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IMPROVEMENTS AND ENHANCEMENTS OF THE ABSORBR COMPUTER PROGRAM

FOR MODELING CHEMICAL AESORPTION HEAT PUMP SYSTEMS

Richard L. Cox

ABSTRACT

The computer code ABSORB is a simulation program specifically designed to model chemical
absorption heat pump systems of varying configuration. In a continuing effort to improve the
robustness, flexibility, and applicability of this code, a number of improvements and enhancements
have been recently incorporated into the code. It is the purpose of this report to update the
documentation of the code by describing these modifications which include: (1) a revised strategy of
solving the system equations, (2) increased modularization of the program, and (3) the first efforts to
employ the code to determine an optimum economic design of a heat pump system.

INTRODUCTION

The computer program ABSORB (for simulating chemical absorption heat pumps) has been
described previously!. The present paper is concerned with describing modifications to this code. The
alterations to the code can be generally categorized as follows:

1. incorporation of an alternative approach to the solution of the nonlinear algebraic system of
equations modeling the heat pump;

2. further modularization of the code serving to streamline the program, improve its readability, and
increase the ease of modification and enhancement; and

3. modifications to permit use of the program tc perform economic optimization of the heat absorber
system.

DISCUSSION

SOLUTION OF EQUATIONS

The previous approach to the solution of the system equations, while generally effective, possessed
certain shortcomings. The greatest of these centered around the measures required to guarantee a
physically meaningful mathematical solution. These measures involved intervening in the solution
process to ensure that the variables satisfied certain bound and inequality constraints in addition to the
equality constraints solved by a nonlinear equation solver. The new approach uses a nonlinear
optimization program rather than a nonlinear equation solver to solve the system equations. The
nonlinear optimization routine chosen, NPSOL?, permits one to specify bounds on the variables and
inequality relationships among the variables as a part of the problem statement. Thus, bound and



inequality counstraints, which previously were imposed external to a nonlinear equation solver and were
troublesome to handle and difficult to ensure, are now an integral part of the problem specification to
an optimizer specifically designed to efficiently treat such constraints.

A second shortcoming of the previous approach was the need to recognize and eliminate redundant
comstraints, a task that becomes increasingly difficult as the number of components (absorbers,
desorbers, condensers, evaporators, etc.) making up the process system increases. Whereas the
climination of redundant constraints is imperative when using a nonlinear equation solver, redundant
constraints are of much less concern and often are readily handled by a robust optimization program.
This fact makes it pessible to combine the equations modeling individual components into a system of
equations modeling the heat pump without concern for the independence of the resulting set. This is a
major advantage since the basic motivation for the development of the code was the desire to produce
a simulation code to model heat pump systems of arbitrary configuration, predicated upon viewing
cach heat pump as consisting of a number of standard components.

If the optimizer is being used to simply solve a set of nonlinear equations with constraints, and if
the bound and inequality constraints ensure a unique solution, then the feasible region for the
optimization is a single point. Hence, an objective function is immaterial to the problem; and the
usual two-part process {(within the optimizer) of, first, determining a feasible point and of, second,
determining that feasible point which minimizes (or maximizes) the objective function reduces to that
of finding a feasible solution. Because of the irrelevance of the objective function, it was set, for
simplicity, to 1 in the problem specification.

The use of NPSOL does, however, in contrast to HYBRDI1 (the nonlinear equation solver used in
the previous version of the code), require the user to supply the first derivatives of all the constraint
functions and also of the objective function. The fact that the system equations are relatively simple
algebraic expressions and the fact that analytical expressions are available for the thermodynamic
properties of lithium bromide-water solutions (the working fluid) made it comparatively easy to
determine all the required first derivatives. Although the version of the code presented in this report
is restricted to lithium bromide-water solutions, this does not represent an inherent limitation of the
code, but rather the lack of analytical expressions for the thermodynamic properties of other working
media of interest. The modeling of working fluids for which the thermodynamic property data are
available only in tabular form will require either that the tabular data be numerically differentiated or
that the data be approximated by differentiable analytical functions.

Actually, first derivatives are also required by HYBRDI but are calculated internal to HYBRD!1
by finite differencing. (There also exists a version of HYBRDI1, namely HYBRJ1, which requires the
user to supply a subroutine to calculate first derivatives analytically. When this is feasible to do,
HYBRI is to be preferred to HYBRD! as it may be cxpected to be more robust, avoiding the
inaccuracies associated with finite difference approximation of derivatives.) Seen from this point of
view, the optimization package requires no more information than the nonlinear equation solver. Also,
it may be pointed out that there exist optimization routines which do not require user specification of
the first derivatives, but at present they represent an older gemeration of codes which are far inferior
to newer codes such as NPSOL.

In crder to use the optimization package cffectively, it was necessary to scale the variables, the
constraints, and the objective function. The desirability and, often, the necessity for scaling arises
from the fact that within optimization routines convergence tolerances and other criteria are
necessarily based upon an implicit definition of "small" and "large”, with the consequence that
variables of widely varying orders of magnitude cause difficultics for the algorithms. The ideal usually
sought in scaling is for the variables to be of order unity and the counstraint and objective functions to
vary by approximately one unit when a variable is changed by one unit.

The simplest procedure for scaling the variables and that used in the current version of the code is
to use a linear transformation of the form



for each of the variables, where x is the original variable; and X is a scale factor chosen to yield a
transformed variable y of order unity. A further simplification is to choose the same value of A for
variables of the same type as, for example, a fixed value of A for each of the temperature variables.
Using this approach to scaling, it was fairly straightforward to rederive the system equations in terms
of transformed variables. Indeed, for the linear constraints and even for some of the nonlinear
constraints, the form of the original and transformed equations were identical with only the name of
the variables changing., Thus, for example, consider the overall material balance for any unit in the
system which may be written

N
2 F =0,
i=1
where the summation is over the N flows F; entering and exiting the unit, with the flows appropriately
signed. Then we have

%[)\Fﬂ}m(),

i=1

or

E‘Fizo7

where F; denotes a transformed flow variable; and Az is the scaling factor for the flows. Once the
derivation of the transformed equations has been performed and programmed, the use of scaled
variables and constraints is invisible to the user with the exception that he must supply, as part of the
input data set, appropriate values of the scale factors--a total of five values currently, one each for the
temperature, flow, concentration, pressure, and vapor-fraction variables.

MODULARIZATION OF THE CODE

In the process of modifying the code to compute first derivatives, it was recognized that the program
could be revised to increase its modularity and thereby its readability and, particularly, its adaptability
in regard to future modifications and enhancements. This was achieved principally by employing
separate routines to generate the constraint equations and their first derivatives. Thus, the overall
material balance, component material balance, enthalpy balance, heat exchanger energy balance, and
the equilibria calculations are performed in separate subroutines called by the unit (absorber, desorber,
etc.) subroutines instead of being calculated in line in each unit subroutine.

ECONOMIC OPTIMIZATION OF THE SYSTEM DESIGN

As a first step in the development and demenstration of a computer code to perform an optimal
detailed economic design of a heat pump systern, the code was enhanced to optimize a heat pump
system operating as a temperature amplifier (or heat transformer). In this type of system, the heat
pump takes in waste heat at a low temperature, rejects a portion to a heat sink, and upgrades the
remainder to a higher temperature for use as process heat.
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A measure of the efficiency of a temperature amplifier is the coefficient of performance (COP) of the
system which is defined as the ratio of the output process heat to the input waste heat. The financial
return for a heat transformer is directly proportiona! to the units of process heat delivered and may be
quantified in terms of the cost of supplying the process heat by alternate means as, for example, using
steam. The capital cost of the system is cssentially the sum of the capital costs of each of the
component units. The capital cost of each of the components, in turn, may be taken as directly
proportional to the heat cxchanger area of the component, this being a measure of the size of the
cornponent.

Increasing the areas of the heat exchangers can increase the COP, but this also increases the
capital cost of the system. The optimization problem consists of selecting heat exchanger areas for
each of the system components so as to provide the optimum combiration of capital cost and COP,
thus minimizing the delivered energy cost. One possible measure of optimality is payback time which
is defined as

capital cost of heat pump system
value of process heat producedfyear

payback time, years =

If, as a first approximation, the cost-per-unit of heat exchanger area is assumed constant for the
various components in the sysiem, then the payback time is directly proportional to the ratio

2 heat exchanger areas
rate of process heat production

It is the above ratio which, at present, is minimized by the code in the search for the optimum
economic operating conditions for a heat pump employed as a heat transformer. Estimates of the
per-unit-cost of heat exchanger area and of the per-unit-value of process heat would, of course, allow
one to quantify the payback period.

RESULTS AND CONCLUSIONS

The new version of the code was used to repeat calculations which had been performed previcusly
by the old version and reported'. In cach instance, the computed results were identical and were
obtained in less computer time when the same initial guesses were chosen, thus proving the efficacy of
the new approach. Moreover, the new code has the added capability of performing optimization
calculaticns. A FORTRAN listing of the code (excluding the optimizing package NPSOL which is
propriectary and must be obtained under license from Stanford University) is given in the Appendix.

One area in which more work appears to be needed on the code is that of greater robustness as
regards convergence from poor starting guesses. Actually, more use of the code is needed to define
the extent to which this added robustness is necessary, the underlying guestion being whether the user
will have available, or should be expected to supply, a "reasonably good” estimate of the solution. The
older version of the code was somewhat more robust than the present version in that it incorporated a
preprocessor to massage the input data and thereby permitted poorer initial guesses than the present
versicn. In the interest of simplifying the code and because the preprocesscr was somewhat heuristic,
it was stripped from the new version of the code, with the intent of restoring it only if it proved to be
a clearly desirable feature. In many instances, a good starting estimate for a given problem can be
defined from the solution of a previous problem.



