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ALKACYCL, A Basic Computer Program for the Analysis 
of Alkali Metal Rankine Power Cycles 

J. C. Moyers 

ABSTRACT 

ALKACYCL is a computer program that analyzes Rankine power cycles utilizing 
an alkali metal as the cycle working fluid. Cycles may have from zero to three 
stages of regenerative feed heating. The program is written in BASICA language 
and can be used on an IBM-PC or PC-compatible computer with 128 kbytes of 
RAM. Output results include mass and energy balance information, cycle effi- 
ciency, and sizes and weights for piping and feed heaters. Listing and sample pro- 
gram output are included. 
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1. INTRODUCTION 

Space power systems for applications requiring large amounts of e.,ctric power for long mission lifetimes 
probably will use nuclear reactors as the prime energy source and may utilize Rankine power conversion 
subsystems having an alkali metal as the cycle working fluid. Selection of the system temperature levels, 
top and bottom, is a critical step in the system design process, with the top temperature influencing the 
design and materials of construction of the reactor subsystem, the bottom temperature influencing the 
design and materials of construction of the heat rejection subsystem, and both temperatures influencing the 
power conversion subsystem cycle efficiency and, therefore, the sizing of both the reactor and heat rejection 
subsystems. 

The computer program ALKACYCL was developed to provide a rapid means for performing mass and 
energy balances and determining the cycle efficiency of a Rankine power cycle operating between specified 
temperature levels and utilizing one of the alkali metals as the working fluid. Sizes and weights of intercon- 
necting piping and of the regenerative feed heaters are estimated by the program also. (Future expansion of 
the program to include estimation of the weights of other components is planned.) Application of the pro- 
gram is limited to saturated vapor (either dry or of specified quality) entering the turbine. The program is 
written in BASICA language and is executable on an IBM-PC or PC-compatible computer having 128 
kbytes of RAM. 

2. CYCLE DESCRIPTION 

An elementary flowsheet for the Rankine power cycle treated by ALKACYCL is shown in Fig. 1. 
Prime vapor flows to the main power turbine inlet, with a side stream flowing to the auxiliary turbine that 
drives the centrifugal feed pump. The power turbine exhausts to the condenser, from which condensate is 
scavenged by a jet pump that is driven by a side stream taken from the feed pump discharge. This jet 
pump provides adequate net positive suction head for the feed pump to prevent cavitation in the feed pump 
suction region. The bulk of the feed pump discharge stream progresses through a specified number of 
regenerative feed heaters (from zero to three heaters are allowed) to the boiler. The auxiliary turbine driv- 
ing the feed pump exhausts to Heater 1 if at  least one heater is specified if no heaters are specified, the 
auxiliary turbine exhausts to the condenser. 

A moisture separator may be inserted in the turbine following any stage to reduce the moisture content 
of the vapor flowing to the next stage. The removed liquid, along with some vapor that inevitably accom- 
panies the liquid, is drained to the next-lower-temperature feed heater or, in the absence of a lower- 
temperature heater, to the condenser. 

As noted previously, from zero to three regenerative feed heaters may be employed in the cycle. In 
proceeding from a zero-heater cycle to a three-heater cycfe, the order of adding heaters is denoted by the 
heater numbers in Fig. 1. Heater 1 receives the exhaust vapor from the auxiliary turbine and drains either 
to Heater 3 if in a three-heater cycle or to the condenser if less than three heaters are used. Heater 2 
receives vapor either extracted from an early stage of the power turbine, if the stage exit temperature is 
high enough to heat the boiler feed stream to the specified temperature level, or from the prime vapor 
stream. (Use of prime vapor for feed heating is poor practice, thermodynamically, but may be required if 
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boiler feed with little subcooling is required for stable boiler operation.) Heater 2 drains to Weater 1. 
Heater 3 receives vapor extracted from the lowest stage in the main turbine having an exit temperature high 
enough to cause the combined Heaters 1 and 3 to heat the feed stream leaving Heater 1 to its highest 
potential temperature (i.e., to the auxiliary turbine exhaust temperature minus the specified heater terminal 
temperature difference). 

ORNL DWG 85-10324R 
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Fig. 1 Rankine power cycle flowsheet. 
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3. COMPONENT MODELING 

In the following subsections, the model assumed for each of the major cycie components is described 
briefly to inform the reader of simplifiations built into the computer program and to provide a better 
understanding of the meaning of required items of program input data. 

3.1 TURBINE 

The power turbine has a specified number of stages, with an assumed temperature drop across each 
stage equal to the total cycle temperature difference divided by the number of stages. Each stage is 
assumed to have an aerodynamic efficiency equal to the input value for dry stage efficiency. The actual 
efficiency for the stage is then assumed to be the aerodynamic efficiency degraded by one percentage point 
per percent average stage moisture as determined from an isentropic expansion over the stage temperature 
range. Values for efficiency degradation due to moisture content assumed by various investigators in the lit- 
erature range from 0.5 (Ref. 1 )  to 1.0 (Ref. 2) points per percent moisture at  the exit of a turbine section. 
A value for turbine exhaust loss, due to the last stage leaving velocity, is specified in the input. 

3,2 MOISTURE SEPARATORS 

Either of two types of moisture separators may be inserted in the turbine expansion path following any 
turbine stage. An interstage separator provides means, within the turbine casing, for collecting and draining 
off accumulated moisture. An interspool separator is located external to the casing, with the working h i d  
stream exiting the casing, flowing through the separator, and reentering the casing prior to the following 
stage. 

An interstage separator is assumed to remove 25% of the moisture present in the working fluid at the 
An associated penalty with this type of separator is the requirement for the location of the separator.) 

removal of 0.25 lb of vapor with each pound of moisture removed.' 

'4n interspool separator is assumed to remove 90% of the moisture in the working fluid as it enters the 
~epara tor .~  Two performance penalties are associated with this type of separator. First, 0.1 lb of vapor 
accompanies each pound of removed moisture. Second, the working fluid undergoes a pressure drop of 
approximately two velocity heads (1.5 psi is assumed in ALKACYCL) as it passes through the separator. 
In addition, there is a weight penalty associated with an interspool separator. (In Ref. 4, an interspool sepa- 
rator was estimated to add 50 Ib to the weight of a 450-kW potassium turbine.) 

