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ABSTRACT 

This report documents the computer program THERPP, a program 

tha t  calculates the thermodynamic properties o f  l i gh t  hydro- 

carbons and mixtures of l i gh t  hydrocarbons. 

temperature or pressure-enthalpy grid i s  input t o  obtain pro- 

per t ies  in the desired region. 

A specif ic  pressure- 

THERPP i s  a modification of the program HSGC'l). Thermo- 

dynamic properties are  calculated using Star l ing ' s  modification 

t o  the Benedict-Webb-Rubin equation of s ta te .  

ii 
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1.0 INTRODUCTION 

The computer program THERPP consists of a modification to the 

program HSGC(' and was designed to compute thermodynamic properties 

of light hydrocarbons and mixtures of light hydrocarbons. 

can be generated in the form o f  either a pressure-temperature grid 

or a pressure-enthalpy grid. 

grid sizes up to 30x30, for mixtures with up to 15 components. 

ing the program to accept larger grid sizes or mixtures with greater 

than 15 components would require only minor changes, centered around 

Properties 

In it's current form, THERPP will handle 

Chang- 

the dimension statements. 

THERPP uti1 izes Starling's modification t o  the Benedict-Webb- 

Rubin equation of state") to evaluate the thermodynamic properties. 

The original Benedict-Webb-Rubin equation of state can be expressed 

as shown bel ow: 
1 1  1 1  
3 RTb -a + ?- Rt RTB-A -C/T2 + 

V V 2 p = - +  
V V 

1 1 1 
+ 5) exP(- 5) C + - (1 

v3T2 V V 

where P is pressure, R is the ideal gas constant, T i s  temperature, 
1 1 1  1 v i s  specific volume, and A, B, C, a , b , c , a' and y are re- 

quired constants. Starling's modification results in the slightly 

more complex equation below: rn s- U t 
P = pRT + (BoRT - A. - 7 ' O  + - - )p2 + (bRT-a- 4 ) p 3  

T3 7 
2 2 c 3  

T 
d 6  

+ a(a + TIP + + (1 + YP )exp(-YP 1 
where again P is pressure, R is the ideal gas constant, T is tempera- 

ture, p is density, and Ao, Bo, C,, Do, Eo, a, by cy d, a and Y 

are required constants. 
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T h i s  equation is  a pressure exp l i c i t  equation (ie.  pressure is  defined 

as  a function of temperature and density) requiring eleven equation 

parameters, as  compared w i t h  the eight parameters used i n  the Bene- 

dict-Webb-Rubin equation of s t a t e .  The additional terms i n  S ta r l ing ' s  

modified equation make i t  possible t o  predict  properties a t  reduced 

temperatures as low as  Tr = 0.3 and reduced densi t ies  as  great  as  

I t  therefore can be used f o r  l i g h t  hydrocarbons i n  the pr  
compressed l i q u i d  region i n  addition t o  higher temperature regions. 

The f lu ids  f o r  which the program has been tested and fo r  which 

= 3.0. 

the eleven equation parameters have been calculated a re  methane, 

ethane, propane, i sobutane , n-butane , i sopentane, n-pentane , n- hexane, 

n-heptane, n-octane, ethylene, propylene, nitrogen, carbon dioxide, 

and hydrogen sulf ide.  

a s  a s ingle  component system, the eleven equation parameters a re  

t reated as  i n p u t s  t o  the program. 

of equations have been derived t o  generate the eleven equation 

parameters f o r  each of the f l u i d s  i n  the mixture. 

use the c r i t i c a l  constants of the f lu id  t o  calculate  the equation 

parameters and were derived from d a t a  for  the f lu ids  mentioned above. 

For problems involving one of these f lu ids  

For mixture calculations a s e t  

These equations 

For calculations i n  the  immediate v ic in i ty  of the system's 

c r i t i c a l  p o i n t ,  the r e su l t s  should be monitored very closely.  

This i s  especially important for dew and bubble p o i n t  calculations.  

As a rough rule o f  thumb, the dew and bubble p o i n t  calculations a re  

only r e l i ab le  fo r  pressures l e s s  than 95% of the c r i t i c a l  pressure. 

I f  an i n p u t  pressure i s  too near the c r i t i c a l  point,  such tha t  the 

dew or  bubble p o i n t  search f a i l s ,  a message i s  printed as  a warning  

t o  the user, and execution continues. 

C 
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The program was written i n  Fortran IV and has been used on both 

the IBM 360 and CDC 7600/CYBER 70 MODEL 76 computers. 

version was writ ten in double precision t o  obtain sa t i s fac tory  

convergence for the various i te ra t ion  loops. The CDC version, due 

t o  the l a r se r  word s i ze ,  was l e f t  i n  single precision. 

inherent differences between the two computer systems required tha t  

some additional syntax changes be made between the two versions, 

however these a1 terat ions do n o t  a f fec t  the calculated r e su l t s .  

The IBM 360 

Other 

In order to  be able t o  run the program on e i the r  of the two 

computers, an a d d i t i o n a l  non-standard Fortran IV procedure was 

required. A special character may be used i n  Column 1 of a source 

card t o  ident i fy  i t  as unique t o  e i the r  the IBM or CDC computers. 

An "A" i n  Column 1 defines a card used by the IBM computer i n  the 

double precision mode. A "B" i n  Column 1 defines a card used by 

the CDC computer in the single precision mode. 

been included i n  a l l  of the l i s t i n g s  presented i n  this report .  

i s  therefore necessary t o  modify the source deck by eliminating the 

character i n  Column 1 on some cards and discarding others ,  depend- 

ing on w h i c h  version i s  desired. 

This n o t a t i o n  has 

I t  

Addit ional  work schedule a t  this time involves extending the 

l i s t  of possible f lu ids  t o  include ammonia, water, and several of 

the flurocarbons. This will require tha t  su i tab le  estimates for 

the various i n p u t  parameters be defiend, and may require s l i g h t  

modifications t o  the equation of s t a t e .  

velopment of a p lo t t e r  routine t o  generate e i the r  a pressure- 

temperature, a pressure-enthal py , or a temperature-entropy pl o t  

showing constant property l ines  f o r  a l l  of the thermodynamic pro- 

per t ies  calculated.  

Also scheduled i s  the de- 
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The remainder of the documentation presented herein consists 

first o f  a users package containing a detailed discription of the 

necessary input parameters and a discription of the output. This 

is followed by a discription of the modifications and additions made 

to HSGC. 

in the appendices. 

A complete program listing with sample output is included 

0 

U 
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2.0 USER PACKAGE 

This  s e c t i o n  presents i n  d e t a i l  t he  necessary i n p u t s  needed t o  

r u n  t h e  program THERPP, a long w i t h  a d i s c r i p t i o n  o f  t h e  output .  

sample i n p u t  deck i s  shown, a long w i t h  t h e  r e s u l t i n g  output .  

A 

2.1 I n p u t s  

The necessary i n p u t  cards and the  format 

shown below along w i t h  a d i s c r  p t i o n  of each 

meter. Where appropr ia te,  recommended values 

used f o r  each ca rd  i s  

n d i  v i  dual i n p u t  para- 

f o r  t h e  i n p u t  parame- 

t e r s  a r e  inc luded.  

summarized i n  Appendix A. 

For easy reference, t h e  f o l l o w i n g  has a l s o  been 

Card 1 :  I G R I D ,  NC, NPHASE, ITNM, IPRNT, IDMPRT, IPUNCH, IPNPRT 
(815) 

I G R I D  def ines t h e  type o f  g r i d  des i red.  
I G R I D  = 0 i m p l i e s  a pressure-enthalpy g r id ,  
I G R I D  = 1 i m p l i e s  a pressure-temperature g r i d ,  

NC i s  t h e  number o f  components i n  a g iven mixture.  
(15NC115) 

NPHASE i s  t he  minimum number o f  i t e r a t i o n s  i n  PHASE. 
NPHASE = 3 f o r  NC54. KPHASE = 4 f o r  N b 4 .  

ITNM i s  the maximum number o f  i t e r a t i o n s  i n  PHASE. ITNM = 30. 

IPRNT i s  a d e b u g  w r i t e  c o n t r o l .  I f  IPRNT = 0 o r  b l a n k  
t h e  program p r i n t s  debug i n f o r m a t i o n  concerning t h e  
progress o f  t he  program. 
output .  

Anything e l s e  suppresses t h i s  

IDMPRT i s  a p r i n t  f l a g  t o  produce d e t a i l e d  2-phase i n f o r -  
mation. I f  IDMPRT = 0, normal o u t p u t  i s  p r i n t e d .  I f  
IDMPRT equals anyth ing b u t  zero o r  blank, a d e t a i l e d  
d i s c r i p t i o n  o f  t h e  2-phase r e g i o n  i s  p r i n t e d .  
Sect ion 2.2 f o r  f u r t h e r  d e t a i l s . )  

(See 

IPNPRT i s  a p r i n t  f l a g  used t o  p r i n t  on t h e  l i n e  p r i n t e r  
t h e  in format ion t h a t  w i l l  be sent  t o  t h e  ca rd  punch. 
I f  IPNPRT = 1, t h i s  ou tpu t  i s  p r i n t e d .  Anything e l s e  
r e s u l t s  i n  t h i s  ou tpu t  being suppressed. It should be 
noted t h a t  i f  IPNPRT = 1 and IPUNCH equals anyth ing b u t  
one, the ou tpu t  i s  p r i n t e d  by t h e  l i n e  p r i n t e r ,  b u t  t h e  
cards a re  n o t  punched. It should a l s o  be noted t h a t  if 
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cards a re  desired (IPUNCH = l ) ,  IPNPRT must be s e t  t o  
one. 

/-- 
Card 2:  DMAX, EPSD, DPSV, F U G E R R ,  EPSS, STEP, ENCPR (8F10.6) 

DMAX i s  the maximum l iquid molar density anticipated fo r  the 

For most hydrocarbon mixtures, 
g r i d .  
t ion i n  subroutine DENTE. 
the recommended value i s  2.0- 

T h i s  value i s  used as  an upper bound for the i t e r a -  

EPSD i s  the closure tolerance f o r  the density search i n  
DHFP. EPSD = 0.5E-4 

EPSV is  the closure tolerance f o r  the fugacity calculations.  
FUGERR = 0.2E-3 

EPSS i s  the closure tolerance f o r  the subroutine SEARCH. 
EPSS = 0.2E-3 

STEP i s  the f a l s e  position i n i t i a l  step s i ze  i n  SEARCH. 
STEP = 1.0002 

ENCBR i s  a correction fac tor  f o r  the enthalpies calculated 
i n  the program t o  make them consistent w i t h  p u b l i s h e d  
tables .  Different authors use d i f fe ren t  datum s t a t e s  
f o r  enthalpy evaluation, and therefore the enthalpies 
i n  one s e t  of tables  may vary by a constant value from 
the enthalpies reported i n  a second s e t  of tables .  
ENCPR is used t o  adjust  the enthalpies ca lcu la ted , in  this 
program by this  constant when necessary. The datum s t a t e  
used by SBWR i s  f o r  the mixture a t  O o R  and 0 psia.  

Card 3: TPHIN, (ISWT(I), I=1,6) (8F10.6) 

TPHIN i s  an i n i t i a l  temperature guess used f o r  the pressure- 
enthalpy g r i d  calculations i n  O R .  TPHIN corresponds t o  
the m i n i m u m  temperature i n  the g r i d  which occurs a t  the 
lowest g r i d  pressure and the lowest g r i d  enthalpy. 
Accuracy of t h i s  guess typ ica l ly  needs only t o  be 550% 
of the actual g r i d  temperature. 

ISWT(1) i s  a print f l ag  f o r  the Ith i t e r a t ion  loop i n  sub- 
routine ITER. 
t a i l ed  output concerning the progress of the i t e r a t ion .  
For a detai led discr ipt ion of ITER, see Reference 3. 

