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IMPROVEMENTS AND ENHANCEMENTS OF THE ABSORB COMPUTER PROGRAM 

FOR MODELING CHEMICAL AE;SQRPTION 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: ( f )  a revised strategy of 
solving the system equations, (2) increased modularization of the program, and (3) the first efforts to 
employ the d e  to determine an optimum economic design of a heat pump system. 

INTRODUCTION 

The computer program ABSORB (for siaaulating 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 equ3tion 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, NPSOL2, permits one to specify bounds on the variables and 
inequality relationships among the variables as a part of the problem statement. Thus, bound and 
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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 spcifically designed to efficiently treat such constraints. 

A scwnd 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, 
desorbeis, condensers, evaporators, etc.) making up the process system increases. Whereas the 
elimination of redundant constraints i s  irnpeiaaiive 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 makcs it possible to combine the equations niodeling 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 dcvelopment of the code was the desire to produce 

e to modcl 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 emure 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, 
d ~ ~ e ~ ~ ~ n ~ n ~  that feasible p i n t  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 NBSOL does, however, in contrast to HYBRDl (the nonlinear equation solver used in 
the previous version of the esde), 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 
i s  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 thermdynarnic 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 di€ferentiabk analytical functions. 

Actually, first derivatives are also required by HYBRDl but are calculated internal to MYBRDI 
by finite differencing. (There also exists a version of HYBRDI, namely HYBRJ1, which requires the 
user to supply a subroutine to calculate first derivatives analytically. When this is feasible to do, 
IIYBRJI i s  to be preferred to HYBWDl 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 dcrivatives, but at present they represent an older generation of codes which are far inferior 
'lo newer codes such as NPSQL. 

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 i s  for the variables to be of order unity and the constraint and objective functions to 
vary by apgroxiniately 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 
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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 X for 
variables of the same type as, for example, a fixed value of X 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 

i--L 

x F j = o ,  

where the summation is over the N flows Fi entezing and exiting the unit, with the flows appropriately 
signed. Then we have 

5 (AF Fj] = 0 ,  
i - I  

or 

A 

where Fi denotes a transformed flow variable; and h~ is the scaling factor for the flows. Once the 
derivation of the transformed equations has b tm 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 overall1 
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 beat sink, and upgrades the 
remainder to a higher temperature for use as prams heat. 
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A measure of the efficiency of a temperature amplifier is the coefficmt of performance (CCJP) of the 
system which is defined as the ratio of the output process heat to the input waste heat, The finamciall 
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 alternatc 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 exchanges areas for 
each of the system components SQ as to provide the optimum combination of capital cost and COP, 
thus minimizing the delivered energy cost, One possible nieasure of optimality is payback time which 
is defined as 

payback time, 

If, as a first approximation, the 
various components in the system, 

capital cost of heat pump system 
value of process heat producedlyear 

. . .. . . years = 

cost-per-unit of heat exchanger area i s  assnmed constant for the 
then the payback time is directly proportional to the ratio 

heat exchanger ores!.--. 
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 veraian 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 i s  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. 
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Although the need for continued development of the d e  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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APPENDIX 

LISTING OF ABlFORB COMPUTER PROGRAM 



1 2  

6 T H I S  XS THE A B S O R B  CCIMPLI?UCR P R O G K A M  F O R  M O D E L I N G  
C HEAT PUMP SYSTEMS OF V A R Y I N G  C a N F I G U R A T I Q N  
C 
C V E R S I O N  CIF A P R I L .  21. 1986 
c 
C NSP = NUMEER OF S T A T E  P O I N T - S  
C N U N I T S  zz NUMEER OF U N I T S  I N  SYSTEM 

C N C L I N  = NUMEER OF L I N E A R  C O N S T R A I N T S  
C N C N L N  = NUMBER O F  IUONLINEAR C O N S T R A I N T S  
6- NCON = N C L I N  4. NCNLN 
C N C T D T L  = N 6 N C L I N  4 NCNLN 
C 
C D X M E N S I Q N I h G  INFORMWT6ON: 

C N  -= NUMBER O F  V A R I A B L E S  

6 
c N R O W A  = DECLARED waw D I M E N S I O N  CF A R R A Y  A W H I C H  MUST BE 
C GREATER THAN OR EQUAL -ra ( . G E * J  NCLIN 

J = DECLAREQ R8W DIMENSION OF ARRAY C J A C  WHICH MUST BE 
aGEm NCNLN 

C NROWR =z DECLARED RQW D I P E N S I O N  6F ARRAY R WHICH MUST BE 
C B G E D  N 
C LENIW I- DECLARED LENGTH O F  VECTOR I W d R K  WHICH NUST BE mGEm 
c 3*h 4 N C L X h  +- NCNLN 
C LENW 2 DECLARED LENGYH O F  V E C T C R  WWRK WHICH MUST B E  a G E m  
c 2 S N 4 N  + N*(NCON f 121 + 9*NCON +- 1 1 8 N C N L h  + NROWA 
C L E N E  =C I N T E G E R  V A R I A B L E  WHICH MUST BE SET .GE- NCTOTL 
c 
C V E C T O R S  I N  CCIMMCIN BLQCKS A A . R W s C C y B R  AND THE VECTORS 
C J C I J F I J P ~ J T ~ J W  MUST BE DINENSXCNEO mGEm N S P  
C V E C T D R S  I N  COMMON BLQCKS E E s F F  ( F I R S T  D I M E h S I O N  Of XSPI 
C MUST BE D I M E N S I O N E D  mGEm N U N I T S  
C VECTORS I N  CQMMQN BLOCK GG AND THE VECTORS FEATQL.CLAMDAa 
c I S T A T E  MUST BE D I M E N S I Q N E D  e G E .  N C T O T L  
C A R R A Y  A MUST BE D I M E N S I O N E D  P(NRCWAaNCOL.A)m NCOLA . C E O  N 
C A R R A Y  C J A C  MUST BE D l M E N S l U N E D  C J A C ( N R O W J , N C C L J )  NXTW 
6 NCOLJ e G E e  N 
C A R 9 A Y  R M U S T  BE D I M E N S I O N E D  RSNROWR.NCOLR1, NCOLR OGEO N 
C VECTOR FUN MUST B E  CIMENSXONED o G E e  N C N L N  

