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NOMENCLATURE 

a 

b 

constant in heat capacity of vapor equation 

C 

d zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

’ A2 . constant in Downing-Martin equation 

A3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

‘6 

c1 

c2 

c3 

c4 

c5 

.. . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
‘6 

h enthalpy (Btu/l bm) 

K constant in Downing-Martin kquation 

P pressure (psia) 

R universal gas constant 

S enthalpy (Btu/lbm*R) 

T temperature (OR) 

V specific volume (ft3/1bm) 

a constant in Downing-Martin equation 

fi conversion factor 

13 constant in Downing-Martin equation 

iii zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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ABSTRACT 

This program was written t o  be used as a subroutine. The program 

determines the thermodynamics of Freon refrigerants. The following 

refrigerants can be analyzed F-11, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAF-12, F-13, F-14, F-21, F-22, F-23, 

F-113, and F-114. The subroutine can evaluate a thermodynamic state 

for these refrigerants given any of the following pairs of state 

quanti ties: pressure and quali ty, pressure and entropy, pressure and 

enthalpy, temperature and quality, temperature and specific volume and 

temperature and pressure. These six pairs of  knowns allow the user t o  

analyze any thermodynamic cycle u t i l i z i n g  a refrigerant as  the working 

f l u i d .  

This report contains a brief description, flow chart  and l isting of all 

subroutines required. 

The Downing form of the Martin equation of state was used. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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INTRODUCTION 

This subroutine computes the thermodynamic propert ies o f  Freon 

ref r igerants .  The subroutine was developed t o  al low f o r  a wide range 

o f  appl icat ions such tha t  i t  may be used t o  determine the propert ies 

- of -on re f r igeran ts  i n  a r e f r i g e r a t i o n  cyc le  or, as the authors 

developed it, f o r  use i n  evaluat ing binary f l u i d  cycles. This rou t ine  

can be t reated as a "black box" by the user with a l i m i t e d  background 

i n  programming zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor the program may be modified t o  meet the users 

requirements. 'Th is  manual was w r i t t e n  t o  ass is t  the user i n  which 

ever manner he intends t o  use t h i s  subroutine. 

DEVELOPMENT OF PROPERTIES 

The basic equation used i s  the Downing form o f  the Mart in  equation 

o f  s ta te  which have the form: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-40°F)-h( saturated 

vapor a t  -4OoF) 
W 

-1- 



B3 
2(V-fO2 

S zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= a 1nT+BT+CT2/2+dT3/3-f/ZT 2 + D R l n ( V - B ) t D  

+ 

- -  c6c1 I n  ( + Ah(1atent a t  -4O0F)/-40-S(saturated zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a Cleav zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

e vapor a t  -40°F) 

The above equations only predict properties i n  the vapor region. 

In  order to determine saturated l i q u i d  properties the Clapeyron equation 

i s  used to compute saturated l iquid enthalpy and entropy. Saturated 

l i q u i d  specif ic volume is  computed as a function of temperature. 

Compressed liquid s tates are approximated by saturated 1 i q u i d  states 

a t  the same temperature. 

For evaluating an ideal cycle the following processes are employed, 

constant entropy( turbine, pump and compressor), constant enthalpy 

(expansion valve), constant pressure(heat exchanger). In order t o  

determine properties for  these processes, properties must be determined 

w i t h  one o f  the following pairs known (Recall tha t  a thermodynamic 

s tate requires that  two s ta te  quanti t ies be known and fo r  saturation 

s tates temperature and pressure are dependent) : temperature and pressure, 

temperature and qual i ty, pressure and qual i ty, pressure and enthalpy 

and pressure and entropy. Since pressure is  a function of specif ic 

volume and temperature, when pressure and temperature are known a 

search techinque must be used t o  find the specif ic volume. Once the 

specif ic i s  found the remaining properties may be calculated. The 

saturation pressure i s  known as a function of temperature, t h u s  allowing 

saturation conditions o f  known pressure or temperature t o  be solved 

-2 - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Bd 

as the case o f  pressure and temperature already described. Once the 

saturat ion propert ies have been determined the e f f e c t  o f  a given qua l i t y  

can be determined. 

knowns require a two var iable search since a l l  three o f  these quant i t ies  

and functions o f  spec i f i c  volume and temperature. This search i s  on ly  

The cases o f  pressure and entropy o r  enthalpy as 

used i n  the superheated vapor region o r  the compressed l i q u i d  approximated 

region because f o r  saturat ion states only a q u a l i t y  need be computed. 

a l l  searches i n  FREON the Newton Raphson i t e r a t i o n  technique was used. 

This method was selected f o r  i t s  general ly rap id  convergence. 