Anything b u t  zero o r  blank produces de- 

Card 4: (C@MP(J,I), J = 1 , 4 ) ,  IDCBM(I), CMW(I), TC(I), ACF(I), 
CD(I), PC(I), TB(I) 
( 4A4 , I 4 , 6 F 1 0.6 ) 
(Cards number 4 and 5 must be repeated f o r  each component) 

s tore  the name of component I .  
CBMP(J,I) i s  a 16 character alphanumeric variable used t o  

c 

s 
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IDCJdM(1) i s  an ident i f icat ion number fo r  component I .  

CMW(1) i s  the molecular weight o f  component I .  
(See Table 2 .1 -1 ) '  

TC(1) i s  the c r i t i c a l  temperature of component I i n  O F .  

3 CD(1) i s  the c r i t i c a l  density of component I i n  mole/ft . 

PC(1) is the c r i t i c a l  pressure of component I i n  psia. 

(See Table 2 .1-1)  

(See Table 2.1-1) 

(See Table 2.1-1) 

TB(1) i s  the boiling point of component I a t  one atmosphere 
pressure i n  O F .  (See Table 2 .1-1)  

Card 5: ( C I ( I , J ) ,  J = 1 , 7 )  
(2F9.6, 4E13.6, F10.6) 
(Cards number 4 and 5 must be repeated for  each component) 

CI(1,J)  a r e  ideal gas polynomial coeff ic ients  used i n  the 
evaluation of enthalpy and entropy. 
were obtained from Reference 4 and have been reproduced 
i n  Table 2.1-2 for the f lu ids  of i n t e re s t  in t h i s  report .  

The values o f  (CI(1,J)  

Card 6: (A( I , J ) ,  J = 1 ,  NPARM) (NPARM i s  s e t  equal t o  11 in BLOCK DATA 
(6F13.6) 
(Card number 6 i s  used only for  NC = 1 ) 

A(1,J) a re  the eleven equation coeff ie icnts  i n  the modified 
BWR equation of s t a t e  f o r  component number I .  A(1,l)  
through A(I,6) are  entered on the f i r s t  card and A ( I , 7 )  
through A(I,11) are  entered on the second card. Values 
f o r  A , ( I , J )  were taken from Reference 2 and have been 
reproduced in Table 2.1-3 

(8F10.6) 
(Card number 7 i s  used only fo r  NC>l) 

CKIJ(1,J) i s  an interact ion parameter between any two d i f -  
ferent  components. 
Reference 2 and have been reproduced i n  Table 2.1-4. 
CKIJ(1,J) i s  input on a se r ies  of cards, whose to ta l  
number i s  equal t o  NC-1.  The f i r s t  card contains the 
interact ion parameters between component 1 and components 
2 through NC. The second card contains the interact ion 
parameters between component 2 and components 3 t h r o u g h  
NC. T h i s  pattern continues unt i l  the f ina l  card i s  
reached, which contains the interact ion parameter between 
component NC-1 and component NC. 

Card 7 :  (CKIJ(I,J) ,  J = IJ,NC) ( I J  = I+1, I = 1,NC) 

Values fo r  CKIJ(1,J) were taken from 
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TABLE 2.1-1 

Physical Properties of Pure Materials 

Compound Cr i t ica l  Pres. Cri t ical  Temp. Cr i t ica l  Density Molecular Acentric Boiling Temp.@ 
(ps ia )  ( O F )  (1 b-mol e / f t3 )  Weight Factor Atmos. P.  ( O F )  

Methane 673.1 -116.43 0.6274 16.042 0.013 -258.7 

709.8 90.03 0.4218 30.068 0.1018 -127.5 Ethane 

Propane 617.4 206.13 0.31 21 44.094 0.157 -43.7 
i -Butane 529.1 274.96 0.2373 58.120 0.183 10.9 

550.7 305.67 0.2448 58.120 0.197 31.1 

483.0 369.00 0.2027 72.146 0.226 82.1 

n -  Bu tane 

i -Pentane 
co (2-Methyl butane) 

0.252 n-Pentane 489.5 385.42 0.2007 72.146 

n-Hexane 440.0 453.45 0.1696 86.172 0.302 

n-Hep tane 396.8 512.85 0.1465 100.198 0.353 

n -0c tane 362.1 563.79 0.1284 11 4.224 0.412 

Ethylene 742.1 49.82 0.5035 28.050 0.101 

Propylene 667.0 197.40 0.3449 42.080 0.150 

96.9 

155.7 

209.2 

258.2 

.154.7 

-53.9 

Nitrogen 492.0 -232.60 0.6929 28.016 0.035 -320.4 

Carbon Dioxide 1071 . O  87.80 0.6641 44.010 0.210 -109.3 

Hydrogen Sulfide 1306.0 212.70 0.6571 34.076 0.105 -75.3 

A 1 I t m 



e 

Methane 

Ethane 

Propane 

i -Butane 

n-Butane 

i -Pentane 
W (2-Methyl butane) 

n- Pentane 

n- Hexane 

n-Heptane 

n-Octane 

Ethy lene 

Propylene 

N i t rogen 

Carbon D iox ide  

Hydrogen S u l f i d e  

-5.581 14 

-0.76005 

-1.22301 

1 3.28660 

29.11 502 

27.17183 

27.1 71 83 

32.03560 

30.701 17 

29.501 14 

51.78893 

26.17773 

12.32674 

4.77805 

-0.61 782 

, 

TABLE 2.1-2 

Ideal  Gas Polynomial C o e f f i c i e n t s  (C I (  I , J ) )  

0.564834 -0.282973 0.41 7399 -1 .525576 

0.273088 -0.042956 0.31 281 5 -1.389890 

0.179733 0.066458 0.250998 -1 .247461 

0.036637 0.349631 0.005361 -0.2981 11 

0.002040 0.434879 -0.081 81 0 0.072349 

-0.031 504 0.469884 -0.098283 0.102985 

-0.002795 0.440073 -0.086288 0.081 764 

-0.023096 0.461 333 -0.097402 0.103368 
, 

-0.0231 43 0.460981 -0.098074 0.104752 

-0.022402 0.45971 2 -0.098062 0.1 04754 

0.020724 0.385431 -0.082721 0.09231 8 

0.044867 0.324263 -0.030604 -0.083732 

3.19961 7 0.392786 -0.290069 1 .090069 

0.114433 0.101 132 -0.026494 0.034706 

0-238575 -0.024457 0.041067 -0.1301 26 

C I  ( I y 6 )  

1 .958857 

2.007023 

1.893509 

0.538662 

( x i  0 1 4 )  

-0.01 4560 

-0.029485 

-0.01 971 5 

-0.030643 

-0.031 340 

-0.031 355 

-0.029284 

0.188977 

-1 ,387867 

-0.013140 

0.144852 

C I  ( 1  Y7) 

-0.623373 

0.045543 

0.1781 89 

0.609350 

0.8291 22 

0.871 908 

0.7361 61 

0.767792 

0.711737 

0.664632 

1 .359786 

0.901 280 

-4.938247 

0.343357 

-0. -45932 



TABLE 2.1-3 

SBWR Equation o f  S t a t e  Parameters f o r  Pure Components 

Methane 0.723251 7520.29 2.71092 1.48640 0.925404 2574.89 0.468828 4.37222 1.07737 4.74891 3.01122 

Ethane 0.826059 13439.3 29.5195 2.99656 3.11206 22404.5 0.909681 68.1826 25.747 70.2189 1468.19 

Propane 0.964762 18634.7 79.6178 4.56182 5.46248 40066.4 2.01402 274.461 45.3708 1505.20 2560.53 

i -Bu tane 1.87890 37264.0 101.413 7.11486 8.58663 47990.7 4.23987 406.763 85.3176 2168.63 8408.60 

n-Butane 

i -Pentane 
o (2-Methyl butane) 
--I 

n-Pentane 

n- Hexa ne 

n-Heptane 

n- Oc t a  ne 

Ethy lene 

Propylene 

N i t r o g e n  

Carbon D iox ide  

Hydrogen Sul f i d e  

1.56588 

1.27752 

2.4441 7 

2.66233 

3.60493 

4.86965 

0.747945 

0.114457 

0.677022 

0.3941 17 

0.297508 

32544.7 

35742.0 

51 108.2 

45333.1 

77826.9 

81690.6 

12133.9 

6051.36 

41 85.05 

6592.03 

10586.3 

137.436 

228.430 

223.931 

526.067 

61 5.662 

996.546 

16.3203 

97.4762 

1 .37936 

29.5902 

21.1496 

7.54122 

11.7384 

11 .8593 

14.8720 

24.7604 

21.9888 

2.27971 

4.0791 9 

1.10011 

1 .64916 

1.20447 

9.14066 71181.8 4.00985 

19.8384 204344. 6.16154 

16.6070 

29.4983 

27.4415 

10.5907 

2.6291 4 

7.641 14 

0.833470 

0.97443 

2.5331 5 

1621 85. 

43451 7. 

359087, 

131 646. 

15988.1 

81880.4 

1404.59 

5632.85 

2.05110 

7.06702 

9.70230 

21 .8782 

34.51 24 

0.5891 58 

1.36532 

0.302696 

0.395525 

0.165961 

700.044 33.31 59 3642.38 

1290.83 142.115 3492.20 

1352.86 101.769 

3184.12 552.158 

3748.76 777.123 

6420.53 790.575 

40.9725 5.17563 

294.141 70.5921 

0.844317 1.95183 

27.4668 40.91 51 

43.6132 4.86518 

3885.21 

3274.60 

835.11 5 

18590.6 

90.3550 

541.935 

3.11894 

5.99297 

1.99731 

230.902 

241 3.26 

3908.60 

62643.3 

636.251 

3464.1 9 

1.61 706 

3412.50 

121 .648 

1.02898 

3.93226 

, 
A 
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Card 8: ( Z ( I ) , I  = 1 , N C )  
(8F10.6) G Z(1) is the mole fract ion of component I. 

Card 9: NUMl , N U M 2  
(815) 

NUMl i s  the number of temperature g r i d  l ines  i n  a pressure- 
temperature g r i d  o r  the number of enthalpy g r i d  l ines  
in a pressure-enthalpy g r i d .  ( N U M 1  < 30) 

N U M 2  i s  the number of pressure g r i d  l ines  i n  the g r i d .  
( N U M 2  1. 30) 

Card 10: (GRID 1 ( I ) ,  I = 1 ,  NUM1) 
(8F10.6) 

GRIDl(1) i s  the value of g r i d  temperature I ( O F )  

for a pressure-temperature grid or the value 
of grid enthalpy I (Btu/lb) for a pressure 
enthalpy grid. 

Card 1 7 :  (GRIDE(I), I = 1 ,  NUM2) 
(8F10.6) 

GRID2(I) i s  the value o f  g r i d  pressure number I (p s i a ) .  

The i n p u t  section f o r  the program has been s e t  up t o  allow 

f o r  stacking more than one data s e t  per r u n .  The additional 

s e t s  a re  merely placed i n  back of the f i r s t  s e t .  The program 

executes each data s e t  separately u n t i l  an end of f i l e  i s  reached, 

a t  which point execution terminates. 

2.2 o u t p u t s  

The f i r s t  section of output consists o f  an i n p u t  card 

echo. In t h i s  section the i n p u t  data cards a re  reproduced by the 

l i n e  pr in te r  in the same format as  they appear on the cards. A t  

the top of the page the columns are  numbered from 1 t o  80, represent- 

i n g  the 80 columns on the cards. 

card i s  numbered. An example-of t h i s  section i s  shown i n  Figure 2.2-1. 

A t  the f a r  l e f t  of the page, each 

The example shows two data s e t s  for  a mixture o f  isobutane and propane. 
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c r  , Q 

1 
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3 
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I S O B U  
13.28 
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-1.2 
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'a0999 
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10 
60935 

-43 
0.178 

10 
,60935 

-43 
0.178 

a90 

070 
189 

a90 

a70 
189 

Figure 2.2-1 I n p u t  Card Echo 



Cards 1 th rough  12 make u p  the f i r s t  data s e t ,  while the second s e t  

consis ts  of cards 13 through 24. 

The second section of output i s  the ed i t  section. T h i s  is the 

f i rs t  output section fo r  any given data s e t .  

input parameters a re  printed o u t  as a check t o  make sure tha t  the 

i n p u t s  t o  the program were entered correct ly .  The variable names 

and t h e i r  associated values are  shown. 

i n  i n  Figure 2.2-2 for a pressure-enthalpy g r i d  of  an isobutane- 

propane mixture . 

