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IMPROVEMENTS AND ENHANCEMENTS OF THE ABSORB COMPUTER PROGRAM

FOR MODELING CHEMICAL ABSORPTION 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 to 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 constraints, 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
constraints, a task that becomes increasingly difficult as the number of components (absorbers,
desorbers, condensers, evaporators, etc.) making up the process system increases. Whereas the
elimination 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 possible 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
each 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 HYBRD1 (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 HYBRDI
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,
HYBRIJ1 is to be preferred to HYBRDI1 as it may be expected 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 generation of codes which are far inferior
to newer codes such as NPSOL.

In order to use the optimization package effectively, 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 difficulties for the algorithms. The ideal usually
sought in scaling is for the variables to be of order unity and the constraint 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
EFi=0a
i=1

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

E[AFF,-]=O,

i=]

or

>

N
2 Fi=0,
i=1

where F; denotes a transformed flow variable; and Ar 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 demonstration of a computer code to perform an optimal
detailed economic design of a heat pump system, 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.




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 proportional 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 essentially 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 exchanger area of the component, this being a measure of the size of the
component.

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 combination 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 produced/year

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 system, 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 previously
by the old version and reported!. In each 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
calculations. A FORTRAN listing of the code (excluding the optimizing package NPSOL which is
proprietary 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 question 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
version. In the interest of simplifying the code and because the preprocessor 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 now 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 PROGRAM FOR MODELING
HEAT PUMP SYSTEMS OF VARYING CONFIGURATION

VERSION OF APRIL 21, 1986

NSP = NUMBER OF STATE POINTS

NUNITS = NUMBER OQF UNITS IN SYSTEM

N = NUMBER OF VARIABLES

NCLIN = NUMBER OF 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.J) NCLIN

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

NROWR = DECLARED ROW DIMENSION CF ARRAY R WHICH MUST BE
e GEes N

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

LENW = DECLARED LENGTH OF VECTCR WORK WHICH MUST BE +GEe
2XN%N + N¥(NCON + 12} + 7%NCON + 11%NCNLN + NROWA

LENB = INTEGER VARIABLE WHICH MUST BE SET «GEe NCTOTL

VECTORS IN COMMON BLOCKS AA.BB,CCsDD AND THE VECTORS
JCosJF s JPsJTsJIW MUST BE DIMENSICNED GE s NSP

VECTORS IN COMMON BLOCKS EE.FF (FIRST DIMENSION OF 1ISP)
MUST BE DIMENSIONED +GEes NUNITS

VECTORS IN COMMON BLOCK GG AND THE VECTORS FEATOLsCLAMDA,
ISTATE MUST BE DIMENSIONED .GE. NCTOTL

ARRAY A MUST BE DIMENSIONED A{(NRCWAsNCOLA), NCOLA oGEs N

ARRAY CJAC MUST BE DIMENSIONED CJAC(NROWJs NCCLJ) WITH
NCOLJ oGEe N

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

VECTOR FUN MUST BE CIMENSIONED «GE.. NCNLN

VECTORS 0OBJGRDsX MUST BE DIMENSICNED +»GEs N

VECTOR WORK MUST BE DIMENSIONED EQUAL TO LENW

VECTOR 1IWORK MUST BE DIMENSIONED EQUAL TO LENIW

INTEGER VARIABLES NROWAsNROWJs NRCWRSLENIWSLENW,LENB
MUST BE EXPLICITLY SET BELOW

DIMENSIONS BELOW ARE FOR MAXe. 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 ABGVE.

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

COMMON/ZAAZ C(50)F(50)sP(50):sT(50)-.Y(50),IVARC{50),
> IVARF{50)s IVARP(50)IVART(50) s IVARY{(50) sKFAZ(50) s MSUB
COMMON/BB/ ICFX(S50) s IFFX{(S0)IPFX(50), ITFX{S0)sIYFX{E0),
> IVC{S50) sIVF(S0),IVP{50)sIVT(50),IVY(50),IVA(S0)
COMMON/CC/ H{50),DHC{(S50)sDHP{(50)DHT{50),DHY{(50)
COMMCN/DD/ GRAD(S0) ,0OBJECT, ICBJ

COMMON/EE/Z Q(20),UA(20) 5 IREV(20),IAFX(20),1IVARA(20)
COMMON/FF/ IDUNIT{(20),ISP{20:7)sNSPsNUNITSsNUCINUF»

> NUPNUTNUY s NUA

COMMON/GG/ BL(125),BU(125)

COMMON/NN/ NROWANROWJ s NLsNNL o+ INIT

COMMON/SS/ CSCALEFSCALEsPSCALE,TSCALE , YSCALE
COMMON/Z2Z/ UROUND

DIMENSION A{(25550),CJAC(S0:501,R(50,50)



(a¥elalgle!

alalelalale] slalslislsieinlelnlielalsleNale]

aonnn

(eTelelnlalglg]e)

DIMENSION FUN{50),0BJGRD{50),X{50)

DIMENSION WORK{7000) IWORK{(225)

DIMENSION FEATOL{125),CLAMDA{125),ISTATE(125)
DIMENSION JC(50)sJF(50)-,JP(S0),JdT{50),JY(50)

DIMENSION ANAME(8)

EXTERNAL CONFUNOBJFUN

DATA BIGBND/2eDO/SsETA/069D0/ sCOLD/ e TRUES/»DRTHOG/«TRUE S/
DATA ANAME/Z/1HA1HD»1HR» 1HC 5 1HEEs 1HVs 1 EM 2 1HS Y/

FOLLOWING STATEMENT IS NEEDED FOR THE CRAY COMPUTER
CALL LINK (“UNITS=INFILE UNIT6=TERMINAL //")

SET DIMENSIONING DECLARATIONS
25

NROWA =
NROWJ = £0
NROWR = E0
LENIw = 225
LENW = 7000
LENB = 125

CALCULATE UNIT ROUNDOFF OF COMPUTER (MACHINE EPSILON)
UROUND = DiMACH(4)

INPUT AND PRINT OPTIMIZER FLAGS AND PUNCH FLAG

1084 = OBJECTIVE FUNCTION FLAG
= 1 IF 0BJ. IS ONE :
= 2 IF 0BJ. IS SUM OF SQUARES OF THE EQUALITY
CONSTRAINTS
= 3 IF (0BJ. IS SUM OF UNKNOWN UA'S
= 4 1IF 0BJ». IS PROPORTIONAL TO PAYBACK TIME
ITMAX = ALLOWABLE NUMBER OF ITERATIONS
MSGLVL = PRINT LEVEL FLAG FOR INTERMEDIATE QUTPUT
I PUN = PUNCH FLAG

0 NO PUNCHED QUTPUT

1 PUNCHED 0QUTPUT

READ (5,1000) ICBJsITMAXsMSGL VL » IPUN

WRITE (6,2000) I0BJ,ITMAX,MSGL VL »IPUN

IF (IPUN -EQe 1) WRITE (7,1000) I0BJ.I TMAXsMSGLVL . IPUN

INPUT AND PRINT ERROR TOLERANCES., IF ZERD VALUES ARE INPUT,
DEFAULT VALUES WILL BE CALCULATED AND USED.

CTOL = ERRUOR TOLERANCE FOR CONSTRAINT FUNCTIONS
FTOL = ERRCOR TOLERANCE FOR OBJECTIVE FUNCTION AT SOLUTION
EPSAF = ESTIMATED ERROR IN COMPUTING OBJECTIVE FUNCTION

READ (551100) CTOL FTOLEPSAF

IF {(CTOL +EQe. 0.D0) CTOL = 10.D0O%DSQRT {UROUND)

IF (EPSAF oEQe 0D0) EPSAF = 10.DOXUROUND

IF (FTOL .EQe 0.D0) FTOL = DSQRT(EPSAF)

WRITE (6,2101) CTOLFTOL »EPSAF s URCUND

IF (IPUN +EQe 1) WRITE (7+1000) CTOLFTOL+EPSAFUROUND

INFUT AND PRINT SCALE FACTORS FOR CONCENTRATIONS, FLOWS,
PRESSURES, TEMPERATURES, VAPOR FRACTIONS. SCALE FACTORS
SHOUL.D BE CHOSEN SUCH THAT PRODUCT OF SCALE FACTOR AND
VARIABLE IS CF ORDER OF MAGNITUDE CONEe.

