have two or more marked months

but this will occur only rarely.
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APPENDIX E

BUILDING CHARACTERISTICS
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INTRODUCTION

This appendix summarizes the building characteristics used to determine the

heating, cooling, and hot water loads for the three building types in the three

geographic locations. For the selected buildings, the following data is attached:

* Construction characteristics

* Construction resistances and capacitances

* Floor plan and elevation

* People load schedule

* Lighting load schedule

* Appliance load schedule

* Hot water use schedule

The internal loads have a set schedule but can have different peaks in various

situations. Therefore, the basic schedule is presented in terms of a percent

of maximum. The maximum internal loads are summarized in Table E-1. The in-

ternal loads given in this volume are taken from two major references. They are

* Single- and Multi-family Housing Final Report, June 1974. Prepared for

the Department of Housing and Urban Development, Hittman Associates, Inc.

* Fuel Conservation, Economics and Public Policy. Prepared for the Nation-

al Science Foundation, Rand Corporation, R-1498-NSF, May 1974,

James J. Mutch.

Table E-1. Maximum Internal Load Characteristics

Occupancy

Sensible Latent Peak Lighting Appliances
Building Type Btu/Hr. Btu/Hr. People Watts/ft Btu/Hr.

Single Family 250 200 4 1.0 4352

Multi-Family 250 200 24 1.0 43. 000

Commercial 250 200 300 3.0 ----
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SINGLE-FAMILY RESIDENCE

There were two single-family residences modeled for this study: one used for

the Philadelphia and Atlanta results, and one used for the Minneapolis 
results.

The Philadelphia and Atlanta house is shown in Figures E-1 through E-3. The

characteristics of this house are shown in Tables E-2 through E-12. The Minnea-

polis house is shown in Figure E-4. The characteristics of this house are shown

in Tables E-13 through E-19. Figures E-5 through E-8 show the internal loads of

the single-family residence.

Figure E-1. Elevation of Philadelphia and

Atlanta Single-Family Residences
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SOUTH

42' -- 12'-i

- UTILITY' GARAGE
MASTER O FAMILY 21'
BEDROODM i KITCHEN ROOM

EAST 26' I WEST

s__) _I lvl ' Lut 1'
BEDROOM LIVING ROOM

54'

NORTH

Figure E-2. First Floor Plan of Phila-

delphia and Atlanta Single-
Family Residences

L BTH

12 ' l BEDROOM
BEDROOM £

STUDY

Figure E-3. Second Floor Plan of Philadelphia
and Atlanta Single-Family Residences
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Table E-2. Composition - North, East, South, and West Walls

to Outside

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- oF) (lb/ft
3
) (Btu/lb-°F) (ft

2
-°F/Btuh) of Layers

1 0.042 0.120 55.00 0.259 - - 1/2 in. Dry Wall,
ext. wall

2 0.330 0.034 2.53 0.670 ----- 2 x 4 stud 16 in. OC.
4 in. ins R-ll

3 0.042 0.032 18.00 0.310 ----- 1/2 in. Sheathing Board

4 0.008 0.065 19.20 0.700 ----- 3/32 in. Building Paper

5 0.010 0.100 55.00 0.200 ----- 1/8 in. Asbestos Siding

Thermal Conductance, U = 0.08627 Btu/ft - F-hr

Table E-3. Composition - West Wall (sheltered by garage)

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- F) (lb/ft
3 ) Btu/lb-OF) (ft

2
-°F/Btuh) of Layers

1 0.042 0.120 55.00 0.259 ----- 1/2 in. Dry Wall Garage

2 0.330 0.034 2.53 0.670 ----- 2 x 4 stud. 16 in. Oc.
4 in. ins R-1l.

3 0.042 0.120 55.00 0.259 ----- 1/2 in. Dry Wall

Thermal Conductance, U = 0.09636 Btu/ft2-OF-hr
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Table E-4. Composition - Roof Above Attic

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- °F) (Ib/ft3 ) (Btu/lb-oF) (ft 2 -°F/Btuh) of Layers

1 0.000 0.000 0.00 0.000 0.70 Air Film Resistance Roof

2 0.070 0.066 34. 00 0.290 0.00 1/2 in. Plywood plus rafters

3 0.008 0.065 19.20 0.700 0.00 3/32 in. Building Paper

4 0.030 0.070 77.00 0.350 0.00 3/8 in. Asphalt Shingles

Thermal Conductance. U = 0.43218 Btu/ft 2-F-hr

Table E-5. Composition - Floor (slab-on-grade)

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- OF) (lb/ft 3) (Btu/lb-°F) (ft2-OF/Btuh) of Layers

1 0.060 0.050 8.33 0.340 ----- Carpet. 3/4 in. with Pad

2 0.330 1.800 140.00 0.350 ----- 4 in. Concrete Slab

3 0.333 0.600 120.00 0.200 ----- 4 in. Crushed Stone

Thermal Conductance, U = 0.25391 Btu/ft 2-F-hr
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Table E-6. Composition - Second Floor Slant Roof/Ceiling

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- oF) (Ib/ft
3 ) (Btu/lb-°F) (ft

2
-°F/Btuh) of Layers

1 0.042 0.120 55.00 0.259 ---- 1/2 in. Dry Wall Roof 2

2 0.128 0.033 1.69 0.670 ---- 4 in. Insulation plus Rafters

3 0.052 0.067 34.00 0.290 ----- 1/2 in. Plywood plus Rafters

4 0.008 0.065 19.20 0.700 ----- 3/32 in. Building Paper

5 0.030 0.070 76.80 0.350 ----- 3/8 in. Asphalt Shingles

Thermal Conductance. U = 0.17963 Btu/ft 2-F-hr

Table E-7. Composition - Floor/Ceiling Between First

and Second Stories

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- OF) (Ib/ft
3
) (Btu/lb-°F) (ft2-OF/Btuh) of Layers

1 0.060 0.050 8.33 0.340 ----- 3/4 in. Carpet and Pad

2 0.102 0.066 34.00 0.290 ----- 3/4 in. Plywood plus Joists

3 0.042 0.120 55.00 0.259 ---- 1/2 in. Dry Wall

Thermal Conductance. U = 0.32401 Btu/ft - F-hr
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Table E-8. Composition - Non-Actual Division Wall

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description
No. (ft) (Btuh/ft- OF) (lb/ft 3 ) (Btu/lb-°F) (ft 2 -°F/Btuh) of Layers

1 0.042 0.120 55.00 0.259 ----- 1/2 in. Dry Wall -
int. wall

2 0.333 0.318 2.53 0.670 ----- 2 x 4 Studs and Air
(R = 0.97)

3 0.042 0.120 55.00 0.259 ----- 1/2 in. Dry Wall

Thermal Conductance. U = 0.57434 Btu/ft2-F-hr

Table E-9. Composition - Floor/Ceiling Between
First and Second Stories

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description
No. (ft) (Btuh/ft- OF) (lb/ft3 ) (Btu/lb-°F) (ft2- F/Btuh) of Layers

1 0.042 0.120 55.00 0.259 ----- 1/2 in. Dry Wall - Ceiling

2 0.102 0.066 34.00 0.290 ----- 3/4 in. Plywood plus Joists

3 0.060 0.050 8.33 0.340 ----- 3/4 in. Carpet and Pad

Thermal Conductance, U = 0.32401 Btu/ft2- F-hr
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Table E-10. Composition - Second Floor Knee Wall

(Leading to Unconditioned Attic Space)

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- °F) (lb/ft
3
) (Btu/lb-°F) (ft

2
-°F/Btuh) of Layers

1 0.042 0.120 55.00 0.259 --- 1/2 in. Dry Wall- Attic Wall

2 0.333 0.023 1.69 0.670 - 2 x 4 Joist and 4 in. ins.

Thermal Conductance. U = 0.06762 Btu/ft -°F-hr

Table E-ll. Composition - Insulated Ceilings (First
and Second Floors)

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- °F) (lb/ft
3 ) (Btu/lb-°F) (ft2- F/Btuh) of Layers

1 0.042 0.120 55.00 0.259 0.347 1/2 in. Plaster Board

2 .---- --- -- ----- 15.044 6 in. R-19 Insulation plus
Joists 24 in. Centered

Thermal Conductance, U = 0.05542 Btu/ft2- F-hr
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Table E-12. Parameter Values of Non-
Component Structures

Thermal
Area U Density Capacitance

Component (ft2 ) (Btu/hr-ft2-OF) Ibm/ft (Btu/°F)

South Glass Door 34 0.73 ----- -----

South Windows 48 0.79 ----- -----

West Windows 21 0.79 ----- ----

North Windows 79 0.79 ----- -----

East Windows 31 0.79 ----- ----

Door 73 0.47 ----- -----

Ground/ft 2 Node --- 0.25 83.600 -----

Internal Mass 2041 0.98 ----- 3041

Air Mass --- ----- .075 343
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38'

BED is J^ BED | X SLIDING GLASS DOOR

ROOM ROOM KITCHEN DINING
ROOM

38'

BED
ROOM BATH LIVING ROOM

TN
30o

r 38 8'Figure E-4.- 38'Minneapolis Single-Family Residence

Figure E-4. Minneapolis Single-Family Residence
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Table E-13. Composition - North, East, South,

and West Walls to Outside

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- OF) (lb/ft
3
) (Btu/lb-°F) (ft