Although the need for continued development of the code in terms of incorporating models of new
system components, thermodynamic description of other working fluids, and more detailed economic
analysis is readily recognized, it is believed that the basic framework of a code, sound in strategy,
efficient in execution, and flexible in application is pow in place. Clearly, application of the program
to problems of interest will guide the immediate and future evolution of the code.
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THIS IS THE ABSORB COMPUTER FROGRAM FOR MODELING
HEAT PUMP SYSTEMS OF VARYING COUONFIGURATION

VERSION OF APRIL 21, 1986

NSP = NUMBER 0OF STATE POINTS

NUNITS = NUMBER OF UNITS IN SYSTEM

N = NUMBER OF VARIABLES

NCLIN = NUMEER OFf LINEAR CONSTRAINTS
NCNLN = NUMBER 0OF NONLINEAR CONSTRAINTS
NCON = NCLIN + NCNLN

NCTOTL. = N + NCLIN + NCNLN

DIMENSIONING INFORMATION:

NROWA = DECLARED ROW DINMENSION CF ARRAY A WHICH MUST BE
GREATER THAN OR EQUAL TO (.GE=) NCLIN

NROWJ = DECLARED ROW DIMENSION OF ARRAY CJAC WHICH MUST BE
2 GE s NCNLN

NROWR = DECLARED ROW DIMENSION CF ARRAY R WHICH MUST BE
2 GE« N

LENIW = DECLARED LENGTH OF VECTOR IWORK WHICH MUST BE .GE.
3%N 4+ NCLIN + NCNLN

LENW = DECLARED LENGTH OF VECTCR WORK WHICH MUST BE GEe

2ENH=N + NE(NCON + 12) + 7HNCON + 11%NCNLN + NROWA

LENB INTEGER VARIABLE WHICH MUST BE SET «GE. NCTOTL

Il

VECTORS 1IN COMMON BLOCKS AA,EB,CC,DD AND THE VECTORS
JCes JF s JPJTeJdW MUST BE DIMENSICNED -GE e« NSP

VECTORS IN COMMON BLOCKS EEsFF (FIRST DIMENSION OF ISP}
MUST BE DIMENSIONED «GEe NUNITS

VECTORS IN COMMON BLOCK GG AND THE VECTORS FEATOL »CLAMDA,
ISTATE MUST BE DIMENSIONED «GE» NCTOTL

ARRAY A MUST BE DIMENSIONED A{(NRCWASNCOL A)s NCOLA «GEe. N

ARRAY CJAC MUST BE DIMENSIONED CJAC{NROWJI,NCCLJ) WITH
NCOLJ oGE- N

ARRAY R MUST BE DIMENSIONED R{NROWR.NCOLR)s NCOLR +GEe N

VECTOR FUN MUST BE CIMENSIONED oGEe. NCNLN

VECTORS 0B8JGRD+X MUST BE DIMENSICNED »GE. N

VECTUOR WORK MUST BE DIMENSIONED EQUAL TO LENW

VECTOR IWORK MUST BE DIMENSIONED EQUAL TO LENIW

INTEGER VARIABILES NROWA SNROW Js NRCWRSLENIW,LENW,LENB
MUST BE EXPLICITLY SET BELOW

DIMENSIONS BELOW ARE FOR MAX. OF 50 STATE PTSe AND 20 UNITS.
HOWEVER, SUBJECT ONLY TO THE LIMITATIONS OF COMPUTER MEMORY,
THE PROGRAM MAY BE USED FOR SYSTEMS OF AN ARBITRARY NUMBER
OF UNITS AND STATE POINTS BY APPROPRIATE REDIMENSICNING IN
ACCCORDANCE wITH THE INSTRUCTIONS GIVEN ABCOVE.

IMPLICIT REAL%8 (A—H,0-2)
LOGICAL COLD,QRTHOG

COMMONZAA/ C(50).F{50):sP{S0)T{50),Y(50)»IVARCI(EC),
> IVARF{50), IVARP{50)sIVART(50)+IVARY{(50):KFAZ(50) »MSUB
COMMCN/BB/ ICEX(50) » IFFX(50) s IPFX{50), ITFX(S50),1IYFX{EZ0).
> IVCI50) 4 IVF(50) s IVPI50)sIVT(50).,IVY(50),IVA(50)
COMMON/CC/ H{50)DHC{(50) sDHP(50) sDHT(50) ,DHY(S50)
COMMCN/DD/ GRAD(S0) s0BJECT,ICBJ

COMMON/EE/Z Q(20),UAC20),IREV(20),IAFX(20),IVARA(20)
COMMON/FF/ IDRUNIT(20),ISP{2057) s NSPsNUNITS,NUC,NUF,

> NUPSNUTNUYsNUA

COMMON/GG/ BEL(12%Z),BU(1253;

COMMON/NN/ NROWANROWJ s NL o NNL « INIT

COMMON/SSY CSCALEFSCALEZPSCALE,TSCALE ,.YSCALE
COMMQON/ZZ2Z/ UROQUND

DIMENSION A(25+50).CJACL50+50)R{50,50)
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DIMENSION FUN{50),0BJGRC{50).X{(50)

DIMENSION WORK{7000) sIWCRK(225)

DIMENSION FEATOL{125)+CLAMBDA{12S5),ISTATE(125)
DIMENSION JC{50) +JF(S50),JP(S50),4T(50)5JY(50)
DIMENSION ANAME(B)

EXTERNAL CONFUN,OBJFUN
DATA BIGEND/2eDO0/SsETA/Qe3D0/ 2COLD/ e TRUE ¢/ »ORTHDOG/ «a TRUE o/
DATA ANAME/Z1HA s 1HD ¢ 1HRWIHC s 1EES 1HV,1+M, LHS Y

FOLLOWING STATEMENT IS NEEDED FUOR THE CRAY COMPUTER
CALL LINK ("UNITS=INFILEUNITO6=TERMINAL //%)

SET DIMENSIONING DECLARATIONS
NROWA = 25
NROWJ = £0
NROWR = £0
LENIW = 225
LENW = 7000
LENB = 125

CALCULATE UNIT ROUNDOFF 0OF COMPUTER (MACHINE EPSILON)

URCUND = DIMACH({4}
INPUT AND PRINT OPTIMIZER FLAGS AND PUNCH FLAG
icsJ = OBJECTIVE FUNCTION FLAG
= 1 IF OBJ. IS ONE :
= 2 IF 0BJ. IS SUM OF SGQUARES OF THE EQUALITY
CONSTRAINTS k
= 3 1IF 08BJ. IS5 SUM OF UNKNOWN UA'S
= 4 1IF OBJe. IS PROFORTIONAL T0O PAYBACK TIME
ITMAX = ALLOWABLE WNUMBER OF ITERATIONS
MSGLVL = PRINT LEVEL FLAG FOR INTERMEDIATE OQUTPUT
1 PUN = PUNCH FLAG
= 0 MNO PUNCHED QUTPUT
= 1 PUNCHED QUTPUT ‘
READ (551000 ICBJITMAX, MSGL VL » IPUN
WRITE (6,2000) I0BJ,ITMAX, MSGL VL s IPUN
IF (IPUN +EQe 1) WRITE (7-,1000) I0BJ-ITMAXsMSCGLVL,IPUN

INPUT AND PRINT ERROR TOLERANCES. IF ZERO VALUES ARE INPUT,
DEFAULT VALUES WILL BE CALCULATED AND USED.
CTOL = ERRCOR TOLERANCE FCR CONSTRAINT FUNCTIONS
FTOL = ERROR TOLERANCE FOR OBJECTIVE FUNCTION AT SOLUTION
EPSAF = ESTIMATED ERROR IN COMPUTING OBJECTIVE FUNCTION
READ (5,1100) CTOL,,FTOL sEPSAF
IF (CTOL +EQe 0.D0) CTOL = 1Q0.DO*¥DSQRT{UROUND)
IF (EPSAF «EQe 0D0) EPSAF = 10.D0*URQUND
IF (FTOL +EG. 0D0) FTOL = DSQRT{(EPSAF)
WRITE (6,2101) CTOL.FTOL ,EPSAF s UROUND
IF {IPUN .EQe 1) WRITE (7+1000) CTOLFTOLsEPSAF;UROQUND

INFUT AND PRINT SCALE FACTORS FOR CONCENTRATIONS. FLOWS,
PRESSURESs TEMPERATURES, VAPCR FRACTIONS. SCALE FACTORS
SHAOUL D BE CHOSEN SUCH THAT FRODUCT OF SCALE FACTOR AND
VARIABLE IS CF ORDER OF MAGNITUDE ONE.

READ (5,1100) CSCALEFSCALE +PSCALE, TSCALELYSCALE

WRITE (6,2102) CSCALEFSCALEWPSCALESTSCALEYSCALE

IF (IPUN .EQes 1) WRITE {(7+1100) CSCALEFSCALE,,PSCALE,

> TSCALE,YSCALE

INPUT AND PRINT HEAT PUMP TYPE AND WORKING FLUID
MAN=1 - ONE STAGE FEAT PUMP : FOR PRINTING
MAN=2 ~ ONE STAGE CHILLER : OUT TITLE ONLY
MAN=3 — TWO-STAGE KEAT PUMP : e
MAN=4 -~ TWC~STAGE CHILLER
MSUB=1 - LI-BR/WATER
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READ (
GO 710

WRITE
GO TC
WRITE
GO TO
WRITE
GO TO
WRITE

GO TO
WRITE

GO TO
WRITE

INPUT AND

8 READ (51000) NUNITS,NSP
WRITE (62008} NUNITSINSP
INPUT AND PRINY UNIT VARIABLES
ITUNIT = UNIT NUMBER (IN ORDER CF INPUT)
IDUNIT = UNIT IDENTIFICATION NUMBER
= 1 FOR ABSUCRBER
= Z FOR DESCRBER
= 3 FOR RECUPERATOR
= 4 FOR CONDENSER
= & FOR EVAPORATOR
= & FOR VALVE
= 7 FOR MIXER
= 8 FOR SPLITTER
UA = OVERALL HEAT TRANSFER (COEFFe. TIMES HEAT EXe AREA
IREWV = FLAG TO INDICATE REVERSED HEATYT FLOW IN RECUPERATOR
= 0 IFf HEAT FLOW IN FORWARD DIRECTION
= 1 IF HEAT FLOW IN REVERSE DIRECTION
IAFX = FLAG TO INDICATE STATUS OF UA VYALUE
= 0 IF UA VALUE IS FIXED
= 1 IF UA VALUE IS UNKNCWN
ISP = VECTOR OF STATE POINTS FOR UNIT IN THE CRDER
CORRESPONDING TO THE TEMPLATE FOR THE UNIT
WRITE {6,2010)
DO 11 I=1,NUNITS
READ (5:1011) IUNITHLIDUNIT(I)LIREV{I),IAFX{I),UA{(I),
> ISP{Isd)eJ=147})
WRITC {6+2011) TUNITLIDUNIT(I)SIREV(I),,IAFX{I),UA(I)
IF (IPUN oEQe 1) WRITE (7s1011) IUNIT,IDUNIT(I),
> IREVCI)SsIAFX(I)yUA(TI)» (ISP{I4J)sJd=1:7)
DO 10 J=1,7
IF (ISP(IsJ) «NEe O0) GO TO 10
NSPU = J —~ 1
WRITE {(6:2012) (1ISP{1sJJ)+JJ=1,NSPU)
GO TG 11
10 CONTINUE
11 CONTINUE
INFUT AND PRINT STATE POINT VARIABLES
ISPT = STATE POINT NUMBER {IN ORDER OF 1INPUT)
KFAZ FLAG TO INDICATE PHASE TYPE