BBJGR~DIX  MUST BE O X M E N S I C N E D  * G E e  N 
ORK MUSK BE DIMENSIONED EQUAL TO LENW 

C VECTOR SUhZaRK MUST BE D X M E N S I Q N E D  EQUAL TO L E N I W  
C 
C I N T E G E R  V A R I A B L E S  NWOWAsNRQWSs N R C W R o L E N I W i t E N W . L E N B  
c MUST BE EXPLICITLY SET BELCiW 
C 
6 D l M E M S I Q N S  BEa-OW A R E  FOR M A X *  OF 50 STATE PTSa AND 20 U N I T S -  
C HDaMEVERp SlJBJECT Q N L Y  TO THE L I M I T A T I O N S  O F  COMPUTER M E M O R Y 9  
C THE PROGRAM MAY BE USED FOR SYSTEMS OF A N  A R B I T R A R Y  NUMBER 
C OF U N I T S  AND STATE P O I N T S  BY APPRaPRHATE R E D X M E N S I C N I N G  I N  
C ACCCORDANCE k1TI - I  T H E  I N S T R U C T I O N S  G I V E N  ABGVE. 
C 

I M P L I C I T  REAL*8 (A-HrO-LP 
LOGICAL COLD sORTHQG 
COMMON/AA/ C ( 5 0 ) . F ( S O I s P < 5 0 ) , 8 ( ~ ~ 1 , Y ( 5 ~ ) s ~ V A R C ( ~ ~ ~ s  

COMMCN/BB/ 

COMMQN/CC/ 
COMMGN/DC/  GRAD(50).OBJECTsICBJ 
CCIlstlMON/EE/ Q(28J.Uh1204 qIREV(2QI ,IAFX(2Q).IVARA(20) 
CUMNON/FF/ IDUN11(20 1. I S P f  2 0 ~ 7 )  s N S P P N U N I T S  sNUC .NUF. 

COMMQN/GC/ E L < l i Z F )  . B U ( 1 2 5 1  
CQNMON/NN/ NROWA D NRCa W J  -a N L r  NNL 9 I N I B  
COMMON/SS/ CSCALEsFSCALEq P S C A L E s T S C A L E  8 YSCALE 

> 
XCFX(S0) 9 I F F X ( 5 0 )  s I P F X < S O ) .  ITFX(5Q)y I Y F X ( E O J a  

> ~ V C ( ~ ~ ) . I V F ( S O ) I I V P ( ~ ~ ) , I V ~ ~ . I V Y ( ~ Q ) , I ~ ~ ~ ~ ~ ~  
Hf 50) sDHCf501 sDHP(SQ1 rDHTfSO) s D H Y ( S Q 1  

I V A A F  (53)s I V A R P f  50 1 s I V A R T (  503 9 ZVARY 150) 9 K F A Z (  503 9 MSUB 

> NUP .NUT a K U Y  sNUA 

C OM H QN/ Z Z/ II R CJU N 0 



I- 
IL! 
v
) 

U
 

u
u

u
u

u
 

u
u

 
u

u
u

v
u

u
u

u
u

~
Y

u
u

 
U

U
W

U
U

U
 

u
u

u
u

u
 

Y
U

W
U

U
U

U
U

 



14 

C EsSUEG2 - A L T E R N A T I V E  F L U I D  (NOT V A L I D  A T  P R E S E N T )  
C 

READ ( 5 , 1 0 0 0 )  HANsMShlB 
C 

c 
1 

2 

3 

4 
c 

GO T O  C 1 1 2 s 3 ~ 4 P s  MAN 

% R I T E  C6.2001) 
GO T C  5 
W R I T E  (6.20023 
GO T O  5 
W R I  T E  (6 ~ 2 0 0 3 )  
GO T O  5 
W R I T E  (6.2004) 

GO T O  ( 6 s 7 ) r  MSUB 

W R I T E  e6,20061 
GO TO 8 

7 W R I T E  (6,20071 
C 
C I N P U T  A N D  

W R I T E  
C 
C I N P U T  A N D  
C I U N i T  = 
C I D U N I T  = 
c 
6 
C 
C 
c 
c 
C c I 

e R E A D  

I .- 
.- I 
- 
__. - - 
..- I 
I - 
- - 
- 

P R I N T  NUMBER O F  U N I T S  AND NUMBER O F  S T A T E  P O I N T S  
(5,1000) N U N I T S s N S P  
(6 ~ 2 0 0 8 )  N U N I  TSr NSP 

P R I N T  UNIT V A R I A B L E S  
U N I T  NUMBER ( I N  ORDER CF I N P U T )  
U N I T  I D E N T I F I C A T I O N  NUMBER 
1 F O R  A B S C R B E R  
2 FOR DESCRBER 
3 FOR RECUPERATOR 
4 F O R  CONDENSER 
5 FOR EVAPORATOR 
6 F Q R  V A L V E  
7 FOR M I X E R  
8 FOR S P L I T T E R  

C U A  = O V E R A L L  HE 7 T R A N S F E R  COEFF. T I M E S  H E A T  EX. AREA 
C I R E V  = F L A G  T O  I N D I C A T E  R E V E R S E D  HEAT F L O W  I N  RECUPERATOR 

C = 1 IF M E A T  FLOW I N  REVERSE D I R E C T I O N  
C I A F X  = F L A G  T O  I N D I C A T E  S l A T U S  OF U A  V A L U E  
C = 0 IF UA V A L U E  I S  F I X E D  
C = 1 I F  UA V A L U E  IS WNMNCWN 
c I S P  = VECTOR OF S T A T E  P O I N T S  FOR U N I T  I N  THE CRDER 
c CQRRESPONDING TO T H E  T E M P L A T E  FOR THE U N I T  

C = a I F  HEAT FLOW IN F O R W A R D  D I R E C T I O N  

W R f T E  46,20101 
aa 11 I=I.NU~ITS 

C 
READ (59 1 0 1  1) I U N I  T. I D U N I T (  I) r I R E V {  I )  s I A F X (  I )  S U A (  I) 9 

> ( 1 S P ( I r J ) ~ J = l r 4 9  
W R I T E  6 6 9 2 0 1 1 1  I U N I ~ r I D U N I f ( I ) y I R E V (  I ) . I A F X (  I l . U A ( I )  
I F  ( I P U N  e E Q .  1)  W R I T E  (7,10111 I U N I T r I D U N I T ( 1 ) .  