3.3 REGENERATIVE FEED HEATERS 

Each of the feed heaters modeled in ALKACYCL consists of a shell-and-tube heat exchanger with a 
condensing section and a drain cooler section. The boiler feed stream flows on the shell side of the 
exchanger while the vapor-liquid mixture is condensed and suhcooled inside the tubes. This arrangement is 
the reverse of normal utility power plant practice and is necessitated to assure management of the vapor- 
liquid interface in the zero-gravity environment. 
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Two items of input information are required from the program user to define feed heater performance. 
The terminal temperature difference, defined as the difference in temperature between the incoming vapor- 
liquid mixture and the leaving boiler feed stream, is specified, In addition, the drain cooler temperature dif- 
ference, defined as the temperature difference between the drains leaving the heater and the incoming boiler 
feed stream, is required. The specified values of these items are common to all heaters, 

4. WORKING FLUID THERMODYNAMIC AND TRANSPORT PRQPERTIES 

Thermodynamic and transport properties for potassium are provided by subroutines in ALKACYCL,. 
Replacement subroutines are available for sodium properties, and others for cesium could be developed from 
available algorithms if the need arises. 

The algorithms contained in the subroutine for potassium properties are from R. L.  grave^,^ who also 
presented algorithms for the properties of cesium. The replacement subroutines for sodium are based on 
algorithms presented by G. H. Golden and J. V. Tokar.6 

5. PROGRAM STRUCTURE 

A listing of the program, a description of the required input variables, and a sample output are included 
in the Appendix. The subroutines included in the listing provide thermodynamic and transport properties 
for potassium. Following the main listing i s  a set of subroutines for sodium, which may be substituted in 
the program for cycle analyses using that working fluid. The functions of the various subroutines are as fol- 
IOWS: 

6000 returns saturated thermodynamic properties corresponding to the 
supplied temperature 

6450 returns saturated liquid specific volume at the supplied temperature 

6500 returns saturation temperature for the supplied pressure 

7080 returns saturation temperature for the supplied saturated liquid 
enthalpy 

7200 returns transport properties for the supplied saturation temperature 
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Input data are in Lines 750-7760 and are defined in Table A.1 in the Appendix. In general, data in 
Lines 7500-7530 provide the information required for determination of the turbine expansion line. Data in 
Lines 7540-7550 define the remainder of the cycle. System capacity and desired degree of detail in the out- 
put are specified in Lines 7’560-7570. If piping and feed heater sizing and weight estimates are not desired, 
no further input data are required. If this detail is desired, the following data must be provided. Lines 
7590-7670 label the various interconnecting piping runs and provide their respective lengths, the physical 
state of the working fluid as it flows through the line, and the number of parallel pipes for each run 
(reflecting the modularity of the system). Lines 7690-7740 contain data setting design velocities for the 
piping and giving the physical properties of the materials of construction. Lines 7750-7760 contain the out- 
side diameter and wall thickness of the tubing to be used in the feed heater bundles. 
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Table A.l Input variables far ALKACYCL 

Variable Locationa Definition 

TBOIL 
XBOIL 
‘KON 
NS% 
GEFF 
DEFF 
EXLOSS 
SEP% 

PTEFF 
PEFF 
NH% 
DELTPT 
JETRAT 
DELPSY S 
SCCON 
TTD 
DCDT 
BFSC 
KWOUT 
DETAIL% 

7500-1 
7500-2 
7508-3 
7 500-4 
7500-5 
7500-6 
7500-7 
7520 

7540-1 
7540-2 
7540-3 
7540-4 
7540-5 
7540-6 
7540-7 
7540-8 
7540-9 
7540-10 
7560-1 
7560-2 

Boiler outlet temperature, R 
Boiler outlet quality, fraction 
Turbine outlet temperature, R 
Number of turbine stages 
Generator efficiency, fraction 
Dry turbine efficiency (for all stages), fraction 
Turbine exhaust loss, Btu/lb 
Moisture separator index (set of NS% values) 
0 = no separator 
1 - interstage separator 
2 = interspool separator 
Auxiliary turbine efficiency, fraction 
Feed pump efficiency, fraction 
Number of feed heater stages 
Auxiliary turbine temperature difference, R 
Condenser scavenging jet pump flow ratio, suction/driving 
Total system frictional pressure drop, psi 
Condenser subcooling, R 
Feed heater terminal temperature difference, R 
Drain cooler temperature difference, R 
Boiler feed subcooling, R 
System electrical output, kW 
Output detail index 
0 = no piping or heaters sizing or weights 
1 = full output 

The following input data are not needed if DETAIL% = 0. If DETAIL% - 1, then 23 sets of piping run 
data (each set consisting of a value for LLBL$, LG, TY, and NUM%) are required in Lines 7600-7670. 

LLBL$(n) 

NUM%(n) 
NPTA% 

NPTB% 

TMAT 
VELV 
VELM 

7600- 
7670 

7670 
7670 

7670 
7700- 1 

7700-2 

7700-3 
7700-4 
7700-5 

Label for pipe run n (up to 16 characters) 

Length for pipe run n, ft 
Physical state of fluid flowing in pipe run n 
1 = vapor 
2 = wet mixture 
3 = liquid 
Number of parallel pipes for pipe run n 
Number of temperature-strength data pairs for high-temperature 
alloy 
Number of temperature-strength data pairs for low-temperature 
alloy 
Temperature above which high-temperature alloy is to be used 
Design velocity for vapor lines, ft/s 
Design velocity for wet mix. lines, ft/s 
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VELL 
RHOA 
RHOB 
KA 
KR 
'TSIG( m ) 

SIGA(m) 

SIGB(m) 

ODTUBE 
WALLT 

7700-6 
7700-7 
7700-8 
7700-9 
7700-10 
7720- 1, 
35 . .  