READ (5:1100) CSCALEFSCALE sPSCALE, TSCALEsYSCALE

WRITE (6,2102) CSCALEFSCALE PSCALE, TSCALE»YSCALE

IF (IPUN oEQs 1) WRITE (7-1100) CSCALE»FSCALEPSCALE>

> TSCALEsYSCALE

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 HEAT PUMP : o
MAN=4 - TWC—~STAGE CHILLER

MSUB=1 LI-BR/WATER
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AL TERNATIVE FLUID (NOT VALID AT PRESENT)

READ {5,1000) MAN.MSUB

GO TO

WRITE
GO TC
WRITE
GO TO
WRITE
GO TQO
WRITE

GO TO

WRITE
GO TO
WRITE

T AND
READ
WRITE

INPUT AND

IUNIT
IDUNIT

il

L O O TR O O O I (O A I T (A T

NSPU
WRITE
GO TO

{152+s394) MAN

(6,2001)
5
(652002)
o

(6+2003)
$622004)
(6,7) s MSUB
(6:,2006)
€612007)

PRINT NUMBER OF UNITS AND NUMBER OF STATE POINTS
(5+1000) NUNITS,NSP
(6:2008) NUNITS-,NSP

PRINT UNIT VARIABLES

UNIT NUMBER (IN ORDER CF INPUT)

UNIT IDENTIFICATION NUMBER

FOR ABSUCRBER

FOR DESCRBER

FOR RECUPERATOR

FOR CONDENSER

FOR EVAPORATOR

FOR VALVE

FOR MIXER

FOR SPLITTER

OVERALL HEAT TRANSFER COEFFe. TIMES HEAT EXe AREA
FILLAG TO INDICATE REVERSED HEAT FLOW IN RECUPERATOR
0 IF HEAT FLOW IN FORWARD DIRECTION

1 IF HEAT FLOW IN REVERSE DIRECTION

FLAG TO INDICATE STATUS OF UA VALUE

0 IF UA VALUE IS FIXED

1 IF UA VALUE 1S UNKNCWN

VECTOR OF STATE POINTS FOR UNIT IN THE CRDER
CORRESPUONDING TO THE TEMPLATE FOR THE UNIT
{6,2010)

I=1,NUNITS

1?11) IU?IT,IDUNIT(I),IREV(I).IAFX(I):UA(I)'
JYsJ=1-7

2011) TUNITHIDUNIT(I)LIREV(I)IAFX{I),UA(I)
1

ONOUND OGN -

EQe 1) WRITE (751011) IUNIT, IDUNIT(I),
AFX(I)>UA(I)s (ISP(1sJ)sd=1,7)

=1
(IsJ) «NEe 0) GO TO 10

[

- 1
(6-,2012) (1SP(Is3J)5JJ=1sNSPU)
11

10 CONTINUE

11 CONTINUE

INPUT AND PRINT STATE POINT VARIABLES

I1spP
KFA

T =
4

winn

STATE POINT NUMBER (IN ORDER OF INPUT)
FLAG TO INDICATE PHASE TYPE

1 IF SOLUTION

2 IF VAPOR

3 IF PURE LIQUID
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4 IF SATURATED LIQUID—-VAPOR MIXTURE

FLAG TGO INDICATE TEMPERATURE STATUS

0 IF TEMPERATURE 1S FIXED

1 IF TEMPERATURE IS UNKNOWN AND oNEe. TO ANY OTHER

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

FLAG TGO INDICATE FLOW STATUS

0 IF FLOW RATE IS FIXED

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

FLAG TO INDICATE CONCENTRATION STATUS

0 IF CONCENTRATION IS FIXED

1 IF CONCENTRATION IS UNKNOWNe STATE PUINTS FOR
WHICH ICFX IS EQUAL HAVE IDENTICAL CONCS.

FLAG TO INDICATE PRESSURE STATUS

0 IF PFPRESSURE 1S FIXED

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

FLLAG TO INDICATE VAPCR FRACTION STATUS

0 IF VAPOR FRACTION IS FIXED

1 IF VAPOR FRACTION IS UNKNOWN. STATE PCINTS FOR
WHICH I1YFX IS EQUAL HAVE IDENTICAL VAPa. FRACS,

TEMPERATURE, DEG F

FLLGW RATE, LB/MIN

CONCENTRATION,s PER CENT SOLUTE

PRESSURE, PSI

VAPGCOR FRACTION

(620152

I=1sNSP

(551016) ISPTKFAZCIYsITFXCI)eT{I)sIFFX(I)sF(I)>»
(I)sCUI)sIPFX{I)sPCI)IYFX(I),Y(I)

(62016) ISPTKFAZ(I) JITFX(I)sT(I1),IFFX(I)sF(I),
(1) ClI)sIPFX(I)sP{I}IYFX(I)sY(1)

UE

E POINT VARIABLES, ZERC ASSOCIATED INDEX VECTORS
I=1,NSP

}*CSCALE

¥FSCALE

¥*PSCALE

*TSCALE

¥YSCALE

P Y Lol Y

COOOO I 1l I 1 = bt bt ot bt
o At Nt Kt

Do et pmd et bt
(ool oot o]

[T IO (I

1 ABLES AND ZERO ASSOCIATED INDEX VECTCRS
NUNITS

(I1)*¥FSCALE

0
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C INDEX TEMPERATURE UNKNOWNS
DO 32 I=1,.NSP
K= ITTFX(1)
IF (K sEQs 0) GO TO 32
IF (JT{(K) sEQe 0) GO 70O 31
IVART(1)= JT(K)
GO TO 32

31 Iv= IV + 1

IF (K oNEe 1) JT(K)I=1IV
IVART(I)= 1V
IVT(IV)= 1

X{(IVi= T{(I)
32 CONTINUE
NUT= 1V
c .
C INDEX CONCENTRATION UNKNCWNS
DO 42 I=1,NSP
= ICFX(1)
IF (K «EQe 0) GO TO 42
IF (JC(K) «EQs 0} GO TO 41
IVARC(I)= JC(K)
GO TO 42
41 Iv= 1V + 1
JCIKI= 1V

IVARC(1)= 1V
IVC(IVi= 1
X(IV)= C(I)
42 CONTINUE
NUC= {V-—-NUT

C
C INDEX FLOW UNKNOWNS
DO 52 I=1,NSP
K= IFFX(I)
IF (K «EGe 0) GO TO 82
IF (JF{K) -EQe 0) GO TO 51
IVARF{1I)= JF(K)

GO TO 52
51 1Iv= 1V + 1
JF{K)= IV

IVARF{I)= 1V

IVF(IV)= I

X(IV)i= F(I)

52 CONTINUE

NUF= IV—{NUT+NUC)
C
C INDEX PRESSURE UNKNOWNS

DO 62 I=1,NSP

K= IPFX(1)

IF (K EGe 0) GC TO 62

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

GO0 TO ez2
61 Iv= IV + 1
JRP{K)= IV

IVARP(I)= 1V
IvP(IVv)i= 1
X{Iv)= P(I)
62 CONTINUE
NUP= IV—{NUT+NUC+NUF)

C

C INDEX VAPOR FRACTION UNKNOWNS
DO 72 I=1sNSP
K= IYFX(I1)
IF {K «EGQs 0) GO TO 72
IF (JY(K) .EQe 0) GO TO 71
IVARY(1)= JY(K)
GO TO 72

71 Iv= 1V + 1
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INDEX UA UNKNOWNS
DO 82 I=1sNUNITS
K= TAFX(I)
IF (K «EGe 0) GO TO 82
Iv= 1Iv + 1
IVARA(I)= 1V
IVA(IV)= I
X{IV)= UA(I)
82 CONTINUE
NUA= IV—{NUT+NUC+NUF+NUP+NUY)

N = 1V
WRITE (62084) NsNUTsNUCsNUF sNUPsNUYsNUA

ZERO A AND CJAC MATRICES
DO 93 J=1,N
DO 91 I=1,NROWA
91 A(IsJ) = 0.DO
DO 92 I=1,NRQWJ
92 CJAC(IsJ) = 0.DO
93 CONTINUE

INITIALIZE LCOWER AND UPPER BCUNDS
DO 95 I=1,LENB
BL(I) = 0.DO

98 BU(1) = BIGBND

CALCULATE ENTHALPIES AT INPUT CONDITIONS
CALL ENTHAL

INIT = 0
NL = 0
NNL = 0

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

DO 110 I=1,NUNITS

ID= IDUNIT{(I)

IUNIT= I

GO TO (101,1025103:10451052106»,107-,108)» ID

101 CALL AESORB (IUNIT2ISP{I+1)-,ISP(I+2):ISP(I1:3)s1ISP(1:4),
> ISP(1:5)s1ISP(1+6):FUNsACJIAC)
GO TO 110

102 CALL DESGCGRB {(IUNITsISP(I+1),ISP(1,2),1ISP(Is3),1ISP(154)>
> ISP{I1:5)s1ISP(I:s6)sFUNsAsCJAC)
GO 7O 110

103 CALL RECUP (IUNITLISP(I1,1):ISP(I,2)sISP(153)+1SP(1:4),
> IREV(I)sFUNsACJAC)
GO TO 110

104 CALL COND (IUNITSsISP{Is1)sISP(1,2),ISP(I:3)sISP(Is41},»
> ISP(Is5)sFUNsA»CJAC)
GO TO 110

105 CALL EVAP (IUNITSISP(Is1)sISP(1:+2)sISP(I:3)21ISP(Is4),
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> ISP{Is5)sFUNsAsCJAC)
GO TO 110