PROGRAM DEVELOPMENT 

For 

Subroutine FREON was w r i t t e n  i n  FORTRAN V for  the UNIVAC 1108 

ser ies computer but zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs ny s i  m i  1 a r  FORTRAN 

computer. The subrou the program a t  two 

levels,  f i r s t  as a "black box" ( the main t e x t  describes'the use and 

general development o f  the program), s ond the program may be modif ied 

t o  best s u i t  the user eeds. (The rem ning t e x t  contains a more complete 

descr ip t ion of each subroutine.) Subroutines were used throughout 

t o  a l low f o r  easy modif icat ion and as a 

problems. This rep es, *low charts, 

any possible 

r i e f  descr ipt ions o f  a l l  

USE OF FREON 

I n  order t o  use FREON the user must supply t subroutine 

the fo l lowing information: 

1. The process for  which propert ies a 

The allowable values of CYCLE are the fo l lowing pa i r s  o f  

knowns: 

TP - temperature and pressure 

TX - temperature and q u a l i t y  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-3- 



TV - temperature and spec i f i c  volume 

PH - pressure and enthalpy 

PS - pressure and entropy 

PX - pressure and q u a l i t y  

These are the only allowable values o f  CYCLE and the order i s  

important , i .e., PT o r  SPY etc. , are i l l e g a l  and w i  11 generate an 

e r ro r  termination o f  FREON. 

2. The value o f  the f i r s t  known speci f ied by the value of CYCLE 

(FGIVEN). 

The value o f  the second known speci f ied by the value o f  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3. 

CYCLE (SGIVEN). 

4. Freon re f r igeran t  type (FTYPE). FTYPE i s  formed by placing an 

F i n  f r o n t  o f  the re f r i ge ran t  number. 

are acceptable: F11, F12, F13, F14, F21, F22, F23, F113 

The fo l lowing values 

and F114. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5. P r i n t  selector - i f  NPRT = 0 then do not p r i n t  out  resul ts,  

otherwise p r i n t  out  resu l ts  

FREON w i l l  re tu rn  the fo l lowing information: 

1. Q u a l i t y  - applies t o  saturat ion states ( i f  greater than 1 

then superheated vapor and i f  l ess  than 1 then compressed 

1 iquid.  ) 

2. enthalpy (Btu/lbm) 

3. entropy (Btu/ l  bm’R) 

4. spec i f i c  volume (ft zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/lbm) 

5. temperature ( O F )  

6. pressure (psia) 

7. saturated l i q u i d  enthalpy (Btu/lbm) 

3 

-4- 



8. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsa tu ra ted  l i q u i d  entropy (Btu/lbmoR) 

9. saturated l i q u i d  s p e c i f i c  volume ( f t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
10. sa tu ra ted  vapor enthalpy ( B t u / l  bm) 

11. sa tu ra ted  vapor entropy ( B t u / l  bm) 

12. sa tu ra ted  vapor s p e c i f i c  volume ( f t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ l  
3 

A t yp ica l  c a l l  on FREON would look like: 

CALL FREON ( ' T P ' ,  TEMP, PRESS, 'F113',  H, S, V ,  T, P,  HV, SU, VV, 

HL, SL, VL, QUAL, NPRT) 

n FREON eva lpa tes  p roper t i es  f o r  FREON-113 given temperature 

(TEMP) and pressure (PRESS). Subrout ine FREON was written so a s  t o  be 

independent of  the c a l l i n g  program except f o r  the passage o f  the 

above parameters, therefore no ex terna l  va r iab les  need be placed i n  

common. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. .  
\ 

. . .  

. .  . 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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L I Q U I D  DENSITY 

F i g u r e  1. 

VAPOR PRESSURE COEFFICIENTS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAiJ 

Q(392) 
G 

EQUATION OF STATE COEFFICIENTS 

Q(393) 
B 

Q(493) 
Tc (OF) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-6- 



FREON DESCRIPTION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
L d  

FREON i s  the main rou t ine  f o r  determining the thermodynamic propert ies zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
of the Freon ref r igerants .  

coe f f i c ien ts  f o r  the f l u i d  t o  be evaluated. These coef f i c ien ts  are 

stored i n  the array Q which has the form as shown i n  Figure 1 

FREON then must determine i f  the two s ta te  quant i t ies  given are leg i t imate  

The rou t ine  selects the correct  set  of 

values, i.e. f o r  temperature and q u a l i t y  the temperature must be less 

than o r  equal t o  the c r i t i c a l  temperature and the q u a l i t y  must l i e  

between zero and one. 

FREON must determine the region t o  which the po in t  corresponds, i.e. 

compressed l i q u i d ,  saturated l iquid-vapor e q u i l i  brium o r  superheated 

Once the quant i t ies  are found t o  be leg i t imate  

vapor. Given the region FREON then c a l l s  the proper subroutines t o  

compute the remaining thermodynami 

VARIABLE SYMBOL TABLE 

FREON 

VARIABLE ' . DESCRIPTION 
~ 

i 
I BTOLER e r  to1 erance on convergence and 

saturat ion tes ts  

Type o f  ca lcu la t ion  t o  be made, CYCLE 

has the fo l low ing  possible pa i rs  of 

knowns : 

1. temperature and pressure = TP 

2. temperature and q u a l i t y  = TX . 

CYCLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3, temperature and spec i f i c  volume = TV 

ressure and q u a l i t y  = PX 

5. pressure and enthalpy = PH 

6.' pressure and entropy = PS 

-7- ' 



DELTH 

DERROR 

DHDT 

DH DV 

DPSDT 

DSDT 

DS DV 

DVLDT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
F11 

F12 

F13 

F 14 

F2 1 

F22 

F23 

F113 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

- calculated from Clapeyron Equation ~~ 

tolerance used i n  checks for zero 

a h l p )  

dT' 

aS(V,T) 
aT 

as( V,T) 
aT 

2-dimensional array containing the 

coefficients 

2-dimensiona 

coef f i ci ents 

2-dimensiona 

coefficients 

for F11 

array containing the 

for F12 

array containing the 

for F13 

E-dimensional array containing the 

coefficients for F14 

2-dimensional array containing the 

coefficients for F21 

2-dimensional array containing the 

coefficients for F22 

2-dimensional array containing the 

coefficients for F23 

2-dimensional array containing the 

coefficients for F113 

-a- 

b 

L 



F114 

LJ 

FGIVEN 

FTY PE 

H 

HCRIT  

HL 

HV zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
J .  

L I M I T  

M2 

NPRT 

NTY PE 

PCAL 

P C R I T  

PSAT 

P S I A  

Q zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
W QUAL 

2-dimensional array containing the 

f i c i e n t s  f o r  F114 

passed t o  FREON, 1.e. 

temperature f o r  values o f  CYCLE o f  TP,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r **: 

1. '...: +. 

TX, TV and pressure f o r  values o f  CYCLE 

o f  PS, PH AND PX 

Freon type 

enthalpy (Btu/lbm) 

ha1 py (Btu/ l  bm) 
:' < '  

saturated l i q u i d  enthalpy (Btu/lbm) 

o r  enthalpy (Btujlbm) 

index 

r o f  i t e ra t i ons  a1 lowed 

i n  any one search 

u n i t  number f o r  p r i n t e r  

p r i  n t  selector  

NPRT = 1 p r i n t  and resu l t s  

NPRT # 1 do not  p r i n t  resu l t s  

saturated l i q u i d  spec i f i c  volume equation 

se lector  

calculated pressure (psia) 

c r i t i c a l  pressure (psia) 

saturat ion pressure (psia) 

Pressure (ps i  a) 

2-dimentional array containing the 

coe f f i c i en ts  f o r  the f l u i d  t o  be evaluated 

q u a l i t y  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-9- 



RJ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
s 

SCRIT 

SG IVEN 

SL 

sv 
T 

TF 

TCRIT 

TTOL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE R 

V 

VL 

vv zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. .;.. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. I  . . .  . , 

conversion factor = 0.185053 

entropy (Btu/l bmoR) 

critical entropy (Btu/l bmoR) 

second known passed t o  FREON 

saturated 1 iquid entropy (Btu/l bmoR) 

saturated vapor entropy ( B t u / l  bmoR) 

temperature ( O R )  

temperature ( O F )  

critical temperature ( O F )  

upper tolerance on convergence and 

saturation tests 
specific volume ( f t  3 / lbm)  

.. 
saturated liquid specific volume (ft'/lbm) 

saturated vapor specific volume (ft 3 / lbm) 

-10- 



No zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

CWRESSED 
L I p U I D  STATE 

SUPERHEATED 
VAPOR STATE 

t 

t 
SATURATION 

t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( RETURN ) 

YES 

. 

YES YES 

t 
COYPRESSED STATE 

t 

c c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa RETURN 



~ 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 ’  

TF*FGIVEN 
PSIA-SGIVEN 
T=TF+Q( l . l l )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-12- 



d zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. . .  . . ,  
. .  

,. .... - ..~. 

. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt 
CMPUlf: 

' '  H zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. s  

V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
rc"> RETllRN 

' ... 





w zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

P 
QUAL=z.o 

+I VOLUHE 

t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P R t M F  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 'I R E N R N  

QUAL=-2.0 

d n  DRVPT 

rrLn COMPS COMPUTE: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi?;l ,, t ,, 
EWTHRL 

DELTH=RJ*DPSDP (V-VL )*T 
H*H-DELTH 

l l 3 l  PRIMTF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

6-  PRINTF 

, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-15- 



.B. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACWPH 

ENTRCP 

DRVPT 

COMPUTE: 
DELTH 

PRIHTF +, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa RETURN 

rn zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAVOLUtlE 

I 

DRVPT LLP 

I 

COMPUTE: 
DELTH 

PRINTF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 c3 RETURN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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COMPH DESCRIPTION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
L J  

COMPH searches f o r  the temperature and spec i f i c  volume i n  the 

compressed 1 i q u i d  region' given pressure and enthalpy. The compressed 

l i q u i d  region i s  approximated by saturated l i q u i d  a t  the same temperature. 