14

AL TERNATIVE FLUID (NOT VALID AT PRESENT)
5+ 1000) MAN.MSUB

{(1+42,3:4)s MAN

{(6,2001)

?6.2002)

?6,2003)

?6.2004)

(6+7)s MSUB

{€+2006)

?6;2007)

PRINT NUMBER OF UNITS AND NUMBER OF STATE POINTS

1

TR

z2
3

IF SOLUTION
IF VAPOR
IF PURE LIQUID
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4 IF SATURATED LIQUID-VAPOR MIXTURE

FLAG TO INDICATE TEMPERATURE STATUS

0 IF TEMPERATURE IS FIXED )

1 IF TEMPERATURE 1I5 UNKNOWN AND .NEs TO ANY OTHER

2 IF TEMPERATURE 1S UNKNOWN. STATE POINTS FOR
WHICH 1ITFX 1S EQUAL HAVE IDENTICAL TEMPS.

FLAG TO INDICATE FLOW STATUS

0 IF FLOW RATE IS FIXED

1 IF FLOW RATE IS UNKNOWN, STATE POINTS FOR
WHICH IFFX IS EQUAL HAVE IDENTICAL FLOW RATES.

FLLAG TO INDICATE CONCENTRATION STATUS

0] IF CONCENTRATION IS FIXED

1 IF CONCENTRATION IS UNKNOWN. STATE PCINTS FOR
WHICH ICFX IS EQUAL HAVE IDENTICAL CONCS.

FLAG TO INDICATE PRESSURE STATUS

0] iIF FRESSURE IS FIXED

1 IF PRESSURE 1S UNKNCWN. STATE POINTS FOR
WHICH IPFX IS EQUAL HAVE IDENTICAL FRESSURES.

FLAG T0O INDICATE VAPCR FRACTION STATUS

0 IF VAPUR FRACTION IS FIXED

1 IF VAPQOR FRACTION IS UNKNUOWN. STATE PCINTS FOR
WHICH IYFX IS EQUAL HAVE IDENTICAL VAPa. FRACS.

TEMPERATURE, DEG F

FLOCW RATEs LB/MIN

CONCENTRATION, PER CENT SOLUTE

PRESSURE. PSI

VAPOR FRACTION

(6220152

I=1:NSP

o IFFX(I)sF{1I)>
2 IFFX(I)eF(X),

TNTUN

1€ CONTINUE

C

C SCALE STATE POINT VARIABLES, ZERC ASSOCIATED INDEX VECTORS
DC 21 I=1,NSP
C(1) = C(I1)*CSCALE
F(1) = F{L)*FSCALE
P(I) = P(I)%PSCALE
T(1) = T(I)*TSCALE
Y(I) = Y(I}%YSCALE
IVARC(I) = O
IVARF(I) = 0
IVARP{I) = 0O
IVART(I) = O
IVARY(I) = O
IVC(L} = O
IVF(I) = 0
IveP(1) = 0
IVT(I) = 0
IvY(1) = 0O
Jc(1) = 90
JF(LI) = 0
JR{1) = @
JT{1) = @

21 JY(1) = O

C

C SCALE UNIT VARIABLES AND ZERO ASSOCIATED INDEX VECTCRS
DO 22 I=1,NUNITS
UA(T) = UVA(I)*FSCALE
Q(I) = 0a.DO
IVARA(I) = ©

22 IVA(I) = 0

C

C INITIALIZE COUNTER FCR NUMBER OF VARIABLES TO ZERC
iv=20
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C INDEX TEMPERATURE UNKNOWNS

31

32
C v

DO 32 I=1,NSP

K= ITFX(I)

IF {K oEGe 0) GC TO 32

IF (JT{K) «EGe 0) GO TO 31
IVART(I)= JT(K)

GO T4 32

Iv= 1V + 1

K «NEe. 1) JT(K)=1IV
()= 1V

C INDEX CONCENTRATION UNKNCWNS

41

42

DO 42 I=1,NSP

K= ICFX(1)

IF (K «EQe 0) GO TO 42
IF {JC(K)} «EQGe 0) GO TO 41
IVARC(I)= JC(K)

GO TO 42

Iv= IV + 1

JC(K)= IV

IVARC(I)= 1V

IVC(1IVi= I

X(Iv)= C(I1)}

CONT INUE

NUC= IV—-NUT

C
C INDEX FLGW UNKNOWNS

51

52

DO 52 I=1,NSP

K= IFFX{(1)

IF (K «EGe 0) GO TO 52
IF (JF(K) «EQe 0) GO TO 51
IVARF(I)= JF(K)

GO TQ 52

Iv= IV + 1

JF{K)= 1V

IVARF({1)= 1V

IVE(IVI= 1

X(Iv)= F{I)

CONT INUE

NUF= IV-{NUT+NUC)

C
C INDEX PRESSURE UNKNOWNS

61

62

DO 62 I=1,NSP

K= IPFX{1)

IF (K «EGe 0} GC TO 62

IF (JP(K) «EG. 0) GO TO 61
IVARP(I)= JP(K)

GO TO 62
Iv= 1V + 1
JP{K)}= IV

IVARP({I)= 1V

IvVe(IVI= 1

X(I1v)y= P(I)

CONTINUE

NUP= IV-—(NUT+NUC+NUF)

C
C INDEX VAPOR FRACTION UNKNOWNS

71

DO 72 I=1sNSP

K= IYFX(1)

IF (K oFGe 0) GC TO 72

IF (JY(K) «EGe 0) GO TGO 71
IVARY(1)= JY(K)

GO TO 72

Iv= 1V + 1
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JY{K)= 1V

IVARY(1)= 1V

Ivy(ivi= 1

X{IVi= Y(1)
72 CONTINUE

INDEX UA UNKNOWNS
DO 82 I=1.NUNITS
K= TAFX{1}
IF (K .EGe 0) GO TO &2
Iv= IV + 1
IVARA(I)= 1V
IVA{IV)= I
X{IV)= UA(I)
82 CONTINUE
NUA= TIV—{NUTH+NUC+H+NUF +NUP+NUY)

N = 1V
WRITE (6:2084) NsNUT NUCsNUF 4NUPsNUY sNUA

ZERO A AND CJAC MATRICES
DO 93 J=1,.N
DG 91 I=1.NROWA
91 A{iI.J) = 0.DO
DO 92 I=1,NRQOWJ
92 CJAC( (1.4} = 0.DO
93 CONTINUE

INITIALIZE LOWER AND UPPER BCUNDS
DO 95 I=1,LENSB
BL(I) = 0DO

9% BU{1I) = BIGBND

CALCULATE ENTHALPIES AT INPUT CONDITIONS
CALL ENTHAL

INIT = O
NL = 0
NNL = O

MAKE INITIAL PASS (INIT = 0) THRCUGH SYSTEM TO GEMNERATE
LINEAR INEQUALITY AND BOUND CONSTRAINTSs AND TO DETERMINE
NUMBER OF LINEAR AKND NONLINEAR CCNSTRAINTS

DO 110 I=1,NUNITS

ID= IDUNIT(I)}

TUNIT= 1

GO TO (101,1022103+104+1051065,1075108)s 1ID

101 CALL AESORB (IUNIT,ISP{I,1),ISP(I+2)s1ISP(I+3)+1ISP(I:4),
> ISP(1,5),ISPLIs+6):FUNsA,CJAC)
GO 70 110

102 CALL DESCRB {(IUNIT,ISP{I+1)»ISP(I+2)+ISP{I+3),1I5P(Is4),
> ISP(I+5)s1I5P(156)sFUNsA,CJAC)
GO TO 110

103 CALL RECUP (IUNITSISP(141),ISP({Is2):ISP(I+3)s1ISP{Is4),
> IREV(I)eFUNsA,CJAC)
GO TC 110

104 CALL COND (IUNITSISP{Is1)sISP(I+2)s1ISP{(1+3)-,1ISP{(1s4),
> ISP(I.5)sFUNSA,CJAC)
GO TC 110

105 CALL EVAP (IUNITSISP(Is10+sISP(I142),1ISP(143)s1SP{(Is4),
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> ISP

(1
GO TO

+5)sFUNsAL,CJAC)

110

106 CALL VALVE (JTUNIT»ISP(Is1)+ISP{(I,2)sFUNsCJAC)
GO 70 110

107 CALL MIX (IUNITSISP(Is1)+ISP{I+2)s1ISP{1s3)FUN,CJAC)
GO TO 110

108 CALL SPLIT (IUNITSISP(I:1)5ISP{I+2)s1ISP{Is3),FUNsCJAC)
110 CONTINUE

INIT = 1
NCLIN = NL
NCNLN = NNL

NCTOTL = N + NCLIN + NCNLN

SET UPPER BOUNDS FOR NONLINEAR EGUALITY CONSTRAINTS TO ZERO
I1 = N 4+ NCLIN + 1
DO 121 I=I1,NCTCTL

121 BU(I) = 0DO

SET MAXIMUM ALLOWARLE CONSTRAINT VIOLATIONS
DO 122 I=1,NCTCTL
122 FEATOL(I) = {TOL

NAG ROUTINE E0Q04ZCF MAY BE USED TC CHECK THE CODING CF
FIRSYT DERIVATIVES OF CONSTRAINT ANC OBJECTIVE FUNCTIONS.
USE OF E04ZCF REQUIRES LINKING THE NAG LIBRARY.
IFAIL = O
CALL EO4ZCF (NsNUONLNINROWJS» CONFUN,OBJFUNSFUN,
> CJACsCBJIFs0OBJGRDs X s WORK oL ENWs IFAIL)
WRITE (6,212%) IFAIL

INVOKE OPTIMIZER PACKAGE TO SOLVE SYSTEM EQUATIONS
CALL NPSCL (ITMAX MSGL VL +NoNCLINsNCNLN,NCTOTL sNROWA,
> NROWJIsNROWRBIGEBND +EPSAFSsETAsFTOLsAsBLBUSFEATCL S
> CONFUN»OBJFUNSCCLD +sOGRTHCG INFORM, ITER ISTATE»FUNJCJAC,
> CLAMDA,QOBJF»0BJGRDsRsX» IWORKLENIW, WORK,LENW)