106 CALL VALVE (IUNIT2ISP(I+1)-ISP{1,2)sFUNsCJAC)
GO TO 110

107 CALL MIX (IUNIT-ISP{I»1).,ISP{1:+2),ISP(1I53)sFUNCJAC]
GO TO 110

108 CALL SPLIT (IUNITSISP(Is1),ISP{Is2),1ISP(I+3),FUNsCJIAC)
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) = 0.DO

SET MAXIMUM ALL OWABLE CONSTRAINT VIOLATIONS
DO 122 I=1,NCTCTL
122 FEATOL(I) = CTOL

NAG ROUTINE EOQ4ZCF MAY BE USED TC CHECK THE CODING COF
FIRST DERIVATIVES OF CONSTRAINT ANDC OBJECTIVE FUNCTIONS.
USE OFA§04ZCF REQUIRES LINKING THE NAG LIBRARY.
IFAIL = O
CALL EO4ZCF (NoNCNLNsNROWJ s CCNFUNL,UOBJFUNsFUN,
> CJACsCGBJUF 2 0BJGRD s X s WORK sLENWs IFAIL)
WRITE (6,2128) IFAIL

INVOKE OPTIMIZER PACKAGE TO SOLVE SYSTEM EQUATIONS
CALL NPSCL (ITMAX o MSGLVL sNsNCLINsNCNLNsNCTOTL sNROWA,
> NROWJsNROWRsBIGEND sEPSAF+ETAsFTOL+sAsBLsBUSFEATCL»
> CONFUNOBJFUNSCCLDsORTHCG s INFORM, ITER, ISTATEsFUNSCJAC,
> CLAMDAOBJF,0BJGRDsRsXs IWORKSLENIW, WORKHLENW)

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

C1 = C{IJ)/CSCALE
F1 = F(1)/FSCALE
P1 = P(I}/PSCALE
T1 = T(I)/TSCALE
Y1 = Y{(I)/YSCALE
H1 = H{IJ)/TSCALE
WRITE (6+2131) 1IsT1sH1sF1,ClsP1,Y1
IF (IPUN .EQe 1) WRITE (721016) IsKFAZ(I),ITFX(I),T1>»
> IFFX{I)sF1ley ICFX(I)sClsIPFX(I)>PlsIYFX{1)sY1
131 CONTINUE
UNSCALE AND PRINT UNIT VARIABLES
WRITE (6,2140)
DO 141 I=1,NUNITS
ID = IDUNIT(I)
Q1 = Q(I)/(FSCALE*TSCALE)
UAl = UA(1J/FSCALE
141 WRITE (6:2141) I,ANAME(ID) »Ql1,UA1L
000 FORMAT(1€15)
011 FORMAT(21I55s3X3211:F10.0,715)
016 FORMAT(215:5(14sF601))
100 FORMAT(8F10,0)
000 FORMAT(
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> ' 10BJ = OBJECTIVE FUNCTION FLAG =19149/>
> ¢ ITMAX = ALLOWABLE NUMBER OF ITERATIONS ='314s/,
> * MSGLVL = OPTIMIZER MESSAGE LEVEL FLAG =13145/)

2001 FORMAT{®1SINGLE STAGE HEAT TRANSFORMER?®)
2002 FORMAT(®1SINGLE STAGE CHILLER®)
2003 FORMAT(*1DOUBLE STAGE HEAT TRANSFORMER?')
2004 FORMAT (" 1DOUBLE STAGE CHILLER?Y)
2006 FORMAT(® LI-BR/WATER?,/)
2007 FORMAT(* INVALID WORKING FLUID CODE SPECIFIED?,/)
2008 FORMAT(* NO. OF UNITS 9150/
> S NOo OF STATE POINTS?'+15,//)
2010 FORMAT(® UNIT SPECIFICATIONS'.//>
> ' NO., ID IREV IAFX UA STATE PCINTS? s/,
> BTU/{M—F)®,s/)
2011 FORMAT(1Xs129214,1551PE1263)
2012 FORMAT(1H+,29X.714)
2015 FORMAT{(//+% STATE POINT SPECIFICATIONS®>//»
> * NOes KFAZ ITFX TEMP., IFFX FLOW ICFX CONCa.?,
> % IPFX PRESS IYFX VAPOR':/516X,
>

¢ F LB/M % PSI FRACo® /)
2016 FORMAT(1Xs12514516:F701914sF 70131 43F702514sF702014,F763)
2084 FORMAT(/,* NDo OF VARIABLES 5159/
> ? NOeo OF UNKNDWN TEMPERATURES * 9184/
> * NO. GF UNKNOWN CONCENTRATIONS "91Ss/>
> ¢ NOo OF UNKNOWN FLOWS '9IEs/0
> ' NOo. OF UNKNOWN PRESSURES * 9184/
> * NO. OF UNKNOWN VAFOR FRACTIONS " 5184/
> * NOe. OF UNKNOWN HEAT EXe AREAS 1s18)
2101 FORMAT(
> ¢ CTOL = CONSTRAINT FUNCTION TOLERANCE =9,1PE9:1+/>
> * FTOL = OBJECTIVE FUNCTION TOLERANCE =% 9EGels/ s
> ¢ EPSAF = ERROR IN COMPUTING 0BJe FUNCTe ='3ESels/>»
> * UROUND = UNIT ROUNDOFF CF COMPUTER =% 3EGele/)
2102 FORMAT({®" CSCALE = CONCENTRATION SCALE FACTOR =%3F 6239/
> * FSCALE = FLOW SCALE FACTOR =% 3F6e32/
> * PSCALE = PRESSURE SCALE FACTOR =':F642s/»
> ¢ TSCALE = TEMPERATURE SCALE FACTOR =?'4F6a3s/>
> ' YSCALE = VAPOR FRACTICN SCALE FACTOR ='sF6el /)
212 FORMAT(® SUBROUTINE EO4ZCF, IFAIL =%514)
2130 FORMAT(//»" STATE TEMPo. ENTHALPY FLLOW RATE?®,
> ' CONCENTRe PRESSURE VAPCR FRAC.'s/>»
> ' PCINT DEG F BTU/LB LB/M % SOLUTE?,
> 1 PSIA® /)
2131 FORMAT(1X21352Xs1P8E11.4)
2140 FORMAT(//»% UNIT UNIT HEAT TRANSFER UA® 3/
> N NO. TYPE BTU/NM BTU/(M~F)*®s/)
2141 FORMAT(1Xs13:5XsA4»1P2E14.4)
C
STOP

END
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FUNCTION D1MACH (IDUM)
IMPLICIT REAL%8 (A-H.,0~-Z)
= 1.D0

S1 = U + 1.D0
UPLUS1 oNEe 1.D0) GO TO 10
CH = 2.DO%U

>
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SUBROUTINE CONFUN (MODE,NCNLNsNsNRJ» X9 FUNs CJA
C CALCULATE CONSTRAINT FUNCTIONS AND THEIR FIRST DE

IMPLICIT REAL*8 {A—H,0-2)
COMMON/ZAAZ CLS5S01+sF{50)sP(501},T(50)
> IVARF{S0J)s, IVARP RT(50)sIVA
COMMON/BB/ ICFX{ PFX({
> IVC(50),IVF{(50)
COMMON/DD/ GRAD(
0) s IVARA(20)

1

COMMONVZEE/Z Q(2 )
TS o NUC I NUF o

COMMON/FF/ IDUN
> NUPsNUTsNUY s NUA
COMMON/NN/ NROWAs NR
DIMENSION CJAC({NROWJ

O ©O~e Us

a0

UPDATE TEMFPERATURE VECTOR
IF (NUT oEQe 0) GO TO 40
DO 31 IVv=1sNUT
31 TLIVTCIVYY) = X(1IV)
DO 33 I=1.NSP
IF (ITFX(I) «LT» 2) GO 70O 33
DO 32 J=1,NSP
32 IF (ITFX(J) -EQe ITFX(I) ) T(J)= T(I)
33 CONTINUE

a0

UPCATE CONCENTRATION VECTOR
40 IF {(NUC -EQe 0) GO TO 50
IVi= NUT + 1

Iva= IVl + NUC - 1
DO 41 Iv= IV1.1V2
41 CIVCCIVII= X{1V)
DO 43 1I=1.N5SP
IF {ICFX{1) -EQ. 0) GO TO 43
DO 42 J= 1,NSP
42 IF (ICFX({J) oEQes ICFX{(I) ) C{J)= C(I)
43 CONTINUE

a0

UPDATE FLOW VECTOR

50 IF (NUF ,EQ. 0O} GO TC 60
IVvi= Iv2 + 1
Iva= IVi 4+ NUF - 1
DO 51 Iv= IVl1.IvZ

51 F(IVF(IV)I= X(IV)
DO 53 1=1,NSP
IF (IFFX(1) .EQs 0J) GO TO 53
DO 52 J= 1sNSP

52 IF (IFFX(J) oEQa. IFFX(I) ) F(J)= F(1)

53 CONTINUE

UPLCATE PRESSURE VECTOR
60 IF (NUF EQe 0) GO 7O 70
Ivi= Iv2 + 1
Iv2= IV1i + NUP -~ 1
DO 61 Iv= IV1,1v2
61 PLIVP(IV))= X(IV)
DO 63 I=14NSP
IF (IPFX(I) oEQes 0) GO TO 63
DO 62 J= 1sNSP
62 IF (IPFX(J) oEQe IPFX(I) ) P(J)= P(I)
63 CONTINUE