7720-2, 
4,6 ... 

2,3 ... 
7740- I ,  

7760- 1 
7760-2 

Design velocity for liquid lines, ft/s 
Density of high-temperature alloy, lb/in,' 
Density of low-temperature alloy, 1b /h3  
Thermal conductivity of high-temperature alloy, Btu/ft-h-F 
Thermal conductivity of low-temperature alloy, Btu/ft-h-F 
Temperatures for which corresponding high-temperature alloy 
strengths are known, R (NPTA% values, input in odd-number locations 
in Line 7720) 
Design strength for high-temperature alloy corresponding to 
TSIG(m), psi (NPTA% values, in even-number locations in Line 7720) 
Design strength for low-temperature alloy corresponding to 
TSIG(m), psi (NPTB% values, corresponding to first NPTB% values for 
TSIG( )) 
Outside diameter of tubing used in feed beaters, in. 
Wall thickness of tubing used in feed heaters, in. 

a Location denotes line number and item location within that line (e.g., 7500-3 denotes the third data item 
in Line 7500). 
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3818, I F  I D ( I % ) = O !  THEN WT( IX l=B!  
3825 TOTWT=TOTWT+WT(I%) 
3830 NEXT I X  
3840 ’ f f f *  FEED HECiTER DESIGN **** 
3850 R E A D  ODTUBE,WALLT 
386@ V I N ~ O ( i ~ = V I N T O 1 : V I N T 0 ~ ~ ~ = V l N T O ~ : V I N T ~ ~ ~ ~ = V I N T ~ 3  
3570 PHIX(1 
3880 FINTQ( 
3898 T M I X ( 1  
3900 SIGHAH 
3915 ON NHX 
3920 T L I Q ( P  
! 
3930 60TQ 3970 
3440 T L I Q ( l ) = ( T L ( 8 )  + T L  ( 9 )  1 / 2 !  : T L I Q ( 2 ) = f T L  ( 9 1  t T L ( 1 0 I  1 / ? !  
395@ GDTO 3970 
3965 T L I Q ( l ) = ( T L ( B ) t T L ! l 0 ) ) / 2 !  
39781 IDTUBE=(ODTUBE-2*WALLTi / l2:ODTUBE=DDTUbE/i2 
398B FOR E X = 1  TO 3 
3940 IF V I N f O ( I % 1 ~ . 8 0 0 1  GOT0 4270 
46104) NTUbES=VINTO(I~~/fNUH%(2)*VELV*.7854*IDTU3E*2) 
4010 HTUBESf~%i=CINTfWTUbESI 
4820 A R E U S H = F I N T O ( I % f / ( N U M % ( 2 ~ * N T U b E S ( I % ) a V E L ~ )  
4030 P I T C H  1 % )  =SQR 1, !S5*AREASH+. 9068*ODTUBE”2) 
4840 DH~D=1.1027*PITCH~I%)”210DIUBE-ODTUBE 
48150 DSHELL(I%)=PITCH(I%)aSQR(4wNTU#ES~f%)~~-~/3) 
4866  V S H E L L = F I N T O ( I % ) / ( N U H % o f . 7 8 5 4 t I O S H E L L ( I % ~ ~ ~ 2 - N T U E E S ~ ~ ~ ) * ~ ~ T U 3 E . ” ~ ) )  
407pI TR=TL IB( I%)  
4880 GOSUB 7 2 8 0  
4098 HDII%)=I6.7+.0041*fDH~D*VSHELL*~601*RH~~L*&P/~;).*..79~*EXP(4~,8*~P*~U/~~)*~/ 
UHYD 
41@0 T R = ( T E X T ( I % ) + T D R A I N i I % ) ) / 2  
9118 EDSUB 7201 
4125 V = D R V O L ( Z % ) * 3 ~ 6 0 / [ N U M % I Z ) + N T U 8 E S ~ I ~ ~ } * . ~ 8 ~ 4 f l D T U B E * 2 ~  ‘FT/HR I N  TUBES 
4138 H I i I % ) = . 6 2 5 * i k / l D T U B E ) * ~ I D T U E E w V + H H O F L * C ~ / ~ ~ ~ “ ~ . 4  
4140 I F  T H I X ( I % ) > T M A T  THEN GTUBE=KA ELSE iiTiBBE=ICB 

415E UID( 
1 
4178 BHXC 
c 
418E1 QHXE) 
4190 L E N E  
420P) LENE 
4216 LEMGTHiI%)=LENGTHC+LENGTHD 
4225 W A L L S H I I % ~ = P ~ I X ( I % j * D S H E ~ L ~ I % ) / 2 ! / S I G M A H ~ I % ~  
4238 IF WALLSHiI%)<.BBlb67 THEN WALLSH(f%)=.001&67 
4 2 4 8  I F  T M I X ( I % j ) T M A T  THEN AHO=HHOA ELSE RHO=RH58 
4 2 S B  W T H T H ( I X ) = 1 . 1 ~ R H 0 * 1 7 ~ 5 ! * L E N G T H ~ I % ~ * . 7 8 5 4 * ~ ~ D ~ H E L L ~ I % ~ t 2 * W ~ L L S H ~ I % ~ ~ ~ ~ 2 - D S H E  
i L I I % I . ’ ? + N T U B E S i I % j * ( Q D T U B E ” 2 - I D T U B E ” 2 ) )  ‘INCLUDES 10% F O R  C A P S  CtND TUBESHEETS 
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426@ T O I X T R - T O T N T H + W T H T R ( ~ % } ~ ~ U f l ~ ( 2 )  
4 2 7 0  NEXT I% 
4500 L P R I N T  " S T A G E " ; T A B ( l 2 )  ;"STAGE F L O W " ; T A B ( 2 6 )  ;"STAGE WDRK";YAB(39)  ;"LIQ. SEP 
" ; T A B ( 5 1 )  ; " V A P .  S E P " ; T A B ( 6 3 )  ; " S T A G E  EFF.":LPR!WT 
4516 FOR I X = l  T O  NSX 
452U L P H I N T  I%;TAB(l?); 
453Q L P R I N T  USING " # W # # .  # # # # #  "; FLObi ( 1 % )  ,WORKS ( 1 % )  ,FLOM ( 1 % )  +LSEP ( 1 % )  ,FLOW (1%) x 
VSEP ( 1%)  , EFF ( 1 % )  