2
-OF/Btuh) of Layers

1 0.042 ----- 55.00 0.300 .45 1/2 in. Gypsum Board

2 0.330 ----- 2.53 0.670 10.51 Studs + 3 1/2 in. Insulation

3 0.042 ----- 18.00 0.310 1.32 1/2 in. Sheathing

4 0.008 ----- 19.00 0.700 0.12 Building Paper

5 0.010 ----- 55.00 0.200 0.100 Siding

Thermal Conductance, U = .08 Btu/ft - F-hr

Table E-14. Composition - Ceiling to Attic

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- OF) (lb/ft
3
) (Btu/lb-°F) (ft

2
-°F/Btuh) of Layers

1 0.420 ----- 55.00 0.30 .45 Gypsum Board

2 0.052 ----- 34.00 0.29 .77 Plywood plus rafters

3 0.500 .---- 1.69 0.67 13.00 Insulation

Thermal Conductance, U = .07 Btu/ft2-°F-hr
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Table E-15. Composition - Roof to Outside

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- oF) (lb/ft
3
) (Btu/lb-°F) (ft2-°F/Btuh) of Layers

1 0.070 ----- 34.00 0.29 1.510 Plywood plus rafters

2 0.008 ----- 19.20 0.70 0.125 Building Paper

3 0.030 ----- 77.00 0.35 0.628 Shingles

Thermal Conductance, U = .44 Btu/ft - F-hr

Table E-16. Composition - Attic Wall to Outside

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description
No. (ft) (Btuh/ft- OF) (lb/ft

3
) (Btu/lb-°F) (ft2-°F/Btuh) of Layers

1 0.042 ----- 55.00 0.259 0.450 1/2 in. Dry Wall

2 0.102 ----- 34.00 0.290 2.250 3/4 in. Plywood plus Joists

3 0.008 ----- 19.20 0.700 0. 125 Building Paper

4 0.010 ----- 55.00 0.200 0.100 Siding

Thermal Conductance, U = .34 Btu/ft - F-hr



E-15

Table E-17. Composition - Basement Floor to
Earth

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- OF) (lb/ft3 ) (Btu/lb-°F) (ft 2 -°F/Btuh) of Layers

1 .250 ----- 140 .20 1.60 Concrete Block

2 .062 -___ ---- 3.00 Insulated Pad

Thermal Conductance. U = .15Btu/ft2-°F-hr

Table E-18. Composition - Wall Below Ground
to Earth

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft- OF) (lb/ft3 ) (Btu/lb-°F) (ft 2 -OF/Btuh) of Layers

1 0.0420 ----- 55 .259 0.45 Gypsum Board

2 0.0625 ----- ---- ---- 3.00 Styrofoam

3 1.0000 ----- 45 .200 1.90 Concrete Block

Thermal Conductance. U = .14 Btu/ft - F-hr
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Table E-19. Parameter Values of Non-Composite Structures

Thermal
Area U Density Capacitance

Component (ft 2) (Btu/hr-ft2 -OF) Ibm/ft (Btu/OF)

North Window 71.68 .58 ----- -----

East Window 35.84 .58 ----- ---

South Window 80.64 .58 ----- -----

West Window 35.84 .58 ----- -----

Door 76.00 .27 ----- ----

Ground/ft2 * Node ----- .25 83. 600 -----

Internal Mass 1143 1.75 ----- 3041

Air Mass ----- ----- .075 325
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MULTI-FAMILY RESIDENCE

The floor plan and elevation of the multi-family residence is shown in

Figure E-9. The characteristics of the building are shown in Tables E-20

through E-26. Figures E-10 through E-13 show the internal loads for the multi-

family residence.

NORTH 9

98'

8'

8'
q-~_-' - ^-. GRADE

'49' -

Figure E-9. Elevation and Floor Plan of the Multi-Family
Residence
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Table E-20. Composition - North, East, South,
and West Walls to Outside

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft-OF) (lb/ft
3
) (Btuh/lb-°F) (ft2-OF/Btuh) of Layers

1 0.042 ------ 55.00 0.03 .45 1/2 in. GVP. Bd.

2 0.330 ------ 2.53 0.67 10.51 Studs & 3 1/2 in. ins.

3 0.042 ------ 18.00 0.31 1.32 1/2 in. Fiberboard
Sheath.

4 0.333 ------ 130.00 0. 19 .44 4 in. face brick

Thermal Conductance = .08 Btu/ft 2-F-hr

Table E-21. Composition - Ceiling to Attic

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft - °F) (Ib/ft
3
) (Btuh/lb - F) (ft - F/Btuh) of Layers

1 0.420 ------ 55.00 0.30 .45 Gypsum Board

2 0.052 ------ 34.00 0.29 .77 Plywood plus rafters

3 0.500 ------ 1.69 0.67 13.00 Insulation

Thermal Conductance, U = .07 Btu/ft
2
-

O
F-hr
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Table E-22. Composition - Roof to Outside

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft-°F) (lb/ft
3
) (Btuh/lb - OF) (ft

2
- °F/Btuh) of Layers

1 0.070 ------ 34.00 0.29 1.510 Plywood plus rafters

2 0.008 ------ 19.20 0.70 0. 125 Building paper

3 0.030 ------ 77.00 0.35 0.628 Shingles

Thermal Conductance, U = .44 Btu/ft - F-hr

Table E-23. Composition - Attic Wall to Outside

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat esistance Description

No. (ft) (Btuh/ft-oF) (lb/ft
3
) (Btuh/lb -

0 F) (ft - °F/Btuh) of Layers

1 10.042 ------ 55.00 0.259 0.450 1/2 in. dry wall

2 0.102 ------ 34.00 0.290 2.250 3/4 in. plywood
plus joists

3 0.008 ------ 19.20 0.700 0. 125 Building paper

4 0.010 ------ 55.00 0. 200 0. 100 Siding

Thermal Conductance, U = .34 Btu/ft 2-F-hr
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Table E-24. Composition - Basement Floor to
Earth

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description
No. (ft) (Btuh/ft- OF) (lb/ft ) (Btuh/lb - F) (ft 2

- OF /Btuh) of Layers

1 .250 ------ 140 .20 1.60 Concrete Block

2 .062 ------ ---- ---- 3.00 Styrofoam

Thermal Conductance, U = .15 Btu/ft 2-F-hr

Table E-25. Composition - Wall Below Ground to Earth

Thermal Specific Thermal
Layer Thickness Conductivity Densiy Heat Resistance Description

No. (ft) (Btuh/ft-°F) (Ib/ft ) (Btuh/lb-°F) (ft 2
- °F/Btuh) of Layers

1 .0420 ------ 55 .259 .45 Gypsum Board

2 .0625 .----- ------ --.. 3.00 Styrofoam

3 1.0000 ------ 45 .200 1.90 Concrete Block

Thermal Conductance, U = .14 Btu/ft 2-F-hr
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SUBROUTINE
TANK 2

TAVE AVERAGE BASEMENT TEMPERATURE FOR SIZING OF THE
MINIMUM ACES

TOAVE AVERAGE AIR TEMPERATURE SURROUNDING TANK FOR
SIZING THE MINIMUM ACES

QICEI INITIAL GUESS ON REQUIRED ICE VOLUME

VOLUME SIZE OF ICE STORAGE TANK FOR THE MINIMUM ACES

SIDE SIDE DIMENSION OF THE TANK

QNEED2 HEAT REQUIRED FOR HOT WATER DURING THE SIZING
OF THE MINIMUM ACES

TF2 PERCENT ON TIME OF HOT WATER SYSTEM DURING THE
SIZING OF THE MINIMUM ACES

QINEED1 HEAT REQUIRED FOR SPACE HEATING DURING THE SIZING

OF THE MINIMUM ACES

TFI PERCENT ON TIME OF THE SPACE HEATING PLANT DURING

THE SIZING OF THE MINIMUM ACES

QOUT ENERGY REMOVED FROM THE TANK DURING THE SIZING
OF THE MINIMUM ACES

CUFT ICE GENERATED DURING THE PERIOD

CUFTN ICE CAPABILITY OF THE TANK BASED ON GUESSED
TANK SIZE

TF TIME FRACTION

FX

DEL

SIDP }~SIDP } PARAMETERS USED IN NEWTON SOLUTION ROUTINE
FXD

FXP

SIDN
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SUBROUTINE
TANK

IXIX LOGIC VARIABLE

NORTH LOGIC VARIABLE DESIGNATING TYPE OF DESIGN
CONSTRAINTS

QICEI INITIAL GUESS OF LATENT HEAT OF ICE WITHIN
TANK

VOLUMI INITIAL GUESS OF VOLUME OF TANK

ICHECK LOGIC VARIABLES

BOTH LOGIC VARIABLE TO DESIGN TANK

VOLUME VOLUME OF THE TANK

AREA WALL AREA OF TANK

SIDE SIDE DIMENSION OF TANK

SUBROUTINE
NEWTON

FX }

DEL }

SIDP }~SIDP } PARAMETERS IN NEWTON SOLUTION ROUTINE
FXD }

FXP }

SIDN }

SIDE SOLUTION TO NEWTON ROUTINE GIVING SIDE
DIMENSION OF TANK

79267
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SUBROUTINE
STORAGE

TZONES SUMMER SET POINT

THOTWI HOT WATER SET POINT

TTANK TANK TEMPERATURE

PCUFT PEAK ICE VOLUME

VOLUME VOLUME OF STORAGE BIN

IBEGIN BEGINNING OF HEATING SEASON

IEND END OF SIMULATION

IBHMI LAST DAY OF COOLING SEASON

T SPACE TEMPERATURE

TC OUTDOOR AIR TEMPERATURE

TWI ENTERING CONDENSER WATER TEMPERATURE

HEAT HOURLY HEATING LOAD

HEATMB HOURLY HEATING LOAD MINUS THE BASEMENT LOAD

BASE 1 ADJUSTED BASEMENT LOAD IF TANK IS IN BASEMENT

QNEEDW TOTAL ENERGY NEEDED FOR HOT WATER PURPOSES

TFW TIME FRACTION FOR HOT WATER SYSTEM

QNEEDS TOTAL ENERGY NEEDED FOR SPACE HEAT

TFS TIME FRACTION FOR SPACE HEAT

COOL HOURLY COOLING LOAD

COOLMB COOLING LOAD MINUS THE BASEMENT LOAD

BASE 2 ADJUSTED BASEMENT LOAD IF TANK IS IN BASEMENT

RHT1 EFFECTIVENESS OF COOLING HEAT EXCHANGER

QNEED TOTAL ENERGY NEEDED FOR COOLING PURPOSES

TF TIME FRACTION (HEATING OR COOLING)