In this section, the 

An example of t h i s  section 

Following the e d i t  section, the numerical resu l t s  a re  presented. 

A t  the t o p  of t h i s  sect ion,  a heading i s  printed which defines the 

type of g r i d  being generated and the units used i n  the tables .  

the heading are  the saturat ion properties calculated by the program. 

For a pressure-temperature g r i d  the saturation properties are  cal-  

culated a t  the given temperature g r i d  values f o r  temperatures below 

the c r i t i c a l  temperature. For a pressure-enthalpy g r i d  the satura- 

t ion properties a re  calculated a t  the given pressure g r i d  values 

f o r  pressures below the c r i t i c a l  pressure. 

urated l iquid properties a re  denoted by M = -1,  while the saturated 

vapor properties a re  denoted by M = 0. 

shown i n  Figure 2.2-3 fo r  a mixture w i t h  an isobutane mole fract ion 

of  .75 and a propane mole fract ion of .25. 

Under 

For both grids,  the sa t -  

An example of  this section i s  

The fourth section of output contains the thermodynamic pro- 

per t ies  of the f l u i d  a t  the specified g r i d  p o i n t s .  

temperature g r i d ,  the o u t p u t  i s  broken down i n t o  sections of  con- 

s t an t  temperature, w i t h  pressure varying. 

gr id ,  the o u t p u t  i s  broken down i n t o  sections o f  constant pressure, 

For the pressure- 

For the pressure-enthalpy 

14 
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P R E S S U R E  - E N T H A L P Y  G R I O  

T E M P E F A T U R E S  I h  i 
P R E S S C K E S  I N  P S I A  
S P f C X F I C  V O L U M E S  I N  C U B I C  F E E T  P E R  P O U N D  
E k T t i A L P I E S  I N  B T U / L B  
E N T R O P I E S  I N  B T U I L B - R  
S P E C I F i C  H E A T S  IN B T U / L ! 3 - 2  
M = - 1  I M P L I E S  L t O I J I D  K E G I C ! N  
M = O  I R P C I E S  V A P O R  R E G I O N  
M = Z  I M P L I E S  2 - P H A S E  R E G I O N  
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55.30 ‘JO.O!Jc) .C)2Ht?5 -26.60 

165.95 2 3 O e O c i O  e 4 6 3 8 4  151.84 
1 5 6 . 6 6  2C0.000 o C 3 3 5 8  3 3 0 9 6  
2 2 ~ 3 6  4G0.000  . a20188 1 6 3 e 7 4  
222.26  4 C O . O C O  .G4228 86.12 

S 

le2177 

1 e 2 2 5 2  
le0337 
1.2261 
1 e 1  118 

. 9 2 a 2  

C P  
e4151 
, 5 4 2 7  
e 5 4 3 2  

, e 6 7 5 6  
‘ * 7 8 3 7  

l e 2 7 2 2  

Figure 2.2-3 Saturated Properties 
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w i t h  en tha lpy  vary ing.  

denoted by M = -1, i n  t h e  vapor reg ion  by M = 0, and i n  t h e  2-phase 

r e g i o n  by M = 2. 

p r o p e r t i e s  l y i n g  i n  t h e  2-phase r e g i o n  represent  a weighted average 

between t h e  vapor p r o p e r t i e s  and t h e  l i q u i d  p r o p e r t i e s .  

shows an example of t h i s  s e c t i o n  f o r  t h e  isobutane-propane m i x t u r e  

used p r e v i o u s l y .  

G r i d  p o i n t s  l y i n g  i n  t h e  l i q u i d  r e g i o n  a r e  

I n  t h e  standard form o f  t h e  ou tpu t ,  g r i d  p o i n t  

F igu re  2.2-4 

It i s  p o s s i b l e  t o  o b t a i n  a more d e t a i l e d  d i s c r i p t i o n  o f  t h e  g r i d  

p o i n t s  f a l l i n g  i n  t h e  2-phase r e g i o n  by s e t t i n g  t h e  i n p u t  v a r i a b l e  

IDMPRT equal t o  1. This  produces ou tpu t  f o r  2-phase g r i d  p o i n t s  i n  

t h e  format  shown i n  F igu re  2.2-5. 

f o r  a pressure of 50 p s i a  and an enthalpy o f  20 B t u / l b  f o r  t he  iso- 

butane-propane mixture.  

t h e  v a p o r - l i q u i d  m i x t u r e  i s  expressed as t h e  weight percent  o f  vapor 

present  and t h e  weight percent  of l i q u i d  present.  

composi t ion of both the  vapor and l i q u i d  i s  given. 

p e r t i e s  o f  t h e  l i q u i d  and t h e  p r o p e r t i e s  o f  t h e  vapor a r e  given, 

a long w i t h  t h e  n e t  p r o p e r t i e s  o f  t h e  m ix tu re .  The n e t  p r o p e r t i e s  

a r e  t h e  same as t h e  values p r i n t e d  when IDMPRT i s  s e t  t o  anyth ing 

b u t  1 i n  t h e  i n p u t  deck. 

This  example shows t h e  ou tpu t  

A t  t h e  t o p  o f  t h i s  s e c t i o n  t h e  q u a l i t y  o f  

Under t h i s  t h e  

F i n a l l y  t h e  pro-  

The f i n a l  s e c t i o n  o f  ou tpu t  was w r i t t e n  express ly  t o  generate 

( 3 )  cards f o r  t h e  p roper t y  t a b  decks i n  t h e  computer program GEPSYS . 
This  s e c t i o n  i s  accessed o n l y  f o r  pressure-enthalpy g r i d s  and o n l y  

when IPNPRT i s  s e t  equal t o  1. I f  IPUNCH i s  s e t  equal t o  anyth ing 

b u t  1, t h i s  ou tpu t  i s  sent  o n l y  t o  t h e  l i n e  p r i n t e r  and no cards 

a r e  punched. 

bo th  t h e  l i n e  p r i n t e r  and t h e  card punch. 

I f  IPUNCH i s  s e t  equal t o  1, t h i s  ou tpu t  i s  sent  t o  

An example o f  t h i s  s e c t i o n  
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i s  shown in Figure 2.2-6 for the previously used isobutane-propane 

mixture. 

starting a t  bo th  the lowest pressure and lowest enthalpy grid lines, 

incrementing pressure f i r s t .  

i s :  

The o u t p u t  for  each property i s  read from r i g h t  t o  lef t  

The format used t o  generate the table 

FORMAT( (5X,2H& ,5(El2.4,1H, ) ) )  

G 

. 
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3.0 DOCUMENTATION 

As was mentioned previously, THERPP consists of a modification t o  

the program HSGC(l I .  
w r i t i n g  the main program and adding a number of additional subroutines. 

In this section, the new main program, plus the additional subrou- 

t i nes  are  documented. The documentation fo r  each subroutine i s  ar- 

ranged i n  alphabetical order based on the subroutine name. Variables 

used by the subroutines a re  c lass i f ied  as e i the r  i n p u t ,  output, o r  

intermediate. The def ini t ions of these variables are  presented 

wherever they appear a s  output o r  intermediate variables. Also 

included i s  the subroutine's  heirarchy, a brief functional d i s -  

c r i p t i o n ,  and a sub rou t ine  l i s t i n g .  Documentation f o r  those  sub- 

routines from HSGC t h a t  were not a l te red  fo r  THERPP have n o t  been 

included in this section. The user should re fer  t o  Reference 1 

f o r  fur ther  information concerning these subroutines. 

The modification consists essent ia l ly  of re- 

i s  used in THERPP tha t  i s  not documented 

ITER, a general Newton 

on of ITER can be found 

One additional subroutine 

here or i n  Reference 1 .  This 

type i t e r a t ion  scheme. A deta 

i n  Reference 3. 

3.1 Main Program (SBWR) 

1 .  Heirarchy: 

s subroutine 

led d i sc r ip t  

* 

Calls ECHg., EDIT, ITER, ITERM,PBPM,, PDPM, PROPS, PUNBUT, 
TDPBBM, VAPRES, VATEMP, VLREGM 

2 .  Functional Discription: 

SBWR serves as an  exectutive program controll ing the 

sequence of calculations used t o  generate the property 

grids.  SBWR controls the inputs t o  the program, 
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as well as  ca l l ing  the necessary subroutines t o  calculate  

the properties and t o  produce the necessary outputs. 

3. Variables: 

a )  Input 

1. All i n p u t s  t o  the program (see Section 2.1) 

2. C@MMgN/CA/V 

3. CgMM@N/CB/NPARM 

4. C@MM@N/CC/B ( 2 , 1 1 ) , CP 

5. C@MM@N/CT/AK(15) , R , M D  

6. CPMM@N/CZ/CV 

7. C@MM@N/CX/V~LM,HMM,SMM,CPMM,CVMM 

8. COMMON/ H/ H , S 

b )  O u t p u t :  

1 .  

2. 

3. 

4.  

5. 

6 .  

CPGRID(1 , J )  - Constant pressure spec i f ic  heat a t  g r i d  
point ( I  , J )  . 
CPSATL(1) - Constant pressure spec i f ic  heat of saturated 
l iquid.  

CPSATV(1) - Constant pressure spec i f ic  heat of saturated 
vapor. 

CVGRID(1,J) - Constant volume spec i f ic  heat a t  grid 
p o i n t  ( I  , J ) .  

CVSATL(1) - Constant volume spec i f ic  heat of saturated 
1 i q u i d .  

CVSATV(1) - Constant volume specific heat of saturated 
vapor. 

HGRID(1,J) - Enthalpy a t  g r i d  point (1 , J ) .  7. 

8. HGUESS - Intermediate enthalpy value. 

9. 

10. 

HP - Enthalpy g r i d  l i nes  f o r  pressure-enthalpy g r i d .  

HSATL(1) - Enthalpy of saturated l i q u i d .  

11. HSATV(1) - Enthalpy of saturated vapor. 
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12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

P - Calculation pressure. 
PBP - Bubble point pressure. 
PDP - Dew point pressure. 

PH - Pressure grid lines for pressure-enthalpy grid. 

PT - Pressure grid lines for pressure-temperature grid. 
QUAL - Vapor-liquid quality. 
SGRID(1,J) - Entropy at grid point (1,J). 
SSATL(1) - Entropy of saturated liquid. 
SSATV(1) - Entropy of saturated vapor. 
T - Calculation temperature. 
TBP - Bubble point temperature. 
TDP - Dew point temperature. 
TGRID(1,J) - Temperature at grid point (IyJ). 
TGUESS - Intermediate temperature value. 
TP - Temperature grid lines for pressure-temperature grid. 

VGRID(1,J) - Specific volume at grid point (1,J). 

VSATL( I) - Specific volume of saturated 1 iquid. 
VSATV(1) - Specific volume of saturated vapor. 
XL(1) - Mole fraction of component I. 
XLMW - Mixture molecular weight. 
ZC(1) - Critical compressibility factor. 

c) Intermediate: 

1. AL(J) = A(1,J). 

2. CD2 - CD(I)* CD(1) 

3 .  I - Loop counter. 
4. IJ - Loop counter. 

c 
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5. IPNE - Loop counter.  

6. J - Loop counter.  

7. NCMI = NC - 1. 

8. NDUM - I t e r a t i o n  l i m i t .  

9. NHF - Number o f  enthalpy g r i d  l i n e s .  

10. 

11. 

NPF - Number o f  pressure g r i d  l i n e s .  

NTF - Number o f  temperature g r i d  l i n e s .  

12. PCMAX - Maximum c r i t i c a l  pressure.  

13. SUMZ - Sum o f  a l l  mole f r a c t i o n s .  

14. TCMAX - Maximum c r i t i c a l  tamperature. 

15. TC2 - TC(I)**2. 

16. TC3 - TCZ*TC(I). 

4. A lgor i thm:  

a )  Procedure: 

SBWR1) C a l l  ECHO 

SBWR2) Read IGRID,NC,NPHASE, ITNM, IPRNT, IDMPRT, IPUNCH , 
IPNPRT. I f  end o f  f i l e ,  stop. 