> I R E V (  I )  9 I A F X  ( I) r U A  l I) s ( ISPd I s  J )  r J = l  r 7 P  
c: 

DO 10 JsI.93 
IF <ISP(I,J) .NE. 0 )  GO i a  i o  
N S P U  J -- 1 

GO T O  1 1  
1 0  C O N T I N U E  

11 CCINTINUE 

WRITE (6,2012) ( I S P I I s ~ J 9 . J J = l y N S P U )  

C 

c 
C I N F U T  AND P R I N T  S T A Y E  P O I N T  V A R I A B L E S  
C XSPT =: S T A T E  POINT NUMBER ! I N  ORDER OF INPUT) 
C K F A Z  = F L A G  TO I N D I C A T E  PHASE TYPE 
C = a IF s a b u V 1 0 ~  c - - Z I F  VAPOR 
C = 3 I F  PURE L I Q U I D  
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C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
c 
c 

C 

= 4 I F  S A T U R A T E D  L I Q U I D - V A P O R  M I X T U R E  

= 0 IF TEMPERATURE I S  F I X E D  
I T F X  = F L A G  T O  I N D I C A T E  T E M P E R A T U R E  S T A T U S  

1 I F  T E M P E R A T U R E  I 5  UNKNOWN AhOl *NE. TCI ANY OTHER 
.GE. 2 IF TEMPERATURE IS UAKNOWN. STATE P O I N T S  FOR 

W H I C H  I T F X  I S  E Q U A L  H A V E  I D E N T I C A L  TEMPS. 
I F F X  = F L A G  T O  I N D I C A T E  F L O W  S T A T U S  

= 0 IF FLOW R A T E  IS F I X E D  
.G&. 1 IF  FLOW R A T E  I S  UNKNOWN. S T A T E  P O I N T S  FOR 

WHICH I F F X  I S  E Q U A L  H A V E  I D E N T I C A L  FLOW R A T E S -  
I C F X  = F L A G  T O  I N D I C A T E  C Q N C E h T R A T I O N  S T A T U S  

= a I F  C O N C E N T R A T I C I N  IS F I X E D  
0GE. 1 I F  C O N C E N T R A T I O N  I S  UNKNOWNo S T A T E  P G I N T S  FOR 

WHICH J C F X  IS E Q U A L  H A V E  I D E N T I C A L  CONCS. 
L P F X  = F L A G  18 I N D I C A T E  PRESSURE S T A T U S  

= 0 IF P R E S S U R E  IS F I X E D  
.GE. I. IF P R E S S U R E  IS UNKNCWN. S T A T E  P O I N T S  FOR 

WHICH I P F X  IS EQUAL H A V E  I D E N T I C A L  FGESSURESI 
I Y F X  = F L A G  T O  I N D I C A T E  VAPGR F R A C T I O N  S T A T U S  

= 0 IF VAPOR F R A C T I O N  IS F I X E D  
e G E e  1 I F  VAPOR F R A C T I O N  I S  UNKNOWN. S T A T E  P C I N T S  FOR 

WHICH I Y F X  IS EQUAL H A V E  I D E N T J C A L  V A P I  F R A C S e  
0 = TEMPERATURES DEG f 
F = FLGW R A T E S  L B / M X N  
C = C O K C E N T R A T I O N ,  PEi? C E N T  S O L U T E  
P PRESSWRE, P S I  
Y = VAPOR F R A C T I Q N  

W R I T E  (6~2015.2 
DO 1 6  I = l w N S P  
R E A D  (5- 11016) 

W R I T E  (6  92016) 

PSPT s K F A Z <  I )  9 I T F X <  I ) S T (  13 . I  F F X l  I )  ,F ( I )  m 

I S P T ,  K F A Z ( I  1 s I T F X (  I 1 ST( I 1  . I  F F X (  I l,F( I )  s 
> 
> 

I C F X t I  1 r C t  I )  s I P F X ( :  I ) r r 3 ( l  1 9  P Y F X <  I )  r Y <  I) 

I C F X <  X 1 s C (  1) 9 I P F X (  I )  .P< I .I B I Y F X <  I )  . Y <  I )  
I C  C O N T I N U E  

C S C A L E  S T A T E  P O I N T  V A R I A 8 L E S . r  Z E R C  A S S O C I A T E D  INDEX VECTORS 
DO 2 1  I=I*NSP 
C t I l  = C ( I J * C S C A L E  
F < I )  = F<IP*FSCALE 
P ( I 1  = P ( I ) * P S C A L E  
T ( 1 )  = T ( I J * T S C A L E  
Y < I P  = Y ( I ) * Y S C A L E  
I V A R C ( 1 )  = 0 
IVARF~I) = a 
I V A R F d ( 1 )  = 61 
IVART(I1 = 0 
I V A R Y g I )  = 0 
I V C ( I 3  = 0 
I V F < I J  = 0 
I V P ( I )  = 0 
l ; V T ( f )  = 0 
I V Y ( I 1  = 0 
J C l I )  = 0 
J F ( X )  = 0 
JP(I1 = 0 
J T f I )  = 0 

21 J Y < I )  = 0 
C 
C S C A L E  U N I T  V A R I A B L E S  A N D  ZERO A S S O C I A T E D  I N D E X  V E C T C R S  

DO 2 2  I=lsNUNITS 

0 6 1 )  = Q I D O  
U A (  I )  = L A (  I ) + F S C A L E  

I V A R A l I )  = 8 
2 2  E V A t I J  = 0 

C 
C I N I T I A L I Z E  COUNTER FCR NUMBEIF? O F  V A R I A E L E S  T O  ZERC 

I V  = 0 
c 



C I N D E X  T E M P E R A T U R E  UNKNDWkS 
Da 3 2  I = I , N S P  

I F  ( K  r E Q r  0 )  G.G TCI 32 
I F  ( J T C K )  o E Q e  0 1  GO T O  31 

K- P T F X ( 1 )  

XVARTd I ) =  J T C K J  
GO T O  32 

31 I V =  I V  + 1 
I F  ( K  *NE* 1) J T ( K I = I V  
X V A R T ( Z ) =  I V  
I V T ( I V ) =  I 
X ( I V ) =  T(iP 

NUT= I V  
3 2  C O N T I N U E  

L 
C I N D E X  C O N C E N T R A T  I O N  UNKNCWNS 

cm 42 I=I,NSP 
K= I C F X ( I )  
XF ( K  *Ea. 0) GO T O  42 
I F  I J C ( K 1  e E O e  0 )  GO T O  41 
I VARC l I I =  J C  (K) 
GO T Q  42 