QPC COOLING PUMP ENERGY

QULE ELECTRIC ENERGY INTO TANK
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SUBROUTINE
PANEL

QINCT TOTAL AVAILABLE INCIDENT RADIATION

QMELT BTUS REQUIRED TO MELT ICE WITHIN TANK

NUMPAN NUMBER OF PANELS

SIZE SIZE OF THE COLLECTOR ARRAY

SUBROUTINE
BISCAN

ICHECK LOGIC VARIABLE

XA LOWER LIMIT ON PANEL CONSTRAINT

XB FIRST GUESS ON PANEL AREA

FX }

FXA }

XA }

XB PARAMETERS NEEDED TO SOLVE FOR THE SIZE OF
THE COLLECTOR USING THE BISECTION METHOD

CUFT }

PCUFT }

PANUM }

FLAG LOGIC VARIABLE

SUM COUNTER

FXNO }

XO } PARAMETERS NEEDED TO SOLVE FOR THE SIZE OF THE

XN COLLECTORXN }
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Table E-27. Composition - Outside Wall
* (Minneapolis)

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft-°F) (lb/ft
3
) (Btu/lb-°F) (ft2-°F/Btuh) of Layers

1 0.3300 ------ 130.00 0.19 0.44 Face Brick

2 0.0833 ------ ------ - - 4.00 Rigid Insulation

3 0.6667 ------ 61.00 0.22 2.00 Concrete Block

4 0.0420 ------ 55.00 0.30 0.45 Gypsum Board

Thermal Conductance, U = .1451 Btu/ft - F-hr

*Double glazed (1/2" air gap) door/windows have R-Value of 0.96 ft - F/Btuh

Table E-28. Composition - Roof (Minneapolis)

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft-°F) (lb/fts) (Btu/lb-°F) (ft
2
-°F/Btuh) of Layers

1 .0312 ------ 70.00 0.35 0.33 Built-up Roof

2 .2081 ------ ------- 0.29 6.95 Roof Insulation

3 .0050 ------ 170.00 0.21 0 Metal Deck

Thermal Conductance, U = 0.1374 Btu/ft2-°F-hr
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Table E-29. Composition - Floor (Minneapolis)

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft-°F) (lb/ft 3) (Btu/lb-°F) (ft2 -F-/Btuh) of Layers

1 0.6667 1.35 61.00 0.22 0.96 Concrete

Thermal Conductance, U = 1.041 Btu/ft2- 0F-hr

Table E-30. Composition - Outside Wall*

(Philadelphia and Atlanta)

Thermal Specific Thermal
Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft-°F) (lb/ft3 ) (Btu/lb-°F) (ft -
OF/Btuh) of Layers

1 0. 333 ------ 130.00 0.19 0.44 Face Brick

2 0.666 ------ 61.00 0.22 2.00 Concrete Block

3 0.042 ------ 55.00 0.30 0.45 Prefinished Gypsum Board

Thermal Conductance, U = 0.3460 Btu/ft -°F-hr

*Double glazed (1/2" air gap) doors/windows have R-value of 0.96 ft - F-Btuh
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Table E-31. Composition - Roof (Philadelphia and Atlanta)

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Description

No. (ft) (Btuh/ft-°F) (lb/ft
3
) (Btu/lb-°F) (ft

2 -
O
F/Btuh) 6f Layers

1 .166 ------ 1.80 0.29 5.56 Rigid Insulation

2 ----- ------ 130.00 0.22 0.33 Pitch and Gravel

3 .005 ------ 170.00 0.21 0 Metal Deck

Thermal Conductance, U = 0.1697 Btu/ft - F-hr

Table E-32. Composition - Floor (Philadelphia and Atlanta)

Thermal Specific Thermal

Layer Thickness Conductivity Density Heat Resistance Deseription

No. (ft) (Btuh/ft-OF) (lb/ft
3
) (Btu/lb- F) (ft

2
- F/Btuh) of Layers

1 .6667 ------ 61.00 0.22 0.96 Concrete

Thermal Conductance, U = 1.041 Btu/ft - F-hr
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APPENDIX F

LIST OF THE MAJOR VARIABLES

USED IN THE COMPUTER PROGRAMS
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LIST OF MAJOR VARIABLES BY

SUBROUTINE FOR THE RESIDENTIAL

PROGRAM MODULES

LODMOD

MAIN PROGRAM

QC HOURLY COOLING LOAD

QHL HOURLY HEATING LOAD

QHW HOURLY HOT WATER LOAD

QINCI HOURLY INCIDENT RADIATION ON COLLECTOR SURFACE

XTEMP HOURLY AVERAGED SPACE TEMPERATURE

BASLOD HOURLY BASEMENT LOAD

DB HOURLY DRY BULB TEMPERATURE

WB HOURLY WET BULB TEMPERATURE

DP HOURLY DEW POINT

WS HOURLY WIND SPEED

PB HOURLY BAROMETRIC PRESSURE

TC HOURLY CLOUD COVER FACTOR

TOC HOURLY CLOUD COVER FACTOR

WET HOURLY WET PRECIPITATION

DRY HOURLY DRY PRECIPITATION

CLOAD HOURLY COOLING LOAD

HCOND HOURLY CONDUCTION LOAD

HPEAK PEAK HEATING LOAD

CPEAK PEAK COOLING LOAD

THOTWL CUMULATIVE HOT WATER LOAD

THLS CUMULATIVE HEATING LOAD

THWL CUMULATIVE HOT WATER LOAD

TINF CUMULATIVE INFILTRATION LOAD

THLOAD TOTAL HEATING LOAD

TCLOAD TOTAL COOLING LOAD

TCONDL TOTAL CONDUCTION LOAD
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MAIN PROGRAM

ITSR TOTAL TRANSMITTED SOLAR RADIATION

IHOUR HOUR OF THE DAY

IDAYS NUMBER OF DAYS TO BE SIMULATED

ISTART STARTING DAY OF SIMULATION

IDAY DAY OF THE YEAR

IEND LAST DAY OF SIMULATION

IESCAP VARIABLE TO POSITION WEATHER TAPE

MONTH MONTH OF THE YEAR

A(X) INPUT VARIABLE X

S(X) SUN VARIABLE X

ABSORB (X) INCIDENT RADIATION ON SURFACE (X)

HEATD DESIGN HEATING LOAD

COOLD DESIGN COOLING LOAD

SIZE 1 SIZE OF HEATING PLANT

SIZE 2 SIZE OF COOLING PLANT

FANCFM BLOWER CFM FOR THE HEATING PLANT

FNCFM1 BLOWER CFM FOR THE COOLING PLANT

EVPGPM EVAPORATOR FLOW RATE

EFFECT HEAT EXCHANGER EFFECTIVENESS

WATVEL WATER VELOCITY THROUGH HEAT EXCHANGER

WATTMP WATER DESIGN DELTA T ACROSS HEAT EXCHANGER

CFA COIL FACE AREA

PDAYC PEAK DAILY COOLING LOAD

TCEI (X) INITIAL TEMPERATURE OF CEILING SLAB/SURFACE X

TWSF (X) INITIAL TEMPERATURE OF WALL SURFACE X

TFLI INITIAL TEMPERATURE OF FLOOR SURFACE

TW (X) INITIAL TEMPERATURE OF WALL SLAB X

TAW (X) INITIAL TEMPERATURE OF ATTIC SLAB X

TA (X) INITIAL TEMPERATURE OF ATTIC AIR X
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TCE (X) INITIAL TEMPERATURE OF CEILING SLAB X

TIM INITIAL TEMPERATURE OF INTERNAL MASS

TX INITIAL SPACE TEMPERATURE

TSC (X) INITIAL TEMPERATURE OF SLAB X

TCR INITIAL TEMPERATURE OF CRUSHED ROCK
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SUBROUTINE
INPUT

TWELL WELL WATER TEMPERATURE

MHOTW COEFFICIENT FOR DETERMINING HOT WATER LOAD

PEOPLE PERCENT OF MAXIMUM PEOPLE IN RESIDENCE

XLIGHT PERCENT OF MAXIMUM LIGHTING LOAD

APPL PERCENT OF MAXIMUM APPLIANCE LOAD

A(N) N INPUT PARAMETERS
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SUBROUTINE
TIME

MODE 0 FLAG USED IN CALLING SUBROUTINE SUN

MODE 1 FLAG USED IN CALLING SUBROUTINE SUN

S(5) HOUR OF THE DAY

S(4) DAY OF THE YEAR

CCOVER CLOUD COVER

NYTYPE TYPE OF CLOUD

DIRN DIRECT NORMAL INCIDENT RADIATION (CLOUD MODIFIED)

DIRH DIRECT RADIATION ON A HORIZONTAL SURFACE (CLOUD
MODIFIED)