UNSCALE AND PRINT STATE POINT VARIABLES
WRITE (6,2130)
DO 131 I=1sNSP

Cl1 = C(I1)/CSCALE
F1 = F{I)/FSCALE
P1 = PLIM/PSCALE
Tl = T(I)/TSCALE
Y1 = Y{(I)/YSCALEL
H1 = H(IJ}/TSCALE

WRITE {6+2131) 1I+T1,H1,F 1,

IF {IPUN +EQe 1) WRITE (7

> IFFX(T1)sF1s ICFX{1)sCl,IPF
131 CONTINUE

ClePl,Y1
1016) I.KFAZ(I)sITFX(1)sT1,
X(1)sP1,IYFX(1),Y1

UNSCALE AND PRINT UNIT VARIABLES
WRITE {(6,2140)
DO 141 XI=1sNUNITE

ID = IDUNIT(I)
Q1 = Q{I)/(FSCALE*TSCALE)
UAl = UA(I)/FSCALE

141 WRITE {(6+2141) 1,ANAME(ID) ,Ql,UA1L

000 FORMAT({1€15)

011 FORMAT(Z2IS5+3Xs211+F10e0+7153
16 FORMAT{215+5(14sF6el))

00 FORMAT{8F10.0}

00 FORMAT({
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> * 10BJ = 0OBJECTIVE FUNCTICN FLAG =V el4e/ s
> ¢ ITMAX = ALLOWABLE NUMBER OF ITERATIONS =°¢,14./,
> ' MSGLVL = OPTIMIZER MESSAGE LEVEL FLAG ='314,/)

2001 FORMAT{*"1SINGLE STAGE HEAT TRANSFORMER')
2002 FORMAT{(* 1SINGLE STAGE CHILLER?')
2003 FORMAT(*1D0UBLE STAGE HEAT TRANSFURMER?®)
2004 FORMAT(® 1DOUBLE STAGE CHILLER')
2006 FORMAT(® | I-BR/WATER®*,./)
2007 FORMAT(* INVALID WORKING FLUID CODE SPECIFIED'./)
2008 FORMATI(* NO. OF UNITS *9154/
> ¢t NDOo OF STATE POINTS*,15.//)
2010 FORMAT(* UNIT SPECIFICATIONS',//»
> * NO. ILC IREV IAFX UA STATE PCINTS®'./,
> ¢t BTWU/{(M-F)*,/)
2011 FORMAT{1X»12:214,15,1PE12.3)
2012 FORMAT(1H+,29Xe714)
2015 FORMAT(//+' STATE POINT SPECIFICATIONS®*;//,
> ' NQOe. KFAZ ITFX TEMP. IFFX FLOW ICFX CONC.',

> * IPFX PRESS IYFX VAPOR's/ s 16Xy
> ' F LB/M % PSl FRAC.",/)
2016 FORMAT(1X312914:16sF7013143F 7e13149FT7a29X44FTa2:14:F74+3)
2084 FORMAT(/,* NO. OF VARIABLES ¢ e15s7,
> ¢ NUO. OF UNKNOWN TEMPERATURES € 2IS,/
> ' NOe« COF UNKNOWN CONCENTRATIONS 5 ISs/>
> * NO. OF UNKNOWN FLOWS 2154/
> ¢ NOs OF UNKNOWN PRESSURES 2147
> * NO. OF UNKNOWN VAFOR FRACTIONS *21Se7/s
> * NQe« OF UNKNOWN HEAT EX. AREAS *51I2)
2101 FORMAT(
> ¢ CTOL = CONSTRAINT FUNCTION TOLERANCE =*,1PE9.1+/
>t FTOL = OBJECTIVE FUNCTION TOLERANCE =Y 4ESa1s7/ >
> * EPSAF = ERROR IN COMPUTING 0BJe FUNCTe =',EGSels/»
> ' UROQUND = UNIT ROUNDOFF CF COMPUTER =1 3ESelss)
2102 FORMAT(* CSCALE = CONCENTRATION SCALE FACTUOR ='3F 6639/
> ¢ FSCALE = FLOW SCALE FACTOR =% 4F6+3s/»
> % PSCALE = PRESSURE SCALE FACTOR =9 3F 6429/
> ¢ TECALE = TEMPERATURE SCALE FACTOR =*'4F6e3s/»
> v YSCALE = VAPOR FRACTICN SCALE FACTOR =?' 3,F6aels/)
212% FORMAT{* SUBROUTINE EQ4IZCF, IFAIL ='914)
2130 FORMAT(//»° STATE TEMPe. ENTHALPY FLOW RATE',
> ' CONCENTRe PRESSURE VAPCR FRAC,'s/>»
> % PCINT DEG F BTU/LB LB/M % SOLUTE',
>t PSIA® /)
2131 FORMAT(1Xs13:2X+1P8E11la4)
2140 FORMAT({//5% UNIT UNIT HEAT TRANSFER UA® ./,
> ¢ NOe. TYPE BTU/ N BTU/(M—F) s/}
2141 FORMAT(1X+s13+5X5A401P2E14.4)
C
STOP

END
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FUNCTION DIMACH (IDUM)
IMPLICIT REAL*8 (A-H,0-Z)

U = 100
U = 0,5D0%y
upPLUS1 =

DIMACH =
RETURN
END

U + 1.D0
IF (UPLUS1 «NEe

2D0%U

1.D00) GO YO 10
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SUBROUTINE CONFUN (MODE s NCNLNsNsNRJ
C CALCULATE CONSTRAINT FUNCTIONS AND THEI
IMPLICIT REAL%8 (A-H.0-2Z)
> IVARF(S50). IVARP({ Js IVA
COMMON/BBY I1CFX{(S
> IVCU50) .IVF{50
COMMON/DD/ GRAD
COMMONY/EE/ Q{20
COMMON/FF/ IDUN
> NUP AUTNUY s NUA
COMMON/NN/ NROWAs NROWJ,
DIMENSION CJAC{NROW . Jol) -

S
{50
)a1
(50
} U
IT(

mZ DL A

oo

UPOATE TEMFERATURE VECTOR

IF (NUT o.EQs 0) GO TO 40
00 31 IvV=1,NUT
TCIVT(IV])) X{IV)

DO 33 I=1.NSP

IF (ITFX(I) «LTe. 2) GO TC 33
DO 32 J=1.,NSP
32 IF (ITFX{(J) .EQe
33 CONTINUE

UPCATE CONCENTRATION VECTOR
40 IF (NUC -EQe 0} GO TQ S0
Ivi= NUT + 1
Iva= 1Vl + NUC
DG 41 1IV= IVisl
ClIVC{IVi)= X(1
DO 43 I=1-NSP
IF (ICFX{L) «EQo
DO 42 J= 1.KhSP
42 IF {(ICFX{J) «EQe
43 CONTINUE

31

ITEXL(I) ) T(J)= T(1)

(ale!

- 1
Va2
41 Vi
0) GO TO 43

ICFX{I) )} C(J)= C{1)

UPDATE FLGCWwW VECTOR

50 IF (NUF +EQs 0) GO TC 60
Ivi= iv2a + 1
Iv2= IV1i 4+ NUF
DO 51 1Iv= 1IVi.l
FIVE(IV))= X(I
DO 53 1I=1.N5P
IF (IFFX{1J) «EQa
DO 52 J= 1.,NSP
52 IF (IFFX{(J) «EQ.
53 CONT INUE

UPCATE PRESSURE VECTOR

60 IF {(NUF .EQ. 0) GO TG 70
Ivi= Iv2 + 1
Ivz= Ivl + NUP
DO 61 Iv= IV1.l
PLIVP{IV))=
DO 63 1I=1,NSP

IF (IPFX(I) «EQe
DO 62 J= 1,NSP
62 IF {IPFX{J) «EQe
63 CONTINUE

o

-1
va
51 v)
0) GO T0O S3

IFFX(IY ) F(J)= F(I1)

o0

~ 1
va
61 V3
0) GO TO 63

IPFX{(I) ) P(II= P(I)

C
C UPDATE VAPGR FRACTION VECTOR

70 IF (NUY +EQe 0) GO TC 890

Ivli= Jva + 1

Iv2= IVl + NUY 1
00 71 1V
Y{IVY{1IV
DO 73 1
IF (IYF

71 )
=1
X { +£Qe 0) GO TO 73

Ny CJACNSTATE)
ST DERIVATIVES

+ IVARA(20)
SeNUCsNUF ,

-
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DO 72 J=1,NSP
72 IF {(IYFX(J) «EQe IYFX(I) ) Y(JI= Y(I)
73 CONTINUE

UPDATE UA VECTOR
80 IF (NUA .EQ. 0) GO TO 90
Ivi= Iv2 + 1
IV2= IVl + NUA — 1
DO 81 Iv= IV1,1Vv2
81 UA{IVA(IV))= X(1IV)

CALCULATE ENTHALPIES
90 CALL ENTHAL

ZERO QUT THE CONSTRAINT JACOBIAN MATRIX
DO 92 J=14N
DO 92 I=1,NCNLN
92 CJAC(IsJ) = 0.DO0

NL = 0
NNL = 0O

DO 110 I=1,NUNITS
I0 = IDUNIT(I)
TUNIT = 1

GO TO €(101,102+4103,1045105,106,107,108), ID

101 CALL AEBSORB (IUNIT,ISP(I;1).ISP(I:ZJ»ISP(I.3):ISP(1;4)5
> ISP(1:5):ISPlI+63,FUNsACJIAC)
GO TO 110

102 CALL DESCORB (IUNITsISP(I+1)+ISP(I+2)+ISP(Is3)sISP{Is4),
> ISP(I1+5),ISP{1I,6):FUNsA,CJAC)
GO TO 110

103 CALL RECUP (IUNIT»ISP(I»1)sISP(1+2),ISP(1,43),1ISP(1,4),
> IREV(I),FUNsAsCJAC)
GO TA 110

104 CALL COND (IUNITISP(Is1)sISF(I1:s2)s1ISP({1+3)s1SP{1s4),
> ISP(I+5)+FUNsAsCJUAC)
GO TO {10

108 CALL EVAP (IUNIT»ISP{I31):ISP(1:2)+1SP(1:,3)+1SP{Is4),
> ISP(I1+5)sFUNACUAC)
GGC TO 110

106 CALL VALVE (JUNITLISP(Is+1)sISP(1+2)sFUNsCJAC)
GO TC 110

107 CALL MIX (IUNITSISP{I:1),ISP(1,2)s1ISP(1,3),.FUNsCJAC)
GO TO 110

108 CALL SPLIT (IUNITsISP{Is1)sISP(14+2)sISP(I,3)+FUN:CJAC)
110 CONTINUE

GO TO (140,120+140,1403, I0BJ
CALCULATION GF OBJECTIVE FUNCTION AND ITS GRADIENT WHEN THE
OBJECTIVE IS THE SUM OF SQUARES OF THE CONSTRAINT FUNCTIONS
120 OBJECT = 0.DO