41 I V =  I V  a 1 
J C < K ) =  I V  
I V A R C ( 1 ) -  I V  
I V C ( I V ) =  I 
X ( X V ) =  C ( I 1  

NUCz PV-KUT 
4 2  C O N T I N U E  

c 
C I N D E X  FLCW UNKNQWNS 

DO 52 I = d , N S P  
K =  I F F X ( 1 )  
I F  ( K  mEGm 0) GO T O  52 
I F  ( J F ( K 1  * E Q e  0 )  GO T O  51 
X V A R F t  I ) =  J F ( K )  
GO T Q  52 

5 1  I V =  I V  + 1 
J F i K 4 =  I V  
IVAWF(I)= I V  
I V F ( I V I =  I 
X ( I V ) =  F ( I 1  

NUF= I V- NUT+NUC 1 
52  C O N T I N U E  

c 
C I N D E X  PRESSURE UNKNOWNS 

DO 62 I = l r N S P  
K =  IPFXfI) 
I F  ( K  cECm 0) GC YQ 62 
IF ( J P ( K )  .EO. a, GO 6 1  
X V A R P f  I ) =  J P ( K )  
G O  TO 6 2  

J P f K ) =  I V  
IVARP(I)= I V  
I v P ( I v . ) =  I 
X ( I V ) =  P(X) 

NUP= IV - (NUT+NWC+NUFJ  

6 1  I V =  I V  + 1 

6 2  C O N T I N U E  

c 
C I N D E X  VAPOR F R A C T I O N  UNKN.OWNS 

DO 72 I=l.NSP 

I F  ( K  m E Q e  0 )  GC TO 72 
XF ( J Y ( K 1  *EO. 8 )  G O  TO 71 

K =  I Y F X ( 1 )  

I V A R Y (  I)= J Y t K )  
G42 T O  7 2  

71 I V =  I V  -4 1 



J Y ( K ) =  I V  
I V A R Y ( I ) =  I V  
I V Y ( I V ) =  I 
X ( I V 3 =  Y ( I 1  

NUY= I V - ( N U T + N U C + N U F + N U P )  
7 2  C O N T I N U E  

C 
C I N D E X  U A  UNKNOWNS 

DO 8 2  I = l s N U N I T S  
K =  I A F X ( I 3  
IF (K .EGO 0 1  GO TO 82 
1 %  I V  + 1 
I V A R A < I ) =  I V  
I V A ( I V ) =  I 
X ( I V ) =  U A t I )  

8 2  C O N T I N U E  
NUA= I V-dNUT+NUC+NUF+NUP+NUY 1 

C 
N = I V  

C 

C 
C Z E R O  A A N D  C J A C  M A T R I C E S  

W R I T E  (6.20841 NsNUT.NUC,NUF s N U P J N U Y S N U A  

DO 93 J = l r N  
DO 91 I = l r N I R D W A  

DO 92 I = l r N R O Y J  
91 A 4 X . J )  = 8.00 

92 C J A C ( 1 s J )  = Q o D O  
93 C O N T I N U E  

C 
C I N I T I A L I Z E  LOWER AND UPPER B C U N D S  

DO 9 5  Z= l r C E N B  
B L ( I )  = O m D O  

9 5  B U f I I  = BIGBND 
C 
C C A L C U L A T E  E N T H A L P I E S  AT INPUT C O N D I T I O N S  

C 
CALL E h T k A L  

I N I T  = 0 
NL = 0 
NNL = 0 

C 
C M A K E  I N I T I P L  P A S S  ( I N I T  = 0 1  THRCUGH S Y S T E M  TD G E h E R A T E  
C L I h E A R  I N E Q U A L I T Y  AND BOUND C O N S T R A I N T S .  A N D  T O  D E T E R M I N E  
C NUMBER OF L I h E A R  A N D  N O N L I N E A R  C C N S T R A l N T S  
C 

DO 1 1 0  I = L . N U N X ? S  
ID= I D U N  IT< I) 
I [ U N I T =  I 
GO T Q  f 1 0 1 ~ 1 0 2 ~ 1 0 3 r 1 0 4 ~ 1 0 5 s 1 0 6 s l O ? s l Q 8 ~ ~  I D  

C 
101 C A L L  A E S O R B  < I U N I T t  ISPf I 9 1  1 s I S P (  I s  2) s I S P <  I 9 3  1 9 I SP( I 9 4  1 s > I SP ( I s 5 1 s ISP< I s 6) s FUN I A s C J AC) 

GO T O  1 1 0  
C 

102 CALL DESCRB ( I U N I T s I S P ~ I s l ) s I S P ( I ~ 2 ) , I S P ( I . 4 ~ ~  > ISP( I s  5 ) s I SPf 1 9  6 )  9 FUNIA .C JAC) 
GO T O  110 

C 
1 0 3  CALL RECbP ( l U N I  T ,  I S P (  I 1) 9 I S P (  I s  2 1 s  ISP( 1 - 3 1  I S P <  I ,  4 1 s  > I R E V  ( I f FUN 9 A IC J A C  1 

GO T O  1 1 0  
C 

1 0 4  C A L L  CCND < I U N I T s I S P ~ I s l ~ ~ I S P ~ I , 2 ) . I S P < I . 3 ) ,  ISP(Is41. > I S P ( I s 5 ) s F U N s A s C J A C )  
GO T O  1 1 0  

C 
1 0 5  CALL E V A P  ( I U N I T s I S P < I ~ I ~ s I S P ( I * 2 1 s I S P < ~ s ~ ~ s I S ~ ( I s 4 ) s  
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> I S P  ( I s  5 ) s  F U N S  A w C J A C )  
GO T O  110 

C 
106 CALL V A L V E  (IUNIT.ISP(X,l),ISP(I,~)~~UNsCJA~) 

GO T O  1 1 0  ~~ 

C 
1 0 7  C A L L  M I X  ( I U N I T s  I S P ( I s 1 )  I S P ( I s 2 d +  I S P (  1.3) r F U N s C J A C )  