TOTH TOTAL RADIATION ON A HORIZONTAL SURFACE (CLOUD
MODIFIED)
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SUBROUTINE
TSTAT

TZONEW WINTER SET POINT

TX INSTANTANEOUS SPACE TEMPERATURE

TRH STEADY STATE DROOP (HEATING)

HEAT INSTANTANEOUS PERCENT ON TIME DURING HEATING

TZONES SUMMER SET POINT

TRC STEADY STATE DROOP (COOLING)

COOL INSTANTANEOUS PERCENT ON TIME DURING COOLING

SIZE 1 HEATING CAPACITY

SIZE 2 COOLING CAPACITY

Q INSTANTANEOUS HEAT OR "COOLTH" DEFERRED TO PLENUM
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SUBROUTINE
SOLAR Q

TILT TILT ANGLE OF SURFACE ABSORBING SOLAR RADIATION

C TILT COSINE OF THE TILT ANGLE

S TILT SINE OF THE TILT ANGLE

F TILT FUNCTION OF THE TILT ANGLE

AZIM AZIMUTH ANGLE OF SURFACE ABSORBING SOLAR RADIATION

CAZIM COSINE OF THE AZIMUTH ANGLE

SAZIM SINE OF THE AZIMUTH ANGLE

RHO GROUND REFLECTIVITY

S(13)

S(14) DIRECTION COSINES

S(15)

CTHETA ANGLE OF INCIDENCE

QDIR DIRECT RADIATION IMPINGENT ON AN OBLIQUE SURFACE

(CLOUD MODIFIED)

QDIF DIFFUSE RADIATION IMPINGENT ON AN OBLIQUE SURFACE
(CLOUD MODIFIED)

QAVAIL TOTAL AVAILABLE RADIATION IMPINGENT ON AN OBLIQUE

SURFACE
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SUBROUTINE
SUN

S(1) LATITUDE

S(2) LONGITUDE

S(3) TIME ZONE

S(4) DAY

S(5) HOUR

S(6) DAYLIGHT SAVINGS TIME FLAG

S(8) CLEARNESS NUMBER

S(11) SUN RISE TIME

S(12) SUNE SET TIME

S(13)

S(14) DIRECTION COSINES

S(15)

S(16) DIRECTION COSINES NORMAL TO A SURFACE

S(20) SOLAR ALTITUDE ANGLE

S(21) SOLAR AZIMUTH ANGLE

S(22) DIFFUSE SKY RADIATION ON A HORIZONTAL SURFACE

S(23) TOTAL HORIZONTAL RADIATION

S(24) DIRECT NORMAL RADIATION

S(28) SUN DECLINATION ANGLE

S(29) EQUATION OF TIME

S(35) SOLAR HOUR ANGLE

H S(35)
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SUBROUTINE
COIL

TODB OUTDOOR AIR DRYBULB TEMPERATURE

TODP OUTDOOR AIR DEWPOINT TEMPERATURE

TWI INLET WATER TEMPERATURE TO THE COOLING COIL

QL LATENT LOAD IN THE SPACE

QS SENSIBLE LOAD IN THE SPACE

CFMINF INFILTRATION CFM

FANCFM COOLING COIL FROM CFM

TX INDOOR AIR DRYBULB TEMPERATURE

TF TIME FRACTION THE COOLING COIL IS ON

CLOAD TOTAL COOLING LOAD FOR THE HOUR

WO OUTDOOR HUMIDITY RATIO

WI INDOOR HUMIDITY RATIO

HI INLET ENTHALPY

HO OUTLET ENTHALPY

DH CHANGE IN ENTHALPY

HOTRY GUESS AT OUTLET ENTHALPY

FX

DEL

TEP} PARAMETERS USED IN NEWTON SOLUTION ROUTINE

FXD

TEN

TE



F-12

SUBROUTINE

FUNC

WX HUMIDITY RATIO AT INLET WATER CONDITIONS

WE HUMIDITY RATIO AT EXIT WATER CONDITIONS

QMAX MAXIMUM COOLING CAPACITY OF COOLING COIL

FUNCTION

OMEGA

OMEGA HUMIDITY RATIO AS A FUNCTION OF THE SATURATION

TEMPERATURE

FUNCTION

OMGAIN

WGRAIN GRAIN OF WATER/POUND OF DRY AIR

OMGAIN SATURATION TEMPERATURE AS A FUNCTION OF THE HUMIDITY

RATIO
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SUBROUTINE
WINDOW

BOANG BUILDING ROTATION ANGLE

RHOS REFLECTANCE OF THE SOUND IN FRONT OF THE WINDOW

XN INDEX OF REFRACTION OF GLASS IN AIR

XK PRODUCT OF THE EXTINCTION COEFFICIENT AND THE
THICKNESS FOR EACH PANE OF GLASS

TDR WINDOW TRANSMITTANCE FOR DIRECT SOLAR RADIATION

TDF WINDOW TRANSMITTANCE FOR DIFFUSE (SKY AND GROUND
REFLECTED) RADIATION

QIRAN(X) RADIATION TRANSMITTED THROUGH WINDOW X

ABSORB(X) INCIDENT RADIATION ON WALL X

WA WALL AZIMUTH ANGLE

BETA DIRECTION COSINE OF NORMAL TO VERTICAL WALL (WEST)

GAMA DIRECTION COSINE OF NORMAL TO VERTICAL WALL (SOUTH)

COSAOI COSINE OF ANGLE OF INCIDENCE

QSINC DIRECT RADIATION

QINCIS TOTAL RADIATION

AOI ANGLE OF INCIDENCE

AOR ANGLE OF REFLECTANCE
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SUBROUTINE
WAHP

TWI ENTERING WATER TEMPERATURE TO THE EVAPORATOR

TAI ENTERING AIR TEMPERATURE TO THE CONDENSER

EET TWI

ECT TAI

QEVAP HEAT ABSORBED INTO THE EVAPORATOR

QCOND HEAT REFLECTED THROUGH THE CONDENSER AND
DESUPERHEATER

QMOT ENERGY REQUIRED BY THE MOTOR DURING THE
COMPRESSOR

HP INPUT HORSEPOWER

COP COEFFICIENT OF PERFORMANCE (COMPRESSOR ONLY)
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SUBROUTINE
HOUSE

THOTW SET POINT OF WATER HEATER

USTAG U OF STORAGE TANK ABOVE GROUND

USTBG U OF STORAGE TANK BELOW GROUND

UHOTW U OF HOT WATER TANK

U CEIL OVERALL U OF CEILING

U WALL(X) U OF WALL/NODE X

U GLASS OVERALL U OF GLASS

U DOOR OVERALL U OF DOOR

U ROOF(X) U OF ROOF/NODE X

ACE(X) AREA OF CEILING X

AWALL(X) AREA OF WALL X

AAWALL(X) AREA OF ATTIC WALL X

AROOF(X) AREA OF ROOF X

CFMINF INFILTRATION CFM

PEOPMX MAXIMUM PEOPLE DENSITY

APPLMX MAXIMUM APPLIANCE LOAD DENSITY

XLTEMX MAXIMUM LIGHTING DENSITY

SHDXXX SHADING PARAMETERS TO CALCULATE SHADOW GEOMETRY

ATTICTX SUMMER ATTIC DESIGN TEMPERATURE

WINDWG SUMMER DESIGN WINDOW SOLAR GAIN

TOSAS SUMMER OUTSIDE DESIGN TEMPERATURE

TOSAW WINTER OUTSIDE DESIGN TEMPERATURE

WOSAS SUMMER DESIGN HUMIDITY RATIO

WINTS WINTER DESIGN HUMIDITY RATIO

OVRCPW OVERCAPACITY. OF HEATING PLANT

OVRCPS OVERCAPACITY OF COOLING PLANT

NSB NIGHT SETBACK OPTION (NOT TO BE USED IN HEAT
PUMP APPLICATION)

SHADES OPTION TO USE WINDOW SHADES
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SUBROUTINE
HOUSE (CONT)

HEATD HEATING DESIGN LOAD

COOLD COOLING DESIGN LOAD

CRVXXXX THERMAL CAPACITANCE OF NODE XXXX

UAYY(X) CONDUCTIVITY OF NODE X SURFACE YY

ALFW ABSORPTIVITY OF WALLS

ALFR ABSORPTIVITY OF ROOFS

HO(X) CONVECTIVE HEAT TRANSFER COEFFICIENT OF OUTSIDE
SURFACE X

HIX CONVECTIVE HEAT TRANSFER COEFFICIENT OF INSIDE
SURFACE X

HAIM HEAT TRANSFER COEFFICIENT OF INTERNAL MASS

ADOOR AREA OF DOOR

AHOTW AREA OF HOT WATER TANK

AGLASX AREA OF GLASS SURFACE X

UND U OF NORTH DOOR

AND AREA OF NORTH DOOR

INFAX INFILTRATION OF ATTIC X

UAXXX CONDUCTIVITY OF MODE XX IN CRUSHED ROCK

HAXX SURFACE HEAT TRANSFER COEFFICIENT (SURFACE XX)

DT STEP SIZE FOR INTEGRATING DIFFERENTIAL EQUATIONS

TR(X) NODAL TEMPERATURES OF ROOF

TAW(X) NODAL TEMPERATURES OF ATTIC WALL

TA(X) ATTIC AIR TEMPERATURES

TCE(X) NODAL TEMPERATURES OF CEILING

TSL NODAL SLAB TEMPERATURES

TF NODAL FLOOR TEMPERATURES

TW(X) NODAL WALL TEMPERATURES

TIM TEMPERATURE OF INTERNAL MASS

TX SPACE TEMPERATURE

XKCON GROUND CONDUCTIVITY
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SUBROUTINE
HOUSE (CONT)