SBWR3) Read DMAX , EPSD , EPSV , FUGERR , EPSS ,STEP , ENCflR. 

SBWR4) Read C$3MP(I,J),IDC$3M,CMW,TC,ACF,CD,PC,TB, and CI f o r  
each component. 

SBWR5) Convert TC and TB t o  O F .  Ca lcu la te  ZC. 

SBWR6) I f  NC = 1, read A. 

SBWR7) I f  NC > 1 ,  c a l c u l a t e  A and read CKIJ. 

Set C K I J  = 0. 

SBWR8) Read Z,NUMl ,NUMZ,GRIDl ,GRID2, 

SBWR9) Def ine NTF ,NHF ,NPF ,TP ,HP ,PT,PH. 

SBWRlO) Normalize t h e  mole f r a c t i o n s .  

SBWR11) C a l l  EDIT. 

SBWRl2) Wri t e  headings. 
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~~ 

SBWRl3) 

SBWRl4) 

SBWRl5) 

SBWRl6) 

SBWRl7 ) 

SBWRl8) 

SBWRl9) 

If IGRID f 1 ,  calculate saturation temperatures 
at the given pressures. 

If IGRID = 1 ,  calculate saturation pressures at 
the given temperatures. 

Calculate properties at the saturation conditions. 

If IGRID # 1 , calculate the pressure-enthalpy 
grid point properties. 

If IGRID = 1 ,  calculate the pressure-temperature 
grid point properties. Go to SBWR19. 

If IPNPRT = 1 ,  call PUNBUT for punched card 
output for GEgSYS. 

Go to SBWR2. 

3 . 2  Subroutine CVHCAP 

1. Heirarchy: Called by PRPPS 

2. Functional Di scri ption : 

CVHCAP is a subroutine used to generate the specific heat at 

At this point CVHCAP constant volume for the mixture being used. 

is a dummy subroutine and merely returns a value o f  0.0 when called. 

When a suitable equation i s  derived, it can be inserted into this 

subroutine and used to calculate Cv. 

3 . 3  Subroutine DOMgUT 

1. Heirarchy: Called by VLREGM 

2 .  Functional Discription: 

DBMOUT is used to produce the output for grid points lying in 

the 2-phase region. If IDMPRT 

is set equal to anything but 1 in the input deck, the 2-phase grid 

point properties are presented as a weighted average between the 

vapor properties and the liquid properties. 

Two forms o f  output are available. 

If IDMPRT is set equal 
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t o  1, a more d e t a i l e d  d i s c r i p t i o n  o f  these g r i d  p o i n t s  i s  presented 

(see Sect ion 2.2).  

3. Var i  ab1 es : 

a)  Inpu t :  

1 . CBMM@N/CA/CBMP( 4,15) ,X( 15) ,Y (1 5) ,Z( 15) ,DG ,DL ,HG ,HL, 
SG ,SL ,TF ,V. 

2. C@MM@N/CC/CMW,CPL,CPG. 

3. C@MM@N/CT/P,T,MD,NC. 

4. C@MM@N/CZ/XLMW. 

5. C@MM@N/CX/V@LM,HMM,SMM,CPMM,CVMM. 

6. C@MM@N/ F2/ I G R I  D , I DMPRT . 
7. C@MM@N/H/ ENCaR 

b)  Output 

1 . 
2. 

I n p u t  va r iab les  COMP (4,15) ,CPMM,CVMM ,HMM,MD ,P ,SMM ,TF ,VOLM. 

CPGM - Constant pressure s p e c i f i c  heat o f  vapor. 

CPLM - Constant pressure s p e c i f i c  heat o f  l i q u i d .  

(B tu / l  b-R) . 
3. 

( B t u / l  b-R) . 
4. CVGM - Constant volume s p e c i f i c  heat o f  vapor. 

(Btu/hr-R) . 
CVLM - Constant volume s p e c i f i c  heat o f  l i q u i d .  
(Btu/hr-R).  

HGM - Vapor enthalpy (B tu / l b ) .  

HLM - L i q u i d  enthalpy (B tu / l b ) .  

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

LM - Weight percent  o f  l i q u i d  present  i n  2-phase mix tu re .  

SGM - Vapor ent ropy (Btu/ lb-R) .  

SLM - L i q u i d  ent ropy (Btu/ lb-R) .  
3 

VGM - Vapor s p e c i f i c  volume ( f t  / l b ) .  

VLM - L i q u i d  s p e c i f i c  volume ( f t  / l b ) .  
3 
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13. 

14. 

15. 

VM - Weight percent  o f  vapor present  i n  2-phase mix tu re .  

XM - Weight percent  o f  g iven component i n  t h e  l i q u i d .  

YM - Weight percent  o f  g iven component i n  the  vapor. 

c )  In termediate:  

1. 

2. J - Loop counter .  

3. 

4. 

5. 

I - Loop counter  and component i d e n t i f i c a t i o n  number. 

XMW - L i q u i d  molecular  weight.  

YMW - Vapor molecular  weight.  

ZMW - M ix tu re  molecular  weight.  

4. A lgor i thm:  

a )  Procedure 

D@MP)l) I n i t i a l i z e  ZMW,XMW,YMW,TF 

DP)MP)Z) I f  IDMPRT = 0 go t o  DBMP)lO. 

DP)MP)3) Wr i te  heading. 

DP)M@4) I f  I G R I D  = 0, w r i t e  P-T heading. Go t o  DBML46. 

DPMP5) 

DP)MP)6) 

I f  I G R I D  = 1, w r i t e  P-H heading. 

Cal c u l  a t e  ZMW ,XMW , YMW. 

Go t o  DBMg6. 

DP)MP)7) 

DP)MP)8) 

Ca lcu la te  and w r i t e  VM and LM. 

Ca lcu la te  and w r i t e  XM and YM. 

DgMJd9) Cal c u l  a t e  and w r i t e  VLM ,HLM ,HGM ,SLM ,SGM ,CPLM , 
CPGM,CVLM,CVGM,VLM,VGM. Wr i te  TF,P,MD. Return. 

DP)M@l 0) Wr i te  TF ,P ,VP)LM ,HMM ,SMM ,CPMM,CVMM ,MD. Return. 
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3.4 Subrout ine ECHP) 

1. Hei rarchy:  Ca l l ed  by SBWR 

2. Funct ional  D i s c r i p t i o n :  

Subrout ine ECHB i s  used t o  reproduce t h e  i n p u t  deck on t h e  l i n e  

p r i n t e r  i n  the  same format  used on t h e  cards. Th is  prov ides a qu ick  

means o f  checking t h e  i n p u t  deck i f  a problem a r i ses .  

3. Var iab les:  

a )  I npu t :  

1. DATA - Alphanumeric v a r i a b l e  con ta in ing  t h e  i n f o r -  
mat ion on t h e  i n p u t  card.  

b )  Output: 

1. DATA - Same as above. 

c )  In te rmed ia te :  

1. I - Loop counter .  

2. ILINE - Counter t o  keep t r a c k  o f  t h e  number o f  cards 
read. 

3. N I T  - I n p u t  dev ice number. 

4. 

4. A lgor i thm:  

NBT - Output dev ice number. 

a )  Procedure: 

ECHP)l) 

ECHB2) 

Wri t e  headi ng . 
Def ine  N I T  and NP)T and i n i t i l i z e  ILINE. 

ECHB3) Read DATA. 

ECHP)4) Increment ILINE. 

I f  end o f  f i l e  reached, go t o  ECHB6. 

ECHg5) Wr i te  IL INE and DATA. Go t o  ECHB3. 

ECHJd6) Backspace i n p u t  f i l e  t o  beginn ing o f  t he  f i l e .  
Return. 
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3.5 Subroutine EDIT 

1 .  Heirarchy: Called by SBWR 

2.  Functional Discription: 

Subroutine EDIT provides a second check on the i n p u t  deck. 

The i n p u t  parameter names a re  printed o u t  along w i t h  t h e i r  associated 

values as stored i n  the computer memory. 

se t t ing  up the i n p u t  deck, i t  should show up i n  this output. 

I f  a mistake i s  made i n  

3. Variables: 

a )  Input: 

1. 

b) Output: 

All parameters i n p u t  through the i n p u t  deck. 

1 .  All i n p u t  parameters. 

c )  Intermediate: 

1 .  I - Loop counter. 

2.  J - Loop counter. 

4. A1 gori t h m :  

a )  Procedure: 

EDIT1 ) Write heading. 

EDIT2) Write IGRID,NC,NPHASE,ITNM,IPRNT,IDMPRT,IPUNCH, 
I PNPRT. 

EDIT3) Write DMAX,EPSD,EPSV,FUGERR,EPSS,STEP,ENC@R. 

EDIT4) Write TPHIN,ISWT. 

EDIT5) Write C~MP,IDC~M,CMW,TC,ACF,CD,PC,TB, and CI f o r  each 
component. 

EDITG) Write A (  I ,J). 

EDIT7) Write CaMP and Z f o r  each component. 

EDIT8) Write NUMl and N U M 2 .  

30 



EDIT9) Write GRID1 . 
EDITl 0 )  Wri t e  GRID2. 

EDITl 1 ) Return. 

3.6 Subroutine PBPM 

1 .  Heirarchy: Called by SBWR. 

Calls DEWBUB,PDPBPM. 

2 .  Functional Discription: 

PBPM is  used t o  calculate  the bubble point pressure when temp- 

erature  i s  given f o r  mixtures of 2 or  more components. Subroutine 

PDPBPM i s  called to  generate an i n i t i a l  guess of the bubble point 

pressure. Control i s  then sent t o  subroutine DEWBUB t o  determine 

the actual bubble point. 

3 .  Variables: 

a )  I n p u t :  

1 . 
2.  C@MM@N/CT/P,T,NC. 

C@MM@N/CJ/ZC ( 1 5 )  , PC ( 1 5 )  ,TC ( 1 5 ) .  

3 .  CDMM@N/XYZ/PDPBPI. 

b)  O u t p u t :  

1 .  A K ( 1 )  - E q u i l i b r i u m  constant fo r  component I .  

2. NTYPE - Flag t o  specify bubble point or dew point 
search in DEWBUB. 

3.  PF - Pressure sent t o  DEWBUB. 

c )  Intermediate: 

1 .  I - Loop counter. 

2. IFLAG - Dummy variable.  

3 .  TR - Reduced temperature. 
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4. A lgor i thm:  

a) Basis: 

The equat ion used t o  c a l c u l a t e  t h e  e q u i l i b r i u m  constants  

assumes t h a t  t he  m ix tu re  behaves as an i d e a l  s o l u t i o n  w i t h  l i q u i d  

i n  e q u i l i b r i u m  w i t h  an i d e a l  gas. Under these r e s t r i c t i o n s ,  t h e  

e q u i l i b r i u m  constant  f o r  component I can be expressed as the  vapor 

pressure o f  component I d i v i d e d  by t h e  t o t a l  pressure. 

pressure o f  component I can be c a l c u l a t e d  from t h e  genera l i zed  

reduced vapor equat ion:  

The vapor 

P~~~~~ = (PC ( I  )*EXP{ 2.3026*[ (1 6.25-73.85*ZC( I)+9O*ZC( I)**2) 

* ( (TR- 1 ) /TR) - lo** (-8.68* (TR- 1 .8+6.2*ZC ( I )**2) ) ] } 

The e q u i l i b r i u m  constant  can then be c a l c u l a t e d  by d i v i d i n g  PVApOR 

by t h e  t o t a l  system pressure (P),  o r :  

AK(I)  = PvApoR/P 

b )  Procedure: 

PBPM1) I n i t i a l i z e  P and NTYPE. 

PBPM2) 

PBPM3) C a l l  PDPBPM f o r  i n i t i a l  bubble p o i n t  

PBPM4) C a l l  DEWBUB t o  c a l c u l a t e  actua bubb 

PBPMS) Return. 

Ca lcu la te  AK( I )  f o r  each component. 