GO T O  110 

c 
I N I T  = 1 
N C L I N  = hL 
NCNLN = N N L  
N C T O T L  = N f N C L X N  + N C N L N  

C 
C SET UPPER BOL'NDS F Q R  N O N L I N E A R  E G U A L I T Y  C O N S T R A I N T S  TO ZERO 

I 1  = h 9. NCLIN 9 1 
DO 121  I = X l * h C T G T L  

1 2 1  B U ( I )  = O.DO 
C 
C S E T  M A X I M U M  ALLOhrABLE C O N S T R A I N T  V I O L A T I O N S  

DO 122 I = 1 s N C T C T L  
122 F E A T O L ( 1 )  = C T O L  

C 
C N A G  R O U T I N E  E Q 4 Z C F  MAY BE USED T C  CHECK THE C O D I N G  GF 
C F I R S T  D E R I V A T I V E S  O F  C O N S T R A I N T  ANC O B J E C T I V E  F U N C T I O N S .  
C U S E  OF E04ZCF REQUIRES L I N K I N G  THE NAG L I B R A R Y .  
C I F A H L  = 0 
c C A L L  EOQZCF ( N s N C N L N s N R O W d r  CCNFUN. O B J F U N s F U N  e 
c > CJAGTCBJF.OB$GRDSXIWORK ,LEN!Ns I F A I L )  
C W R I f E  (6,2125) X F A I L  
c 
C I N V O K E  Q P T I M I Z E R  PACKAGE TO S O L V E  SYSTEM E Q U A T I O N S  

C A L L  N P S C L  ( I T M A X e M S G L V L e N ~ N C L I N e N C N L N s N C T O T L ~ N R O W A ~  
> 
> 
> CLAMDA , O B J F  OBJGRDs R 9 X 

NROWJ ,NRfJWRsBIGEND m EPSAFs E T A s F T O L . A s B L ,  BU r F E A T C L ,  
CONFUN 9 OBJFUN sCCL.0  9 l jRTHOG I NFORN s I T E R  s I S T A T E  ,FUN C J A C s  

IWORK ,LEN I W s WORK s L E N W  1 
c 
C U N S C A L E  AND P R I N T  S T A T E  P O I N T  V A R I A B L E S  

Y R I T E  (692130)  
DO 131 I Z l a N S P  
C 1  = C( I ) /CSCALE 
F l  = FIL)/FSCALE 
P 1  = P ( L I / P S C A L E  
T 1  = T ( X ) / T S C A L E  
Y 1  = Y (  I ) / Y S C A L E  
H 1  = X ) / T S C A L E  
W R I T E  [ 6 s 2 1 3 1 >  I r T l r H l s F 1 , C 1 s P l r Y P  
I F  l I I P U N  .EQ. 1 )  WRITE (7,1016) I . K F A Z ( I ) r ~ T F X ( ~ ) , T l s  

> I F F X (  I) s F 1 s  I C F X (  I )  s C 1 s  I P F X (  I) rP1 s I Y F X (  I J , Y P  
131 C O N T I N U E  

C 
C U N S C A L E  AND P R I N T  U N I T  V A R I A B L E S  

W R I T E  (4,2140) 
D O  1 4 1  I = l , N U N I T S  
I D  = I D U h i I T ( 1 )  
€21 = Q(I)/(FSCALE*TSCALEI 
U A 1  = U A ( I J / F S C A L E  

1 4 1  W R I T E  ( 6 s 2 1 4 1 )  I S A N A P E (  I D )  s Q l r U A 1  
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> I O B J  = O B J E C T I V E  F J N C T I C N  F L A G  = '  sI4,/w > I T M A X  ALLOWABLE NJMBER OF 1 T E R A T I O N S  ='rI4w/, 
> ' H S G L V C  zz OPTPMIZEA MESSAGE L E V E L  F L A G  ='sI4,/1 

2001 F O R M A T (  a I S X N C L E  S T A G E  HEAT TRANSFORMER' )  
2002 F O R M A T <  ISINGLE STAGE C/-IXILLER' 1 
2003 F O R M A T f ' l D Q U B L E  S T A G E  HEAT T R A N S F O R H E R @ )  
2004 F O R M A T ( *  XDOWBLE S T A G E  C H I L L E R *  1 
2006 F O R M A T ( @  LI-BRIUAIER't/) 
2007 F O R M A T (  * I N V A L X D  W a R K I N G  F L U I D  CODE S P E C I F I E D ' s / )  
2008 F O R M A T [ '  NO. OF UNITS ' m I 5 s / s  

2010 F O R M A T ( '  U N I T  S P E C I F I C A T f O N S ' s / / o  
=. ' NO. O F  S T A T E  POdNTS ' , , IS r / / )  

> ' NQ. I C  I R E V  I A F X  WA S T A T &  P@INTS*s/w > '  B T I J / ( M - F j  's/) 
20 1 1. 
2012 FDRMATC 1 H + s 2 9 X r 7 1 4 9  
2015 F O R M A T ( / / . '  S T A T E  P O I N T  S P E C I F I C A T I O N S ' . / / ,  

FORMATC 1 X s  I 2  921 4 s.15 9 IPE 1 20 3 1 

> * N O -  K F A Z  I T F X  TEMPI I F F X  FLOW ICFX CONCm's 
> * XPFX PRESS X Y F X  V A P Q R g s / s 1 6 X s  
> ' 4 =  LB/M x 

20 16 
2084 F O R M A T < / , '  NO, O F  V A R I A B L E S  ' .IS./ s 

> ' NO. O F  UNKNDldN TEMPERATURES ' s I E ; r / *  > ' NO. C F  UNKNOWh C O N C E N T R A T I O N S  ' . I 5 , / r  
> ' N 0 e  O F  UNKNOWN FLCIWS ' S I 5 , / .  
> NO. O F  UNKNOWN P R E S S U R E S  ' S I S I / .  
> * NO. O F  UNKNOWN VAFOR F R A C T I Q N S  * . I S S / .  
> ' NO. OF UNKNOWN H E P T  EX. A R E A S  "I5) 

> C T O L  CQNSTRAINT F U N C T I O N  TQLERAWCE =',IPE9.1r/r 
> ' FTOL OBJECTIVE F U N C T I O N  T O L E R A N C E  = * s E S . l p / r  
> ' E P S A F  = ERROR I N  COY4PUTIhG O B J .  FUNCT. = * s E ' 2 . i i / ,  

P S I  F R A C . ' , / )  
FORMAT t 1 X ,  12 s I 4 s 16 9 F7.19  1 4  9F7.1  s I 4 s F 7 . 2  9 I4 Y F7 0 2  s I 4  r F 7 r  3)  