DO 130 I=1.NCNLN
130 GBJECT = O0BJECT + FUN(I)*FUNI{I)

DO 132 I=1.N
GRADI = (Q.DO
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DO 131 J=1.NCNLN

GRADI =
GRAD(I)

RETURN
END

CRADI + FUN({JI*CJIAC(Js1)
= 2DO*GRADI
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SUBROUTINE OBJFUN (MODEs Ny X9 OBJF » OBJGRDNSTATE)

CALCULATION OF OBJECTIVE FUNCTION AND ITS FIRST DERIVATIVES

GB.J

IMPLICIT REAL*8 (A-H:0-2Z)
DIMENSION X{1),08JGRD(1)

COMMON/ZAAZ C(50) +F{(50)+P(50)T(50)sY(50)sIVARC(50),
> IVARF {501}, IVARP(S0J)IVART(50),IVARY(50),KFAZ(50),MSUB
COMMON/ZEB/ ICFX({S0) s IFFX{(50)sIPFX(S50)sITFX(S50),IYFX(50),
> IVC(50)+IVF{(50) +IVP(50),IVT(S50)s1IVY{(50),IVA(SQ)
COMMCN/DLC/ GRAD(E0)»0BJUECT, ICBJ

COMMON/EEY Q{(20)sUA(20) .+ IREV(20)s IAFX(20), IVARA(20)
COMMON/FF/ IDUNIT(20),ISP{20+7)sNSP,NUNITS,NUCsNUF,

> NUPSANUT s NUY s NUA
GO TO (10,20+30540),10BJ
ECTIVE FUNCTION IS ONE

10 0OBJF = 1,00

11

DO 11 I=1.N
OBJGRD(I) = 0.D0
RETURN

OBJECTIVE FUNCTION IS SUM OF SQUARES OF CONSTRAINT FUNCTIONS
20 08JF = QOBJECT

21

DO 21 I=1:N
OBJGRD{I) = GRAD({I)
RETURN

OBJECTIVE FUNCTION IS SUM OF UNKNOWN UA'S

30

31

32

08JF = 0.DO

DO 31 I=1.NUNITS

IF (JAFX(I) .EQe 0) GO TO 31

OBJF = QBJF + UA{I)

CONT INUE

DO 32 I=1sN

OBJGRD(I) = 0.D0O

IF (IVA(I) NEa. 0) OBJGRD{(TI) = 1.DO
RETURN

OBJECTIVE FUNCTION IS PROPORTIONAL TO PAYBACK TIME

40
41

42

43

44

0BJF = 0DO

DO 41 I=1,NUNITS

OBJF = QOEBJF + UA(I1)

DENOM = F(3)*(T(S)-T{3))

OBJF = 0.1D0%0BJF/DEROM

DO 42 I=1,N

OBJGRD(I) = 0.D0

IF (IVA(I) «.NEs 0) CBJGROD(I) = Cel1DO/DENOM

IF (IFFX{3) EQes 0) GO TO 43
I = IVARF({3)

OBJGRL{(I) = —~QBJF/F (3)

IF (ITFEX(3) EGe 0) GO TO 44
I = IVART(3)

OBJGRE(I) = OBJF/{T(9)-T(3))
IF (ITFX(9) «EQes 0J) GO TO 45
I = IVART(9)

OBJGRD({(I) = —-0BJF/(T(3)-T(31})
CONT INUE

RETURN

END
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SUBROUTINE BNDFUN {IV1,1IV2,V1,V2,A)
C LINEAR INEGUALITY AND BOUND CONSTRAINTS
IMPLICIT REAL*8 (A-H,0-Z)
COMMON/GG/ BL(128).BU{125)
‘COMMON/NN/ NROWASNROWJs ML ,NNLy INIT
DIMENSION A{NROWA,1)
IF (IV1 .GTe O «ANDa IVZ .GTe 0) GO TO 10
IF (iV1l +GTe O «ANDe IVZ2 «EQe 0) GO TQ 20
IF (IV1 .EGe O «AND. IVZ2 GTe 0) GO TO 30
RETURN ~
C L{NEAR INEQUALITY CONSTRAINT, V1{UNKNOWN) - V2{(UNKNCWN) > 0
0 NL=NL+1
CALL MATRIX {(NLs+sIV1s 1.D0,AsNROWA)
CALL MATRIX (NLIV2:—1400,AsNROWA)
RETURN
C LOWER BOUND CONSTRAINT, VI(UNKNCWN)} > V2(FIXED)
20 BL{IV1)=V2
RETURN
C UPPER BOUND CONSTRAINT, V2{UNKNOWN) < VI(FIXED)
30 BU(1IV2)=Vi
RETURN
END
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SUBROUTINE ENTHAL
CALCULATE ENTHALPIES OF STREAMS AT STATE POINTS
IMPLICIT REAL*8 (A—-H.0—-Z)

COMMON/AA/Y C(50),F(50) {50)sY{50) s IVARC(S0),

sP(S0),T
> IVARF{50)s IVARP(S0)IVART(S0)»IVARY{(S50),KFAZ(S0)sMSUB
COMMON/CC/ H(50) +DHC(50) sDHP(50) yDHT(50),DHY(S0)
COMMON/FF/ IDUNIT(20),ISP{20,7)sNSPsNUNITS sNUCNUF 4

> NUPsNUT s NUY 4 NUA

SET ICALC TO SIGNAL THAT ENTHALPY CALCSe ARE TO BE DONE
ICALC = 2

PERFORM ENTHALPY CALCULATIONS FOR EACH STATE POINY
DO S0 I=1.NSP

GO TO (10.20).M8UB
LIBR—WATER

10 CALL EQB1 (P(I)sCUI)sT(I)sY{T)sKFAZ(I)ICALCSTE,
> DFP yOFTsDFCoH{I)»DHP(I)sDHT{ 1) +DHC( 1) DHY(I))
GO TA =20
SYSTEM NOT PRESENTLY CODED
20 CALL EQB2 (P{I)sC{I)sT(I)sY(I)sKFAZ(I) ICALC,»TE,
> DFPsDFTsDFCeH{I)+sDHP(I) 4DHT(1),DHC(1),DHY(I))

50 CONTINUE
RETURN
END
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SUBROUTINE ABSORB {(IUNITI1s 2+ 3014415, 163FUNsALCJIAC)
ABSORBER CCNSTRAINTS
IMPLICIT REAL*¥8 (A—H,0~-7}

COMMON/AAY C{(50)sF{50),P(50),T{S50)sY{(S0)+IVARC(E0),
> IVARF (501, IVARP(S0) sIVART (50} s IVARY{50) ,KFAZ(50) . MSUB
COMMON/CC/ H{S0)DHC{(50):DHP{(50) sDHT {50} sDHY(50)
COMMON/NN/ NROWASNROWJI s NL o NNL o INIT
DIMENSION A(NROWA1) sCIACINRCWIs 1) »FUN(1),,IVEC(7)
TOTAL MASS BALANCEs F1 + F2 - FE = 0

IVEC(1)= 11

IVEC(2)= I2

IVEC(3)=-15

NS=3

CALL MBAL {(NSsIVEC,FUNC JAC)

SOLUTE MASS EALANCE., F1%C1 + F2¥%C2 ~ FS5%C5 = 0
CALL CBAL (NS IVEC.FUN,CJAC)

ENTHALPY BALANCE. F1%H1 + F2%H2 + F3%H3 ~ F4%H4 — F5%HS = 0
IVEC{4)= I3
IVEC(E}=~14
NS=5
CALL HBAL (NS, IVEC,FUNS(CJAC)

SOLUTE MASS EALANCE AROQUND TOP OF ABSORBER,
F1¥C1 + (F6 — F1)*C2 - F6%C6 = Q
NNL = NNL + 1

FUNINNL) = F(I1)%C{I1) + (F{I&6)—-F(I1))*%C(i2) ~

> F(16)*C(16)
CALL MATRIX (NNLSIVARF{I1),C{I1)~-C{12),CIAC:NROWJ)
CALL MATRIX (NNL.IVARF(I6),C{I2)—-C(16),CIJAC,NROWI)
CALL MATRIX (NNL,IVARC(I1)F(I1),CJIACs NROWJ)
CALL MATRIX {NNL,IVARC(IZ2}.,F{16)-F(11),CJAC,NRCWJ)
CALL MATRIX (NNL »IVARC{(i6),~F{(I6)+CJIJACINROWJ)

SOLUTE MASS BALANCE ARQOUND TOP CF ABSORBER
NNL = NNL + 1

FUNCNNL) = F{I1)}¥H(I1) + (F(I6)-F{(I1))%H{(I2) -~

> F{l16)*H{(16)

CALL MATREIX {(NNLsIVARF{I1) H(I1)-H(I2),CJAC,NROWI)
CALL MATRIX (NNL#»IVARF({(I6) H{I2)-H(I6),CIAC,NROWJI)
CALL MATRIX ENNL>IVARC(I1).F{IL1)¥DHC{(I1)sCIJAC,NROWJ)
CALL MATERIX (NNLIVARCCIZ2)(FCIG)~F{(I1)IXDHC{I2),

> CIJACNRCWJ)
CALL MATRIX (NNL, IVARC(IG6),~-F{I6)%DHC{I16), CJAC,NROWJ)}
CALL MATRIX {NNLsIVARP(I1),F(I1)*DHP(I1},CJAC,NROWJ)
CALL MATRIX {(NNL,IVARP(IZ2),(FCI6)-F{(I1))%DHP{I2),

> CJACsNRCWI)

CALL MATRIX {(NNL,»IVARP(I6)+~-F(16)%DHP{16),CJAC,NROWY)
CALL MATRIX (NNL+IVART{I1)F{I1)¥DHT(I1)sCIAC,NROWI)
CALL MATERIX {NNLsIVART(IZ2)+{(F(I6)-F{I1)IKDHT (12},

> CJAC,NRCWJII
CALL MATRIX {NNLS,IVART(I6)»—F{I6)*XDHT(16), CJAC,NROWI)

HEAT BALANCE
CALL QBAL (IUNIT»21651I5+132+s144+FUNsCJAC)

EQUIL .« VAPOR PRESS. RELATION FOR SOLUTION ENTERING ABSURBER
CALL VBAL {(JI6sFUN.CJAC)

EQUIL . VAPOR PRESS. RELATION FOR SOLUTION EXITING ABSUORBER
CALL VBAL (I5sFUNsCJAC)