TWW WINTER WELL WATER DESIGN TEMPERATURE

PEOPL SENSIBLE OCCUPANT LOAD

XLIGT LIGHTING LOAD

APPL1 APPLIANCE LOAD

ANG1 TILT ANGLE OF COLLECTOR

ANG2 AZIMUTH OF COLLECTORS

ANGX TILT OR AZIMUTH ANGLE OF SURFACE X

HGHOTW HOT WATER LOAD

TINLOD INTERNAL LOAD

QAXXX SOLAR GAIN SURFACE XXX

TAS(X) EXTERIOR SURFACE TEMPERATURE X

TWSX(X) SURFACE TEMPERATURE Y OF NODE X

TCRX NODAL TEMPERATURES OF CRUSHED ROCK

TTEX NODAL TEMPERATURES OF EARTH

BTU INSTANTANEOUS LOAD

TTX CUMULATIVE TEMPERATURE

TBTU CUMULATIVE BTUS

TIME CUMULATIVE TIME

QS SENSIBLE HOURLY LOAD

QL LATENT HOURLY LOAD
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SUBROUTINE
SHADE

PHI SOLAR AZIMUTH ANGLE

COSZ COSINE OF SOLAR ZENITH ANGLE

SHRAT SHADE RATIO OF SUNLIT AREA TO TOTAL AREA

HT WINDOW HEIGHT

FL WINDOW LENGTH

FP DEPTH OF OVERHANG

AW DISTANCE FROM TOP OF WINDOW TO OVERHANG

BWL DISTANCE OF OVERHANG EXTENDED BEYOND LEFT EDGE
OF WINDOW

D DEPTH OF VERTICAL PROJECTION AT END OF OVERHANG

FPI DEPTH OF LEFT FIN

AI DISTANCE OF LEFT FIN EXTENDED ABOVE TOP OF WINDOW

BI DISTANCE FROM LEFT EDGE OF WINDOW TO LEFT FIN

CI DISTANCE OF LEFT FIN STOP SHORT ABOVE BOTTOM OF
WINDOW

FP2 DEPTH OF RIGHT FIN

A2 DISTANCE OF RIGHT FIN EXTENDED ABOVE TOP OF WINDOW

B2 DISTANCE FROM RIGHT EDGE OF WINDOW TO RIGHT FIN

C2 DISTANCE OF THE RIGHT FIN STOP SHORT ABOVE BOTTOM
OF WINDOW

WAZI WINDOW AZIMUTH ANGLE



F-19

DESMOD

MAIN PROGRAM

KADX THERMAL CONDUCTIVITY OF THE GROUND AROUND TANK

HEIGHT HEIGHT OF THE STORAGE TANK

PF VOLUMETRIC PACKING FRACTION

UTANKA THERMAL CONDUCTIVITY OF THE TANK FROM THE WATER
TO AIR SURFACE

UTANKW THERMAL CONDUCTIVITY OF THE TANK FROM THE WATER
TO THE OUTSIDE SURFACE OF THE TANK

UWAL THERMAL CONDUCTIVITY OF THE BASEMENT WALL BELOW
GROUND LEVEL

TTANK TEMPERATURE OF THE TANK

TAVE AVERAGE SPACE TEMPERATURE

TQHLHW TOTAL WINTER SPACE HEATING LOAD

TQHWHW TOTAL WINTER HOT WATER LOAD

TQHWHS TOTAL SUMMER HOT WATER LOAD

TQHCHS TOTAL SUMMER SPACE HEATING LOAD

TQCCS TOTAL COOLING LOAD DURING THE SUMMER

BC BEGINNING OF THE COOLING SEASON

BH BEGINNING OF THE HEATING SEASON

CCP COEFFICIENT OF PERFORMANCE

TQINCW TOTAL SOLAR INSOLATION AVAILABLE DURING THE WINTER

TQINCS TOTAL SOLAR INSOLATION AVAILABLE DURING THE SUMMER

PCT PERCENTAGE OF THE HEIGHT DIMENSION THAT THE TANK
IS ABOVE GROUND

DMINQ TOTAL HEAT NEEDED FOR THE MINIMUM ACES DESIGN

DMINBL TOTAL BASEMENT LOAD FOR THE MINIMUM ACES DESIGN

CPRVT THERMAL CAPACITANCE OF THE TANK ON A NODAL BASIS
PER FT2

CPRVW THERMAL CAPACITANCE OF THE BASEMENT WALL ON A
NODAL BASIS PER FT2
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TAMBA AMBIENT TEMPERATURE

AREAC AREA OF SOLAR COLLECTOR/CONVECTOR

CK INTERCEPT OF THE COLLECTOR EFFICIENCY CURVE

C SLOPE OF THE COLLECTOR EFFICIENCY CURVE

FF COP ADJUSTMENT FACTOR IF DESIRED (CURRENTLY

SET = 0)