455id L P R I N T :  L P R I N T  "HEAT @DDED = ' I ;  QADB; 'I HEAT REJECTED = " ;QREJ  
45664 L F R I N T  "TOTAL. TURBINE M O R K  = " ; W O R K ; "  CYCLE E F F I C I E N C Y  = " ;CYCEFF;a 
P L A H T  EFF. =" ;CYCEFF*GEFF:LPHfNT 
4 5 7 H  LPRENT "PUMP TURBINE F L U 4  = ";FLOWPT;" PUMP TUH6INE EXH. EHTHALPY = ";H 
BUT 
4588 I..FRIMT "PUMP TURBINE WORK = ";WORKT;" B O I L E R  FEED TEMPERATURE = 'I; TFW; I' 

45 9@ LP R I W T I' E X T R A C  T I O N F L 0 T O  HEATER 2 = " ; F L O E X T ( 2 ) ; "  EXTRACTION FLOW TO 
HEATER 5 = ; F L O E X T ( 3 )  
4605 L F R I N T : L P R I N T  
46 10 LPR INT TE XT ( 2 )  =I' j TEXT ( 2  1 ; TAB ( 2 5  ; "TOUT= ' I ;  TOUT i TAB ( 5 8 )  ; "TEXT ( 3 )  = ' I ;  TEXT ( 3  1 
4 6 20 LP R I N T I' HE X T ( 2 = I' ; HE X T ( 2 ) ; T A E ( 2 5 1 ; HOU T= 'I ; HOU T ; T AB ( 50 1 ; 'I HE X T ( 3 1 = 'I ; HE X T ( 3 1 
4630 L P R I N T  " F L O E X T l 2 ) = " ; F L O E X T ( 2 )  ; TCIB(25) ;"FLO#PT=";FLUWPT;TAB(58)  ; " F L O E X T ( 3 ) =  
" ; F L . O E X T ( 3 )  
4 b 4 0 IPR I NT T DH A I N i 2 1 = I '  ; T R R A  I N ( 2 ; T A 6 i 25 ) ; 'I TDR A I N ( 1 1 = I' ; T D HA I N ( 1 1 ; TAB ( 50 1 ; I' T DR A 
114 ( si = 1 1 .  , T D R A I N ! 3 )  
4 6 5 g  LPR I NT " H D  HA I N  ( 2 j = 'I ; HDHU I N 2 1 ; T AE 2 5 1 ; " H D H A  I N ( 1 1 = I' ; H DRA I N  1 ) ; TAB ( 50 1 ; " HDR A 
I N  ( 3 )  = I R  ; HDRA I H 13) 
466g L P R I N T  " F C O D R N ( Z ) = " ; F L Q E X T ( ? ) ; T A B I 2 5 ]  ; "FLODHN(1)= " ;FLOEXT (2)+FLOWPT+FLOSEP 
( 1 1 ; TAB f 5v)) ; "FLODRN ( 3 )  = I 1 ;  FLOEXT ( 2  +FLOWPT+FLOSEP ( 1 1 +FLOEXT ( 3  +FLOSEP ( 3 )  
4678 LPFZINT " B S E P ( 0 ) = " ; Q S E P ( O ) ; T A B ( Z ~ )  ;"~SEP(l)=";RS€PII);TABISB); "QSEP[3)=";QS 
E P ( J )  
4688 LF'HINT "FLOSEP ( 5 )  = " ;  FLOSEP i 0 )  ;TAP ( 2 5 )  ; "FLOSEP ( 1  ) = " ;  FLOSEP ( 1 )  ; T A B  ( 5 0 )  ; "FLOS 
E P f Z I = " ; F L O S E P ( S )  
454B ? P R I N T  " T F R O ~ ( 2 ) = " ; T F R O H ( 2 ) ; T A B [ 2 5 ) ; " T F R Q H ( 1 ) = " ; T F R O H ~ l ~ ; T ~ b ~ 5 0 1 ; " T F ~ ~ ~ ~ ~ ~  
= "  ; TFROPI i 3  1 
4 7 8 6  L P R I N T  " M F R O M i Z ) = " ; H F R O n ( 2 )  ; T A B ( 2 5 )  ; " H F H O M ( l ) = " ; H F R O n ( l )  ;TAB(SD) ; "HFROM(3)  
='I ; HFROM i 3 
4 ? ? @  I -PRINT "THW = " ; T H W ; T A B ( 2 5 )  : " T P U M P  = " ;TPU#P 

4730 I F  D E T A I L Z = @  GUT0 8580 
4 7 4 0  L P R I N T  C H R B ( 1 Z ) : L P R I N T  "TURBINE CYCLE S I Z E D  FOR S P E C I F I E D  ELECTRICAL OUTPU 
T " ; T A B i 7 4 1  ;CLOCK$; I' " ; D A Y $  
475B LPR1NT:LPRINT " E L E C T R I C A L  OUTPUT = ";KWC1UT;" K W ( E )  I' 

4760  L P R I N T  "THERMAL INPL!T = " ; M B A D R ; "  K W ( T 1 "  
4 7 7 0  L P R I N T  "CONDENSER REJECT = ";klBREJ; 'I EW ( T j  'I 

4788 L P R I N T  "GENERATOR LOSSES = " ; K W O U T + ( l / G E F F - l ) ;  'I KW(T1 " : L P R I N T  
4796 L P R I N T  "STAGE"; Ti ib 112)  ; "STAGE FLOW"; T A B ( 1 6 )  j " L I B .  SEP"; TAB ( 3 9 )  ; " V A P .  SEP"; 
T F i E ( S ! i ;  "EXTHHCT. " :LPRINT 

454s NEXT 1% 

DEE. 6" 