A two var iab le Newton-Raphson i t e r a t i o n  technique i s  used i n  the search. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5- ~ P ( v , T )  d P ~ ~ ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

aT aT dT 

- - -  d P ~ ~ ~  
aFh aT - a h !  aT - CONVR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-(r)(%) *T) 

Jacobian =( aP(V,T) )(%)- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3) (3) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArp aFh zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
*T - F h * T  vi+l = vi - 
Jacobian i 

VARIABLE SYMBOL TABLE 

BTOLER 

DFHDT 

lower to1 erance on convergence and 

saturat ion tes ts  

ah V T - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARJ* d2pSAT ,-*(v-v~)*T 

--* d P ~ ~ ~  dVL d P ~ ~ ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAaT' * T + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 (v-v,) 

dT aT 

dT 

DFHDV - RJ*- d P ~ ~ ~  *T 

DFPDT aPi! ,T) dPSAT 
-7 

-28- 



DHDT 

DH DV 

DP2DT2 

DPDT 

DPDV 

DPDVDT 

DPSDT 

DPSDT2 

DV L DT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
FH 

FP 

H 

HCAL 

I 

LIMIT 

M2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P 

PCAL 

PSAT 

RJ 

T 

TLAST 

ah(V,T) 
aV 

a2P(!,T) 

aP( V ,T) 
aT 

aP( V,T l  
av 

a2P(V,T) 
aVaT 

P calculated - PKNOWN 

known enthalpy (Btu/ l  bm) 

calculated vapor enthalpy (Btu/lbm) 

index number 

maximum o f  i t e ra t i ons  allowed i n  any one search 

u n i t  number f o r  p r i n t e r  

known pressure (psia) 

calculated pressure (psia) 

saturated pressure (psi  a) 

conversion fac to r  = 0.185053 

temperature (OR) 

l a s t  temperature calculated, t o  be used 

i n  next i t e r a t i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-29- 



TTOLER 

V 

VL 

VLAST 

X JACOB zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Lt zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAupper tolerance in convergence and 

saturation tests 

specific volume ( f t  /lbm) 

saturated liquid specific volume ( f t  /lbm) 

last specific volume calculated, to be 

used in next iteration 

3 

3 

Jacobian of pressure and enthalpy zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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START zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 
VLAST=V 
TLAST=T 

VPEQM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

DRVPT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArrfi FLQDEN 

t 

ERROR 

t 
I 

FP.PUL-PSAT 

DFPDT.DPDT-DPSM 

FH.H~L-RI*DPSDT*(V-VL)-M ~ 

DFHDT.DHDT-R)*DPSDTP.( Y-VL)+RJ*DPSDT*WLOT 

DFHOV4IDV-RJ'OPSDT 

XJACOB~DPDV*DTHDT-DFPDT*DF~OV 

V.VLkST*( FPDFHDT-FH.OFPDT)/XJACOE 

VTLAST- (FH*DPDV-FP*DFHDV)/XJACOE 
1 

Q 

U zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAn T=TLAST/10.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 V=VLAST/lO. 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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COMPS DESCRIPTION 

COMPS searches f o r  
'6.' 

l i q u i d  region given pressure and entropy. The compressed l i q u i d  region 

i s  approximated by saturated l i q u i d  a t  the same temperature. A two 

var iab le Newton-Raphson i t e r a t i o n  technique i s  used i n  the search. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

n 

vi+l = vi - 
i 

i 

VARIABLE SYMBOL TABLE 

BTOLER lower3olerance on convergence and 

saturat ion tes ts  

DFPDT 

DFSDT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-35- 



DPSDV 

DPZDTZ 

DP DT 

DPDV 

DPDVDT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
/ 

DPSDT 

DPSDTZ 

DS DT 

DS DV 

DVLDT 

FP 

FS 

I 

L I M I T  

M2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P 

PCAL 

PSAT 

RJ 

S 

SCAL 

aP (V ,T) 
aT 

aS (V  , T) 
aT 

aS(V,T)  
aV 

dVL(T)  

dT 

P calculated - PGIVEN 

S calculated - SGIVEN 

index 

maximum number o f  i te ra t ions  a1 lowed 

i n  any one search 

u n i t  number f o r  pr in ter  

known pressure (psia) 

pressure calculated (psia) 

saturation pressure (psia) 

conversion factor  = 0.185053 

known entropy (Btu/l bmoR) 

calculated entropy (Btu/l bm*R) 
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T 

TLAST 

TTOLER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
XJACOB 

V 

VL 

VLAST 

temperature ( O R )  

1 ast temperature calculated, to be 

used in next iteration 

upper to1 erance on convergence and 

saturation tests 

specific volume ( f t  /lbm) 
3 

saturation liquid specific volume (f t  /lbm) 

last specific volume calculated, to be 

used in next iteration 

Jacobian of pressure and entropy 

3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. ~. 

.- . 
. , , . , . . .. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAd . .  . - 

. _ .  . ~. ~ 

. .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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S T A W  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. 

t 

VLA5T.V 
TLAS1.T 

EMROP 

DRVPT 

FP= PCAL-PSAT 

DFPDT-DPDT-DPSM 

FS-SCAL-RJ'DPSDP(V-VL)-S 

DFSM~DSOT-RI'DPSDTZ'(V-VL)*RJ+DPSDT+DVL~ 

DFfDVmDSDV- RJ'DPSDT 

XJACOB4PDV'DFSDT-DFPDT'DFSDV 

V=VLAST-( FP'DFSM-FS+DFPDT)/XJACOB 

T=TLAST- (FS+DPDV-FP*DFSDV )/XJACOB zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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fl zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT=TLAST/10.0 

+ Es.7 , 
V=VLAST/lO. 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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DRVPT DESCRIPTION 

DRVPT calculates the f i r s t  and second der iva t ive  o f  the saturat ion 

pressure w i th  respect t o  temperature. 