PUMP ENERGY NEEDED BY THE PANEL PUMP

PUME ENERGY NEEDED BY THE EVAPORATOR PUMP

PUMC ENERGY NEEDED BY THE COOLING LOOP PUMP

FANH ENERGY NEEDED BY THE HEATING BLOWER

FANC ENERGY NEEDED BY THE COOLING BLOWER

IN OPTION TO PUT THE TANK INSIDE OR OUTSIDE THE

HOUSE

PDAYC PEAK DAILY COOLING LOAD

DAYC DAY THAT THE PEAK COOLING LOAD OCCURS

AA
COEFFICENT USED IN DESCRIBING THE CONVECTOR PANEL

BB

TTANK2 MAXIMUM ALLOWABLE WATER TEMPERATURE TO PROVIDE

COOLING

ENDC DAY THAT THE TANK TEMPERATURE IS ALLOWED TO

EXCEED TTANK2

IUDAYS NUMBER OF DAYS TO BE SIMULATED

BOTH OPTION TO SIZE TANK FOR BOTH SUMMER AND WINTER

FULL OPTION TO SIZE THE FULL OR MINIMUM ACES SYSTEM

XPER PERCENTAGE OF PUMP ENERGY TO SPACE

SCALE RATIO OF HEAT PUMP NEEDED TO ACTUAL HEAT PUMP

TQC TOTAL COOLING LOAD

TQH TOTAL HEATING LOAD

TQW TOTAL HOT WATER LOAD

TQI TOTAL AVAILABLE RADIATION PER FT
2 OF COLLECTOR AREA

SID SIDE DIMENSION OF ICE STORAGE TANK

VOLUME VOLUME OF THE ICE STORAGE TANK

SIZ AREA OF COLLECTOR/CONVECTOR ARRAY
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SUBROUTINE
INPUT

TWELL WELL WATER TEMPERATURE ARRAY

FANCFM BLOWER CFM OF HEAT PUMP

FNCFMI BLOWER CFM OF COOLING SYSTEM

SIZE DESIGN HEATING CAPACITY

SIZE 2 DESIGN COOLING CAPACITY

A(X) INPUT VARIABLE X

SUBROUTINE
BEGIN

BH BEGINNING OF THE HEATING SEASON

BC BEGINNING OF THE COOLING SEASON

DAY DAY OF THE YEAR

WTH WEEKLY HOT WATER AND HEATING ENERGY REMOVED
FROM TANK

WTC WEEKLY COOLING ENERGY REJECTED TO THE TANK
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SUBROUTINE
WAHP

TWI ENTERING WATER TEMPERATURE TO THE EVAPORATOR

TAI ENTERING AIR TEMPERATURE TO THE CONDENSER

EET TWI

ECT TAI

QEVAP HEAT ABSORBED INTO THE EVAPORATOR

QCOND HEAT REFLECTED THROUGH THE CONDENSER AND
DESUPERHEATER

QMOT ENERGY REQUIRED BY THE MOTOR DURING THE
COMPRESSOR

HP INPUT HORSEPOWER

COP COEFFICIENT OF PERFORMANCE (COMPRESSOR ONLY)
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SUBROUTINE
TANKLD

SIDE SIDE DIMENSION OF TANK

TLOSS TOTAL TANK HEAT LOSS OR GAIN

SURFW THE BASEMENT WALL SURFACE AREA THAT THE
TANK REPLACES

TLOSA TANK LOSS TO SURROUNDING AIR

TEMP BASEMENT TEMPERATURE

TO OUTSIDE TEMPERATURE

AX }
LOGIC VARIABLES

XK }

CPRXX THERMAL CAPACITANCE OF NODE XX

UTNXX THERMAL CONDUCTIVITY OF NODE XX

TTU TEMPERATURE IN FIRST NODE IN COVER OF TANK

QLOST HEAT TRANSFERRED TO OR FROM WATER TO FIRST NODE

TTGX TEMPERATURE OF NODE X

TTGWX TEMPERATURE OF NODE X IF THERE IS A WALL BETWEEN
THE TANK AND THE SURROUNDING GROUND

QLOSG HEAT TRANSFERRED BETWEEN THE GROUND AND WATER

QLUSGW HEAT TRANSFERRED BETWEEN THE GROUND AND WATER
WITH A WALL BETWEEN THE TANK AND THE GROUND

SUBROUTINE
COLLECT

QINC INCIDENT RADIATION

PANUM NUMBER OF COLLECTOR PANELS

QCOLL ENERGY COLLECTED

VEL WIND VELOCITY

ETA PANEL EFFICIENCY

Q BTUS COLLECTED PER FT2

TTANK INLET FLUID TEMPERATURE

TAMBA AMBIENT TEMPERATURE
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SUBROUTINE
TANK 2

TAVE AVERAGE BASEMENT TEMPERATURE FOR SIZING OF THE
MINIMUM ACES

TOAVE AVERAGE AIR TEMPERATURE SURROUNDING TANK FOR
SIZING THE MINIMUM ACES

QICEI INITIAL GUESS ON REQUIRED ICE VOLUME

VOLUME SIZE OF ICE STORAGE TANK FOR THE MINIMUM ACES

SIDE SIDE DIMENSION OF THE TANK

QNEED2 HEAT REQUIRED FOR HOT WATER DURING THE SIZING
OF THE MINIMUM ACES

TF2 PERCENT ON TIME OF HOT WATER SYSTEM DURING THE
SIZING OF THE MINIMUM ACES

QINEED1 HEAT REQUIRED FOR SPACE HEATING DURING THE SIZING

OF THE MINIMUM ACES

TFI PERCENT ON TIME OF THE SPACE HEATING PLANT DURING

THE SIZING OF THE MINIMUM ACES

QOUT ENERGY REMOVED FROM THE TANK DURING THE SIZING
OF THE MINIMUM ACES

CUFT ICE GENERATED DURING THE PERIOD

CUFTN ICE CAPABILITY OF THE TANK BASED ON GUESSED
TANK SIZE

TF TIME FRACTION

FX }

DEL }

SIDP )~SIDP } PARAMETERS USED IN NEWTON SOLUTION ROUTINE
FXD }

FXP }

SIDN }
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SUBROUTINE
TANK

IXIX LOGIC VARIABLE

NORTH LOGIC VARIABLE DESIGNATING TYPE OF DESIGN
CONSTRAINTS

QICEI INITIAL GUESS OF LATENT HEAT OF ICE WITHIN
TANK

VOLUMI INITIAL GUESS OF VOLUME OF TANK

ICHECK LOGIC VARIABLES

BOTH LOGIC VARIABLE TO DESIGN TANK

VOLUME VOLUME OF THE TANK

AREA WALL AREA OF TANK

SIDE SIDE DIMENSION OF TANK

,/

SUBROUTINE
NEWTON

FX }

DEL }

SIDP }~SIDP } PARAMETERS IN NEWTON SOLUTION ROUTINE
FXD }

FXP }

SIDN }

SIDE SOLUTION TO NEWTON ROUTINE GIVING SIDE
DIMENSION OF TANK

79267
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SUBROUTINE
STORAGE

TZONES SUMMER SET POINT

THOTWI HOT WATER SET POINT

TTANK TANK TEMPERATURE

PCUFT PEAK ICE VOLUME

VOLUME VOLUME OF STORAGE BIN

IBEGIN BEGINNING OF HEATING SEASON

IEND END OF SIMULATION

IBHMI LAST DAY OF COOLING SEASON

T SPACE TEMPERATURE

TC OUTDOOR AIR TEMPERATURE

TWI ENTERING CONDENSER WATER TEMPERATURE

HEAT HOURLY HEATING LOAD

HEATMB HOURLY HEATING LOAD MINUS THE BASEMENT LOAD

BASE 1 ADJUSTED BASEMENT LOAD IF TANK IS IN BASEMENT

QNEEDW TOTAL ENERGY NEEDED FOR HOT WATER PURPOSES

TFW TIME FRACTION FOR HOT WATER SYSTEM

QNEEDS TOTAL ENERGY NEEDED FOR SPACE HEAT

TFS TIME FRACTION FOR SPACE HEAT

COOL HOURLY COOLING LOAD

COOLMB COOLING LOAD MINUS THE BASEMENT LOAD

BASE 2 ADJUSTED BASEMENT LOAD IF TANK IS IN BASEMENT

RHT1 EFFECTIVENESS OF COOLING HEAT EXCHANGER

QNEED TOTAL ENERGY NEEDED FOR COOLING PURPOSES

TF TIME FRACTION (HEATING OR COOLING)

QPC COOLING PUMP ENERGY

QULE ELECTRIC ENERGY INTO TANK
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SUBROUTINE
PANEL

QINCT TOTAL AVAILABLE INCIDENT RADIATION

QMELT BTUS REQUIRED TO MELT ICE WITHIN TANK

NUMPAN NUMBER OF PANELS

SIZE SIZE OF THE COLLECTOR ARRAY

SUBROUTINE
BISCAN

ICHECK LOGIC VARIABLE

XA LOWER LIMIT ON PANEL CONSTRAINT

XB FIRST GUESS ON PANEL AREA

FX }

FXA }

XA }
XB PARAMETERS NEEDED TO SOLVE FOR THE SIZE OF

THE COLLECTOR USING THE BISECTION METHOD
CUFT }

PCUFT }

PANUM }

FLAG LOGIC VARIABLE

SUM COUNTER

FXNO }

XO } PARAMETERS NEEDED TO SOLVE FOR THE SIZE OF THE

XN COLLECTORAJN S}
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PANUM

FXN USING THE MODIFIED SECANT METHOD

XNEW

NUMPAN SOLUTION TO THE NUMERICAL ROUTINES

SIZE AREA OF THE SOLAR COLLECTOR

PEK DAY THAT THE ICE PEAKED

SUBROUTINE
SIZES

TZONES SUMMER SET POINT

THOTWI HOT WATER SET POINT

COFT ICE VOLUME

PCUFT PEAK ICE VOLUME

TTANK TANK TEMPERATURE

TQI

TONSTQNS } ENERGY COUNTERS

TQWW

TQN

IBEGIN BEGINNING OF HEATING SEASON

IEND END OF SIMULATION

IBHM1 LAST DAY OF COOLING SEASON

T SPACE TEMPERATURE

TO OUTDOOR TEMPERATURE

TWI ENTERING CONDENSER WATER TEMPERATURE

VEL WIND VELOCITY

TAMBA TO

QINC INCIDENT SOLAR RADIATION

QCOL COLLECTED ENERGY FROM SOLAR PANEL

QPCC ENERGY FROM PANEL PUMP TO FLOWSTREAM

QPAN ENERGY FROM PANEL PUMP TO SPACE
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HEAT HOURLY HEATING LOAD

HEATMB HOURLY HEATING LOAD MINUS THE BASEMENT LOAD

BASE 1 ADJUSTED BASEMENT LOAD IF TANK IS IN BASEMENT

QNEEDW TOTAL ENERGY NEEDED FOR HOT WATER PURPOSES

TFW TIME FRACTION FOR HOT WATER SYSTEM

QNEEDS TOTAL ENERGY NEEDED FOR SPACE HEAT

TFS TIME FRACTION FOR SPACE HEATING

COOL HOURLY COOLING LOAD

COOLMB COOLING LOAD MINUS THE BASEMENT LOAD

BASE 2 ADJUSTED BASEMENT LOAD IF TANK IS IN BASEMENT

RAT1 EFFECTIVENESS OF COOLING HEAT EXCHANGER

QNEED TOTAL ENERGY NEEDED FOR COOLING PURPOSES

TF TIME FRACTION FOR HEATING OR COOLING

QPC COOLING PUMP ENERGY

QELE DISSIPATION ENERGY FROM ALL PUMPS TO THE TANK
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SIMMOD

MAIN PROGRAM

TZONEW WINTER SET POINT

TZONES SUMMER SET POINT

TOSAW WINTER OUTSIDE DESIGN TEMPERATURE

TOSAS SUMMER OUTSIDE DESIGN TEMPERATURE

AWALBG AREA OF WALL BELOW GROUND

KADA THERMAL CONDUCTIVITY OF GROUND

UWALBG U OF WALL BELOW GROUND

HWALBG H OF WALL BELOW GROUND

UTANK CONDUCTIVITY OF TANK

HEIGHT HEIGHT OF TANK

PF VOLUMETRIC PACKING FRACTION

PCT PERCENT OF TANK ABOVE GROUND

NDAYS NUMBER OF DAYS TO BE SIMULATED

UTANKX CONDUCTIVITY OF TANK SECTION X

CPRVX THERMAL CAPACITANCE OF NODE X

TTANK TEMPERATURE OF TANK

CUTOFF CHANGEOVER TEMPERATURE

CK COLLECTOR CONSTANT

C COLLECTOR CONSTANT

TAMBA OUTDOOR TEMPERATURE

AREAC AREA OF EACH COLLECTOR

FF COLLECTOR CONSTANT

XPER PERCENTAGE OF PUMP ENERGY TO FLOWSTREAM

SET2 LOGIC VARIABLE FOR SIZING TANK

ISTRIP NUMBER OF STAGES OF STRIP HEAT

IN LOGIC VARIABLE FOR LOCATION OF TANK

ICONV SYSTEM DESCRIPTOR (ACES OR CONVENTIONAL SYSTEM)
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AA COLLECTOR CONSTANT