3.7 Subrout ine PDPBPM 

1.  Hei rarchy:  Ca l l ed  by PBPM,PDPM 

2 .  Funct ional  D i s c r i p t i o n :  

PDPBPM i s  used t o  generate an i n i t i a l  guess o f  t h e  

bubble p o i n t  pressure a t  a g iven temperature f o r  use i n  

PBPM and PDPM. 
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3. Var iab les:  

a )  I npu t :  

1. C(JMM!JN/CA/Z( 15).  

2. C!JMMgN/CT/AK(15) ,P,NC. 

b )  Output: 

1. PDPBPI - I n i t i a l  est imate o f  pressure.  

c )  In te rmed ia te :  

1. I - Loop counter.  

2. P B P I  - In te rmed ia te  bubble p o i n t  pressure.  

3. P D P I  - In te rmed ia te  dew p o i n t  pressure.  

4. A lgor i thm:  

a )  Basis:  

Using t h e  i d e a l  e q u i l i b r i u m  constants  c a l c u l a t e d  i n  PBPM and 

PDPM, est imates o f  t he  bubble p o i n t  and dew p o i n t  pressures can be 

made. For a bubble p o i n t :  

P B P I  = AK( I ) * Z (  I ) *P  

and f o r  a dew p o i n t :  

[ (AK~L 3 -’ P D P I  = 

These values are  then averaged and t h e  r e s u l t i n g  pressure i s  r e -  

tu rned t o  the  c a l l i n g  subrout ine.  

b )  Procedure: 

PDPB1) I n i t i a l i z e  P B P I  and PDPI  

PDPBZ) Ca lcu la te  PBPI and PDPI .  

PDPB3) Cal c u l  a t e  PDPBPI . 
PDBB4) Return. 

33 



3.8 Subroutine PDPM 

1 .  Heirarchy: Called by SBWR. 

Calls DEWBUB,PDPBPM 

2. Functional Discri ption : 

PDPM i s  used t o  calculate  the dew point pressure when temp- 

erature  i s  given fo r  mixtures of two or more compontnes. Subroutine 

PDPBPM i s  called t o  generate an i n i t i a l  guess of the dew point pres- 

sure. 

actual dew p o i n t .  

Control i s  then sent t o  subroutine DEWBUB t o  determine the 

3 .  Variables: 

a )  Input: 

1 . 
2.  C@MM@N/CT/P ,T  , NC. 

CQMMdN/CK/ZC (1 5) , PC ( 1 5)  ,TC (1 5 ) .  

3 .  C ~ M M ~ N / X Y Z / P D P B P I  

b )  O u t p u t :  

1 .  

2 .  

AK(1) - Equilibrium constant fo r  component I .  

NTYPE - Flag t o  specify bubble point or dew point 
search i n  DEWBUB. 

3 .  PF - Pressure sent t o  DEWBUB. 

c )  Intermediate: 

1 .  I - Loop counter. 

2 .  IFLAG - Dummy variable.  

3 .  TR - Reduced temperature. 

4. Algorithm: 

a )  Basis: 

The equation used t o  calculate  the equilibrium constants in 

PDPM i s  the same as  the equation used i n  PBPM. 

, 
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b )  Procedure: 

PDPMI) I n i t i a l i z e  P and NTYPE. 

PDPM2) Calculate AK(1) fo r  each component. 

PDPM3) Call PDPBPM fo r  i n i t i a l  dew point pressure. 

PDPM4) Call DEWBUB t o  calculate  actual bubble p o i n t  pressure. 

PDPM5) Return. 

3.9 Subroutine PROPS 

1 .  Heirarchy: Called by SBWR 

Ca 1 1 s BWRC , CVHCAP , DHFP , HSCP . 
2. Functional Discription: 

Subrout ine PRPPS i s  called to  evaluate g r i d  p o i n t  properties a t  

points outside of the 2-phase dome. 

modified Benedict-Webb-Rubin equation of s t a t e  are  called from BWRC 

and sent t o  DHFP,HSCP, and CVHCAP where the properties a re  evaluated. 

Coefficients for  the Star l ing 

The properties a r e  then converted t o  units based on mass rather  t h a n  

moles. A p r in t  f lag  ( F L A G )  i s  a lso provided t o  pr in t  o u t  the cal-  

culated properties when desired. 

3. Variables: 

a )  Inpu t :  

1 .  CVMMBN/CA/TF 

2. COMMON/CC/HC,SC,CP 

3 .  CDMMON/ CT/ DC , P , MD NC , T 

4. CSMM@N/CZ/XLMW,CV 

5. COMMON/H/ENCBR 

6. FLAG - Print f lag.  FLAG = 0 produces output. 
Anything e l se  supresses output. 
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b )  Output: 

1. 

2. CP - Constant pressure s p e c i f i c  heat. (Btu/lb-OR) 

3. CV - Constant volume s p e c i f i c  heat.  (Btu/lb-OR) 

4. H - Enthalpy. (Btu/lb-OR) 

5. 5 - Entropy. (Btu/lb-OR) 

6. V - S p e c i f i c  volume. ( f t 3 / l b )  

I n p u t  v a r i a b l e s  TF,P, and MD. 

4. A lgor i thm:  

a )  Procedure: 

PROP1 ) 

PROPZ) C a l l  BWRC f o r  equat ion o f  s t a t e  c o e f f i c i e n t s .  

PROP3) C a l l  DHFP f o r  d e n s i t y  a t  g iven T and P. 

PRgP4) C a l l  HSCP f o r  remaining p r o p e r t i e s .  

PROP5) 

PROP6) 

PROP7) Return. 

I f  NC = 1, go t o  PRlJP3. 

Convert p r o p e r t i e s  t o  mass bas is .  

I f  FLAG - 0, w r i t e  TF,P,V,H,S,CP,CV,MD. 

3.10 Subrout ine PUNOUT 

1. Hei rarchy:  Ca l l ed  by SBWR 

2. Funct ional  D i s c r i p t i o n :  

PUNOUT i s  used t o  produce t h e  punched ca rd  ou tpu t  f o r  use i n  

The ou tpu t  sent  t o  t h e  ca rd  punch the  computer program GEflSYS'3). 

i s  a l s o  sent  t o  t h e  l i n e  p r i n t e r  f o r  easy reference.  

i n f o r m a t i o n  concerning t h e  output ,  see Sect ion 2.2. 

For a d d i t i o n a l  
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3. Variables: 

a )  Input 

1 . CgMMgN/Fl /TGRI D (30 30) , SGRI D (30 30) ,VGRI D (30 , 30) 
CPGRID (30 , 30) , CVGRI D ( 30 , 30) I PUNCH ,NPF ,NHF . 

b )  O u t p u t :  

1. All i n p u t  variables.  

c )  Intermediate: 

1. I - Loop counter. 

2. J - Loop counter. 

4. A1 gori t h m :  

a )  Procedure: 

PUN01 ) Wri t e  headi ng . 
PUN&?) Write TGRID. 

PUNJd3) Write SGRID. 

PUNJd4) Write VGRID. 

PUNo5) Write CPGRID. 

PUNg6) Return. 

Note: All o f  the above write statements imply w r i t i n g  on the 

l i n e  pr in te r .  I f  IPUNCH = 1 ,  the variables a re  a lso punched on cards. 
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3.11 Subroutine TDPBPM 

1 .  Hierarchy: Called by: SBWR 

Calls: ITER 

2. Functional Discription: 

TDPBPM i s  used t o  generate an estimate of the dew point temp- 

erature  and the bubble point temperature for  a given pressure when 

a pressure-enthalpy grid i s  being used fo r  a mixture of two or more 

f lu ids .  These estimates a re  returned t o  SBWR where they are  used 

as i n i t i a l  guesses fo r  the dew point and bubble p o i n t  searches. 

3. Variables: 

a )  Input: 

1 .  COMMON/CA/Z( 15) .  

2. 

3. COMMON/CT/AK(15),T,NC,P. 

COMMON/CK/ZC ( 1 5) , PC ( 1 5) ,TC (1 5 ) .  

4. COMMON/CZ/TB(15). 

5. PHI11 - Pressure a t  which dew p o i n t  and bubble p o i n t  
temperatures a re  sought .  

b )  O u t p u t :  

1 .  TDPI - Dew point temperature estimate. 

2. TBPI - Bubble p o i n t  temperature estimate. 

c )  Intermediate: 

1 .  FLAG - Closure f lag  from ITER. 

2 .  

3. 

I - Component sequence number. 

IZMAX - Sequence number o f  component w i t h  l a rges t  
mole fract ion.  

4. P - Intermediate pressure. 

5. PB - 1 atmosphere pressure, 14.696 psia. 
n 
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6. PBPI - Intermediate bubble point pressure. 
7. PDPI - Intermediate dew point pressure. 
8. 

9. ZA - Intermediate value. 
10. ZB - Intermediate value. 
11. ZMAX - Largest component mole fraction in the mixture 

TR - Reduced temperature (T/TC). 

4. A1 gori thm: 

a) Basis: 

initially the component with the largest mole fraction is 

identified and it's sequence identification number is noted along 

with it's mole fraction. A first guess of both the bubble point 

(B.P.) and dew point (D.P.) temperature can then be calculated for 

this component from the equations: 
Ln (- pc 1 

PB 
1 ZB = 

(E- - T r )  

ZB PB 
TB ZA = - t Ln(7) 

T = ZB/ZA 

Using this temperature a B.P. Pressure and a D.P. pressure can 

be calculated from the equations: 

PBPI = (AK( I)*Z( I)*P) 
1 

These pressures are compared in ITER with the desired pressure 

(PHIII) , and a new temperature guess is generated. 
continues until the pressures match, yeilding the B.P. and D.P. 

temperatures. 

The iteration 

Since these temperatures are only estimates of the 
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actual B . P .  and D.P.  temperatures, the closure tolerance in ITER 

i s  s e t  ra ther  large ( i e .  5.E-2). 

b )  Procedure: 

TDPB1) Determine which component has the la rges t  mole 
f rac t ion .  

TDPB2) Calculate i n i t i a l  temperature guess ( T )  . 
TDPB3) Calculate B . P .  pressure a t  T. 

TDPB4) Call ITER t o  compare PBPI w i t h  PHIII and t o  

I f  not go t o  TDPB3. 
calculate  new T. I f  w i t h i n  tolerances,  go t o  
TDPB5. 

TDPB5) TBPI = T. 

TDPB6) Calculate D.P .  pressure a t  T. 

TDPB7) Call ITER t o  compare PDPI w i t h  PHIII and t o  

I f  not go t o  TDPB6. 
calculate  new T.  I f  w i t h i n  tolerances,  go t o  
TDPB8. 

TDPB8) TDPI = T. 

TDPB9) Return. 

3.12 Subroutine VAPRES 

1. Heirarchy: Called by SBWR 

Call s DHFP ,HSCP 

2.  Functional Discription: 

Subroutine VAPRES i s  used t o  determine the saturation pressure 

a t  a g iven  temperature f o r  s ingle  component systems. An i t e r a t i v e  

search is  used t o  locate th i s  pressure. Closure i s  defined as  the 

pressure a t  which the fugacity of the l iquid i s  equal t o  the fugacity 

o f  the vapor. The fugaci t ies  a re  a lso used t o  update the pressure 

estimate. I f  the i t e r a t ion  does not close w i t h i n  20 attempts, a 

message is  printed t o  the user. 
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3 .  Variables: 

a) Input: 

1. CfBMMfBN/CC/CfBNV,NC,SC. 

2. CfBMMldN/CK/PC(15),TC(15). 

3. CVMI'@N/ CT/ R , T . 
4. CldMMldN/CZ/TB(15). . 

5. C@MMfBN/CY/HIDEAL,SIDEAL. 

b) Output: 

1. P - Saturation pressure. 
c) Intermediate: 

1. FUG - Vapor fugacity. 

2. 'FUL - Liquid fugacity. 
3. J - Loop counter. 