UPDATE VAPGOR FRACTION VECTOR
70 IF (NUY .EQe. 0) GO TC 80
Ivli= 1IvVv2 + 1
Iva= IVl + NUY -1
DQ 71 Iv= 1IV1,1Vv2
71 Y(IVY(IV))= X(IV)
DO 73 I=1,NSP
IF (IYFX{(I) +EQ. 0) GO TO 73

a0n

00
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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 LEQ. 0) GO TO 90
Ivli= Iv2 + 1
Ivz= IVl + NUA - 1
DO 81 Iv= JVvi.Iv2
81 UA(IVA(IV))= X(IV)

CALCULATE ENTHALPIES
90 CALL ENTHAL

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

NL = o0
NNL. = O

DO 110 I=1,NUNITS
ID = 1IDUNIT(I)
JUNIT = I

GO TO (101+102,103,1045105,106,107,108), ID

101 CALL ABSORB (IUNIT!ISP(I;1)’ISP(IDZ)!ISP(Il3)!ISP(I’4’!
> ISP(1:5)s1ISP{I,6)sFUNsA,CJAC)
GO TO 110

102 CALL DESORB (IUNITISP(Is1)sISP(I:2):1S8P{I:3)1SP{(1I+4),
> ISP{I:5)51SP{136):FUN,A,CJAQC)
GO TO 110

103 CALL RECUP (IUNIT»ISP{Is1)-ISP{(I+2)sISP(I+3)51ISP(I:s4)>»
> IREV{I)sFUNsA»CJAC)
GO TO 110

104 CALL COND (IUNITISP(Is1),ISP(I-,2)s1ISP{I+3)s1ISP(1I24)>
> ISP{(I+5)sFUNsAsCJAC)
GO TO 110

105 CALL EVAP (IUNITISP{Is10sISP(1:2)s1ISP{I:s3)s1ISP(Is4),
> ISP{I»5)sFUN»A-CJIAC)
GO TO 110

106 CALL VALVE (IUNITL.ISP(Is1):ISP(I+2)0oFUNsCJAC)
GO TO 110

107 CALL MIX (IUNITL.ISP{I,1),ISP(1:2)sISP(1:3),FUN,CJAC)
GO TO 110

108 CALL SPLIT (IUNIT-ISP({I,1),1ISP({Is2)sISP(Is3)+FUN:CJAC)
110 CONTINUE

GO TO (140:1205140,140), 108J
CALCULATION CF 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 OBJECT = 0OBJECT 4 FUN(I)®FUN(I)

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

GRADI =
GRAD(1)

RETURN
END

CRADI + FUN(J)*CJUAC(J,I)
= 2¢DO%GRADI
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SUBROUTINE OBJFUN {MODEs Ny X90OBJF s OBJGRDNSTATE)
CALCULATION CGF OBJECTIVE FUNCTION AND ITS FIRST DERIVATIVES

IMPLICIT REAL*8 (A—H,0-2Z)

DIMENSION X(1),0BJGRD(1)

COMMON/AA/ C(S50)+F(50):P(50):T(50),Y(50),IVARC(50),
> IVARF{50), IVARP{S0J),,IVART(50),IVARY(50),KFAZ(S50),MSUB
COMMON/EB/Z ICFX{S0) s IFFX{50)IPFX(50):ITFX(50),IYFX(E0),
> IVC(50)sIVF(50),IVP(50),IVT{(S50),IVY(50):IVA(S0)
COMMON/DC/ GRAD{S0) sOBJECT, ICBJ

COMMONV/ZEE/ Q{20),UA(20) 5, IREV{(20):IAFX(20)s IVARA(20)
COMMON/FF/ IDUNIT(20):ISP{20s7)sNSPsNUNITS,NUC,NUF,

> NUPsNUTsNUY s NUA
GO TO (109,20+30-40)510BJ

OBJECTIVE FUNCTION IS ONE
10 OBJF = 1.DO
DO 11 I=1,N
11 CBJGRD(X) = 0eDO
RETURN

OBJECTIVE FUNCTIGON IS SUM OF SQUARES OF CONSTRAINT FUNCTIONS
20 OBJF = QOBJECT
DO 21 I=1,N
21 OBJGRD{I) = GRAD(I1)
RETURN

OBJECTIVE FUNCTION IS SUM OF UNKNOWN UA*S
30 0BJF = 0,DO
DO 31 I=1,NUNITS
IF (IAFX{I) -.EQes 0) GO TO 31
OBJF = 0BJF + UA(I1)}
31 CONTINUE
DO 32 I=1,sN
OBJGRD(I) = 0.D0O
32 IF (IVA(I) oNE. 0) OBJGRD{I) = 1.DO
RETURN

OBJECTIVE FUNCTION IS PROPORTIONAL TO PAYBACK TIME
40 OBJF = 0.DO
DO 41 I=14NUNITS
41 OBJF = QOBJF + UA({1)
DENOM = F(3)}*(T(G)-T{(3))
OBJF = 0,1DO*0BJF/DENOM
DO 42 I=1.N
OBJGRD(1J) = 0.D0

42 IF (IVA(I) «NEe. 0) CBJGRD(I) = (.1DO/DENOM

(2] s

IF (IFFX(3) .EQe 0) GO TO 4
I = IVARF(3)
OBJGRL(I) = —QBJF/F(3)
43 IF (ITFX{3) «EQae 0) GO TO 44
I = IVART(3)
OBJGRELC(I) = QOBJF/(T(9)-T(3))
44 IF (ITFX{9) .EQe 0J) GO TO 4S
I = IVART(9)
OBJGRD(1) = —-QBJF/(T(9)-T(31})
42 CONTINUE
RETURN

END
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SUBROUTINE BNDFUN {(IVi,IV2:V1sV2,A)
C LINEAR INEGUALITY AND BOUND CONSTRAINTS
IMPLICIT REAL%*8 {(A—H,0-Z)
COMMON/GG/ BL{125),BU(125)
COMMON/ZNN/ NROWA, NROWJ s NL o NNL o INIT
DIMENSION A(NROWA»1l)
IF (IV1 oGTe 0O oANDs IV2 GT. 0) GO TO 10
IF {IV1l oGTe 0 <AND. IV2 +EQe Q) GO TO 20
IF (IV1 2EQe O oANDe IV2 GTs 0J) GO TO 30
RETURN
C LigEAE INEQUALITY CONSTRAINT, V1I(UNKNOWN) — V2(UNKNCWN} > 0
NL=NL+1
CALL MATRIX {(NLsIV1is 12D0,AsNROWA)
CALL MATRIX (NLsIV2,—1.D0sA-,NROWA)}
RETURN
C LOWER BOUND CONSTRAINT, V1(UNKNCWN) > V2(FIXED)
20 BL(IV1)=V2
RETURN
C UPPER BOUND CONSTRAINTs V2{UNKNGWN) < VI{(FIXED)
30 BU(IvV2)=Vl
RETURN
END
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SUBROUTINE ENTHAL

CALCULATE ENTHALPIES OF STREAMS AT STATE POINTS
IMPLICIT REAL*B (A—H,0-Z)
COMMON/AA/ C(50)sF{50)sP{50),T(50)sY(50),IVARC{(50),
> IVARF(50)s IVARP{S50)IVART(50) s IVARY{50):KFAZ(50), MSUB
COMMON/CC/ H{S50),DHC(S50),DHP{50),DHT(50),DHY(S0)
COMMON/FF/ IDUNIT(20),ISP(20:7)sNSPsNUNITSsNUCsNUF,

> NUPsNUTsNUYsNUA

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

PERFORM ENTHALPY CALCULATIONS FOR EACH STATE POINT
DO S50 I=1,NSP

GO TO (10s20),MSUB

LIBR—-WATER
10 CALL EQB1 (P(I),C{
> DFPsDFTDFCsH(1),
GO TO £0

SYSTEM NOT PRESENTLY
20 CALL EQGB2 (P(1)sC
> DFPsDFTsDFCaH(I)