472Pr L P R I N T  "HHW .= " ;HHW;TAB125)  ;"HPUMP = ";HFUMP 

48@@ FCR !%=1 f O  NS1 :LPRINT I % ; T A B ( l Z ) i  
4810 :.PRINT u S I r i 6  w # # # t . # # t  ~*;MFLU(I%) ;MLSEP(IW ; H \ J S E P ~ ) ;  
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432t9 IF I%=NSEXT2% THEN EXTR(I%)=MFLOEX2 ELSE 4845 

4840 IF I%=NSENT3% THEN EXTR(I%)=MFLOEX3 
4851b LPHINT USING " # # Y # X X . # % #  ";EXTR(I%);:LPRINT ' " 
4868 NEXT I% 

4830 GOTO 4858 

41370 LPRINT:LPRIMT I ~ M M A I N  V A P O R  FLOW = t g ; ~ ~ ~ ~ ~ ; l t  LE/SEC":LPRINT 
4880 A A ~ = w # P # # .  #ttt M 

4895 LPR INT "HEATER NO. " ; T A B  (50  1 ; 'I 1 " ; TAB { 6 2 )  ; " 2 " ;  TAB ( 7 4  1 ; " 3  : LPRX NT 
4P@@ LPRINT TAB(3);"FEED FLOW, LE/SEC";TAB(45);:LPRINT USING AA$;MMAIN,tlflAIN,RH 
A I M  
4910 LPRINT TAB(3);"FEED TEMP IN, R";TAB14Sj;:LPRINT USING AAB;TTO(t),TT0(2),TT 
O(3) 
4920 LPRINT TABI3);"FEED ENTHALPY IN, bTU/LBn;TAB(45);:LPR1NT USING AAB;HTO(il, 
HTOf?) ,HTO(3) 
4938 LPRINT TAB!S);"FEED TEMP OUT, R";TAE(45)::LPRINT USING AA$;TFROM(l),TFROM( 
2 )  ,TFROF1(3) 
4940 LPRINT TABi3):"FEED ENTHALPY OUT, BTU/lb"iTAB(45};:LPRINT U S I N G  AAI;HFROM( 
1)  ,HFROM(2) ,HFROMt3t  
4958 LPRIMT 

),MFLODR(2),MFLODR(3f 
4978 LPRINT TAPi3);"VAPOR M I X .  V O L .  FLOW, FT"3/SECt;TAB(45);:LPRINT USING A A $ ; V  
I NTOl ,!'INTO?, V I N T O 3  
49B0 LPRINT TAB(3);"VAPOR MIX. TEMP, R";TAB(45);:LPRINT USING AAB;TOUT,TEXT(2), 
TEXTI3) 
4990 LPRfNT TABI3);"VAPOR MIX. Q U A L I T Y t i ; T ~ B ( 4 5 ) : : L P R I N T  USING AA$;XINTOl,XINT52 
, X I NT03 
55U0 LPHINT TABf3);"VAPOR M I X  ENTHALPY, BTU/LB";TABf45);:LPRINT USING AA$;HINTO 
l,HINT02,HfNT03 
5B)lPI LPRINT TAb(3):"DRAINS TEMP, R";TAB(45);:LPRIMT USING ~A$;TDRAINtl),TDRAIN( 
2 )  ,TDRBINi3) 
50261 LPRINT TAPt3);"DRAINS ENTHALPY, ETUILg";TA8(45~;:LPRINT USINS AA$;HDRAIN(l 
),HCRAI~(2),HDR~IN(3) 
5030 LPRINT 
5c140 LPRINT TAb(3!i"HEAT EXCHANGE (COND.1, B T U / S E C 4 ' ; T 4 B ( 4 5 l : : L P R I N T  USING A4S;Q 
HXC(1) ,QHXC(2) ,QHXC(3) 
5050 LPHINT fGBt31;"LDG MEAN TEflP DIF. (COND.)";TA8(45);:LPRINT USING AA$;LHTDC 
(l),LMTDC!2f,LMTD&(3) 
506@ LPRINT TAB(3);"HEAT EXCHANGE ( D .  C O O L . ) ,  BTU/SEC";TAB(45);:LPRINT USING A A  
$;BHXD(!?,BHXD!2),QHXD~~) 
56175 LPRINT TABf3);"LOG HEAN TEMP OIF. ( D .  C0OL.)":TABi45);:LPRINT USING AA$;LM 
f D D i l ) , L n T D D ( ? ) , L M T D D ( 3 )  
5588 L P R I N T :  LPRINT 
588B LPKKNT "FEED PUHP TURBINE" 
Sitilk? LPRIMT TAb(3f;"VAPOR FLOW, L P / S E C t ' ; T A B t 4 B 1 ; : L P R I N T  llSING AA$;MFLOPT 
5 1 t 5  LPRINT TAEI3);"ENTHALPY I N ,  bTU/LB";TAbf48f;:LPRINT USING AA$;H(O) 
5120 LFRINT TA8:3i;"ENTWRLPY OUT, BTU/Lb1' ;TAB(48i t :LPR1MT USING AA$;HOUT 
5138 LPRINT T A B ( 3 ) ; " P O W E R ,  KW";TABt4R)::LPHINT USING A A I ; W O R # T * F A C T O R + 3 6 8 5 / 3 4 1 ~  
5148 LPRINT 
515U LPHINT "FEED PUMP" 

4968 LPRINT TAE(3);"VAPOR M I X .  FLOW, LE/SECH;TAB(45);:LPRJMT USING AA$iflFLODR(l 
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El. 1 5 6 / T A - 2 .  $75) 

7530  ' N S %  V i L U E S  FOR SEP% ( O = N O  SEP;  l = IMTERSTAGE SEP; 2=INTERSFOOL SEP) 
7 5 4 0  D A T A  0.7,0.6,3,358.,4.0,11~.,1~.,10~ ,20,100. 
7558 " P T E F F , P E F F , N H % , D E L T P T , J E T ~ A T , D E L F S Y S , S C ~ O N , T T D , ~ ~ ~ T , ~ F S C  
75619 RATPI lE?BB, 1 
7570  ' K W O U T , D € T A I L % i ~ = N O , l = Y ~ S )  
7588 'THE FDLLUWING D A T A  XS NOT NEEDED I F  [ D E T A I L ]  IS Ea1 
7 5 9 @  ' F O L L O M I N G  ARE 23 SETS OF L L B L S  ( L A B E L ) , L G  (LENGTH,FT) ,TY  (TYPE FLOW;l=VAP 