4. MD - Phase flag. MD = 0 implies vapor. MD = -1 
imp1 ies 1 iquid. 

5. PB - 14.696 psia. 

6. ZA - Intermediate value in initial pressure guess. 

7. ZB - Intermediate value in initial pressure guess. 
4. A1 gori t h m :  

a) Basis: 

The initial guess for the saturation pressure is calculated 

from the equations: 

ln(PC) - ln(PB) 
1 9 (TB -T€-  

ZB = 

ZB 
TB ZA = ln(PB) + - 

P = EXP(ZA - ZB ) 
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With t h i s  pressure and the given temperature, subroutines DHFP and 

HSCP are  called t o  obtain values fo r  HC,SC,HIDEAL, and SIDEAL as- 

suming a l iquid s t a t e  ex i s t s  and assuming a vapor s t a t e  ex is t s .  

From this the fugacity o f  the l iquid ( F U L )  and the fugacity of the 

vapor ( F U G )  are  calculated. I f  the fugaci t ies  are  equal, the sa t -  

uration pressure has been found and i s  returned t o  SBWR. If they 

a re  not equal the pressure estimate i s  updated using the equation: 

FUL p = p * -  FUG 

and the i te ra t ion  continues. 

b )  Procedure : 

VAPR1)  Calculate i n i t i a l  pressure guess. 

VAPRZ)  Call DHFP and HSCP fo r  MD = 0. 
I:--- _-. I . . . 

VAPR3) Cal cul a t e  FUG.  

VAPP.4) Call DHFP and HSCP f o r  MD = -1. 

VAPR5) Calculate F U L .  

VAPR6) 

VAPR7) Update pressure estimate. 

I f  (FUL - FUG)/ ( F U G )  < .0001-,--.return. ~ , ' , - E  -_  . 

VAPR8) Check for  maximum number of i t e ra t ions .  If J l e s s  
than 20, go t o  VAPR2. 

VAPRS) Write nonclosure message. 

VAPRl 0 )  Return. 

3.13 Subroutine VATEMP 

1 .  Heirarchy: Called by SBWR 

Call s DHFP ,HSCP 

2.  Functional Discription: 
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Subroutine VATEMP is used to determine the saturation temp- 

erature at a given pressure for single component systems. 

iterative search is used to locate this temperature. 

An 

Closure is 

defined as the temperature at which the fugacity of the liquid 

is equal to the fugacity of the vapor. 

estimate are determined using the standard secant method. 

Updates to the temperature 

If the 

iteration does not close within 20 attempts, a message is printed 

to the user. 

3. Variables: 

a) Input: 

1. C@MMflN/CC/C@NV,HC,SC. 

2. CgMM@N/CK/PC (1 5) ,TC (1 5). 

3.  CJbMM@N/ CT/ R , P 

4. CgMM@N/CZ/TB(15). 

5. CJbMM@N/CY/HI DEAL ,SI DEAL 

b) Output: 

1. T - Saturation temperature. 

c) Intermediate: 

1. FUG - Vapor fugacity. 
2. 

3. FUL - Liquid fugacity. 
4. 

FUGAC(1) - Vapor fugacity for iteration number I. 

FULAC(1) - Liquid fugacity for iteration number I. 

5. I - Loop counter. 

6. MD - Phase flag. MD = 0 implies vapor. 
MD = -1 implies liquid. 

7. PB - 14,696 psia. 

8. SLBPE - Factor used for updating temperature estimate. 
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9. 

10. ZA - In te rmed ia te  va lue  i n  i n i t i a l  temperature guess. 

11. ZB - In te rmed ia te  va lue i n  i n i t i a l  temperature guess. 

TEMP(1) - New quess f o r  temperature. 

4. A lgor i thm:  

a)  Basis:  

The i n i t i a l  guess f o r  t h e  s a t u r a t i o n  temperature i s  c a l c u l a t e d  

from t h e  equat ions:  

ZB = 

ZA = 

Ln(PC) -Ln(PB) 

(Tk - T C  l )  

E +  Ln (7) PB 
TB 

T = ZB/ZA 

Wi th t h i s  temperature and t h e  g i ven  pressure,  subrout ines DHFP and 

HSCP a r e  c a l l e d  t o  o b t a i n  values f o r  HC,SC,HIDEAL, and SIDEAL 

assuming a l i q u i d  s t a t e  e x i s t s  and assuming a vapor s t a t e  e x i s t s .  

From t h i s  t h e  f u g a c i t y  o f  t h e  l i q u i d  and t h e  fugac i t y  o f  t h e  vapor 

a r e  ca l cu la ted .  I f  t h e  f u g a c i t i e s  a re  equal, t h e  s a t u r a t i o n  

temperature has been found and i s  re tu rned  t o  SBWR. I f  they  are  

n o t  equal t h e  temperature es t imate  i s  updated and t h e  i t e r a t i o n  

cont inues.  For t h e  f i r s t  update t h e  temperature i s  increased by 

1 .O"F. A l l  f o l l o w i n g  updates a r e  c a l c u l a t e d  from t h e  f o l l o w i n g  

equat ions:  
FUGAC(I)-FULAC(I)-FUGAC(I-1)+FULAC(I-1) SLOPE = 

TEMP( I t 1  ) = 

TEMP ( I )-TEMP ( 1-1 ) 
SLOPE * TEMP(I)-FUGAC(I)+FULAC(I) 

SLOPE 

b)  Procedure : 

VATEl ) Ca lcu la te  i n i  t i a1 temperature guess. 
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VATE2) C a l l  DHFP and HSCP f o r  MD = 0. 

VATE3) Ca lcu la te  FUG. 

VATE4) Ca l l  DHFP and HSCP f o r  MD = -1. 

VATE5) Ca lcu la te  FUL. 

VATE6) I f  (FUL - FUG)/(FUG) < .0001, r e t u r n .  

VATE7) 

VATE8) Ca lcu la te  new temperature guess. 

VATE9) 

VATEl 0) Wr i te  noncl osure message. 

VATEl 1 ) Return. 

I f  I = 1, TEMP(2) = TEMP(1)+1.0, go t o  VATEZ. 

I f  I < 20, go t o  VATE2. 

3.14 Subrout ine VLREGM 

1. Hei rarchy:  Ca l led  by SBWR 

C a l l s  DflM@UT,KI,PHASE 

2. Funct ional  D i s c r i p t i o n :  

Subrout ine VLREGM i s  c a l l e d  t o  c a l c u l a t e  g r i d  p o i n t  p r o p e r t i e s  

l y i n g  i n  t h e  two phase reg ion  f o r  mix tu res  w i t h  two o r  more com- 

ponents. 

a re  sent  t o  DgMflUT t o  be p r i n t e d .  

These p r o p e r t i e s  a re  re tu rned  t o  SBWR and i f  f lagged 

3. Var iab les :  

a )  I npu t :  

1 . 
2 .  C0MM0N/CC/CPM 

3. C0MM0N/CZ/XLMW 

4. CflMMaN/H/ENCf)R 

5. FLAG - P r i n t  f l a g .  Anyth ing b u t  0 supresses output .  

C0MMBN/CA/ DG , DL , HM , SM , V 
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b )  Output: 

1. CPMM - Constant pressure s p e c i f i c  heat o f  2-phase 

CVMM - Constant volume s p e c i f i c  heat o f  2-phase 

HMM - Enthalpy o f  2-phase m ix tu re  (B tu / lb ) .  

m ix tu re  ( B t u / l  b-OR). 

m ix tu re  ( B t u / l  b-OR). 
2. 

3. 

4. MD - Phase f l a g .  

5. 

6. 

MD = 2 imp l i es  2-phase reg ion .  

SMM - Entropy o f  2-phase m i x t u r e  (Btuj lb-OR) 

VlbLM - S p e c i f i c  volume o f  2-phase m ix tu re  
( f t 3 / 1  b )  . 

4. A l g o r i t h i m :  

a)  Procedure: 

VLkG1) C a l l  K I  t o  c a l c u l a t e  equi  1 i b r i  urn constants .  

VLRG2) CaJ 1 PHASE t o  c a l c u l a t e  2-phase p r o p e r t i e s .  

VLRG3) 

VLRG4) I f  FLAG = 0, c a l l  DOMOUT t o  p r i n t  r e s u l t s .  

Convert m i x t u r e  p r o p e r t i e s  t o  mass bas is .  

VLRG5) Return 

3.15 BLOCK DATA 

The va r iab les  i n i  t i a  

B(1, l )  = 0.44369EO 
B(1,2) = 1.2844EO 
B(1,3) = 0.35631EO 
B(1,4) = 0.54498EO 
B(1,5) = 0.52863EO 
B(1,6) = 0.48401EO ' 

B(2, l )  = 0.11545EO 
B(2,2) = 0.92073EO 
B(2,3) = 1.7087E0 

B(2,5) = 0.34926EO 
B(2,6) = 0.75413EO 

ISWT(1) = 0.0 
ISWT(2) = 0.0 
ISWT(3) = 0.0 

B(2,4) =-O,2709EO 

i z e  i n  BLOCK DATA a re  shown below: 

B(1,7) = 0.070523EO 
B(1,8) = 0.50409EO 
B ( l  ,9) = 0.030745EO 
B ( l  , l o ) =  0.073283EO 
B (  1,11)= 0.00645EO 

B(2,7) =-0.044448EO 
B(2,8) = 1.3224E0 
B(2,9) = 0.17943EO 
B (  2,10)= 0.46349EO 
B( 2,11)= 0.022143EO 

ISWT(4) = 0.0 
ISWT(5) = 0.0 
ISWT(6) = 0.0 
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EPS(1)  = 5.E-5 
EPS(2)  = 5.E-5 
EPS(3)  = 5.E-5 

M I N X ( 1 )  = 0.0 
M I N X ( 2 )  = 0.0 
M I N X ( 3 )  = 0.0 

MAXX(1) = 2.E3 
MAXX(2) = 2.E3 
MAXX(3) = 2.E3 

P C N T l ( 1 )  = 5.E-2 
P C N T l ( 2 )  = 5. E-3 
P C N T l ( 3 )  = 5. E-3 

PCNTN(1) = 1. EO 

PCNTN(3) = 1.EO 
P C N T N ~ )  = LEO 

I C N T ( 1 )  - 0.0 
I C N T ~ )  = 0.0 
I C N T ( 3 )  = 0.0 

I T F ( 1 )  = 1.0 
I T F ( 2 )  = 1 .O 
I T F ( 3 )  = 1.0 

XNAM(1) = TGUESS 

XNAM(3) = TBPM 
XNAM(Z) = TDPM 

YNAM(1) = HGUESS 
YNAM(2) = PDPM 
YNAM(3) = PBPM 

EPS(4)  = 5.E-5 
EPS(5)  = 5.E-2 
EPS(6)  = 5.E-2 

M I N X ( 4 )  = 0.0 
M I N X ( 5 )  = 0.0 
M I N X ( 6 )  = 0.0 

MAXX(4) = 2.E3 
MAXX(5) = 2.E3 
MAXX(6) = 2.E3 

P C N T l ( 4 )  = 5.E-3 
P C N T l ( 5 )  = 1. E-3 
P C N T l ( 6 )  = 1 .E-3 

PCNTNI41 = 1.EO 
PCNTN 5 = 1.EO 
PCNTN(6) = 1.EO 

I C N T ( 4 )  = 0.0 
I C N T ( 5 )  = 0.0 
I C N T ( 6 )  = 0.0 

I T F ( 4 )  = 1.0 
I T F ( 5 )  = 1 .O 
I T F ( 6 )  = 1.0 

XNAM(4) = TVLR 
XNAM(5) = TBPGES 
XMAN(6) = TDPGES 

MI = 9.EO 

NE = 19.EO 
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YNAM(4) = HVLR 
YNAM(5) = PRES 
YNAM(6) = PRES 
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APPENDIX A 

INPUT SUMMARY 
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INPUT PARAMETERS 

Card # Format Fortran Variable 

1 815 IGRID , N C  ,NPHASE , ITNM, IPRNT,  
IDNPRT , I P U N C H ,  I PNPRT 

2 8F10.6 DMAX,EPSD,EPSV,FUGERR,EPSS 
STEP,ENCJdR 

3 8F10.6 TPHIN , (ISWT( I )  , I = l , 6 )  

4* 4A4,14,6F10.6 ( c aliip ( J , I , J = 1 ,4  , I DC OM I , CMW ( I , 
T C ( I ) , A C F ( I ) , C D ( I ) , P C ( I  i , T B ( I )  

5* ZF9.6,4E13.6,FlO.G (CI(1 , J )  ,J=1,7) 

6** 6F13.6 ( A (  I , J )  , J = I  ,NPARM) 

7*** 8F10.6 ( C K I J ( I  , J )  , J = I J , N C )  

8 8F10.6 (Z(I),I=l,NC) 

9 815 N U M l  , N U M 2  

10 8F10.6 ( G R I D ~ ( I ) , I = I , N U M I )  

11 8F10.6 (GRID2( I )  , I = l  , N U M Z )  

* Cards number 4 and 5 must be repeated f o r  each component 

** Card number 6 used only for  s ing le  component systems 

*** Card number 7 used only fo r  N C > 1  
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Variable Name Definition 

IGRID Grid f lag:  IGRID=O+PH GRID 
IGRID=l+PT GRID 

NC Number of components i n  mixture 

NPHASE Minimum number of i t e ra t ions  i n  PHASE 

I TNM 

IPRNT 

I DMPRT 

IPUNCH 

IPNPRT 

DMAX 

Maximum number of i t e ra t ions  i n  SEARCH,  
DHFP,  and FLASH (ITNM<30) - 

Debug write control;  anything b u t  blank 
or  zero produces printout 

Print f lag  fo r  additional 2-phase infor- 
mation, IDMPRT=O produces normal output 
IDMPRT=l produces detai led 2-phase printout 

Punch f lag .  
GEgSYS. Anything e l s e  resu l t s  i n  no 
punched output. 