BB COLLECTOR CONSTANT

IBLDGT BUILDING TYPE

SIDE SIDE DIMENSION OF TANK

PANUM NUMBER OF SOLAR PANELS

SCALE SCALE FACTOR FOR THE HEAT PUMP

QC COOLING LOAD

AHL HEATING LOAD

FLAG1 LOGIC VARIABLE

FLAG2 LOGIC VARIABLE

ELEBU ELECTRIC ENERGY REQUIRED AS SUPPLEMENTAL HEAT

TELEBU TOTAL ELEBU

FIRST LOGIC VARIABLE

FANCME FAN CFM FOR EVAPORATOR

FANCMH FAN CFM FOR CONDENSER

FANC COOLING FAN ENERGY INPUT

FANH CONDENSER FAN ENERGY INPUT

FANE EVAPORATOR FAN ENERGY INPUT

FANOIL OIL BURNER FAN ENERGY INPUT

FANGAS GAS BURNER FAN ENERGY INPUT

PUMW ENERGY INPUT TO HOT WATER PUMP

PUMP ENERGY INPUT TO PANEL PUMP

PUME ENERGY INPUT TO EVAPORATOR PUMP

PUMC ENERGY INPUT TO COOLING LOOP PUMP

I BEGIN BEGINNING OF THE HEATING SEASON

IBHMI LAST DAY OF THE COOLING SEASON

IEND LAST DAY OF SIMULATION

TQHC CUMULATIVE HEATING LOAD

TQHW CUMULATIVE HOT WATER LOAD

TQC CUMULATIVE COOLING LOAD

GAST CUMULATIVE GAS CONSUMPTION

OILT CUMULATIVE OIL CONSUMPTION

ELET CUMULATIVE ELECTRICITY CONSUMPTION

TELEBU CUMULATIVE ELEBU
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SUBROUTINE
D INPUT

TWELL WELL WATER TEMPERATURE ARRAY

FANCFM BLOWER CFM OF HEAT PUMP

FNCFM1 BLOWER CFM OF COOLING SYSTEM

SIZE DESIGN HEATING CAPACITY

SIZE2 DESIGN COOLING CAPACITY

A(X) INPUT VARIABLE X

BC BEGINNING COOLING SEASON

BH BEGINNING HEATING SEASON

SID SIDE DIMENSION OF TANK

SIZ AREA OF COLLECTOR ARRAY

TQZZZ TOTAL ENERGY FOR ZZZ

VOLUMEE VOLUME OF TANK (NEAREST FT3)

SIZEE SIZE OF COLLECTOR ARRAY (NEAREST FT2)

ZAP DAY OF THE PEAK COOLING LOAD

PEK THE PEAK COOLING LOAD
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SUBROUTINE
WAHP

TWI ENTERING WATER TEMPERATURE TO THE EVAPORATOR

TAI ENTERING AIR TEMPERATURE TO THE CONDENSER

EET TWI

ECT TAI

QEVAP HEAT ABSORBED INTO THE EVAPORATOR

QCOND HEAT REFLECTED THROUGH THE CONDENSER AND
DESUPERHEATER

QMOT ENERGY REQUIRED BY THE MOTOR DURING THE
COMPRESSOR

HP INPUT HORSEPOWER

COP COEFFICIENT OF PERFORMANCE (COMPRESSOR ONLY)

SUBROUTINE

WWHP

TWI ENTERING WATER TEMPERATURE TO THE EVAPORATOR

TAI ENTERING AIR TEMPERATURE TO THE CONDENSER

EET TWI

ECT TAI

QEVAP HEAT ABSORBED INTO THE EVAPORATOR

QCOND HEAT REFLECTED THROUGH THE CONDENSER AND
DESUPERHEATER

QMOT ENERGY REQUIRED BY THE MOTOR DURING THE
COMPRESSOR

HP INPUT HORSEPOWER

COP COEFFICIENT OF PERFORMANCE (COMPRESSOR ONLY)
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SUBROUTINE
ATAHP

EET TEMPERATURE OF AIR ENTERING THE EVAPORATOR

ECT TEMPERATURE OF AIR ENTERING THE CONDENSER

TAC EET

TAE ECT

QCOND HEAT REJECTED THROUGH THE CONDENSER

QEVAP HEAT ABSORBED INTO THE EVAPORATOR

COP COEFFICIENT OF PERFORMANCE (COMPRESSOR ONLY)

QMOT ENERGY REQUIRED BY THE MOTOR DRIVING THE COMPRESSOR

HP INPUT HORSE POWER

T1 DEWPOINT TEMPERATURE

T2 TAE

PV PARTIAL PRESSURE OF VAPOR SATURATION AIR AT T1

PG PARTIAL PRESSURE OF VAPOR SATURATION AIR AT T2

RH RELATIVE HUMIDITY

DMAX MAXIMUM NUMBER OF DEFROST CYCLES

DEFPH ACTUAL NIUMBER OF DEFROST CYCLES

AUX1 ENERGY NEEDED FOR DEFROST

AUX2 ENERGY REMOVED FROM CONDENSER DURING DEFROST
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SUBROUTINE
TANKLD

SIDE SIDE DIMENSION OF TANK

TLOSS TOTAL TANK HEAT LOSS OR GAIN

SURFW THE BASEMENT WALL SURFACE AREA THAT THE
TANK REPLACES

TLOSA TANK LOSS TO SURROUNDING AIR

TEMP BASEMENT TEMPERATURE

TO OUTSIDE TEMPERATURE

~~AX } LOGIC VARIABLES
XK

CPRXX THERMAL CAPACITANCE OF NODE XX

UTNXX THERMAL CONDUCTIVITY OF NODE XX

TTU TEMPERATURE IN FIRST NODE IN COVER OF TANK

QLOST HEAT TRANSFERRED TO OR FROM WATER TO FIRST NODE

TTGX TEMPERATURE OF NODE X

TTGWX TEMPERATURE OF NODE X IF THERE IS A WALL BETWEEN
THE TANK AND THE SURROUNDING GROUND

QLOSG HEAT TRANSFERRED BETWEEN THE GROUND AND WATER

QLUSGW HEAT TRANSFERRED BETWEEN THE GROUND AND WATER
WITH A WALL BETWEEN THE TANK AND THE GROUND

SUBROUTINE
COLLECT

QINC INCIDENT RADIATION

PANUM NUMBER OF COLLECTOR PANELS

QCOLL ENERGY COLLECTED

VEL WIND VELOCITY

ETA PANEL EFFICIENCY

Q BTUS COLLECTED PER FT2

TTANK INLET FLUID TEMPERATURE

TAMBA AMBIENT TEMPERATURE
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FUNCTION
PVSF

T TEMPERATURE

P(X) PRESSURE

PVSF PARTIAL PRESSURE OF MOISTURE SATURATED AIR
AT TEMPERATURE T

SUBROUTINE
CONV1

QNEED REQUIRED ENERGY NEEDED FOR COOLING

TF TIME FRACTION FOR COOLING

CD DEGRADATION COEFFICIENT DUE TO CYCLING

HPD ACTUAL INPUT POWER TO COOLING SYSTEM

ELE TOTAL ELECTRICAL ENERGY CONSUMED

CAP CAPACITY OF HEATING SYSTEM

PER PERCENT LOAD

PEAK DEMAND

GAS HOURLY GAS CONSUMPTION

OIL HOURLY OIL CONSUMPTION

FUNCTION
DEGRAT

B COEFFICIENT

DEGRAD DEGRADATION COEFFICIENT DUE TO CYCLING
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SUBROUTINE
CONV 2

ELEX ELECTRICAL ENERGY CONSUMPTION ASSOCIATED WITH
STAGE X

BUX SUPPLEMENTAL HEAT ASSOCIATED WITH STAGE X

AUX1 ENERGY CONSUMED DURING CYCLING

AUX2 ENERGY REMOVED FROM THE CONDENSER DURING CYCLING

PEAK X DEMAND ASSOCIATED WITH STAGE X

QNEED ENERGY REQUIRED FOR HEATING PURPOSES

TF TIME FRACTION

XRZ LOGIC VARIABLES

CD DEGRADATION COEFFICIENT

HTD INPUT ENERGY TO PLANT ACCOUNTING FOR CYCLING

ELE HOURLY ENERGY CONSUMED BY THE ELECTRIC SYSTEM

OIL HOURLY ENERGY CONSUMED BY THE OIL SYSTEM

GAS HOURLY ENERGY CONSUMED BY THE GAS SYSTEM
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SUBROUTINE
CONV 3

ELEX ELECTRIC CONSUMPTION ASSOCIATED WITH

COMPONENT X

TFP TIME FRACTION OF PILOT IF ONE EXISTS

PEAKX DEMAND ASSOCIATED WITH STAGE X

ITYE LOGICAL DESIGNATOR FOR OIL OR GAS SYSTEM

OIL HOURLY OIL CONSUMPTION

QNEED ENERGY REQUIRED FOR SPACE COOLING

TF TIME FRACTION OF COOLING SYSTEM

CD DEGRADATION COEFFICIENT

HPD INPUT ENERGY TO PLANT ACCOUNTING FOR CYCLING

ELE HOURLY ENERGY CONSUMED BY THE ELECTRIC SYSTEM

OIL HOURLY ENERGY CONSUMED BY THE OIL SYSTEM

GAS HOURLY ENERY CONSUMED BY THE GAS SYSTEM

SUBROUTINE
FURN

QIN INPUT ENERGY TO FURNACE

QOUT OUTPUT ENERGY FROM FURNACE

QNEED REQUIRED ENERGY FOR HEATING PURPOSES

TF TIME FRACTION

FX

DEL } VARIABLES NEEDED FOR NEWTON ITERATION

FXD

FXP

ETA FURNACE EFFICIENCY
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FUNCTION
ETA OIL