50 CONTINUE
RETURN
END
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SUBROUTINE ABSORB (IUNITI1,12:13s14:1516,FUNsAsCJAC)
ABSORBER CCNSTRAINTS
IMPLICIT REAL*8 {(A—H.,0-Z)

COMMONZAAY C(S0)aF{50)-,P{50):T(50):Y{(50),IVARC{(S0),
> IVARF(50)s IVARP{S0)»IVART(50)»IVARY(50) KFAZ{(50) . MSUB
COMMON/CC/ HL{S50):DHC(50) sDHP{(S0) sDHT (S0} ,DHY(50)
COMMON/NN/ NROWA s NROWJ s NLo NNL s INIT
DIMENSION A(NROWA:1) sCJACINRCWIS1),FUN(1), IVEC(7)
TOTAL MASS BALANCE, F1 4+ F2 - FE = 0

IVEC{1i)= 1I1

IVEC(2)= 12

IVEC(3)=-15

NS=3

CALL MBAL {(NSSIVEC,FUNsCJAC)

SOLUTE MASS EALANCEs Fl%Cl + F2¥C2 — FS5%C5 = 0
CALL CBAL (NS»IVECsFUN.CJAC)

ENTHALPY BALANCEs, F1#%H1 + F2%H2 + F3%H3 ~ F4%H4 —~ F5%HS = 0
IVEC(4)= I3
IVEC(S)=—14
NS=5
CALL HEBAL (NS»IVECsFUNCJAC)

SOLUTE MASS EALANCE AROUND TOP OF ABSORBER,
F1¥Cl1 + (F6 — F1l)*%C2 — F6%C6 = 0
NNL = NNL + 1

FUNINNL) = F(I1)*%C{I1) + (F(I6)-F(I1))*%C(I2)} -

> F(I16)*%C(16)
CALL MATRIX {NNLSIVARF(I1),C{I1)~-C{12),CJAC,NROWJ)
CALL MATRIX (NNLSsIVARF(I6),C(I2)—C(16),CIJAC,NROWI)
CALL MATRIX (NNLSIVARC(I1}),F{I1),CJACsNROWJ)
CALL MATRIX {(NNL,IVARC(I2):F(I6)-F(11),CJAC,NRCWJ)
CALL MATERIX (NNLSsIVARC{(16),:—F{I6),CJACsNROWJ)

SOLUTE MASS BALANCE AROUND TOP OF ABSORBER
NNL = NNL + 1
FUNCNNL) = F(I1)*H(I1) + (F(I6)-F(Il1))*kH(I2) -
> F(I6)%H(16)
CALL MATRIX (NNLSIVARF{I1),H(I1)—-H(I2),CJAC,NROWJ)

CALL MATRIX (NNLsIVARF(I6)-sH(I2}—H(I6) CJAC,NROWJ)
CALL MATRIX (NNLsIVARC(I1).F(I1)¥DHC(I1)sCJACNROWJ)
CALL MATRIX (NNLsIVARC(IZ2) (F(IB)—F(I1))¥%DHC(I2),
> CJACSsNRCWJI)

CALL. MATRIX (NNL s IVARC(I6),~F{I6)%DHC(16)s CJAC;NROWJ)
CALL MATRIX (NNLIVARP(I1)F({I1)*DHP(I1),CIJAC,NROWJ)
CALL MATRIX {NNL»IVARP(I2),»(F(I&6)—-F(I1))%DHP(1I2),
> CJACsNRCWJ)

CALL MATRIX {(NNL,IVARP(16)},—-F(16)%DHP(16)s CJACNROWJ)?
CALL MATRIX (NNLIVART(I1),F(I1)*DHT(I1)sCJACNROWJ)
CALL MATRIX (NNLIVART(I2).(F(I6)-F(I1J3)¥DHT(I21},
> CJACsNRCWJI

CALL MATRIX {(NNLsIVART(I6),~F(I6)*DHT(16), CJAC,NROWJ)

HEAT BALANCE
CALL QBAL (IUNIT9216,15:13s145,FUN»CJAC)

EQUIL. VAPOR PRESSe. RELATION FOR SOLUTION ENTERING ABSORBER
CALL VBAL {(I6sFUN».CJAC)

EQUILe VAPOR PRESS. RELATION FOR SOLUTION EXITING ABSORBER
CALL VBAL (ISsFUN-CJAC)

IF (INIT oEQs 1) RETURN

LINEAR INEGUALITY AND BOUND CONSTRAINTS CN TEMPERATURES
TE > T4
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CALL BNDFUN (IVART(IG) IVART(I42,T(16),T(14),A)
> T3

CA%% BNDFUN (IVART(IS) IVART(I3)T{IS)»T(13),A)
>

CALL BNDFUN (IVART(I14), IVART(I3)sT(I4),T(I3),A)

RETURN
END
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SUBROUTINE DESORB (IUNIT,I1212:13s14:15,16FUNsA,CJAC)
DESORBER CONSTRAINTS
IMPLICIT REAL%*8 (A—-Hs0-Z)

COMMON/ZAA/ CL50) sF{(50),P{50)sT{50),Y{50)sIVARC(50),

> IVARF(50)s IVARP{50),IVART{50) - IVARY(S50),KFAZ(50),MSUB

COMMON/CC/ H(50)+sDHC(50)sDHP(50) sDHT(50),DHY(E0)

COMMON/NN/ NROWASNROWJs NLaNNL INIT

DIMENSION A(NROWA1) sCJACINRLCW IS 1) sFUNT1),IVEC(7)
TOTAL MASS BALANCE», F1 ~ F2 - F5 = 0

IVEC(1)= 11

IVEC(2)=-12

IVEC(3)=—15

NS=3

CALL MBAL (NS IVEC,FUNsCJAC)

SOLUTE MASS BALANCEs F1*%C1 — F2%C2 - F5%C5 = 0
CALL CBAL (NSSsIVECsFUNICJUAC)

ENTHALPY BAL ANCE> Fl¥H1 — F2%H2 + F3%H3 — F4%H4 — FS5%H5 = O
IVEC(4)= I3
IVEC(5)=~14
NS=5
CALL HBAL (NSsIVEC,FUNsCJAC)
SOLUTE MASS BEALANCE AROUND TOP OF DESORBER,

F1%Cl1 + (F6 — F1)%C2 — F6%C6 = 0
NNL = NNL + 1

FUN({NNL) = F{I1)*%C(I1) + (F(I6)-F(I1))*C(12) -
> FLI1I6)%C(16)

CALL MATRIX (NNL,IVARF(I1),C(I1)-C{(12),CJAC,NROWJ)
CALL MATEIX (NNLoIVARF{16),C{I2)-C(16),CIJAC,NRCWI)
CALL MATRIX (NNL IVARC(I1)oF{(I1)sCJAC:NROWJ)

CALL MATFRIX {NNL:IVARC(I2),F({(I6)—-F(I11).CJACsNRCWJ)
CALL MATRIX (NNLsIVARC{(16),—~F(1I6)sCJACNROWJI)

PARTIAL ENTHALPY BALANCE
NNL. = NNL + 1
FUNCNNL) = FOI1)¥H(I1) + (F(I&6)-F(I1))%H(I2)} -
> F(I6)*H(16)
CALL MATRIX (NNLsIVARF{I1),H{I1)—H{12),:CJACsNROWI)

CALL MATRIX (NNLsIVARF(I6),H{I2)~-H(I6),CIJACsNROWJ)
CALL MATRIX (NNLIVARC(I1).F(I1)¥DHC(I1)sCJACNROWJI)I
CALL MATRIX (NNLsIVARC(I2}),(F(I6)-F{(I1))%DHC(I2),

> CJACsNRCWJ)

CALL MATRIX (NNLo+IVARC(I6),—F(I6)%DHC(I6), CJAC,NROWJ)
CALL MATRIX (NNLsIVARP(I1),.F(I1)%*DHP(I1)sCJACsNROWJ)
CALL MATEIX {(NNLsIVARP{(I2),(F(I6)-F(I1))%DHP(I2),

> CJACsNRCWJ)

CALL MATRIX {(NNL3IVARP(I6),—F(I6)%DHP(16)s CJAC:NROWJ)
CALL MATRIX (NNLsIVART(I1),F(I1)*DHT(I1)-CJACSNROWJ)
CALL MATRIX {NNLSIVART(IZ2)-(F(I6)-F{I1)IXDHT(I2),

> CJAC,,NRCWJ)

CALL MATRIX {(NNLIVART(16),—~F(I6)%DHT(16),CJACNROWI)

HEAT BALANCE
CALL QBAL (IUNIT1651I59513:14,FUNsCJAC)

EQUILe. VAPOR PRESSe RELATION FOR SOLUTION ENTERING DESORBER
CALL VBAL (16sFUNsCJAC)

EQUILe. VAPGOR PRESS. RELATION FQOR SOLUTION EXITING DESORBER
CALL VBAL (IS»sFUNsCJAC)