IPUNCH=l punches cards f o r  

Pr in t  f lag .  
t o  card punch. A n y t h i n g  e l s e  r e su l t s  
in  no pr intout  f o r  this  section. 

IPNPRT=l pr ints  output sent  

Maximum molar density anticipated f o r  
the system. DMAX=2.0 

EPSD DHFP convergence f o r  densi t ies  (Ap/p ) ; O .  5E-4 

EPSV FLASH convergence; 0.1E-3 

FUGERR Fugacity convergence; 0.2E-3 

EPSS SEARCH convergence; 0.2E-3 

STEP 

ENCOR 

TPHIN 

ISNT ( I ) 

SEARCH False position i n i t i a l  s tep  size; 
1.0002 

Correction fac tor  f o r  enthalpies.  Needed 
t o  produce output consistent w i t h  published 
tab1 es ( B t u / l  b )  

I n i t i a l  temp. guess f o r  g r i d  calculations 
( O R )  (Use m i n i m u m  temp. i n  the g r i d )  Used 
only w i t h  P-H GRID 

Print f l ag  f o r  ITER loop I .  
b u t  0 or  blank produces output. 

Anything 

COMP( I , J )  Up t o  16 characters f o r  component name 

A- 2 

n 



Variable Name Definition --- 

IDCjJM( I )  Sequence I ,  D .  nuniter f o r  coniponent 

CMW ( I ) 

TC(I) Component c r i t i c a l  temp. ( O F )  

Component mol ecul or wei g h t 

A C F (  I )  

C D (  1) 

kccentric Factor of Coiiiponent 

Coniponent Cri t ical  Density (mole/ft3) 

PC(I) component Cr i t ica l  pressure (ps ia )  

CI ( I  , < I )  

Component Boiling temp. a t  atmospheric 
pressure ( F )  

Ideal Gas Polynomial Coefficients f o r  
H and S evaluation ( I  & EC Process 
Design and Development, Vol. 11, Page 543) 

Coefficients in modified BWR equation 
(Fluid Thermodynamic Properties f o r  Light 
Petrol eum Sys teiiis, K .  E .  S t a r 1  i ng ) 

CKIJ( I , J )  Interact  i on parameters 

Z( I )  Component Mole f rac t ions  

N U M  1 Number of Teiriperature o r  Enthalpy 
g r i d  1 ines 

N U b l 2  Number o f  Pressure g r i d  l i nes  

G R I D 1 (  I )  Temperature o r  E n t h a l p y  g r i d  l ines  (OF 
or B t u / l  b. ) 

GRID?( I )  Pressure Grid l ines  (ps i a )  

A-3 



APPENDIX B 

PROGRAM HIERARCHY 

B- i 
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APPENDIX C 

PROGRAM LISTING AND SAMPLE RUN 
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1 3 3  

142 * A C F ( L .  

S B k 2 0 6 5 0  
S B I J R 0 6 6 C  
SBhR067C 
SBWK0680 
SBiiRa690 
SBNR0700 
S B W K 0 7 1 0  
SBwRr)720  
S B w R Q 7 3 1 i  
SBkdR0740 
S f i w R 0 7 f O  
S BulRO 76C 
SBwH0770 
S B W R 0 7 8 O  
SBkRU790 
S B k K O t l O O  
S B L i R O t l O  
SBWR0620 
S B k K O b 3 0  5 f 3 W  R O  840 

S B W K O 8 S C  
St3ruK0860 
SBk’RU87C 

C D Z  
I C 2  /C 
2 / C D 2  
3 * T C Z /  

D ( I )  
c o i r )  163 

0 
I N 1 7 2  

J , N C  
C K I J  
( Z ( 1  
N U M l  
( G K I  
( G R f  

N f f = N U t t l  
NHF-NLJM1 



C '  

0 

w 

230 
A 
B 

2 3 5  

2 4 3  

250 

2 6 3  
2 7 3  

sunz=9*  
OD 2 3 0  
S U M Z s S U  
I F ( D A B S  
I F (  A B S  
F Q R Y A T (  

* . 8 , 5 X , /  
0 0  240 
Z ( I ) = Z (  

0 

X L M d J I O .  0 
D O  2 5 0  I 
X L  ( I  ) = Z  ( 

9 3dHCOM 
POSZTIO 

2 7  

1e-6 
1e-6 

N S  H 
pasx 

V 

1 WR 
1 dR 
T l O W  
A V E  

I , T E ( 6 9 2 3 5 )  S U M Z  
I T E ( 6 9 2 3 5 1  S U M 2  
S 0 0  NOT SUM T O  1 
BEEN N O R M A L I Z E D  

W R  
2 8 3  F O  

* / ,  

I T f  ( 
R Y A T  
13x 9 
HEN T 
L O X  9 
IUI\( 

(1409 9 X ~ 1 7 8  
4 D H S P E C I F I C  
H A L P I t S  ifi B 
264s P E C  I F IC 

9 / 9 1 0 x 9  2bhM 
I M P L I € S  2-P 

T E M P G R  
V O L U M L  
Tu118 
H€ATS 
=I; IMP 
H A S €  R 

A T 3 R E  
S I N  

9 1 9 ;  
I N  B T  
L I k S  
E G I U N  

s I h  
CUB1 
0x,2 
U / L B  
v4p0 
, / / I  

F 9 /, 1 G X y  1 7 H P R E  
C F E E T  P E R  P O U N D  
l H t N T * O P I E S  I N  5 T  

SSURES 
9 / 9  l a x  

U / L d - R  
I M P L I E S  

9 X 9 1 H S  

I N  P S  
9 

h i  



D 
I 
P 

I f ( P C ( 1 )  - P C M A X I  410,410,412 

DO 4 1 1  I = l , N P f  

4 1 2  P C H A X = P C ( I )  
410 C O r U T I N U E  

P = P t i ( I )  
X F ( P e G T * P C H A X )  G O  T O  4 1 1  
I F ( N C e N E . 1 )  G O  T O  4 1 7  ~ 

C A L L '  V A T E E I P  
T D P ( X ) = T  
T B P (  I )=T 
G O  T u - b l l  

417 C A L L  T D P B P M ( T G E S l r T G E S 2 1 P ~ ( I ) )  

407 C A L L  P D P M  
T Z T G E S l  

C A L L  I T E R  ( 2 ,  T,P,Pti( I )  j f  L A G  1 
X F ( F L A G  .NE. 0 . 0 )  G O  T O  407 
TDP( I )=T 

4 0 1  C A L L  P 0 p M  
C A L L  I T E R ( 3 r T , P r P H ( X  ) , F L A G )  
I F t F L A G  * N E *  O m i J )  G O  TO 4 0 1  
T B P (  I ) = T  
T G E S 2 = T  

411  C O N T I N U E  
G O  T3 4 9 3  

4 3 0  T C M  
DO 
I F (  

426 T C M  
4 2 5  C O N  

D O  
T = T  
If( 
I F (  
C A L  

A X - T C  ( 
4 2 5  I =  
T C ( I ) -  
A X = T C (  
T I H U E  
441 I =  
P ( 1 )  
T .GT. 
N C  * N E  
L V A P R  

P D P (  
P B P (  
G O  T 

4 4 7  C A L L  
P O P  ( 
C A L L  

1 , N T F  

T C M A X )  GO T Q  4 4 1  
1 )  G O  T O  447 

, 
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6 2 0  

6 2 5  

1 

? 
Cr 

1 

C P  
C V  

1 GO T O  

G L l t S S ,  
U 6iC: 

4.69 

0 2 3  

dGRID(  J 1, F L A G )  

T G U f  
C A L L  
T G R I  
V G R I  
s ix1  
C P G P  
C V G K  

i ,  ’ ,  

TO 6 2 0  



1 

C '  

C 
C 
c 

0 

w r  ' C  
L 
C 

A 

700 

7 G 4  

7 0 3  

7 8 2  

'7 7 5  

7 7 7  
7 7 9  

75jQ 
7 7 8  
772 

9 4 0  
t*99 

DO 
I F (  
L t K I  
WR I 
NR I 
T = T  
1 F (  
P O P  
? S i :  
D O  
P = P  
I F  ( 
M i j = t .  
G O  T O  7 7  
I k  ( P - P U P  
C A L L  V L R  
G O  T O  7 7  

I F  
G U  T O  7u4 

7 8 2 9 7 8 2 , 7 0 3  
F ) + 1 C . C  
F ) + l t i e C  
P f  

7 7 5 9 7 7 6 9 7 7 7  

4 8 9 8  PGNCH O U T P U T  * * * *  

1000 C O N T I N U E  
G O  T U  5 

20112 C O N T I N U t  
S T O P  
E N D  

1 c 

S B W R 3 G l O  
SBkiR302Ci 
SEihR363Q 
S B h K 3 0 4 0  
SBWK3050  
S B i v R 3 O C O  
S BW R 3 0 7 0  
SBkR308C 

S B w  K 3 1 W  
S B ' V I R 3 1 1 0  
bBWR3120 
S B w R3 1.30 
S B w R 3 i 4 G  
SBWR3150 
S B d R 3 1 6 0  
S B I J R 3 1 7 0  
S B w R 3 1 8 0  
S B k ' R 3 P 9 0  
SBWR3200  
S B w R 3 2 1 0  
S B J K 3 2 2 0  
S B w R 3 2 3 0  
S B k W 3 2 4 0  S B k R 3 2 5 G  

SBwR3260 
SBk 'R3270  
S ~ W R ~ Z ~ O  SBwR32YO 

S B d K 3 3 0 U  
St3kR331G 
S d d K 3 3 2 0  
SBIJR3330 
SBviR3340 
SBr iR3350  
S B h R 3 3 5 G  
S BW R 3  3 7 0  

s i m 3 0 9 0  

S B d R 3 3 6 0  
SBWR3 390 

' 13 



A 
SL, 
I N  
C O  

1 E P  
c o  
C O  c u  
C O  
C O  
c o  
c v  
R E  
E N  

BR 0 
P L I  
M M d  sv, 
M M U  
M M O  
M M U  
# M O  
M M d  
M M O  
P O  
T U R  
D 

T I N  
I T  
/ C A  
P S S  
/ C  3 
/ c c  / c u  / c  r 
/ C  Z 
/ C Y  

C V H C A ?  
E A L * B ( A - H  
C O M P  ( 4 , I f j  
F U G E K R ,  H G  

S U B R O U T I N E  D t N I E  
A l M P t l C I T  W E A L * e ( A - H , U - Z )  

A G  
P,CP 
P S D ,  
T N M t  

B k R C 0 0 8 0  
B b ( R C U G a 9 0  
E N R C O l O C  
B d R C U 1 1 0  
B W R C O  120 
B W s C G l 3 0  
B W R C 0 1 4 0  
8 1 r d R C 0 1 5 0  
B W R C 0 1 6 0  
BLiWCO 170 
B w K C 0 1 8 U  
8 W R C B  190 
A W R C O Z O O  
B W R C 0 2 1 0  
BWRC0220 
B W R C 0 2 3 0  

a w R c a 3 4 0  

C V H C O C l O  
C V H C i I C 2 C  

15 1 P DG, D L J  F S  B C V H C O C 3 0  
A S E P N T Y P E  C V H C O O 4 1 j  

C V H C G 0 5 0  
L P C P G P C P R  C V H C O G 6 0  
D M A X  P I N L G J N L G  C \ ( H C 0 0 7 0  
M D p N C ,  L P H A S E  C V H C C i O 8 0  

C V H C  GO90 
C V H C O  1C;O c \(t ic6 110 
C V H C O A Z O  c V H C C  131) 

D E N T i 3 C l 0  
D E N T O O Z C  



- 
I 

C '  

0 

W 

SUBROUT 
I F I P L I C I  
COnnON 

L E P S V ,  t P  
COMMON 
COMl'lON 
F S = O .  