IF (INIT «EQe 12 RETURN

LINEAR INEGUALITY AND BOUND CONSTRAINTS CN TEMPERATURES
TE > T4
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CALL BNDFUN (IVART(IG8)s IVART(IG)»T(16)+sT(14),A)
> 713
CALL BNDFUN (IVART(IS)sIVART{I3)sT{1I5),T(13),A)
> T3
CALL BNDFUN (IVART(14)s IVART(I3)sT(I4)sT(1I3),A)

RETURN
END
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SUBROUTINE DESORB (IUNIT 111213014 +15,165FUNyA,CJAC)
DESOREER CONSTRAINTS
IMPLICYXT REAL%8 {(A-H.,0-23}
COMMONZAA/ CILS50) ,F{50).P{(50).T
> IVARF {50} IVARP{S50),IVART{(50)

(?0) 50).IVARC(S0)
s IVA
COMMON/CC/  H{50)»DHCIS02+DHP{50) 5D
INIT
Ja21)
0

Y{

Y{50)KFAZ(S50),MSUB
T{50),DHY(S0)
FU

N{1). IVEC(7)

»
R
H
COMMON/NNY NROWA +NROWJ e NL o NNL »
DIMENSION A(NROWA,1)} CIJACINRLW

TOTAL MASS BALANCEs ¥F1 — F2 - F5
IVEC(1J= [1
IVEC(2)=-12
IVEC(3)=-1I5
NS=3
CALL MBAL (NSsIVEC,FUNsCJAC)

SOLUTE MASSE EALANCE, F1%C1 — F2%C2 — F5%CS5 = 0
CALL CBAL (NS, IVEC,FUN,CJAC)

ENTHALPY BAL ANCE, F1¥H1 —~ F2%H2 + F3%H3 -~ F4%H4 — FS5¥HS = 0
IVEC(4)= I3
IVEC(5)=—14
NS=3
CALL HBAL {NS+IVECsFUN,CJAC)

SOLUTE MASS BALANCE AROUND TOP OF DESORBER,
F1%¥C1 + (F6 — F1)1%C2 ~ F6%C6 = 0
NNL = NNL + 1t
FUNCNNL) = FOI1)}%C{I1) + (F{I6)-F(I1})%C(I12) -
> F{16)%C{16)

CALL MATRIX (NNL,IVARF(I11),C(I11)-C(12),:CIJAC,NROWJI)
CALL MATRIX {(NNL,IVARF{I6),C(I2}-C(I1I6),CIAC.NRCWI)
CALL MATRIX (NNL»IVARC(Il),F{I1),CJAC,NROWJ)

CALL MATRIX (NNL,IVARC{I2),F(I6)-F(11),CJAC,NRCWI)
CALL MATRIX {(NNL»IVARC(I6},~F(I6),CJACsNROWI)

PARTIAL ENTHALPY BALANCE
NNL = NNL + 1
FUNINNL) = FLI1)*H(IL) + (F(I6)-F{I1))%kH(I2) -
> F{16)*%H(16)

CALL MATEIX (NNLsIVARF{I1),H(I1)—H({I2),CJAC,NROWJ)
CALL MATRIX (NNL2»IVARF({I6)sH(I2)-H(I16) ,CIAC,NROWI)
CALL MATRIX (NNLSIVARC(I1)F{I1)%DHC{I1)sCIAC,NROWJ)
CALL MATRIX (NNLsIVARC(I2),{(F{I6)~-F{(I1))*DHC(12),
> CJACNRCWJI)
CALL MATERIX (NNL+IVARC{I6),-F(I6)%*DHC{I6):sCIJAC,NROWJ)
CALL MATRIX {(NNLJIVARP(I1),F(I1)*DHP(I1)sCJACSNROWIJ)
CALL MATRIX (NNLJIVARPLI12)+(F(I&6)-F(I1)X¥DHP(I2),
> CJACsNRCWJI)
CALL MATRIX (NNLSIVARP(I6)+—F{I6)%¥DHP(16)s CJAC,NROWJ)
CALL MATRIX (NNL IVART{I1).F(I1)*DHT{(I1),CIJAC,NROWI)}
CALL MATRIX (NNLIVART(I2)(F{I6)-F{I1MIXDHT{(IZ2),
> CJAC«NRCWI)
CALL MATRIX (NNLsIVART(16)+s—F(I6)%DHT(I6):s CIACINROWI)

HEAT BALANCE
CALL QBAL {IUNITsI64+15,13,14,FUN,CJAC)

EQUIL » VAPOR PRESS« RELATION FOR SOLUTION ENTERING DESORBER
CALL VBAL (I6sFUNsCJUAC) ,

EQUILe VAPOR PRESSe. RELATION FOR SOLUTION EXITING DESORBER
CALL VBAL (IS,FUN,CJAC)

IF (INIT «EQe 1) RETURN

LINEAR INEGUALITY AND BOUND CONSTRAINTS ON TEMPERATURES
T4 > 76



T3
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CALL BNDFUN {IVART(I4)s IVART(I6)sT(I4)sT(I6)sA)
> 75

CALL BNDFUN (IVART(I3),IVART{IS}»T(I3),T(IS5),A)
> T4

CALL BNDFUN (IVART(I3)s IVART(I4),T{(13)sT(14),A)

RETURN
END
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SUBROUTINE RECUP (IUNIT 218,125 13:14,IREV,FUN»A,CJAC)
RECUPERATCR CONSTRAINTS
IMPLICIT REAL*8 {(A-H,0~Z3}
COMMONZAAZ C(S0) +F{(S0)sP{50)sT(S50):Y{(50)IVARC(E0)»
> IVARF(S50)s IVARP{SO)sIVART(S0) s IVARY(50),KFAZ(50)  MSUB
COMMON/NN/ NROWASNROWJJNLoNNLs INIT
DIMENSION A(NROWA,1) 2CIJACINRCWIS1)FUN(L1), IVEC(7)

ENTHALPY BALANCE, Fl¥H1 — F2%H2 + F3%H3 — F4%H4 = 0
IVEC(1) = 11

IVEC(2) =-12
IVEC(3) = 13
IVEC(4) =—14
NS = 4

CALL HBAL {(NSsIVEC,FUN»CJAC)

HEAT BALANCE
CALL GBAL {IUNIT+I1,12s132514:.FUNsCJAC)

CIF (INIT <EQe 1) RETURN

CHECK DIRECTION OF HEAT FLOW IN RECUPERATOR
IF {IREV .EQ. 1) GO YO 190

LINEAR INEGUALITY AND BOUND CONSTRAINTS ON TEMPERATURES
WHEN HEAT FLCW IS IN FORWARD DIRECTION
T3 > 712 ,
CALL BNDFUN (IVART{(I3), IVART(IZ2),T(I3)-T(1I2),A)
T4 > T1 '
CALL BNDFUN (IVART(14)s IVART(I1)»T{(14)sT(I1),A)

LINEAR INEGUALITY AND BOUND CONSTRAINTS CN TEMPERATURES
WHEN HEATYT FLCW IS IN REVERSI DIRECTION
T2 > 13

10 CALL BNDFUN (IVART(I2).IVART(I3)+T{I2)sT(13),A)

T > 74
CALL BADFUN (IVART(I1),IVART(IA4),T(I1)sT(I4) A)

RETURN
END
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SUBROUTINE COND (IUNITs 1 112213+ 14:15sFUNs AsCJAC)
CONDENSER CONSTRAINTS
IMPLICIT REAL*8 (A—H,0-Z)
COMMON/ZAAY C(50)+F{(50)sP(50)+,T(50)sY(S50):IVARC(Z0),
> IVARF(50), IVARP(S0) s IVART{(50) + IVARY(50),:KFAZ(S50),MSUB
COMMON/NN/ NROWASNROWJs NLLo NNL , INIT
DIMENSION A{NROWAs1) yCJACINRCWI-1),FUN{(1), IVEC(7)

ENTHALPY BALANCE., F1xH1 — F2%H2 + F3%H3 ~ F4%H4 = 0
IVEC{(1) = It
IVEC{2) =-12
IVEC(3) = I3
IVEC{4) =-14
NS=4
CALL HBAL (NSSsIVECFUNsCJIAC)

HEAT BALANCE
CALL QBAL (JUNIT2I5+2312+s13s14+sFUNsCJAC)

EQUIL« VAPOR PRESSe. RELATION FOR VAPOR ENTERING CCNCENSER
CALL VBAL (IS5sFUN.CJAC)

IF (INIT «EGe 1) RETURN

LINEAR INEGUALITY AND BOUND CONSTRAINTS ON TEMPERATURES
e éAlz BNDFUN (IVART(IS), IVART(I4),T(IS),T(14),A)
Te EAES BNDFUN (IVART(I2),IVART(I3),T(I2),T(I3),A)
I EAEE BNDFUN {(IVART(I4)s IVART{I3)sTiI4),T(I3)sA)

RETURN
END
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SUBROUTINE EVAP (JUNIT»I1,12513s14:15eFUNsAsCJAC)
EVAPORATOR CCNSTRAINTS
IMPLICIT REAL*8 {(A—H,0~1)
COMMONZAAZ CL50).FI(S0)»P(50),T¢(
> IVARF(50) 3 IVARP(S0),IVART(S50) .,
COMMON/NN/ NROWASNROWJI s NLosNNL o X
DIMENSION A(NROWA.1),CIJACINRLCWI

50),Y(50) s IVARC(50),

IVARY(50)KFAZ(S50) s MSUB
NIT
L]

1)sFUN{1),IVEC(7)

ENTHALPY BALANCE, F1%H1 — F2%H2 + F3%H3 -~ Fa4%H4 = 0
IVEC(1l) = I1
IVEC(2) =-12
IVEC(3) = 13
IVEC(4) =—-14
NS=4
CALL HBAL (NS,IVEC.FUN,CJAC)

HEAT BALANCE
CALL QBAL (IUNIT»IS5+12s13s14+4FUNsCJIAC)

EQULIL« VAFOR PRESSe RELATION FOR LIQUIC ENTERING EVAPORATOR
CALL VBAL (IS5,FUN,CJAC)

IF (INIT -EGe 1} RETURN

LINEAR INEGUALITY AND BOUND CONSTRAINTS ON TEMPERATURES
Te EAEE BNDFUN (IVART(I4)sIVART(IS)aT(I48)sT(I5),A)
T3 EAIE BANDFUN (IVART(I3J)SIVART(I2).T(13),T(12),A)
T3 EAEE BNDFUN (IVART(I3)s IVART(I4)»T(I3)T{14)sA)