7680  DATA "KEACTOR OUTLET" ,6 ,1 ,1 , "TURBINE I N L E T 1 ' , 3 , 1 , ? , " T U R B I N €  QUTLET" ,3 ,1 ,2  
7 6  I111 D A T A  "CGNDENSEM I N L E T " ,  3,1,2 "CONDENSER OUTLET",  3 , 3 , 2 ,  "COND. JET OUTLET",  4 ,  

7 6 2 8  E A T &  "HTR 3 FEED" ,  3 , 3 , 2 ,  " H ' T H  1 FEED" ,  2 , 3 ,  '1 "HTR 2 F E E D " ,  2 , 3 , 2  
7 636 5 A T A 'I PO I LEK FEED , b 3 ,  f , 'I P . TURB , I N L E T  , 3  i ,2, " P . TURB . OUTLET '' , 4  , 1 ,2 
7 6 4 8  DATA " H T R  2 EXTR. " ,4 ,1 ,? , "HTR 2 DRAIN" ,4 ,3 ,? , "HTH 1 SEPS",4,2,? 

7660 D A T A  "SiTR 3 S E P S " , 4 , ? , 2 , " H T H  3 M I X " , 2 , ? , 2 , " H T R  3 DRAIN ' ,4 ,3 ,2  
7 6 7 @  CATF!  "COND. SEPS1' ,3 ,2,2, "COND.JET R E C I H C . " , 4 , 3 , ?  
7656 'FULLOWING ARE N P T A , N P T t i , T M A T , V E L V , V E L M , ~ E L ~ , R H a R , R ~ a ~ , ~ ~ ~ , K B  
'7590 'ALLOY A IS H I - T E H P  MATL, B I S  LO-TEMP, THAT I S  MATL SWITCH TEMP 

D R , ? = M I X , 3 = L I Q U I D i ,  N U N  (runesm OF LINES) 

J ,2 

- .  / b a n  c D A T A  "HTR 1 N I X " , 2 , l , ? , " H T R  1 D R A I N 1 ' , 4 , 3 , 2 , " H f H  3 EXTH.",4,1,? 

7708 D A T A  9,5,?a?0,450,100,10,.~~4,.31,31.0,31.a 
7 7 i B  'FBLLOWING ARE N P T A  PAIRS OF TEMP Arm STRESS FOR HI-TEMP ALLOY 
7 7 ? @  DATh l 8 5 9 , 5 6 5 6 0 , t 9 t 0 , 4 6 4 1 ~ , ~ 0 ~ ? , ~ 6 2 ~ ~ , 2 1 ~ 0 , 3 1 ~ 3 0 , ~ ? 5 9 , ~ ~ 8 3 0 , ~ 3 6 0 ~ ~ 2 b 3 ~ , ~ 4 ~  
8 , 1 4 8 ? 0 , ? 5 6 5 , 1 3 5 ? 0 , 2 b 5 9 , 1 ~ ~ ~ ~  
77364 ' F O L L O W I N G  ARE NPTB STRESS VALUES FUR LO-TEMP ALLOY THAT 6 0  W I T H  F I R S T  NPT 
B TEMPS FROM STATEMENT 7 7 2 0  

7 7 5 8  'FOLLOWING ARE HEATER TUBE OD ( I N . )  A N D  WALL THICKNESS (IN.) 
7 7 h 0  DATA .25 , .025  
888iJ Z Z = T C O N  ' A  D U N M Y  STATEMENT TU PREVENT CLEARING GUT THE REGISTERS AT E N D  

7 7 a  ixm 725a,~~5~,5050,4350,30~a 
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b810 'CALCULATION OF S A T U R A T I O N  PROPERTIES (BASED ON GOLDEN % 
ha20 I F  T(z2059.7 G O T O  6830 ELSE G O T O  6058 
6030 P=f3832660! /T" .5 )  *EXP(-23073.3/T l  'GTMOSPHERES 
004111 GOTO 6R60 
6858 P = ~ ~ 8 8 1 7 3 0 . ? t / ( T " . S 1 3 4 4 ) ) f E X P ( - 2 2 9 & 1 . 9 6 / T ~  'fiTHOSPWERES 
0860 HF=. 389'35?*T-S. 529955E-8S*T"2+1.13726E-@B*T"3-29.82 'B 
6878, Sf=.389344*tOG(T)-l.l0557E-04*Ttl. 7 8 4 0 8 € - 0 8 * T " ~ - 1 . 7 ~ 2 0 2 6  

OKAR, CINL-7'323) 

U/LB 
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T B - T A )  
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TURBINE EXPhNSlOY LINE CALCULATION 15:24:21 96-21-1985 

THROT. T ,  R = 2 5 ~ e  e m .  T, A = lee8 
NO. DF STA6ES = 3 DRY STAGE EFF, 2 = 85 
EXHAUST LDSS, BTUiLIItl = 5 

STA6E EXIT T EXIT P EXIT S EXIT H 

0 
1 

3 
4 
5 
b 
7 
B 
9 

7 L 

Z08.0 
2422.2 
2344, I 
2266,7 
2188.9 
2162.9 
2827 I 2  
1951.5 
1875.7 
1840.0 

170.58648 
136.49238 
187.48040 
83.28783 
63.21451 
45.52975 
3.29197 
23.74523 
Ib. 46483 
11,86821 

1.81978 
1.02134 
1.02319 
1.02538 
1 * 82796 
1.06554 
1.85898 
1.0718)l 
1.88298 
1,618934 