2 1 0 1  F O R M A T (  

> 9 UROUNG = UNPT ROWNDOFF CF COMPUTER ZZ' D E s . 1  
2102 F O R M A T ( '  C S C A L E  L=: C O N C E N T R A T I O N  SCALE F A C T O R  = ' s F G . J , / r  > 9 FSCALE = F L O W  S C A L E  F A C T O R  =' s F 6 . 3  s/ 

> P S C A L E  = P R E S S U R E  S C A L E  F A C T O R  =' * F 6 . 2 , / ,  
> e T C C A L E  = TEMPERATURE S C A L E  F A C T O R  = *  sF6.39/, 
> * Y S C A L E  = VAPOR F R A C T l C N  S C A L E  F A C T O R  ='sF6.lr/) 

2 1 2 5  F O R M A T { *  S U B R O U T I N E  EOQZCF.  I F A I L  = * e 1 4 )  
2 1 3 0  FORMAT( / / , '  S T A T E  T E M P O  E N T H A L P Y  FLOW R A T E ' S  

> ' CQNCENTR. PRESSURE VAPCR FRAC. ' . f r  
> ' P C I N T  DEG F S T W / L B  L B / M  X SOCWTE' r  > '  P S I A ' c / )  

213 1 
2140 F O R M A T ( / / , '  U N I T  U N I T  H E A T  T R A h S F E R  U A ' s / s  

2141 FORMAT{ l X s P 3 r 5 X s A 4 s  1 P 2 E 1 4 c 4 3  

F O R M A T <  1 X I  I 3  I 2x1  I P B E P i  r 4  1 

=. ' NO. TYPE B T U / P  BTU/tM--F) * , / I  

C 
STOP 
END 



F U N C T I O N  DlNACH (XDUM) 
IMPLICIT REAL*EI ( A - H a 0 - Z )  
U = 1 a D O  

1 0  U = OaSDO*U 
UPLUSl  = u 4- 1 . 0 0  
I F  ( U P L U S 1  aNEe l ~ D 0 )  GO T O  10 
D l M A C H  = 2 r D O * U  
R E T U R N  
END 
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C 
C UPDATE V A P O R  F R A C T I O N  V E C T O R  

7 0  IF ( N U Y  .EO* 0) GO TC 80 
I V 1 =  f V 2  + 1 
I V 2 =  I V l  + NUY - 1 
Do 71 IV= I V l s I V 2  

7 1  Y(IVY<IV)l= X ( 1 V )  
DQ 7 3  I=l,NSP 
IF (IYFX(I1 . E Q o  0) GO T O  73 
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. 
D O  131 J=lrNCNLN 

1 3 1  G R A D I  = G R A O I  + F U N / J I * C J A C ( J . I )  
132 G R A O < I )  = 2.D09CRAOI 

C 
140 RETURN 

END 
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SUBROUT1 NE B N D F U N  

XMPLICIT R E A C * 8  < A - H , O - P )  
COMMON/GC/ BL4 1253 r f l U b J . 2 5 3  
CONMON/hh/ N R O U A , N R Q W 4 r N e r N N L e I N I T  
D I M E N S l O h  A < N R O W A s l )  
I F  ( f V 1  m G T o  0 .ANDO I V 2  mGTo 0 )  60 TO 10 
I F  ( 1 V 1  S G T O  0 SAND. I V 2  ~ E Q o  0 )  GO TO 20 
I F  ( I V l  r E Q o  0 .ANDO IVC? a G T a  01 GO TO 30 
R E T U R N  

f I V P  n 1 V 2  9 V 1 r V 2  r A 1 
C L I h E A R  I N E C U P L I T Y  AfvD BOUND C O N S T R A I N T S  

C L I h E A R  I N E Q U A L I T Y  C O N S T R A I N T .  V 1  (UNKNOWN) - Y 2 t U N K N C W N )  > 0 
1 0  N L = N L + l  

CALL M A T R I X  4NLs I V 1  s 1 r D Q ~ A ~ N R Q W A )  
C A L L  M A T R I X  ( N C . ~ V 2 n - l r D O , A s h R O W A )  
RETURN 

2 0  BLf I V J .  ) = V 2  
R E T U R N  

30 8Ut I V 2  ) = V 1  
R E T U R N  
END 

C COWER BOUND C O N S T R A I N T .  V I ( U N K N C C N )  > V 2 < F L X E D )  

C UPPER BOUND CQNSTRAINT.  VZ(UNKNOWN1 < V I ( F I X E D 1  
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SUERQUTIhE E N T H A L  

I M P L I C I T  R E A L * 8  ( A - H r O - Z )  
C C A L C U L A T E  E N T H A L P I E S  O F  STREAMS AT S T A T E  P O I N T S  

COMMQN/AA/ c ( ~ ~ ) , F ( ~ o ) ~ P ( ~ o ~ ~ T ~ s Q ) , Y ( s o ) ~ I v A R c ( s o ) .  
> I V A R F  (50) r I VARP(  5 0 )  r I V A R T  ( 5 0 )  r I V A R Y  (501 r K F A Z (  5 0 )  r MSUE 

COMMON/CC/ H ( ~ ~ ) V D H C ~ ~ O ~ , D H P ( ~ ~ ~ ~ ~ H T ( ~ O ~ ~ D H Y ( ~ O )  
COMM ON/ FF/ 1 DUN I T  ( 2 0 1 r I SP ( 2 0 r 7 1 r NSP t NU N I  TS r NUC 9 NUF r 

> NUPr NCIT r NUY n N U A  
C 
C S E T  I C A L C  TO S I G N A L  T H A T  E N T H A L P Y  C A L C S .  A R E  T O  BE DONE 

C 
C PERFORM ENTHALPY C A L C U L A T I O N S  F U R  EACH S T A T E  P O I N T  

C 

C 

I C A L C  = 2 

00 50 I = l r N S P  

G O  T O  ( 1 0 r 2 ~ ~ r ~ ~ ~ 0  

C LXBR-WATER 
1 a CALL EQB 1 ( P  ( 11, C (  I) .T( I 1 Y t 1) K F A Z <  I )  I C A L C  n TE e 

> D F P  rn O F T  e DFC r H( I 9 rDHP( I 1 r DHT ( I 1  r DHC ( J )  r DWY ( I 1 I 
GO TCI 50 

6 
C S Y S T E M  N O T  PGESENTLY CODED 

2 0  C A L L  EQE32 ( P ( I ) ~ C I I ) v T ( I ) r Y ( I ) r K F A Z o . I C A L C . T E r  > BFPrDFTnDFCrH~I ) rDHP( I ) rDHTorDHT( I )~DHC(  11rDHY(I)) 
e 