RETURN
END
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SUBROUTINE VALVE (IUNIT,I1,I2,FUN,CJAC)

VALVE CONSTRAINTS
IMPLICIT REAL*8 (A—H,0-2Z)
COMMON/AAZ C(50),F(50),P(50
> IVARF(50),s IVARP{50) s IVART (
COMMON/NN/ NROWA,NROWJsNL N
DIMENSION CJAC(NROWJ 1) sFUN

ENTHALPY BALANCE,
IVvEC(1)= 11
IVEC(2)=—12
NS=2
CALL HEAL (NSsIVECsFUN,CJAC)

FilxH1 -~ FZzZ%xH

RETURN
END
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SUBROUTINE MIX (IUNITLIL,I2,13+FUN,CJAC)
MIXER CONSTRAINTS

IMPL ICIT REAL*¥8 (A-H.0-Z
COMMON/AAs C(50)+F{50),P(S
> IVARF(S0), IVARP{50) ,IVART
COMMON/BBY ICFX(50) » LIFFX(S
> IVCIS50) sIVFIS0)»IVPI50},1
COMMON/NN/ NROWA,NROWJsNL »
DIMENSION CJACI(NROWJ 1) FUN

0
(
0
v
N

TOTAL MASS BALANCE, F1 + F2 —
IVEC(1)= I1 :
IVEC(2)= I2
IVEC(3)=~13
NS=3 ,
IF (IFFX(I1) +EQ. O .AND. IFFX(I2) .EQe 0) GG TC 20
CALL MBAL (NS,IVECsFUN,CJAC)

COMPONENT MASS BALANCE, F1*%(C1 + F2%C2 -~ F3%C3 = 0
20 IF (C{I3) «EQe 0.D0) GO TO 3¢
CALL CEAL (NSWIVEC,FUN,CJAC)

ENTHALPY BALANCE, F1%H1 4+ F2%H2 ~F3%H3 = 0
30 CALL HBAL (NSsIVEC,FUN.CJAC)

RETURN
END
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SUBROUTINE SPLIT (IUNIT,I1,125L3sFUNLCJAC)

SPLITTER CUONSTRAINTS
IMPLICIT REAL#*¥8 (A-H,0-2Z)

COMMON/AA/ C(50) +F(50)»P{50)-T(
> IVARF{50), IVARP(S50) +sIVART(50)»
COMMON/BB/ ICFX(S50) s IFFX{50).1IP
> IVC(S0) s IVF(50),1IVP(50),IVT(S0
COMMON/NN/ NROWAsNROWJsNLsNNL,s I
DIMENSION CJAC(NROWJ 21)sFUNC1)»
IF (IFFX{I1) oEQe O #AND. IFFX(

TOTAL MASS BALANCEs ~F1 —~ F2 + F3
IVEC(1)=~11
IVEC(2)=—-12
IVEC(3)= I3
NS=3
CALL MEAL (NS+:IVECsFUN,CJAC)

RETURN
END
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SUBROUTINE CBAL (NS, IVEC«FUNCJAC)
C COMPONENT MASS BALANCE

IMPLICIT REAL%*8 {A-H.0—-Z1}

COMMON/ZAAZ C(S0)+F{(50),P(50)

T 0)sIVARC{E0)
> IVARF(S0), IVARP(SO)-IVART(SO);

»

)

2¥Y(S
RY(SO)»KFAZ(50), MSUB
"COMMON/NN/ NROWASNROWI o NL g NNL
DIMENSION CJAC(NROWJ,1).FUNI(1 c(7
NNL=NNL +1
SUM=0.0D0
DO 10 J=1,NS
IS=1IVEC{J)
I=]ABS{(1IS)
SIGN=IS/1
SUM=SUM+SIGN*F (I )*C(1)
CALL MATRIX (NNL+IVARC{(I)» NikF (1), CJACSNROWJ)
10 CALL MATRIX (NNL»IVARF{1). NXkC{I)sCIACSNROWJ)
FUN [ NNL)=SUM
RETURN
END

50)
IvAa
NI1T
IVE )
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SUBROUTINE MBAL (NSs IVEC,FUN.CJAC)

C TOTAL MASS BALANCE

10

IMPLICIT REAL#%*E (A~H,0~Z)

COMMONZ/AAZ C(50)+F(S50)sP(50)sT(S50)sY{50)s IVARC(E0),

> IVARF{(50)s IVARP{S0)+IVART(50),IVARY{(S50)+KFAZ(50),MSUB
COMMONZNN/ NROWAs NROWJ o NLsNNL, INIT

DIMENSION CJUAC(NROWJ 1) sFUN(1)IVEC(Y)

NNL=NNL+1
SUM=0,D0

DO 10 J=1sNS
IS=IVEC(J)
I=1ABS(IS)
SIGN=1IS/1
SUM=SUM+SIGN*F{I)
CALL MATRIX (NNLJsIVARF(I)sSIGNsCJAC,NROWI)
FUN (NNL )=SUM
RETURN

END
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SUBROUTINE HBAL (NS, IVEC,FUNLCJAC)
C ENTHALPY BALANCE
IMPLICIT REAL*¥8 {(A~H,0-Z)

COMMON/AAY CLS50)+F(S0):P(S0)+sT{(S50)+Y{S0),IVARC(S0),
> IVARF(SO).IVARP(SO),IVART(SOI’IVARY(SO)9KFAZ(50);MSUB
COMMON/CC/ HOS50) sDHC{S0) sDHP(S0) s DHT{50),DHY(50)
COMMON/NMN/ NROWA,NROWJ.NL. NNL s INIT

"DIMENSION CJACINROWJ 1)+ FUN{L1)IVEC(7)

NNL=NNL+1

SUM=0.D0

DO 10 J=1,NS

IS=IVEC{(J)

I=1ABS{1S)

SIGN=XIES/1

SUM=SUM+SIGN4AF (I )*H ()

CALL MATRIX (NNLSIVARF{IJ)sSIGNXH{I)sCJAC:NROWJ)

CALL MATRIX (NNLJIVARC{I}.SIGN%F(J)*DHC(I) CIAC,NROWI]}

CALL MATRIX (NNL+IVARP(I)sSICN®*F{I)*DHP (1) sCJAC,NROWJI)

CALL MATRIX (NNLSIVART(I)+SIGN%F(I)IXOHT(I) CIJAC NROWI)
10 CALL MATRIX (NNL,IVARY(I)sSIGN¥F({I1)%DHY (1) +sCJIAC,NROWI)

FUNCNNL }=SUM

RETURN

END



C HEAT BALANCE FOR HEAT EXCHANGER
IMPLICIT REAL*8 (A—-H,0-Z)
COMMON/AAZ CL(S0)+F{S0)}sP(50):sT(503,Y(S0), IVARC(EC),
> IVARF (50), IVARP{S0) »JVART(50) s IVARY(50)+KFAZ(50) ,MSUB
COMMON/CC/ H(S0) +DHC(S50)sDHP(50) sDHT(50)sDHY{E50)
COMMON/EEYZ Q(20)sUA(20),IREV(20):IAFX(20)s IVARA(20)
COMMON/ZNN/Z NROWASNROWJ» NL o NNL s INIT
COMMCN/Z 227 UROUND
c DIMENSION CJAC{NROWJIs1),FUNC(1)
C LET 11 = STATE PTe. CF WORKING FLUID ENTERING HEAT EXCHANGER
C LET I2 = STATE PTe OF WORKING FLUID EXITING HEAT EXCHANGER
C LET I3 = STATE PT. CF NON-WORKING FLUID ENTERING EXCHANGER
C LET 14 = STATE PTe. OF NON-WORKING FLUID EXITING EXCFANGER
C
NNL = NNL + 1
UAl = UACIUNIT)
TD1I = T(I1) - T(I4)
TD2 = T(12) - T{I13)
I1F (DABS{TD2) -.LT. URQUND) GO TO 10
TD = TD1 — TD2
TR = TD0i/T1D2
IF (TR sGTs 0.01D0 ~AND. DABS{TR — 1D0) +GTe 0.,01D0)
> GO TO 20
C
C USE ARITHMETIC MEAN TEMPERATURE DIFFERENCE
10 Q1 = UAL1¥0,5D0%{TD1 + TD2)
FUNI(NNL) = Q1 — F(I3)2k{H(I4) - H{I3))
CALL MATRIX {(NNL +IVARY(I1)s OeSDOXUAL,CJIJAC;NRCHJI)
CALL MATFIX (NNLsIVART(12), 045D0%UA1ls CJAC,NRCWJ)
CALL MATEIX (NNLsIVART{(I3)s—0SD0%UALI+F(I3)XDFT(I3),
> CJAC,NRCWJI)
CALL MATRIX (NNLsIVART{(I4),~05D0%UALI-F(I3)*DFT(14),
> CJAC,NRGWI)
CALL MATRIX (NNLsIVARA{IUNIT)s0.5D0%#(TD1+TD2),
> CJACsNRCWJ)
GO TO 28
C
C USE LOG MEAN TEMPERATURE DIFFERENCE
20 TRLN = DLCG(TR)
Q1 = LALXTD/TRLN
FUNCNNL) = Q1 — F(I3)*%{(H{I4) — H(L3))
CALL MATRIX (NNL»IVART(I1)»s G1/TD—~QLl/(TRLN*TD1),
> CJAC,NRCWJI)
CALL MATRIX (NNL,IVART{I2),-Qi/TD+Qi1/(TRLN%TDZ),
> CJAC:NRCWJS)
CALL MATRIX (NNL»IVARYT(I3), Qi/TD—Q1/(TRLN*TD2)+
> F{I1I3)%DFT(I3):sCJACsNROWJ)
CALL MATRIX (NNL#+IVART(14),—Gil/TD+Q1/(TRLN*TD1)—
> FUI3IADHT(I14),CJACNROWJ)
CALL MATRIX (NNL»IVARA{IUNIT)sTD/TRLNs CJACs;NRCWJ)
25 CALL MATERIX (NNL,»IVARC(I3), F{I3)*DHC(I3)s CJAC,NROWY)
CALL MATRIX (NNLZIVARC(14),—-F{I3)%DHC{I4)s CJAC,NROWS)
CaLl MATFIX (NMNLSsIVARP(I3), F{I3)*DHP(I3)s CJAC;NROWY)
CALL MATRIX (NNL,,IVARP(I4),—F{I3)*DHP{14),CJAC,NROWJI)
CALL MATRIX (NNL,IVARF(I3),—h{14) + H(I3),CJAC-NROWJ)
QUIUNIT) = Q1
C

40

SUBROUTINE QBAL (IUNIT,I1,125s13,14,FUN,CJAC)