1218. nem 
1199.39108 
li79.9ti308 
1 16s. 559818 
1141.11I1285 
1 19 1 I 64608 

1344.72788 
1137,48631 
1 117. 9B880 

1 IN, I ime 

EXIT X 

1. %%e68 
8,97965 
0. 95963 
0.93989 
0.92039 
e. we49 
e.96524 
0.94887 
B.33538 
8.91834 

FLOW MTIO DELTA H 

HOISTURE SEPARATIQNS 

STAGE TYPE LIB, OUT L I Q .  H VAP. OUT VAP. H YAP. s 

I L K .  OUT AND VAP. OUT ARE PER LBH E#TERI#G STffiE) 

5 IHTERSPDOL 11.~8893 4 1 ~ 7 1 ~  0 . 8 0 ~ ~ ~  ii21.594e8 1,a3wi 
8 INTERSTASE 8.02065 364.39918 8.98515 1121.432811 1.87462 

e.9wa9 
19.48625 

19.42444 
19.45654 
19.54769 
23.52747 
23.39124 

19.57825 

19.4aa45 

23.29488 

ELEP X 

8,90 1 16 
8.91137 

LAST STAGE ELEP: H = 1112.908 S = 1.887461 X = ,91231122 
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TUHEIRE CYCLE CALCULATION !PER LB PRIflE VAPOR) 15:24:21 86-21-1985 

NO. DF HEATER STAGES = 3 PUHP 1URBIWE DELTA T = 358 
JET PUMP FLOW R A T I O  = 4 PUHP TURD. EFF. = .7 PUMP EFF. = .6 6EN. EFF. = .95 
SYSTEfl PRESSURE DROP = 115 CONDENSER SUBCOOLING = 18 
HEATER TERHINAL TEHP. DIFF. = 18 DRAIF! CODLER DELTR T = 28 
BDILER FEED SU6COOLIH6 = 1 B I  

ttf  THREE FEED HEATERS FED FROH STFIGES 1 AND 6 ClMQ FROn PUMP TURBINE ErHAUST f t t  

STAGE S T A K  FLDU STAGE WORK LIB. SEP VAP. SEP STAGE EFF. 

8. ~ R ~ ~ 8  
0, BB&88 
8. 88098 
9.808R~ 
8,688%1 
8.88018 
0. 8BBBE 
0.88414 
8. 89888 

5.83727 
8,81675 
8.79652 
8.77654 
8. 75681 
8, 82474 
0.79945 
1.775812 
8.76997 

HEAT ADDED = 758.8926 HEAT REJECTED = 591.5229 
TOTfil TURBINE MURK = 159,3695 CYCLE EFFICIENCY = ,21224 PLANT EFF. = .?81628 

PUHP TURBINE FLOY = 3.334435E-82 PUHP TURBINE EYH. ENTHALPY = 1143.153 
Pl!W TUREiME YDRK = 2.522322 BOILER FEED TEHPERATURE = 2488 DE6. R 
EXTRRZTIDti FLOM TC HEATER 2 = 6.578374E-8? EI(TRACTIBP4 FLOW TO HEATER 3 3.184579E-02 

TEXT ( 2 :I = 242'2.222 TOUT= 2158 TEXT(3)= 2827.199 
HEXT i 2 i  = 1199.391 HOLJT= t 143.153 HEXT(31= 1168.118 
FLOEXTIZ)= 6.578374~-82 FLOW= 3.334435~-02 
T9RAIN(?)= 2 l b l  TDRk I N  [ 1 = 2824.4bh TDRhIN(Jt= 1822.769 
HDRblN ( 2 )  = 429. bl?? HDRAIH (3) = 353.9194 
FLODRN i2!= 6.578374E-612 FLODRN [ 1 ) =  9.91289BE-E? FLQDRSI ( 3 ) ~  . ?183%4? 
GSEF(@j= 1B.41174 QSEP(l!= 8 USEPI31 = 41.91243 
FLOSEPIBi= ,8201854 FLDSEP(1). 0 FLQSEP13)= B.E!3828E-B? 
TFF(UH(2)= 2410 TFROMI1)= 214% TFROHi3i= 2814.466 
HFRGtl(P)= 467.9851 HFROR ( 1 1 = 416.6741 HFROR(S)= 389.9223 
THW 1798 TPUHP = 1882,769 
I%# 347.4491 HPUHP = 349.9714 

FLOEXTU)= 3. ie4579~-e2 

HRHAIN i 1 i = 393,767 
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lU f iB lNE CYCLE Si :ED FOR SPECIFIED ELECTHlCAL OUTPUT 15:24:?1 06-21-1985 

ELECTRICAL OUTPUT = 1000 i.Y(Ei 
TtiERNAL INPUl  = 4 9 5 9 . 6 3  M I T I  
CONDENSER REJECT = 396b.995 b W ( T l  
GENERATOR LDSSES' = 5:.6?162 b W ( T i  

STAGE 51AGE FLOY LIB.  SEP VAP. SEP EXTRACT. 

s.05! 
5.040 

5.640 
5.040 
f .b48 
5.888 
4.89! 
4.89: 
4 .767  

0. 000 
0.880 

0. 008 
0.582 

8.088 
8.101 
8.080 

~ . e ~ e  

0. e80 

fMlN VAPOR FLOW : 6.?60051 LB!SEC 

HEATER NO. 