IF (INIT «EQe 1) RETURN

LINEAR INEGUALITY AND BOUND CONSTRAINTS ON TEMPERATURES
T4 > T6



T3
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CALL BNDFUN (IVART(I4):IVART{I6)sT{(I4),T(I6)sA)
> T5

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

CALL BNDFUN (IVART(I3)sIVART(I4)sT{1I3),T{(I4)sA)

RETURN
END
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SUBROUTINE RECUP (IUNIT,I1,12:1I35142IREVsFUNsA-CIAC)
RECUPERATCR CONSTRAINTS
IMPLICIT REAL*%8 (A-H,0-Z)
COMMON/ZAAZ C(50) ¢F(50):P(50)sT(50),Y(50),IVARC(EOD)>
> IVARF({S50)s IVARP(S50),IVART(50),IVARY{(50),KFAZ(S50),MSUB
COMMON/NN/ NROWASNROWJs NLoNNL. INIT
DIMENSION A(NROWA1) »CIJACINRCWIS1)sFUN(1)s IVEC(7)

ENTHALPY BALANCE. F1¥H1 — F2%H2 + F3%H3 — F4%H4 = 0
IVEC(1) = 11
IVEC(2) =-12
IVEC(3) = 13
IVEC(4) =—14

NS = 4
CALL HBAL {NSS>IVECsFUN,CJAC)

HEAT BALANCE
CALL QBAL {(IUNIT.I1,1I2,1I32»14sFUN,CJAC)

IF (INIT oEQe 1) RETURN

CHECK DIRECTION OF HEAT FLOW IN RECUPERATOR
IF (IREV +EQs 1) GO TO 10

LINEAR INEGUALITY AND BOUND CONSTRAINTS ON TEMPERATURES
WHEN HEAT FLCOW IS IN FORWARD DIRECTION
T3 > T2
CALL BNDFUN (IVART(I3),IVART(I2),T(I3)-T(I2),5A)
T4 > T1
CALL BNDFUN (IVART(I4), IVART{I1),T(14),T(11),A)

LINEAR INEGUALITY AND BOUND CONSTRAINTS ON TEMPERATURES
WHEN HEAT FLCW IS IN REVERSE DIRECTION
T2 > T3
10 CALL BNDFUN (IVART(XI2)sIVARTA(I3)»T(I2)sT(I3),sA)
Tl > T4
CALL BNDFUN {(IVART(I1),IVART(I4),T(I1}-T(L4),A)

RETURN
END
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SUBROUTINE COND {(IUNIT»X11,12+X3:14s15sFUNsAsCJAC)
CONDENSER CONSTRAINTS
IMPLICIT REAL*%8 (A—Hs0-Z)

COMMON/ZAA/ C(S0)sF(S50)eP{50),T(50),Y(50),IVARC{(EQ),

> IVARF{50)s IVARP{50) s IVART (50} s IVARY{50}sKFAZ{50),MSUB

COMMON/NN/ NROWA.NROWJs NLoNNL» INIT

DIMENSION A(NROWA3»1) sCJACINRCWIS1IFUN{1),IVEC(7)
ENTHALPY BALANCE, Fi%H1 — F2%H2 + F3%H3 — F4%H4 = O

IVEC(1) = I1

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

CALL HBAL (NSsIVECsFUN,sCJAC)

HEAT BALANCE
CALL QBAL (IUNITI5512,1I3s14-FUNsCJAC)

EQUIL . VAPOR PRESSe. RELATION FOR VAPOR ENTERING CCNLCENSER
CALL VBAL (IS5-,FUN,CJAC)

IF (INIT .EQe 1) RETURN

LINEAR INEGUALITY AND BOUND CONSTRAINTS ON TEMPERATURES
e EAZﬁ BNDFUN (IVART{(1IS5), IVART(I4)},T(IS),T(14)5A)
T2 ZAEE BNDFUN (IVART(I2)s IVART(I3)»T(I2),T(I3)A)
T EAEE BNDFUN (IVART(I4), IVART(I3)»T(I14),T(13):A)

RETURN
END
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SUBROUTINE EVAP (IUNIT»I1,12+13s14,1I59FUNsAsCJAC)
EVAPORATOR CCNSTRAINTS
IMPLICIT REAL*8 (A-H,0-Z)
COMMON/AA/ C(S50)sF(S50),P{50),T(50)sY{(50)»,IVARC{(E0),
> IVARF(50) 4 IVARP{S50)} ,IVART{(50),IVARY{50)sKFAZ(50),MSUB
COMMON/NN/ NROWASNROWJ s NLsNNL s INIT
DIMENSION A(NROWA,1) sCJACINRCWI1),FUN(1),IVEC(T7)

ENTHALPY BALANCE, F1%H1 —~ F2%H2 + F3%H3 — F4%H4 = 0
IVEC(1) = I1
IVEC(2) =-12
IVEC(3) = I3
IVEC(4) =-14
NS=4
CALL HBAL (NSSsIVEC,FUNsCJAC)

HEAT BALANCE
CALL QBAL (IUNIT»15512:13214,FUNsCJAC)

T
)
’

EQLIlL o VAFOR PRESSe RELATION FOR LIQUID ENTERING EVAPORATOR

CALL VBAL (IS,FUN,CJAC)
IF (INIT oEQe 1) RETURN

LINEAR INEGUALITY AND BOUND CONSTRAINTS ON TEMPERATURES
T EAEE BNDFUN (IVART(14)sIVART(IS)sT(14),T(I5)sA)

T3 EAZE BNDFUN {IVART(I3) s IVART({IZ2)sT(I3),T(I2),sA)

T3 zAZﬁ BNDFUN (IVART(I3), IVART(I4)},T(I3):T{(14),A)

RETURN
END
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SUBROUTINE VALVE (IUNIT»I1,IZ2:FUNsCJAC)

VALVE CONSTRAINTS
IMPLICIT REAL*8 (A—H,0~2Z)
COMMON/AA/ C{50),F{50),P(5
> IVARF({50), IVARP{50) »IVART
COMMON/NN/ NROWASNROWJ s NL
DIMENSION CJAC(NROWJ,1),FU

ENTHALPY BALANCE, F1%H1l - F2*%
IVEC(1)= 11
IVEC(2)=-12
NS=2 :
CALL HEAL (NS, IVECsFUNsCJUAC)

RETURN
END

I ZZ»~O

N A~
o

0)
50)

s IVARC{(50)»
2KFAZ{50) s MSUB
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SUBROUTINE MIX (IUNITsI1,I2,I3sFUNsCJIAC)

MIXER CONSTRAINTS
IMPLICIT REAL%8 (A-H,0~-2Z)
COMMON/AA/ C(S50)+F(50),P(

> IVARF(S50), IVARP(S50).IVA
COMMON/BB/ ICFX(50),1
> IVC(50),IVF(50),.IVP(
COMMON/NN/ NROWA,NROW
DIMENSION CJAC(NROWJ,

TOTAL MASS BALANCE, F1 +
IVEC(1)= I1 . ‘
IVEC(2)= 12
IVEC(3)=-13
NS=3
IF (IFFX(I1) +EQ. O +ANDes IFFX(I2)
CALL MBAL {NS,IVEC,FUN,CJAC)

COMPONENT MASS BALANCE, F1%Cl + F2%C2
20 IF (C(I3) -EQe 0.D0) GO TO 30
CALL CEAL (NS,IVEC,FUN,CJAC)

ENTHALPY BALANCE, Fl1%H1 4+ F2%H2 —~F3%H3
30 CALL HBAL (NS»IVEC,FUN,CJAL)

RETURN
END

-—

F3%C3

s EQe

0

0)

ARC(E0),
AZ(50),MSUB
50),IYFX(502,
A(S50)
GO TC 20

0
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SUBROUTINE SPLIT (IUNITsI1:12,1I35FUNsCJAC)

SPLITTER CONSTRAINTS
IMPLICIT REAL%¥8 (A—H»0-Z)

COMMONZAA/ C{50) sF(50)sP(S50)»T{(50),Y{(50)sIVARC(S
> IVARF{50), IVARP{S0)sIVART{50), IVARY(50),KFAZ(5Q
COMMON/EBB/ ICFX(S0) s IFFX{S0)+IPFX(50)s ITFX(50)}»1
> IVC{S0) sIVF(50),IVP(50):IVT(50),1IVY{50),IVA(50)
COMMON/NN/ NROWA.NROWJ s NLoa NNL.» INIT

DIMENSION CJAC(NROWJ »1),FUN(1),,IVEC(7)

IF (IFFX({1I1) .EQ. O »ANDs IFFX(2) o.EQe 0} RETURN

TOTAL MASS BALANCE, —F1 - F2 + F3 = 0
IVEC(1)=—-11
IVEC(2)=-12
IVEC{3)= I3
NS=3
CALL MEAL (NS, IVECsFUN,;CJAC)