ETA OIL EFFICIENCY OF OIL FURNACE AS A FUNCTION OF THE

PERCENT ON TIME

FUNCTION
ETA GAS

ETA GAS EFFICIENCY OF GAS FURNACE AS A FUNCTION OF THE

PERCENT ON TIME

SUBROUTINE
CONV 4

ELEX ELECTRIC CONSUMPTION ASSOCIATED WITH COMPONENT

TFP TIME FRACTION OF PILOT IF ONE EXISTS

PEAK X DEMAND ASSOCIATED WITH STAGE X

ITYE LOGICAL DESIGNATOR FOR OIL OR GAS SYSTEM

OIL HOURLY OIL CONSUMPTION

QNEED ENERGY REQUIRED FOR SPACE COOLING

TF TIME FRACTION OF COOLING SYSTEM

CD DEGRADATION COEFFICIENT

HPD INPUT ENERGY TO PLANT ACCOUNTING FOR CYCLING

ELE HOURLY ENERGY CONSUMED BY THE ELECTRIC SYSTEM

OIL HOURLY ENERGY CONSUMED BY THE OIL SYSTEM

GAS HOURLY ENERGY CONSUMED BY THE GAS SYSTEM
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SUBROUTINE
ACES

DUAL LOGICAL VARIABLES FOR THE DUAL SOURCE EVAPORATOR

TSOAW WINTER DESIGN DRYBULB TEMPERATURE

TZONEW WINTER SET POINT

TZONES SUMMER SET POINT

TTANK TANK TEMPERATURE

CUFT VOLUME OF ICE WITHIN TANK

TTANK2 MAXIMUM TEMPERATURE OF TANK TO PROVIDE FULL COOLING
LOAD

AWALBG AREA OF WALL BELOW GROUND

THOTW HOT WATER SET POINT

ENDC END OF TANK COOLING REQUIREMENTS

DAYON DAY COLLECTOR ON

DAYOF DAY COLLECTOR OFF

DAYAFT DAY AFTER COLLECTOR OFF

FLAG } LOGICAL VARIABLES

CHECK

TIMON TIME WHEN HEAT PUMP BEGINS RUNNING DURING COOLING
SEASON

TIMOF TIME WHEN HEAT PUMP STOPS RUNNING DURING COOLING
SEASON

TERI
VARIABLES USED TO INSURE MINIMUM USE OF HEAT
PUMP DURING SUMMER OPERATION

BEFO

VOLUME SIZE OF TANK

SSS LOGIC VARIABLE

XXXX1 REFERS TO WATER-TO-AIR HEAT PUMP

XXXX2 REFERS TO AIR-TO-AIR HEAT PUMP

QCONDX ENERGY REJECTED THROUGH CONDENSER X

QBU SUPPLEMENTAL HEAT

HPX HORSE POWER OF HEAT PUMP X
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PEAKX DEMAND ASSOCIATED WITH STAGE X

EVAPX ENERGY ABSORBED THROUGH EVAPORATOR X

QEVAPX ENERGY ABSORBED THROUGH EVAPORATOR X

COPX COP OF HEAT PUMP X

QINC INCIDENT RADIATION

QCOL ENERGY COLLECTED FROM SOLAR PANEL

QPCC ENERGY FROM PANEL PUMP TO SPACE

QPAN ENERGY FROM PANEL PUMP TO TANK

ELESOL ENERGY TO RUN THE PANEL PUMP

QLOW HOURLY EVAPORATIVE ENERGY NEEDED TO REJECT HEAT
FROM COLD STORAGE

ELENIT ENERGY CONSUMED BY HEAT PUMP TO REJECT HEAT FROM
COLD STORAGE

ELELOT PARASITIC ENERGY NEEDED TO REJECT HEAT FROM COLD
STORAGE

ELELOW PARASITIC ENERGY NEEDED TO REJECT HEAT FROM COLD
STORAGE

HEAT HOURLY HEATING LOAD

HEATMB HOURLY HEATING LOAD MINUS THE BASEMENT LOAD

BASE1 ADJUSTED BASEMENT LOAD IF TANK IS IN BASEMENT

QNEEDW TOTAL ENERGY NEEDED FOR HOT WATER PURPOSES

TFW TIME FRACTION FOR HOT WATER SYSTEM

QNEEDS TOTAL ENERGY NEEDED FOR SPACE HEAT

TFS TIME FRACTION FOR SPACE HEATING

CD DEGRADATION COEFFICIENT FOR HEAT PUMP 1 OR 2

HPD INPUT HORSEPOWER FOR PUMP 1 OR 2

COPD COP OF HEAT PUMP 1 OR 2

ELE1 ENERGY CONSUMED BY SYSTEM 1 OR 2

COOL HOURLY COOLING LOAD

COOLMB COOLING LOAD MINUS THE BASEMENT LOAD

BASE 2 ADJUSTED BASEMENT LOAD IF TANK IS IN BASEMENT

RAT1 EFFECTIVENESS OF COOLING HEAT EXCHANGER

QNEED TOTAL ENERGY NEEDED FOR COOLING PURPOSES

TF TIME FRACTION FOR HEATING OR COOLING
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QPC COOLING PUMP ENERGY

QELE DISSIPATION ENERGY FROM ALL PUMPS TO THE TANK

ELE HOURLY ENERGY CONSUMED BY THE ELECTRIC SYSTEM

OIL HOURLY ENERGY CONSUMED BY THE OIL SYSTEM

GAS HOURLY ENERGY CONSUMED BY THE GAS SYSTEM
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ECOMOD

MAIN PROGRAM

COST (X) INSTALLED EQUIPMENT COST OF COMPONENT X

FLAGT FLAG FOR PROPERTY TAX ON SOLAR SYSTEM

LAP LENGTH OF ANALYSIS PERIOD

RDR REAL DISCOUNT RATE

TAXI INCOME TAX RATE

TAXP PROPERTY TAX RATE

RMORT MORTGAGE TAX RATE

MFLAG FLAG FOR TYPE OF MORTGAGE

SALV SALVAGE VALUE

IDS DEPRECIATION SCHEDULE

NSYS NUMBER OF SYSTEMS TO BE ANALYZED

RINT REAL INTEREST RATE

PVE(X) PRESENT VALUE OF ELECTRICITY OF SYSTEM X

PVG(X) PRESENT VALUE OF GAS OF SYSTEM X

PVO(X) PRESENT VALUE OF OIL OF SYSTEM X

PVEC(X) PRESENT VALUE OF ELECTRICITY CONSUMPTION OF SYSTEM X

PVED(X) PRESENT VALUE OF DEMAND COSTS OF SYSTEM X

MAINT(X) PRESENT VALUE OF MAINTENANCE COST OF SYSTEM X

INS(X) PRESENT VALUE OF INSURANCE COSTS OF SYSTEM X

PVTD(X) PRESENT VALUE OF TAX DEDUCTION OF SYSTEM X

PTAX(X) PROPERTY TAX EFFECT

PVC(X) PERCENT VALUE OF ALL CAPITAL INVESTMENTS FOR SYSTEM X

ETC ENERGY TAX CREDIT

OETP TAX DEDUCTION DUE TO OPERATING EXPENSES

TPV TOTAL PRESENT VALUE

AC ANNUAL COST

ACESC(X) ACES COST OF COMPONENT X
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DELTAC DELTA ANNUAL COSTS

DELTOC DELTA OPERATING COSTS

PUNB PRESENT VALUE OF NET BENEFITS

PAYBAK PAYBACK DURATION

BRKEV BREAKEVEN DURATION
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SUBROUTINE
AMOUNT

BSP BEGINNING OF SEASONAL PEAK

WPED(X) WEEKLY PEAK ENDING DAY SEASON (X)

BHDP(X) BEGINNING HOUR OF DAILY PEAK DURING SEASON (X)

EHDP(X) ENDING HOUR OF DAILY PEAK DURING SEASON (X)

OPEU(X,Y) OFF-PEAK ELECTRIC USE, SEASON X BY SYSTEM Y

PEU(X,Y) PEAK PERIOD ELECTRIC USE, SEASON X BY SYSTEM Y

OPDM(X,Y) MAXIMUM OFF-PEAK DEMAND IN MONTH X BY SYSTEM Y

PDM(X,Y) MAXIMUM PEAK DEMAND IN MONTH X BY SYSTEM Y

SUBROUTINE
FUEL COST

OILC(X) FIRST YEAR OIL COSTS OF SYSTEM X

GASC(X) FIRST YEAR GAS COSTS OF SYSTEM X

DEMAND(X,Y) DEMAND FOR SEASON X BY SYSTEM Y

ELEC(X,Y) ENERGY COST FOR SEASON X BY SYSTEM Y

BLKCOST BLOCK COSTS FOR STANDARD RATES

BLKSIZ BLOCK SIZE FOR STANDARD RATES

DMAX(X) PEAK DEMAND FOR SEASON X

PDC(X) ON-PEAK DEMAND CHARGE SEASON X

OPDC(X) OFF-PEAK DEMAND CHARGE SEASON X

PEC(X) PEAK ENERGY CHANGE SEASON X

OPEC(X) OFF-PEAK ENERGY CHARGE SEASON X
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SUBROUTINE
BILLING

TCOST CUMULATIVE COST OF BLOCK X

Q(X) TOTAL COST OF BLOCK X

SUBROUTINE
OUTPUT

This routine is merely used to output all cost information

SUBROUTINE
ACESCOST

FLAGHP FLAG DESIGNATOR FOR HEAT PUMP

FLAGSS FLAG DESIGNATOR FOR SOLAR SYSTEM

RHP COST OF RESIDENTIAL HEAT PUMP

CHP COST OF COMMERCIAL HEAT PUMP

CLINER COST OF TANK LINER

CWALL COST OF TANK WALL

CSLAB COST OF TANK SLAB

CTOP COST OF TANK TOP

TANK COST OF TANK

CADD COST OF ADDITIONAL TANK INSULATION

SSCOST SOLAR SYSTEM VARIABLE COST

ACESC(X) COST OF ACES COMPONENT X
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