FEED FLOW, LB,SEC 
FEEC TEllP IN, R 
FEEC ENTHElLPY IN. BTU;LB 
FEED TENP OUT, F 
FEED ENTHALPY DUT, BTU!LE 

VAPOR M l I .  FLOW, LBISEC 
VAPCK ElX, VOL. FLOY, FT'jiSEC 
VAPOR MIX. TEMP, R 
'b'itPDK M I X .  QUAL!Tf 

DRAINS TEHP, P 
DRAINS ENTHRLPi, BTU/LB 

/ a m  MIX ENTHALPY, B T U ~  

H E k i  EXCHANGE [CDNG. i ,  8TU:SEC 
LO6 MEAN T E W  DIF. (LONG.! 
HEAT EXCHANGE 10. CDDL.), PTUiSEC 
LO6 H E M  TEHP 01F. (D. COOL.\ 

FEEG PiitlP ~ U B b I N E  
VAPDR FLOW, LBlSEC 
EHTHhLPV I N ,  B W L R  
iNTHkPY Q t i T ,  P l t i i L R  
POWER, R W  

FEU PUMP 
FEED PUMP FLOII, LBISEC 
FEED P w  HEAD, PSI 

C3NDENSER 
JAPOR M i x .  TEHP, R 
VAPOR M I X .  FLOW, L f r l5EC 

VAPOR M l k .  ENTHALPY, bTU!LE 
LENDENSATE T E I P ,  R 
CONDENSATE ENTHALPf , BTU!LB 

VAPOR nix .  w ! i I T v  

0.412 
8.868 
8*0$8 
a.  800 
0. BE0 
8.191; 
e. 080 
B.880 
8.8918 

7.825 
2 7 8 . 6 2 6  

1800.000 
L.?hO 
0.705 

938.97: 
I 790, Bee 

3 4 7 . 4 4 9  
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15:24:21 06-21-1985 
SCHEDULE OF PIPING RUNS 

NO. DESCRIPTION 

1 REACTOR OUTLET 
2 TURBINE INLET 
3 TUREINE DUTLET 
4 C O ~ ~ E N ~ ~ ~  IMLET 
5 C O ~ ~ E N S E R  OUTLET 
6 COWD.JET OUTLET 
7 HTR 3 FEED 
8 HTR 1 FEED 
9 HTR 2 FEED 
10 BPILEh FEED 
11 P.TUNB. INLET 
i? P.TURF, OUTLET 
13 HTH 2 EXTR. 
14 HTR 2 DRAIN 
15 HTR 1 SEPS 
la  HTR i YlK 
17 HTR 1 DRAIN 
18 HTR 3 EXTR. 
19 HTR 3 SEPS 
25 HTR 3 FIX 
21 HTR 3 D R l I N  
22 COND. 5EPS 
23 CO#S,JET RECIRC. 

TEHP PRESS 
Fi 

2588. BlEz 
2588, B5(9 
1800 I etwl 

1 8 8 ~ ~ ~ 8 3  
1798.865 
1798.105 
1882* 769 

PSIA 

78.681 
71.686 
ll.86B 
11.868 
11.6118 
21.860 
85.686 

21184.466 285.686 

2 4 8 0 , ~ ~ e t  285.686 
2588.858 178.386 
2150.01@ 54.676 
2422.222 136.492 
21bE.BBPI 136.492 

8.888 5.8061 
2158.830 54.b76 
2024. 4bb 54.676 
2827.199 33.295 
2152.932 45.53% 
2127,199 33.295 
1822.769 33,295 
1875.733 16.465 
1882.759 285.686 

'2145, 880 285. 68L 

FLOY 
LblS 

6,268 
6.8951 
4.767 

6.268 
7.825 
5.260 
b,  250 
6.2bB 
6.260 

5,289 
1.rllZ 
0,412 
0 . ~ ~ ~  
0.621 
61.621 
5.194 
0.552 
1,367 
1.367 
8.126 
1.565 

~ 2 6 m  

FLOW 
C F i S  

21.8892 
20.301 

181.517 

8.149 
1. 186 
8.149 

0.161 
0. 171 
8.758 

1.659 
1.011 

1.854 
8.816 

0.578 
3.667 
81.834 
8.682 
8.137 

182.897 

m. 156 

1.834 

pI.880 

2 . w  

WB 1 
bI#ES 

1 I Be0 
2 . 8 1  
2.088 
2.800 
2. $05 
2, I 8 8  
?. $08 
2.803 

1.5BBl 

2.a00 

2. 000 
2.001 
2. 885 
2.000 

2.508 

2. 000 
2.088 
2.880 

2,  a m  

2. me0 

2.8180 

2 . 0 ~ ~  

2 . ~ 8  

UNIT 
L,FT 

6.088 
3.DICI 
3.588 
3.80$ 
3.008 
4.880 
3.811 
2.8BW 

6.840 
3.800 

4.0M 
4.889 
4.8)00 

4.880 
4.868 
4.0B9 
2.888 
4.Wd 

4.081 

2. mm 

4.ma 

?.me 

3 . 0 ~  

I.D. 
I NCH 

2.925 
2.834 
6.881 
6.184 
1.169 
1.357 
1.169 
1.196 
1,214 
1,771 
8. 378 
8.611 
8.581 
0.312 
8.808 
6.615 
d. 377 
0. 757 

1.833 
0,560 
8.790 

m. 723 

m. 585 

WCILL 
INCH 

8.028 
E.028 
0.528 
8.528 
8.024 
0.820 
8.821 

8.820 
8.020 
5.825 
0.528 
8.828 
8.8128 
8.820 
8.021 
0.020 
0. 824 
0.828 
8.828 
8.420 
B.Id20 
8.028 

a.831 

TOTAL 
LBS 

3.047 
5.611 
8. 556 
8.588 
1.668 
2.482 
1.724 
1.777 
2.248 
4.893 
1.087 
2.350 
2.191 
1.218 
8.335 
1.156 
8.743 
1.452 
2.788 
1.733 
1.085 
1.137 
1.135 

iOTAL PIPING #EIGHT 63.525 

DESISW CHARACTERISTICS OF FEED HEATERS 
1USIN6 .?5 IN. OD 1 .82 IN. HALL TUBING) 

NO. PITCH, SHELL WALL LENGTH WT/ TOTkL 
NO. TUBES IN. DIG, IN I N  FT HO UIC UID HTR,LB WT,LB SIGM 

1 9  8.448 1.531 81.828 5.477 2294. 2407. 1458, 9.936 19.872 31756. 
2 9  0.473 1.521 8.020 7.114 1832. 1975. 1286. 12.050 24.108 28826. 
3 17 8.368 1.711 8.825 1.825 4648, 4349. 2122. 2.643 5.286 5321. 

TCTAL HEATER WEIGHT 43.259 
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