EQUATIONS 

B+E*F LOGlo( F-T) )1 n (10) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2( (B+EF LOGlo( F-T) )1 n( 10) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC-E + - + Dln( l0) )  -= 

PSAT (-(- T T2 

d P ~ ~ ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7 = 'SAT ( T3 T~ ( F-t 

dT 

1 - +  

VARIABLE SYMBOL TABLE 

DPDT d P ~ ~ ~  
dT 

D2PDT2 

FT F-T 

P saturat ion pressure (ps ia)  

Q %dimensional array containing the 

coef f ic ients  f o r  the f l u i d  t o  be evaluated 

T temperature ( O R )  

T2 T2 

T3 T3 

-42- 



START zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
T3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= T P T  

YES 

t 
FT = 1.0 I 

i 

.* 

. .  . . .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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u zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAENTHAL DESCRIPTION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i 

ENTHAL calculates the enthalpy and i t s  derivat ives wi th  respect 

t o  temperature and specif ic  volume f o r  vapor states using the Downing- 

Mart in  equation o f  state.  

EQUATIONS 

A2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= A*T+b*T2/2+C*T3/3+D*T4/4-F/T+CONVR*P*V+CONVR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 

Clexp(a*V)+l 
1 1)) 

c2 c3 c4 + CONVR exp(-K*T/TC) (l+K*T/TC) (G + 
2(V-B) + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 5  3 0  8)  

+----T+-zij5mj-- c5 '6 ) )  
4(V-B) 

+ Ah(1atent a 40"F)-h( saturated vapor a t  -4OOF) 

)+ CONVPexp (-K*T/TC) 

ah(V,T) 
aT 

DHDT . 



DHDV 

DPDT aP(V,T) 
aT 

DP DV zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa P  (V  ,T) 
aV 

D2PDT2 - a2P(; ,T) 
aT 

DPDVDT a'P(V,T) ~ 

aVaT 

EKA exp(a*v) 

EKIT exp( -K*T/TC) 

H enthalpy (Btu/ l  bm) 

H1 a*T+b*T2/ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2+C*T3/3*d*T4/4-f/T+CONVR*P*V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
H2 A2 A3 A4 +RX) C O N V R ( e  + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 . + - i i L z + T i i z  2(V-B) 

c5 +RZ) (l+K*T/TC) (exp(-K*T/TC) ) 
+= 

P pressure (psia) 
Clexp (a*V)+1 

PART '1.l"' Clexp(a*Vj 1 

PART1 

PART2 

a+b*T+C*T2+d*T3+f/TZ+CONVR* aP V T *V 

c4 c5 - (E+ c2 &7 + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3tV-e)3' = 
i CONVR*K2*exp ( -K*T/TC) ) 
i + RZ)( 

Tc2 L i  1 

Q 2~:dimensional array which contains the i 

coef f i c ien ts  f o r  the f l u i d  t o  be evaluated 

-46- 



J w 

! zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

RX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAs( l/e%p(a*V)-PART),"u 

RZ . (C6/exp(a*V)-C6*PART)/a 

T temperature ( O R )  

. I  - 

T2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATP 

T4 T4 

TC critical temperature (OR) 

T E N  ~~(-l/exp(a*~)+~~)/(Cle~~(a*V)+1) - ,  

V specific volume (ft /lbm) 3 

VMB V-B 

VMB2 " (V-BI2 - 

VMB3 (V-BI3 

VMB4 

VMB 5 ( V - d  

. . . . . .  ~. ~ 1 .* . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 
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C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 0.185053 
1 2  = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1'1 
13 = T P T  
1 4  = T3*T 

v t a  * V t ~ : * n m  

VIS4 = V;83*VMO 
VMBS Vtll)J*VHD 
EKIT -0 (? .12)*1 / (Q(4 ,3)  + Q(1.11)  
EKIT - EXP(FKI1)  

EKA = Q(3.12)*V 

VHa = V - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQ ( 3 . 3 )  

vm3 = v!u:*v:m 

EKA = 0.0 
RX = 0.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Rz = 0.0 

PART = 0.0 
TERCIA = 0.0 
TERM = 0.0 

EKA = EXP(EKA) 

-t 
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P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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ENTROP DESCRIPTION 

ENTROP calculates the entropy and i t s  der ivat ives w i t h  respect 

t o  temperature and spec i f i c  volume f o r  the vapor region using the 

Downing-Martin equation o f  state. 