50 C O N T I N U E  
RETURN 
END 
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CALL BhDFUN 1 4 ) s  T <  161 s T (  I 4) s A 1 

CALL BNDFWN ( I V A R T ( I E 1  s I V A R T I I 3 J s T (  151 s T ( I 3 )  s a l  

C A L L  BNDFUN ( I V A R T  ( 14) 9 I V A R T  ( I  3) s T (  14) s T (  13) s A I  

RETURN 
END 

( I V A R T  ( 16) s I V A R T  
C TC: > T 3  

C T 4  > T 3  

C 
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C HEAT B A L A N C E  

C 
C A L L  QBAL C I U N I T . 1 1  s 1 2 r  1 2 s  14.FUNsCJAC)  

I F  ( I N I T  oEQo 1 3  RETURN 
C 
C CHECK DIRECTION O F  HEAT FLOW I N  RECUPERATOR 

c 
C L I N E A R  I N E G U A L L T Y  AND BOUND C O N S T R A I N T S  ON TEMPERATURES 
C WHEN HEAT FLCW IS IN FORUARB O l R E C T I D N  
C T 3  > T 2  

C T 4  > T 1  

C 
C L I N E A R  I N E C U P L I T Y  AND BQUND C O N S T R A I N T S  CN TEMPERATURES 
C WHEN HEAT F L C W  IS I N  REVERSE D I R E C T I O N  

I F  ( I R E V  r E Q o  P b GO TO 10 

C A L L  BhDFUN ( I V A R T ( I 3 ~ . I V A R T < 1 2 ) ~ T ( X ~ ~ a T ( ~ Z ) ~ A )  

C A L L  BNOFUN < I V A R T t I 4 . ) . I V A R T < I l ~ ~ T ( ~ 4 ~ ~ T ( I l I s A )  

c T 2  > T 3  

C T1 > T 4  
10 C A L L  B h D F U N  ( I V A R T t  12) s I V A R T  113) e f <  I21 s T (  133 9 A )  

C A L L  f lADFUN C I V A R T t  11.) I V A R T ( P 4 J  r T( I: 1) s T ( l  4) S A )  
C 

RETURN 
END 
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S U B R O U T I N E  E V A P  

I M P L I C I T  REAL*8 (A - -H IO- -Z I  
COHMON/AA/ 

COHMON/NN/ N R Q W A I N R O W J ~ N L ~ N N L ,  I N I T  
DIMENSION A f N R Q W A s l l  sCJRC(NRCWJr1) P F U N ( ~ ) ~ ~ V E C ( ~ )  

I V E C ( 1 1  = I 1  
i V E C f 2 )  =-I2 
I V E C ( 3 )  = I 3  
I V E C ( 4 3  =-I4 
NS=4 
C A L L  H E A L  ( N S I I V E C I F U N ~ C J A C ~  

i I U N I T s  1 I e I 2  9 1 3 9  14 I 1 5 s  FUN. A e  C JAC) 
C EVAPQRATUR CCNSTRAINTS 

C C 503 e FC 5 0 )  I P <  50 3 .  T( 581 sY (503 @ 9. V A R C <  5 0 )  ti > I V A R F < 5 O )  I I V A R P <  501 , Z V A R T <  5 0 )  I V A R Y  ( 5 0 )  . K F A Z ( S O )  I MSUB 

C 
C ENTHALPY EALANCE,  F l * H l  -. F'26H2 + F3*H3 - F 4 * H 4  = 0 

C 
C H E A T  BALANCE 

c 
C E Q L I L e  VAFOR PRESS. R E L A T I O N  F O R  LIQWIC ENTERING EVAPORATOR 

CALL Q E A L  < I U N I T s  15, 12* 1 2 s  1 4 e F U N r C J A C )  

CALL V B A L  (ISsFUNsCJAC) 
c 
C 
C L I N E A R  I N E C U A L S T Y  AND BGUND C O N S T R A I N T S  CIN TEMPERATURES 
C T4 > T5 
C T 3  > T 2  
C T3 > T4 
C 

I F  ( I N I T  eEQ0 1 3  RETURN 

C A L L  ENDFUN i I V A R T  I 14) s l V A R T  ( I  5 J  s T (  14) s T <  i 5) e A 1 

C A L L  5hDFUN t I V A R T  133 s I V A R T  < 123 s T < X 3) s T ( I 2) s A )  

CALL BhDFWN ( I V A R T i P 3 ) s  I V A R T < I 4 ) , T ( I 3 ) . T C I 4 )  @ A )  

RETURN 
END 
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SUBROUTINE VALVE ( ! U N I T S  I1 s X Z P F U N ~ C J A C )  

I M P L I C I T  REALSB ( A - H s O - 2 )  
COMMON/AA/ 

COMMON/FIN/ NRQWA,NRQWJsNL.NNLa I N I T  
D I M E N S I O N  

IVEC(11= I 1  
I V E  C ( 2 I=- I 2 
N S = 2  
CALL HEAL (NS,IWEC.FUNsCJAt) 

C V A L V E  C O N S T R A I N T S  

C ( 5 0 )  r F (  5 0 )  r P ( 5 0 )  , ? [ S O )  r Y ( 5 0 )  sIVARC( 5 0 )  s > J Y A R F  t 5 0  1 r I V A R P  t 50 1 s I V A R T  (501 s I V A R Y  (5 0 B ,KFAZ( 50) s MSUB 

C J  PC(  NROW J r 1  1 s FUN( 1) s I V E C (  7 )  
C 
C ENTHALPY BALANCE.  F l * H l  - F S B H 2  = 0 

C 
RETURN 
E NO 
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S U B R O U T I N E  S P L I T  ( I U h I T  9 I1 1 2 s  I 3  s F U N  ,CJAC)  

I M P L I C I T  R E A L S B  ( A - H a Q - Z )  
COMMON/AA/ 

COMMON/BB/ 

COMMON/NN/ 
D I M E N S I C I N  C J A C ( N R O W J , l ) r F U N ( l ) r X V € ~ f ~ )  