RETURN
END



37

SUBROUTINE CBAL (NS, IVEC:FUN,CJAC)
C COMPONENT MASS BALANCE

IMPLICIT REAL*8 {(A—-H,0-Z)
COMMON/AA/ C{S50)F(50),P(
> IVARF({S50). IVARP(50),1IVAR
COMMON/NN/ NROWASNROWJ 9 NL
DIMENSION CJAC(NROWJ 1) .F
NNL=NNL+1

SUM=0.D0

DO 10 J=1,.NS

IS=IVEC(J)

I=1ABS(1S)

SIGN=IS/1
SUM=SUM+SIGN*F{I)*C(1)
CALL MATRIX (NNL.IVARC(I

10 CALL MATRIX (NNL,IVARF(I

FUN (NNL }=SUM

RETURN

END

Ce -~

CJACNROWJ)

» S )
J2 CUJACINROWY)

IGN#F(
s SIGN*C(

A



38

SUBROUTINE MBAL (NS IVECFUN,CJAC)

C TOTAL MASS BALANCE

10

> IVARF(50), IVARP(S0),1IVA

IMPLICIT REAL*& (A-H,0-Z)
COMMON/AA/ C(50)+F(50).P(

Ce =

R
COMMON/NN/ NROWAs NROWJa NL
DIMENSION CJUACINROWJ,1)sF
NNL=NNL+1

SUM=0,D0

DO 10 J=1,NS

IS=1IVEC(J)

I=1ABS(1S)

SIGN=IS/1
SUM=SUM+SIGN*F({I)

CALL MATRIX (NNLSIVARF(I)»SIGNsCJACsNROWJ)
FUN CNNLJ)=SUM

RETURN

END
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SUBROUTINE HBAL (NS, IVEC,FUN,CJAC)
C ENTHALPY BALANCE

IMPL ICIT REAL %8 (A-H,0-Z)
COMMON/AA/ C{50),F(50),P(50)sT(50
> IVARF(50)s IVARP(S50) s IVART(S50),1V
COMMON/CC/ H(S0) ,DHC{S50) ,DHP{(50),
COMMON/NN/ NROWASNROWJ s NLoNNL s INI
DIMENSION CJACINROWJs1)sFUN(1)s1IV
NNL=NNL+1

SUM=0.D0

DO 10 J=1,.,NS

IS=IVEC(J)

I=IABS(IS)

SIGN=IS/1

SUM=SUM+SIGN¥F(I)%*H{(1)

CALL MATRIX (NNLsXIVARF{(IJ)sSIGN*H(I),CJAC,NROWJ)

CALL MATERIX (NNL2IVARC(I)sSIGN*.F(I)%DHC({I)»CJACSNROWI)
CALL MATRIX (NNLsIVARP({IJsSICGN¥F{I)YXDHP{I1) +CJAC,NROWJ)
CALL MATRIX (NNLSIVART{I}>;SIGN®F(I)*DHT(I) CJIACNROWJ)

10 CALL MATRIX (NNLsIVARY(I),SIGN*F(I)*DHY(I) ,CJAC,NROWJ)

FUN(NNL )=SUM :

RETURN

END
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SUBROUTINE QBAL (IUNIT»11,12,13,14,FUNsCJAC)
T BALANCE FOR HEAT EXCHANGER
IMPLICIT REAL*%8 (A-~H,0-Z)

COMMON/AAZ C(50):F(S0)sP(50),T(50),Y({50), IVARC(E0),
> IVARF(50):; IVARP(50)},IVART{50) s IVARY(50) +sKFAZ(50) s MSUB
COMMON/CC/ H(50)2DHC(50)sDHP(50) sDHT(50)sDHY{50)
COMMON/ZEE/ Q(20)-,UA(20),IREV{20)2IAFX{20)s1IVARA{20)
COMMCN/NN/ NROWASNROWJs NLsNNLs INIT

LET
LET
LET
LET

onna0n

00

USE
10

C
C USE
2

0
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COMMON/227 UROUND
DIMENSION CJUACINROWIS1) sFUN(1)

Il = STATE PTe. CF WORKING FLUID ENTERING HEAT EXCHANGER
I2 = STATE PTe OF WORKING FLUID EXITING HEAT EXCHANGER
13 = STATE PT., CF NON-WORKING FLUID ENTERING EXCHANGER
I4 = STATE PTe. OF NON-WORKING FLUID EXITING EXCHANGER
NNL. = NNL + 1

UA1 = UA(IUNIT)

TD1 = T{I1) -~ T(I4)

T02 = T(I12) — T(I1I3)

IF (DABS{TDZ2) oLTs UROUND)} GO TO 10

TD = TD1 -~ TD2

TR = TD1/7D2
IF (TR «GTe 04,01D0 2ANDo DABS{TR — 1eDO0J) oGTs 0.01D0)
> GO TO 20

ARITHMETIC MEAN TEMPERATURE DIFFERENCE

Ql = UA1%0.5D0%(TD1 + TD2)

FUN(CNNL) = Q1 — F{I3)¥%{H(I4) ~ H(I3))

CALL MATRIX {NNLsIVART{(I1)s 05DO%UALls CJACsNRCWJ)
CALL MATRIX {NNLIVART{(I2)» 0.5DO%UA1s CJAC,NRCWJ)
CALL MATEIX (NNLSIVART(I3)»—05DOK%UALI+F(I3)*D+T(I3),
> CJACINRCWJ)

CALL MATRIX {(NNLsIVART(I4):-0.5D0%UAL~F(I3}%DFT(14),
> CJAC,NRCWJ)

CALL MATRIX (NNLsIVARA{(IUNIT)»0.5D0%{(TD1+TD2)>
> CJAC,NRCWJ)

GO TO 25

LOG MEAN TEMPERATURE DIFFERENCE

TRLN = DLOG(TR)

Ql = UALI%TD/TRLN

FUN(NNL) = Q1 — FLI3)¥(H({I4) — H(13))

CALL MATRIX (NNL,IVART{(Il1), G1/T7TD~Ql/(TRLN*TD1),
> CJAC:NRCWJ)

CALL MATRIX {NNL»IVART(I2),—-Qi/TD+Q1/{TRLN%*TD2),
> CJACsNRCWJ)

CALL MATRIX (NNL.»IVART(I3)s, Q1/TD—Q1/(TRLN*TD2)+
> FUI3)ADET(I3) s CJACINROWJ)

CALL MATRIX (NNL»IVART(I4),—Cl/TD+Q1/(TRLN*TD1)~
> FLI3)XDHT(I4),CJACNROWJI)

CALL MATRIX (NNLIVARA{IUNIT)sTD/TRLN» CJACsNRCWJ)
CALL MATRIX (NNLsIVARC(I3)s F(I3)%DHC({1I3)>,CJAC,NROWJ)
CALL MATRIX (NNLsIVARC(I4)s—~F(I3)*DHC(I14),CIAC,NROWJI)
CALL MATEIX (NNL,IVARP{I3), F{I3)%DHP(I3),CJIJAC,NROWJI)
CALL MATRIX (NNL»IVARP{(I4),—F(I3)*DHP{14),CJACsNROWJ)
CALL MATERIX (NNLsIVARF(I3),—H(I14) + H{(I3)sCJAC.NRCWJ)

G(IUNIT) = Q1

RETURN
END
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SUBROUTINE VEBAL (I-FUN,CJAC)
EQUILIBRIUM VAPOR PRESSURE RELATION
IMPLICIT REAL#%*8 {(A-H,0-2)

COMMON/ZAA/ C{S50)>F(50).P{(501)s
> IVARF(50)s IVARP{50),IVART (50
COMMON/NN/ NROWAsNROWJ o NL s NNL
DIMENSION CJAC{NROWJ1),FUN{1

NNL = NNL + 1

s IVARC(E0)»
s KFAZ(50) . MSUB

L

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

GO TO (10,20)s,MSUB

LI-BR/WATER
10 CALL EGB1 {(P{I)aC{I)s>T(I)sY(I)sKFAZ(I) ,ICALC,TE,
> DFP sDFTsDFCesHsLHPsDHT 2 DHC s DHY)
GO TO 30

ALTERNATIVE WORKING FLUID (NCT CCDED)
20 CALL EGB2 (P(I)sC{IJ)»TCI)sY(I),KFAZ(I)sICALC,TE,
> DFP sDFTsDFCosHsDHP s DHT» DFC s DHY)

30 FUN(NNL) = TE — T(1)
CALL MATRIX (NNLsIVARC(I1}:DFCsCJUACsNROWJS)
CALL MATRIX (NNLsIVARP{I).DFP,CJAC;NROWJ)
CALL MATRIX (NNLsIVART(I)»DFT,CJACNROWJ)
RETURN
END