EQUATIONS 

S = a1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAnT+B*T+C*T2/2+d*T3/3-f/2*T2+CONVR*R1 n (V-6) -CONVR(= B2 

C. 

aS V T = a/T+b+C*T+d*T2+f/T zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'7 CONVR*K~ exp(-K*T/TC) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(-m c2 
aT 

TC 
Clexp (a*V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA)+I 

ln(Clexp(a*v) 1) - -  '6*'1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
U 

VARIABLE SYMBOL TABLE 

C 

DERROR 

DS DT 

DSDV 

conversion factor  = 0.185053 

tolerance used i n  checks fo r - ze ro  

aS(V,T) 
aT 

as( V,T) 
aV 

EKA I exp (a*V) 

EKIT ex p ( - K*T/ TC ) 

G 

PART 

- c2 
V- B 

Clln 

c5 + RZ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+a 



PART1 

1 LJ 

PART2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Q 

RX 

RZ 

S 

s1 

52 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
s3 

B4 B5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi- TERMA) 
0 - 6 )  

-c2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc3 c4 

(V-6) (V-B) . (V-B) 

-iG-- 
CONVR*Kexp( -K*T/TC) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(,7 - '7 - 7 

2-dimensional array containing the coe f f i c i en ts  

f o r  the f l u i d  t o  be evaluated 

B6 - PART) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA;r(exp(a*v)  
C6*PART zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

a 

entropy (Btu/ l  bmOR) 

a1 nTtb*T+C*T2/2+d*T3/3-f /2*T2 

'6 
Ziigim- 

s4 

T 

T2 

W 

T3 

TC 

TERMA 

CONVR*Rl n(V-B)  

B2 B3 B4 
- C O N V R ( ( y j  i- '7 i- *- 

2(V-B)  3 ( V - B )  

B5 i- RX) 
+= 

K c2 c3 
CONVR(E .exp(-K*T/TC) (m i- ~-t 

2 (V-B) 

AS(1atent at-40°F) 
-40 

i - y + y + R Z ) +  c4 c5 

3(V-B) 4(V-B) 

-S( saturat ion - 4 O O F )  

temperature (OR)  

T2 

T3 

c r i t i c a l  temperature ( O R )  

'6('* ' Clexp(a*V)+l) 
'1 
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TERMB 

V 

VMB 

VMB2 

VMB3 

VMB4 

VMB5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
zz 

C6/exp(a*v) 

(V-B) 

specif ic  volume (ft 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ lbm) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r) 

K' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7 exp( -K*T/TC) 

TCL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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VtG V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- Q(3.3) 
V';r:2 = \'ftt-l'vre 

I YE33 Vf32*VMD 
VhD4 = VfQ3*VP! 
VEmS = Vf([14*VfIB zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

f N O  

1 

RX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.0 
Rz - 0.0 

EKA - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.0 
PART = 0.0 

t E R f l R  0.0 
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P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
CKIT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 0.0 €KIT = E X W K I T )  

(,,,) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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U 
EOS DESCRIPTION zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

EOS calculates the pressure and i t s  der ivat ives w i t h  respect t o  

temperature and spec i f i c  volume i n  the' vapor region given temperature 

and spec i f i c  volume by using the Downing-Martin equation o f  state. 

EQUATIONS 
A2+B2*T+C2exp (-K*T/TC) A3+B3*T+C3exp (-K*T/TC) 

p = - +  R*T + 
V- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 ( V - d 2  ( V - d  

A4+B4*T+C4exp (-K*T/TC) + + A5+B5*T+C5exp (-K*T/TC) + A6+B6*T+C6exp (-K*T/TC) 
( V - B I 4  ( V - d 5  exp(a*v) ( l+Clexp[a*V)) 

aP(V,T) - -R*T 2 (A2+B2*T+C2exp( -K*T/TC) ) - 3 (A3+B3*T+C3exp( -K*T/TC) ) 

av zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 7 3 -  ( V - d 3  ( V - B I 4  

4 ( A4+B4*T+C4exp (-K*T/TC) ) - 5 ( A5 - 
(v-13)5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(v'-i3)6 

exp(a*V)+2* *Clexp(2*a*V) 1 - ( A6+B6*T+C6eXp (-K*T/TC) ) ( 
(exp(a*v)+clexp(2*a*v) l 2  

KC2exp (-K*T/TC) KC3exp (-K*T/TC) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
B2- TC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc TC 

( V - % I 3  
I *  

aP(VsT) = & +  
aT V- B (W2 

KC4exp (-K*T/TC) KC5exp (-K*T/TC) KC6exp (-K*T/TC) 

TC + B6- TC 
exp(a*V) ( Clexp(a*V)+l) = 

B4- - . B5- 
+ TC + 

( V - d 4  

a2P(:,T) - K2exp(-yT/TC) ( 

aT TC 

+ exp( u*V) ( Clexp( '6 a*V )+1) 1 

~. . 
... , 

. .  