13  X V t O L O G  
19 X V t A L O G  

I F  ( h l T Y  
20 V = I . Q  

3 0  3 6  1 
3 0  Y(I)=Z( 

G O  T i 3  6 
4.3 \I=t2. 

I N E  
T R  
/ C A  
SS? 
/C c 
/ C  T 

( P  1 

Pc. 

-1, 
I )  
0 

GO TO 50 
GO T O  5 0  

~ L G I  N L  
I P H A S E  

APOR 1 
H t 5 H I  

i i c 
G D E N T O C 3 0  

D E N T 0 0 4 0  
D E N T O G 5 0  
D E N T 0 8 6 E  
D E N T 0 0 7 0  
D E N T 0 0 8 0  
D E N T 0 0 9 0  
O E I v T O l O Q  
D E N T 0  110 
D E N T 3 1 2 0  
D E N T 0 1 3 0  
D E h T O l 4 C  
D E t i T 0 1 5 C .  
D € N T O  160 
DEN TO 170 
D E N T O / B C  
D E N T 0 1 9 0  
D E N T O Z e G  D E N T 0 2 1 0  

DfiNT0220 
D E N T 0 2 3 0  
D E N T 0 2 4 C  
D E N  T G 2  56 
D E F u T 3 2 6 C  
D E N T 0 2  D E N T 0 2 t i O  7U 

I D E N T i r Z 9 C  
T D E N T 0 3 0 6  

O E h T 0 3 1 0  
D E N T 0 3 3 0  D E N T 0 3 2 0  

0 
0 

, D i t F S , D  
E D 
C P M  D 
I P H A S E  0 

D 
D 
D 
0 
D 
D 
D 
0 
0 

EWbLi 
EWBQ 
EWBG 
E W B Q  
EWBO 
E w B O  
Ek80 
E N S O  
EkBO 
E k B i ;  
EWBO 
E k B O  
EWES 
E k B O  
E h B O  

ClG 
0 2 0  
G3@ 
040 
050 
G6C 
37G 
g81 
090 
AOb 
110 
12c 
136 
1 4 c  
1 5 0  



C A L L  BWKC 
O C = O L  
C A L L  HSC? 

C A L L  BWRC 
D C = i ) G  
C A L L  H S C ?  

D t k ' B C 4 4 C  
DfkBCJ45G 
D E W  BO460 
D E  k8U470  

DHF P O C i C  

c c, 





13i: 

140 

A 
H 

153 

160 

173  

C 
19? 
(?1 Q .3 

A 
A 
B 

S U B R U U T I N i  O O M U U J  

H t A L * i j  L i l  
I k? i'L I C I T R t A L + U ( A -H 9 IJ-Z 

R E A L  L Y  
COI?MI lN/C 

1 t P S V J  t P S  
COMMON/C 
C O M M U N I C  
COF.iMUN/C 
C 0 % M O N / C  
C O M Y d N / C  
COMMUN/C 
COMMDN/C 
COP1f ic )N/ f  
C U M M D N / H  
Z M W g i ) o J  

1 , X L (  12 1 I 
c v  
~ C P M M I C V M  
L 

D H F P 0 5 2 0  
D H F P O 5 3 0  
D H F P 3 5 4 0  
D H F P u 5 5 r ; t  
DHF P C 5 6 0  
D H f P C f 7 9  
D H f  P i r 5 S t  
OHFPO590 
D H F P C 6 0 &  
D H f - P C 6 1 0  
DHEPO62G 
D H F P 0 6 3 G  
D H F P Q 6 4 G  
O t i F P G 6 5 C  
D H F P O O 6 C  
D H F P G 6 7 0  
D H F P 0 6 8 0  
D H F P 0 6 9 0  
O H F P O 7 O C  
D H F P B 7 1 0  
D H f  P 3 7 2 0  
DHFP073ZI  
D H F P 3 7 4 0  
OHF P075G 

L ( 1  
J s L 
F U (  
1 5 )  
t r c  
D C Y  

( 1 5  1 t Y  (15 1 9 2  ( 1 5 1 . 9 D G ~ D L r  f S ,  
S T E P , T F , V , N P H A S t , N T Y P ~  
N P A R M e I F L A G  

Y T C ( L ~ ) J E P S D I D M A X  P I N L G I N L G  
T J  I P KNT 9 1 TNMJ M D  I NC J I P H I  5 t 
VI H C t  S C J  C P J C  P L J  C P G J  C P M  

M 

0 OM02 1 8 C  
D O Y O Q 1 9 0  
D O M 0 0 2 0 0  
0 C M f l C 2 1 0  
D O M O r 3 2 2 0  



C '  

0 
I 

w 
--I 

c 

X Y k  
YMW 

C P L M ; C P L / X M U  
C P G M = C P G / Y M k  
c V'L Y = 0 a 0 
C V G M a O a O  
V L M = l a / ( D L * X M k )  
V G M t l e / ( D G * Y M W )  
W R I T :  ( 6 9  2 2 0 )  
WR 1 T E  ( 6 9 2 4 3  1 
dR 1 T E  ( 6,266 1 
WWITEI69300) 
G O  T O  6 0  
I JR I TE ( 69 280 1 

1 F ,  P V L M t  H L M ,  S L M ,  C P L  M P  C V L  M, M D  
T f  9 P t  V G M ,  HGM, SG.'1,C P G M ,  C V G M ,  Y O  
TI-, P I  V O L M ,  HIYM, S M M ,  C P M M ,  C V M M  M i l  

59 7 f ?, VOLM,  HMt", S Y M I  C P MM 9 C V F1H 9 PlD 

I z ) D o f i o o 7 i o  
DUM0672C 
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4 

1 

A 

14 
23 
33 
4 0  

5'3 

6 1  

7 0  

5 U B K O b T  
I M P L I C l  
CUHMON 

, E P S V , E P  
C O n Y i l N  
COMMON 
C O M M O N  
I F  ( M D .  
D O  13 1 
X L ( I ) = Y  

I N E  F 
T R E A  
/ C A I  
S S P F U  
/ C B /  
/ C K /  
/ C T /  
L T . 0 )  

At< ( 1 5  AL ( 1  
GO T U  2C 

G O  T O  4 0  
D O  30 1 0 l ~ h t C  
X L I I ) = X ( I )  
C A L L  B U R C  
C A L L  O H F ?  
C A L L  F U G A  

D G s D C  
I F  ( N L G  
(30 50 1: 
F U G ( I ) =  
K t T U R N  
D L = D C  
i f  ( N L G  
D O  70 I 
F U L ( f  I =  
KCTURN 
E N D  

SUHR 
I M P L  
C O f l M  

I E P S V  
C O M M  
T E S 1  
T t S T  
D U  1 
T t S T  

113 T L S T  
I F  ( 

O U T I N  
ICIT 
ON I C  
P E P S S  
ON / C  

l N L G . 2  

I N L G = - l  

E D I T 0 5 5 0  
E D I T 0 5 6 0  
E D  I TO 570 

F F F F O Z Z O  
F F F F Q 2 3 0  
F f f  F O 2 4 O  
F F F F O 2 5 C  
F F F F O 2 6 0  
F F F F 3 2 7 C  
F F F F O 2 8 0  

i i d  S6GtE 
F L A j U C 6 0  
F L A S 3 C 9 0  
F L A S O l C G  
F L A S O l 1 0  
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4
 

X
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c-25 



5 L = '; c 
C P l = C P  
MD.0 
C A L  
I F  
C 4 L  
H G =  
SG= 
C P G  
dM= 
S I y =  

L F  
( N L G e  
L i i s c  
tic sc = c  P 
V.*HG+ 
V * ' S G +  

T O  70 

N L G 
SE 

P H A S 0 0 3 0  
PHPSOC4G 
P H A S 0 0 5 0  
P H A S  0 Cb O Q  
PHASoG8c 
P H A S 0 0 9 0  
P H A S O  I C C  
P H A S O l l L  
P HA Sb iZ G 
P HA S 0 130 
?HASG 140 
P H A S O l 5 G  
PHASOlCO 
P H A S G  170 
P h A S O i e G  
P H A S 0 1 9 0  
? t i A S J i ! G C  
P HA S i )  2 16 
P H A S 0 2 2 C  
P t i A S 0 2 3 0  
PHAS024C' 
P H A S 0 2 5 C  
P H A S $ 2 6 0  P H A S u 2 7 0  

P HAS b 285 
PHASOZ9C 
P H A S 0 3 0 0  
P H A S G 3 1 0  
P H A S 0 3 2 U  
P h A S O  3 3 0  
P H A S i 3 4 G  
P H A S 0 3 5 C  
PHAStb  3 6 6  
? H A S 0 3 7 0  
PHAS338;) 
P H A S 3 3 9 0  
P H A S 0 4 0 0  
P H A S 0 4 1 C  

li 'HA5dL7b 

I 7 " 0 
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4

 

4
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4
 
c
 

V
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c
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iXLY 
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c3-r 

a
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c
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10 CALL 
3 3  IF ( 

I F  ( 
4 0  I F  ( 
50 I f  ( 
bc? I F  ( 

X V = X  
G O  T O  BS 

70  X V  = X V - S  G N  *DE L 7 P 
O t L T P = S T t P 1 * D f L T P  
X V = X V + S G Y + D E L T P  
ZSGIYa-1 

80 CONTINUE 

90 

120 
1 I - L  



1 .GT 

2 40 
2 4C 

e F U G E R K )  G O  T O  2 2 C  E R C O b l O  
E R C d O Z G  
E R C 0 6 3 0  E R C G 6 4 0  

E R C 0 6 5 0  
ERC06615 
EKC0670 
f R C 0 6 8 C  
E K C 0 6 9 0  
E U C 0 7 0 0  
f R C 0 7 1 0  
E k C 0 7 2 0  
E R C 0 7 3 0  
k K C 0 7 4 0  
E R C 0 7 5 0  
ERC(S760 
E R C G 7 7 C  
E R C 0 7 6 0  
E R C 0 7 9 0  
E R C O k O L !  
E R  C 0 8  1C 
E K C 0 6 2 O  
E R C C i 8 3 G  
E U C 3 8 4 0  
E R C 0 6 5 . 0  
t R C 0 8 6 G  

S 
913s F ?  

R I T S  D E h S I T Y  a 
K C H  
IOLli 

L A h  
BUS 

F I I L E D ( N T Y P E  = 913 
D D E N S I T Y  F A I L E D ;  0- 

T R I A L  A N D  E R R U R  S E A R  
0 E R R O R  S E A K C H ( K K . N E  

r 7H; 
V A P O  

A L C .  # ,131's 
A I L E D (  ,135 
,61306) S 

s 9 1 )  S 
N T Y P E  = S 

S 
~ F 1 5 . 6 )  S 

S 

1 I C  
C H  F 

5ti P = ~ G 1 3 . 6 ~ 9 H  D E L T P  
I L t O  T U  C O N V E R G E :  , 1 5 9 4  
A R C H  C A L C U L A T I O N  NO. r I  

H I T  
4 1  9H 
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