SUBROUTINE MATRIX (I,JsAIJsANROWA)
IMPLICIT REAL*8 (A-H,0-2Z)

DIMENSION A{NROWAs1)

IF (J «EQes 0) RETURN

AlIsJ) = A(I,J) + ALJ

RETURN

END
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SUBROUTINE EQB1 (PPsXXs TTsYYaKFAZ,ICALCSTE,
> DFP sDFTsDF X sHsDFPoDFT 5 DHX 5 DHY )
LI-BR/WATER SYSTEM
ICALC = 1, EQUILIBRIUM TEMPERATURE CALCULATION
ICALC = 2, ENTHALPY CALCULATION
IMPLICIT REAL*%8 (A~H,0~Z)
COMMON/SS/ CSCALESFSCALESsPSCALE»TSCALE sYSCALE
CONSTANTS FOR EQUILIEBRIUM TEMPERATURE OF LI-BR SOLUTION
T = A1%TS + B1 ;
TS = ~2+%E/(D + SART(D*D — 4.%E%*(C—~LOG10{(P)))) — F
Al = A10 + A11%X + ALZ2%X%XX + Al IZHXEXkX
Bl = B10 + Bll1%X 4+ Bl2%X%X + B13%kX#X%X
DATA Al10:A11,A12:A13/-2.00755D0,0.16976D0+,—~30133362D—3,
> 1.97€680~5/
DATA E10,B11sB12:B13/321:128D0:,-19.322D0,0.374382D0,
> =260637C—-3/
DATA CsDsE+sF/6.21147D0,~2886e373D0,—~337269.4600,
> 459.72D0/
CONSTANTS FOR ENTHALFY OF LI-BR SOLUTION
H = A2 + B2*T + C2%T*T
A2 = A20 + A21%T + A22%THT + A23%TETXT + A24% THTHT%T
B2 = B20 + B21%T + B22%T¥T + BR3%XTXT*T + B24kTXTHTHT
C2 = C20 + C21%T + C22%THT + C2IZ%TH*T*T + C24%kTHTHT%T
DATA A205A215A225A23+A24/-1015.07D0s795387D0,
> —20358016D0,0.0303158300s~16400261D—4/
DATA B20:B21:B22,823:B24/4.68108D0,~3,037766D~1,
> 80448450—-3+—10047721D-4+4.80097D-7/
DATA C20+:C21+C22:C23,C24/~429107D—3,3.83184D~4,
> —1078963D~551e3152D0~73~5857D~10/
CONSTANTS FOR ENTHALPY OF SATURATED LIQUID WATER
H = A3 + B3%T + C3%T*T + D3%T%T*T
DATA A3,E3,C3+D3/-32.2006D0,100999D0,—-1.06632D-4,
> 3.1€450C~7/
CONSTANTS FOR HEAT OF VAPORIZATICON OF SAT». LIQUID WATER
H = A4 + B4*T + C4¥THT + D4*THT*T ,
DATA A45EB45C4+D4/1094618D0:~06585952D0:2.482230~4,
> =1.1239SD—-6/
CONSTANTS FOR CP OF WATER VAPOR
CP = BS + C5%T + DS*¥T*T + ES5%P + FS%P%p
DATA BSs(53D5sE5:F5/06432655D001056667D=45,—2:41S35D~7,
> 1.125750-3,—1.12182D-6/

I/7pP a/pP
KFAZ = 1 SCLUTIOCN P AND X T
KFAZ = 2 WATER VAPCR P T
KFAZ = 3 PURE WATER P T
KFAZ = 4 SATURATED LIQUID—-VAPOR WATER MIXTURE
UNSCALE PsXsTsY FOR CALCSe. INTERNAL TO THIS ROUTINE
P = PP/PSCALE
X = XX/CECALE
T = TT/TSCALE
Y = YY/YSCALE

GO TO (10520»,30240)sKFAZ

LI-BR SOLUTICN

10 GO TO (11,12),1ICALC

EQUILIBRIUM TEMPERATURE CALCULATICN

11 6 = D + DSQRT(D*¥D ~ 4+DO*E%(C ~ DLCG10(P}))

TS = —2.D0%E/G ~ F

Al = A10 + A11%X + Al2%X¥%X + A13%XkX%¥X

Bl = B1l0 + Bl1%X + Bl2%X%X + B13%X%kX*%X

TE = A1l%TS + Bl

DA = All + 2.D0%A12%X + 3.DO0O*A13%X*X

DB = Bl1l + 2.D0%B12%X + 3sDO%B13%X%X

DFP = 4.CO0%A1¥E*E/Z{(DLOG(10.D0) %P%G*G%( G—D) )
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DFYT = —1.D0
DFX = DAX%TS + DB
GO TO 100

ENTHALPY CALCUL ATION

12 A2 = A20 4+ A21%X 4+ A22%X%EX 4+ A23%X%(X%HX 4+ A24 X%XkX¥X
B2 = B20 + B21%X + B22%X*X + B23%X%kX%kX 4+ B24¥XkxXkXkX
C2 = C20 + C21%X + C22%X*¥X + C23%KXEXEX + C24%XkXkX*X
DA = AZ21 + 2.D0O*A22%X + 3oDOXA23%X%X + 4.DOXAZH%RXEX%X
DB = B21 + 2.D0%B22%X + 3.D0%¥B23%X%X + 4,D0%B24%X%kX%X
DC = C21 4+ 2.DO%C22%X + 3.DO¥C23%X%kX + 4.D0%C24%XEX%X

= A2 4+ B2%T 4+ C2%T*T
DHP = 0.DO
DHT = B2 + 2.D0%*C2%T
DHX = DA + DB*T + DC¥T*T
DHY = 0.C0
GO TO 200

WATER VAPOR

20 G = D + DSQRT(D*D — 4oDO*E#{(C — DLCG10(P)))
TS = —2.C0%E/G —~ F
DTS = 4eDO%E¥E/{(DLOG{10eD0)*P*G¥G%(G~D))
GO TO {(21,22),ICALC

EQUILIBRIUM TEMPERATURE CALCULATICN

21 TE = T8

DFP = DTS
DFT = —-1,.D0
DFX = 06DO
GO TC 100

ENTHALPY CALCULATION
22 CP = BS 4+ CS%T + DS*XTHT + ES%P + FSkpPxp
CPS = BS + CS5*TS + DS*TS*TS + ES5%P + FS5%P%pP
HG = A3 + A4 + (B3+B4)%*TS + (C3+C4)*TS%TS
> + (D3+D4IXTSHTSHTS
DHG = (B34+B4 + 2.D0%(C3+CA4)%¥TS + 3eDO%{D3+D4)IXTEXTSIXDTS
HI = (BS+ES¥P+FS*P¥P)¥(T-TS) + C5/2.D0%(TkT-TS*TS)
> + DS/3.DOX(THTHT-TSHTS*TS)
DHI = (ES+2.DO%FS*P)%(T—TS) — CPS*DTS
H = HG + HI

DHP = DHG + DHI
DHT = CP

DHX = 0.DO

DHY = 0.C0

GO TO 200

LIGUID WATER
30 GO TO (20»32),ICALC
ENTHALPY CALCULATICN
32 H = A3 + B3*%T 4 C3%XT*T + D3*THT*T
DHP = 0.DO

DHT = B3 + 2.DO%C3%T + 3.DO¥D3*T*T
DHX = 0.D0
DHY = QeCO
GO TO 200

SATURATED LIQUID—VAPOR WATER MIXTURE
40 GO TO (20:42),1CALC
ENTHALPY CALCULATION
42 HL = A3 4 B3%T 4+ C3%T*T 4+ D3*THT*T
HG = HL + A4 + B4%T + C4%T*T + D4XT*HTXT
H= (1.D0 — Y)%HL + Y%HG

DHL. = B3 + 2.DO%C3%T + 3DO%¥D3%T*T

DHG = DHL + B4 + 2,D0%C4%T + 3eDO¥D4%T*T
DHP = 0.C0

DHT = (1D0 — YD)%DHL + Y*DHG

DHX = 0.CO0

DHY = —HL + HG

GO TO 200
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SCALE TE.DFPsDFX (DFT ALREADY 0OK)
100 TE = TE*TSCALE
DFP = DFP*TSCALE/PSCALE
DFX = DFX%TSCALE/CSCALE
RETURN

SCALE Ho+DFP,LHXs DHY (DHT ALREADY OK)
200 H = H*¥TSCALE

DHP = DHP*TSCALE/PSCALE

DHX = DHX¥TSCALE/CSCALE

DHY = DHY%*TSCALE/YSCALE

RETURN

END
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SUBROUTINE EQB2 (PsXsTsWeKFAZs ICALC,TE
> DFPsCFTsDFXoHeDFP2DHTsDHX s DHY)
C THIS IS A DUMMY ROUTINE
IMPLICIT REAL#%8 (A—H,0-Z)
RETURN
END
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