C SPLITTER C C N S T R A I N T S  

C ( 5 0 )  sF(  509 s P ( 5 0  1 rT(589 r Y  (50) s X V A R C f 5 0 9  r 

ICFX(5O) s I F F X I S O )  rIPFX(5O)s ITFX(5O) s I Y F X (  50)s 

NROWA, NRQWJ, NLs N N L s  INIT 

> 
> I V C ( 5 Q )  r I V F ( 5 O ~ ~ I V P ~ 5 ~ ~ ~ ~ V T ~ 5 ~ ~ r I V Y ~ 5 O ~ ~ I V A ~ ~ O 9  

I V A R F f  S O I S  I V A R P < S O J  * I V A R T (  503 s I V A R Y ( 5 0 )  s K F A Z ( 5 0 )  s HSUB 

c 
C 
C T O T A L  MASS BALANCE*  -Ff - F2 + F 3  = 0 

I F  (IFFX(I1) o E Q o  0 .AND. I F F X ( 2 9  e E Q o  0) RETURN 

I V E C (  1 ) = - I  1 
X: V E C  ( 2 I=- I2 
X V E C ( 3 ) =  I3 
N S = 3  
CALL NEAL (NSs I V E C s F U N m C J A C )  

c 
RETURN 
END 
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SUBROUTINE M B A L  ( N S s  I V E C s F U N s C J A C )  

I M P L I C I T  R E A L t B  (A-H.8-Z) 
CONMON/AA/ 

COMMQIU/NN/ NROWA,NROWJ,NLeNNL* L N I T  
D X M E N S l O N  CJPC(NROWJs1)  *FUN( 1) * I V E C < 7 )  

SWMzO DO 
DO 10 J = l . N S  

C T O T A L  MASS BALANCE 

C (  50) * F (  50) s PC 50 1 S T  ( 5 0  1 * Y  q 50 1 s I V A R C t  SO 1 e 
> . I V A R F ( 5 0 1 ~  I V A R P ~ 5 ~ ~ ~ I V A R T ~ 5 0 ) r I V A R Y < S O ) . K F A Z ( S O ) . M S ~ ~  

NNL=NNL+I 

I S = I V E C < J d  
1[=I A B S <  IS 1 
S I G N = I  S/ I 
SUH=SUM+SIGNSFd 1) 

10 C A L L  M A T R I X  ( N N L r I V A R F q  1 ) s S I G N s C J A C s N R O W J )  
FUN (NNLJ=SUM 
RETURN 
END 
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C SET Z C A L C  TO S I G N A L  THAT EQIJ - ILXBRIUM CALCS.  ARE T C  EE DONE 
I C A C C  = 1 

C 

C 
C LI- -BR/WATER 

G O  TO ( 1 0 s 2 0 J w M S U B  

1 0  CALL E C B l  ( P ( I ) ~ C ( I ) ~ T ( I ) . Y < I ) I K F A Z ~ I J , I C A ~ C I T E ~  
3 DFP 9 C F T  IDFC e H  DCPP w DbTs DbC c CHY 1 

GO TO 30 
c 
C A L T E R N A T I V E  N O R K I N G  FLUID {WCT CCDEDJ 

20  CALL ECB2 < P ( I  )9C< 1 )  .T< I 8  .Y ( I )  IKFAZ( I )  c3CALCcTEe 
> DFP cRf T IRFC eHsDHP w D P T s  D t C  I DHY 3 

C 
3 0  FUN(NNL3 = TE - T ( I )  

C A L L  MATAPX C N N L r I V A R C (  I)IDFCICJAC~NROWJ) 
CALL M A T K I X  <NNL,IVARP<B) ~DFPDCJACINRQWJ) 
CALL M A T f i I X  ( N N L , f V A R T B B ) e D F T e C J A C . N R a W J )  
RETURN 
END 
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SUBROUTINE M A T R I X  ( I ~ J s A H J I A I N W Q W A I  
I M P L I C I T  R E A L 4 8  ( A - H ~ Q - Z )  
D I M E N S I O h  A < N R B W A e P  1 
I F  ( J  . E C s  0 )  RETURN 
A ~ X S J J  = A ( 1 . J )  + A I J  
R ET U R N 
E RID 
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4 4  

D F T  = - 1 m D O  
D F X  = D A * T S  + DB 
G O  T O  l o a  

C ENTHALPY C A L C U L A T I O N  
12 A 2  = A 2 0  + A 2 1 8 X  + A 2 2 * X * X  -#- A 2 3 S X * X * X  + A 2 4 * X * X * X * X  

8 2  = 1320 + 8 2 1 * X  + B 2 2 * X * X  i- 8 2 3 * X * X * X  + B 2 4 * X * X * X * X  
c2 = c20 + C 2 1 * X  t- c22*x*x  4 c23*x*x*x + c24*x*x*x*x  
DA 111 A 2 1  + 2 m D Q * A 2 2 * X  + 3 e D O t A 2 3 * X * X  + 4 r D O S A 2 4 * X * X * X  
08 = 821 4 2 m D O * B 2 2 * X  + 3 e D Q * B 2 3 * X * X  + 4 r D O * B 2 4 * X * X * X  
DC =Z C21 *. 2 m B O * C 2 2 * X  + J m D 0 * C 2 3 * X * X  + 4 . D O * C 2 4 * X * X * X  

DHP = Q a D O  
DHT = 8 2  + 2 m D O B C 2 4 T  
OH)< = O A  f DE*T f OC*V*T 
DHM = O a C 0  
GO T C  280 

H = A 2  + B 2 * T  4 C 2 * T * T  

S O  T O  < 2 1 a 2 2 ) . I C A L C  
C E Q U I L I B R I U M  TEMPERATURE C A L C U L A T I C N  

2 1  T E  = T S  
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C SCALE TEeDFPoDFX (DFT A L R E A D Y  O K )  
100 TE = TE* ISCALE 

DFP = OFP*TSCALE/PSCAEE 
DFX = DFX*TSCALE/CSCALE 
RETURN 

C 
C SCALE t i . D k P * G H X . Q H Y  fRHT A L R E A D Y  OK) 

200 H = H4rYSCALE 
Q H P  = DHP*TSCALE/PSCPtE 
DHX = DHX*TSCALE/CSCALE 
DHY = DHY*TSCALE/YSCALE 
RETURN 

E NO 
C 
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