. r .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKC2exp ( - K*T/TC ) KC3exp( -K*T/TC) 

1 
TC 

1 3m3- 
TC - 

m2- 
a"P(V,T) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-R 

aVaT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA=a- (V-SI3 (V-SI4 L 
KC4exp (-K*T/TC ) KC5exp( -K*T/TC) 

1 KC6eXp( -K*T/TC) 
1 

TC 
- ( B6- 

TC 

( V - S l 5  ( W 6  

) 5(B5- 
TC - 

(exp (a*V) ( l+Clexp (a*V) 1 

4(B4- 
- 
a ( 1+2*Clexp zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(a*v) ) 

VARIABLE SYMBOL TABLE 

C K2 

CK3 

CK4 

CK5 

C K6 

DERROR 

DP DT 

DP DV 

DPDVDT 

D2PDT2 

EKA 

EKA2 

EKIT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

P 

PART 

P 1  

0 

C2*K/TC 

C3*K/TC 

C4 * K/ TC 

C5*K/TC 

C6*K/TC 

tolerance used i n  checks zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfor zero 

aP(V,T) 
aV 

aVaT 
a2P (V  ,Tr 

a2P (; ,T) 

aT 

exp( a*V) 

exp (2*a*V) 

exp (-K*T/TC) 

index 

pressure (psia) 

1-di mens i ona 1 array con t a  i n i  ng i n termedi a te  Val ues 

pressure (psia) 

2-dimensional array containing the 

coeff icients f o r  the  f l u i d  t o  be evaluated zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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T 

w TC 

TERM 

TERMA 

TERMB 

V 

VMB 

VMB2 

VMB3 

VMB4 

VMB5 

VMB6 

XMESS 

z1 

22 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
23 

24 

25 

26 

temperature (OR) 

c r i t i c a l  temperature (OR) 

1-dimensional array containing intermeciate value 

exp(a*V)(l+ exp(a*V)) 

spec i f i c  volume ( f t  /lbm) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 

V- B 

(V -S l4  ' . 

- '  *(aexp(a*V)+Z* *Clexp(2*a*v)) 

(exp(a*V)+~~exp(2*a*~) )' 

B2-C2*Kexp (-K*T/TC)/TC 

B4- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACT Kexp ( - K*T/ TC ) /TC 

B&*Kexp( cK*T/TC)'/TC 

exp(a*V)(l+ exp(a*V)) 

. 

, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

w 
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START zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA25 
DPD'! zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 

P1 = 
VEB = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

€ K I T  = 
EKIT  = 

EKA = 
EKA2 = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0.0 

VES - 

EKA = 0.0 I40 
EKA2 = 0.0 

1 
EKA = EXP(EKA) 

EKA2 = EXP(EKA2) 

+ Q(4.1 + 2)*EKIT) /VI*W*I  

6 
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t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= P1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt TERM(1) + TERM(6) 

r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 
1 

I 
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P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
DPDV zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 
v w  = 
vtm3 = 
WR4 = 
vw5 * 
vllD6 = 

TC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 

CK2 = 
CK3 
CK4 = 
CK5 = 
CK6 = 
EKA = 

- (WDV + PART(1) 
VR:+Vm 
V'l22*VNB 
V1162**2 
VIIP4*vrn 
V!::3*Vb83 

PART(6)) 

t 

T E R M  = 0.0 
TERt.8 * zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

26 = 0.0 
EKA = 0.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 

t 
E M  = ElPfEKAl I 

' \  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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.- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. I  

. .  

: .  

OPDT * Q(2.3)lVl.s + (Q(3.4) - CKZ'EKIT)/VMBi 
4 Q(3.5) - CK3*EKIT!/V;'33 + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Q(3 .6)  - C K ~ * E K I T ) / W I B  + (O(3.7) - CKS'EKIT] 

OZPMZ = 

21 = 
22 = 
23 = 

25 = 
DPDVrn = 

za f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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FLQDEN DESCRIPTION 

FLQDEN cal cul ates the saturated 1 iqui d speci fi c vol ume and its 

derivative with respect rature. One of three 

equations is selected de zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAw 

t to be evaluated. 

EQUATIONS 

NTYPE = 1 

l/VL = AL+BL ( 1-T/TC)1/3+CL( 1-T/TC)213+DL( 1-T/TC)+EL ( 1-T/TC)4/ 

2*CL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-113 + - 4*EL (1-T/TC) 1/31 

213, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3*TC (~-T/Tc) 3*TC 
2 (- BL (~-T/Tc)- 

3*TC 
dVL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ifr = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAvL 

NTYPE = 2 

l/VL = AL+BL(TC-T)+CL(TC-T) '12+DL(TC-T) 1/3+EL(TC-T)2 

- -  dVL dT - 'L (BL +C L ( TC-T)-1/2/2+DL (TC-T)'2/3/3+2*EL (TC-T) ) 

NTYPE = 3 
2 l/VL = AL+BL*T+CL*T 

2 - -  dVL  - -VL (BL+2*CL*T) 
dT 

VARIABLE SYMBOL TABLE 

DL saturated 1 iquid density (1 bm/ft3) 

DVLDT 

NTYPE 

P1 temporary value 

P2 temporary value 

saturated l iquid specific volume equation selector 

P3 

P4 

T 

temporary Val ue 

temporary value 

2-dimensional array c-ntaining the coefficients 

for the fluid to be evaluated 

temperature function zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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TC 

TR 

T3 

VL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
critical temperature (OR) 

temperature (OR) 

3*TC (OR) 

saturated l iquid specific volume (ft 3 lbm) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-70- 



NO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I I YES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

P1 P 2  = = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA213 113 -l 
P3 = 4/3 

DL = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 + BLfT**P1 + CLfT**P2 + 0 *T**P3 
VL = 1/w 
1 3  = 3.0% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT = 1 - TWTC 

I 

YES 

t 

t 
I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

L 

OL = AL + Bl*TR + C1*TlP*2 
VL * llDL 

dV,/dT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-VL**2*(BL + 2*CL*TR) 
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HFIND DESCRIPTION 

HFIND searches for the speci f ic  volume and temperature i n  the vapor 

region given pressure and enthalpy. A two variable Newton-Raphson 

i t e ra t i on  technique i s  used f o r  the search. 