RETURN
END
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SUBROUTINE VEBAL (1.FUN.CJAC)
EQUILIBRIUM VAPOR PRESSURE RELATION

IMPLICIT REAL%*8 {(A—-H,0-~2)

COMMON/AAS C(SO0) «F(50)sP{50)+sT(50)sY{(50)sIVARC{E0)»
> IVARF{S0)s IVARP{(S50) ,IVART{50) s IVARY(50)+,KFAZ{50),M5UB
COMMON/NN/ NROWASNROWJo NL s NNL o INIT

DIMENSION CJAC{NROWJ 1) «FUN(1}

NNL = NNL + 1

SET ICALE TO SIGNAL THAT EQUILIBRIUM CALCS. ARE TC BE DONE
ICALC = 1

GO TO (10+20).MSUB

LI-BR/WATER
10 CALL ECB1 (PAI)sCLI)sTLI)e¥Y{I1)KFAZ{1)sICALC:TE,
> DFP 4CFToDFCoHoOCHP DT s DHC DHY)
GO Ta 30

ALTERNATIVE WORKING FLUID (NCT CCDED)
20 CALL EGB2 (P(I)sC(I)»TCIJdY(1),KFAZ(I),ICALC,TE,
> DFPsDFTDFCoHsDHP»DHT s DECDHY)

30 FUNCNNL) = TE — T(I)
CALL MATRIX {NNLsIVARC{I)sDFCsCJIJAC,NROWJ)
CALL MATRIX (NNL»IVARP(I),DFP,CJAC,NROWJ)
CALL MATRIX {(NNLsIVART(L):DFT,CJACsNROWJI)
RETURN
END



SUBROUTINE MATRIX (I1:J5AIJ,ANROWA)
IMPLICIT REAL%E8 (A—H,0-2Z)
DIMENSION A(NROWAs!)

IF (J «EGs 0) RETURN

A{I,J) = A(I,Jd) + ALY

RETURN

END
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SUBROUTINE EQB1 (PP XX TTsYYoKFAZLICALC,TE,
P> DFP sDFToDF X sHsDFP s DFT 2 DHX » DHY )
LI-BR/WATER SYSTEM
ICALC = 1, EQUILIBRIUM TEMPERAYTURE CALCULATION
ICALC = 2, ENTHALPY CALCULATION
IMPLICIT REAL*8 (A-H,0-2)
COMMON/SS/ CSCALESFSCALE.PSCALESTSCALE sYSCALE

CONSTANTS FOR EQUILIBRIUM TEMPERATURE OF LI-B8R SOLUTION
T = Al*TS 4+ Bl '
TS = —2«.%E/7{D + SQRT(D*D ~ 4. %E*(C—LOG10{(P}II)) - F
Al = A10 4+ A11%X + Al2%X%XX 4+ AL TFxXkX%kX
Bl = B10 4+ Bil1*X + B12%X&kX + B1IkXkXkX

DATA AlO0sALl+A125A13/-2.00755D0,016976D00,-3.133362D~3,
> 1e9T7T€EE8D-5/
DATA E105s811,B12:B13/321128D04s~19.322D040e374382D0,
> —~2.06370-3/
DATA CoDsEsF/6e21147D0,-2886e373D0+~33726946L0,
> 459.72D0s
CONSTANTS FOR ENTHALFY OF LI~BR SOLUTION
H = A2 + B2%T + C2%7T*T
A2 = A20 + AZ1%T + A22%THT + A2Z%TT%T + A24%THTHT*T
B2 = B20 + B21*T + B22%T%T 4 B23%TT%T + 024%TxT*T*T
C2 = C20 + C21%T + C22¥%THT 4 C2Z3kTRT%T 4+ C24%kTRTXT*T
DATA A20+A212A224,A23,A248/~1015.07D0s7945387D0,
> —2.3E8016D0:,0.03031583D0,-1.4002610~4/
DATA B20:B21+B22+B23+B24/4.68108D0,~3,0377660-1,
D> Be44B450-34-1.047721D—4+480097D~7/
DATA C20+C21,C22+C23,C24/~-4.5107D~-3:3.83184D-4,
> ~1e078963D~5,1e31520~7:+~5+8S7D0~10/
CONSTANTS FOR ENTHALPY OF SATURATED LIQUID WATER
H = A3 + B3*%T + C3%T*T + DIRTHT*T
DATA A35,E3+C3,D3/-32.2008D0:1400999D0,~1,06632D~4,
> 3.1€450C-7/
CONSTANT 5 FOR HEAT OF VAPORIZATICN OF SAT. LIQUID WATER
H = A4 + B4*T + C4%THT 4+ D4&*THT%T
DATA A44E435C4sD4/109401868D0+-04585952D0526482232C~4,
> ~1412396D0—€/
CONSTANTS FOR CP OF WATER VAPOR
CP = BS + CS*T + DS*xT*T + ES5%P + FS¥P%P
DATA EBSaCS53DS2ESsFS5/04432655D0091 5666704, —-2441535D~7»
> 1e125760-3+—1.121820~6/

I/P o/P
KFAZ = 1 SCLUTION P AND X T
KFAZ = 2 WATER VAPCR P T
KFAZ = 3 PURE WwATER p T
KFAZ = 4 SATURATED LIQUID—VAPOR WATER MIXTURE
UNSCALE PesXeTsY FOR CALCSe INTERMAL TO THIS ROUTINE
P = PP/PSCALE
X = XX/CECALE
T = TT/TESCALE
Y = YY/YSCALE

GO TO (10s20+30240)KFAZ

LI-BR SOLUTICN

10 GO TO (11+12),ICALC

EQUILIBRIUM TEMPERATURE CALCULATICN

11 6 = D + DSQRT{D%*D ~ 4.DOXE*{C -~ DLCGl0(P}))

TS = —~ZeCOX*E/G — F

Al = Al10 + Al11*X + A12%X*%X + A13%XkX*%kX

Bl = Bl0 + Bl1%X + B12%X%X + B813%X¥X¥X

TE = ALIXxTS + B1

DA = All + 2D0%A12%X + 3.DO0%A13%X*X

DB = Bll + 2.00%B12%X + 3.D00%B13%X%X

DFP = 4.CO0%A1¥EXE/{(DLOG( 10.D0)} *P*GX*G*(G~D) )



C

OO0

O 060

O 00N

b4

DFT = ~1,D0
DFX = DA%¥TS + DB
GQ TO 100
ENTHALPY CALCULATION
12 A2 = A20 + A21%X + A22%X %X 4+ A23%XEX¥X + A24 X kX¥XkX
B2 = B20 + B21%X + B22%X*%X + B23%kXkX%kX + B24 ¥XkXEkX %X
C2 = C20 + C21%X + C22%X*¥X + C23FXKX%¥X + C24%X*XkX%kX
DA = A21 + 2.D0%A22%X + 3.D0%A23EX%X + 4.D0¥A24%XEX*kX
DB = B21 + 2.D00%B22%X + 3.D0¥B23%X%kX + 4,D0%B24%XkX*%kX
DC = C21 4 2.D0%C22%X + 3.D0%C23%X%kX ¥+ 4DO¥C24%X%X*kX
H = A2 + B2*T + C2*T*Y
DHP = Q0,00
DHT = B2 + 2.D0%C2%7
DHX = DA + DB#T + DCHT*T
DHY = Q.CO
GO TC 200
WATER VAPCR
20 G = D + DSART(D*D ~ 4.DO*E%X{C — DLCG10(P)}))
TS = —2C0%E/G — F
DTS = 4.D0O*EXEL(DLOG(10eD0) *P%G*G%(G—-D))
GO TO (21,22),I1CALC
EQUILIBRIUM TEMPERATURE CALCULATICN
21 TE = TS
DFP = DTS
DFT = =100
DFX = 0DO
GO TC 100
ENTHALPY CALCULATION
22 CP = BS + CS*¥T 4 DS*T*T + ES*P + FS%P%P
CPS = B5 + C5*%TS + DS%XTS%TS + ES*P 4+ FS%P%xP
HG = A3 + A4 + (B3+B4)%*TS + (C3+C4)*TS*TS
> + (D3+D4IRTSHTSHTS
DHG = (B3+84 + 2.00%(C3+C4)¥TE + 3.D0%¥{D3+D4)*TEXTSI*®DTS
HI = (BS+ESY¥P+FS¥P*P)%{T-TS) + C5/2.D0*(TxT—TS*TS)
> + DS/3.DOR(TH*THT-TS*TS*TS)
DHI = {ES+2.D0%FE4P}*¥{T—TS) - CPS*DTS
H = HG + HI
DHP = DHG + DHI
DHT = ¢P
DHX = 0DQ
DHY = 04CO
Ga TO 200
LIGUID WATER
30 GO TO (20+32),1CALC
ENTHALPY CALCULATICGN
32 H = A3 + B3%7T 4+ C3%T%7T 4+ D3FT*T*T
DHP = 0«00
DHT = B3 + 2.D0%C3%7 + 3.D0*%D3*T*T
DHX = 0DO0
DHY = 0.CO
GO TO 200
SATURATED LIGUID—-VAPOR WATER MIXTURE

40 GO TO

ENTHALPY

42 HL =
HG =
H = (
DHL.
DHG
DHP
DHT
DHX
DHY
GO T

O nd

(20+42) 2 ICALC

CALCULATION
A3 + B3¥T + C3%T*T + D3*TAHTXT
HL + A4 + B4*T + C4*T*T + DO*THT*T
14D0 — Y)¥HL + YH*HG

B3 + 2.D0#%C3%T + 3.,DOXD3I%RT*T

DHL + B8 + 2,DO0%Ca4%T + 3.DO%RD4*T%T
0.LCO

(1.00 — Y)*DHL + Y*DHG

GeCO

—HL + HG

200
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SCALE TESDFPDFX (DFT ALREADY (K)
100 TE = TE*TSCALE
DFP = DFPXTSCALE/PSCALE
DFX = DFX¥YTSCALE/CSCALE
RETURN

SCALE H+DFPsCHXy DHY (DHT ALREADY 0OK)
200 H = HxTSCALE

DHP = DHPXTSCALE/PSCALE
DHX = DHX*TSCALE/CSCALE
DHY = DHY*TSCALE/YSCALE
RETURN

END
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SUBROUTINE EQB2 (PsX+sTeWeKFAZy ICALCH»TE,
> DFP sCFT»DF X oHsDFPsDORT s DHX s DHY )
C THIS IS A DUMMY ROUTINE
IMPLICIT REAL*8 (A-H.0-2Z)
RETURN
END
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