EQUATIONS 

Jacobian = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(w) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(?-)-(+A) aP V,T ( ah(V,Tr) aV 

VARIABLE SYMBOL TABLE 

BTOLER lower tolerance on convergence and saturation tests 

DHDT 

DH DV 

DPDT 

DPDV 

DPDVDT 

DZPDTZ 

H 

HCAL 

I 

LIMIT 

ah(V,T) 
aT 

ah(V,T) 
aV 

aP(V,T) 
aT 

aP(V,T) 
aV 

a 2 F g T )  

a2P ( ViT) 
aT 

known enthalpy (Btu/l bm) 

calculated enthalpy (Btu/l bm) 

index 

maximum number o f  i terat ions a1 lowed 

any one search zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

M2 

P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
PCAL 

T 

TLAST 

TTOLER 

V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

unit number for printer 

known pressure (psia) 

calculated pressure (psia) 

temperature (OR) 

last temperature calculated to- be 

used in next iteration 

upper to1 erance on convergence and 

saturation tests 

specific volume ( f t  /lbrn) 
3 

VLAST last specific volume calculated, to  be 

used in next iteration 

Jacobian of pressure and enthalpy X JACOB zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
, 
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VLAST=V 

TLAST=T 

TLAST=T 

VLAST=V 

t 
1.1 YES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 1=1+1 . t 

ERROR 

(-) 
XJACOB~DPOV*DHOT-DHOV~PDT 

V=VLAST- ( ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPC AL-P 1 *OHDT- (HCAL-H ) OPOT/ XJACOB 

f-TLAST - ( ( HC AL-H 1 OPDV- ( PCAL-P 1 DROV )/x JACOB 

t 

fl T=TLAST/lO.O 

fi V=VLAST/IO.O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
E3 ENTHAL 

I NO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 
TOLE W'ICE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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LJ PRINTF DESCRIPTION 

PRINTF p r i n t s  the fimal resu l t s  o f  FREON i f  NPRIN does not  equal 

zero. 

VARIABLE SYYBOL TABLE 

FTY P E f l u i d  type t o  which propert ies have been 

determined 

H enthalpy (Btu/l bm) 

HL 

HV 

NPRIN 

M2 

P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Q 

S 

SL 

sv 

T 

V 

VL 

vv 

saturated 1 i q u i d  enthalpy (Btu/l bm) 

saturated vapor enthalpy (Btu/ l  bm) 

p r i n t  sel ector  

u n i t  number f o r  p r i n t e r  

pressure (ps ia)  

2-dimensional array containing the 

coe f f i c i en ts  f o r  the f l u i d  t o  be evaluated 

entropy (Btu/l bmoR) 

saturated zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 i q u i d  entropy (BTU/l bm O R )  

saturated vapor entropy (BTU/l bm O R )  

temperature ( O R )  

specif ic volume (ft 3 /Ih) 

3 saturated 1 i q u i d  spec i f i c  volume (ft /1 bm) 

3 saturated vapor spec i f i c  volume (ft /lbrn) 
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SATN DESCRIPTION 

SATN determines the saturated vapor and 1 i q u i d  propert ies given 

temperature and the saturated vapor and 1 i q u i d  spec i f i c  volumes. 

Saturated 1 i q u i d  propert ies are determined from the Clapeyron equation. 

EQUATIONS 

h = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh - CONVR (-+(vV d P ~ ~ ~  - v ~ ) * T  
L V  

SL = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASv - CONVR (-)(Vv d P ~ ~ ~  - VL) 
dT 

VARIABLE SYMBOL TABLE 

DELTH 

DHDT 

DHDV 

DPSDT 

DPSDT2 

DSDT 

DSDV 

DVLDT 

H 

HL 

HY 

PSIA 

RJ 

S 

(h -h )calculated f r o m  (Clapeyron equation) 
L g  

ah(V,T) 
aT 

dT2 
aS(V ,T) 

aT 

aS (V  ,T) 
a v  

dVL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
dT 

enthal py (Btu/ l  bm) 

saturated l i q u i d  enthalpy (Btldlbm) 

saturated vapor enthalpy (Btu/l bm) 

pressure (psia) 

conversion fac to r  = 0.185053 

entropy (Btu/ l  bmoR) 

-82- 



1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUSL 
sv 

T 

V 

VL 

vv zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
saturated 1 iquid entropy (Btu/l bm"R) 

saturated vapor entropy (Btu/l bmoR) 

temperature ( O R )  

specific volume ( f t  /lbm) 

saturated liquid specific volume (ft / l  bm) 

saturated vapor specific volume ( f t  / lbm) 

3 

3 

3 
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i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

FLOWN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ 
RJ = 0.185053 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 

t 

SL - S-OELTH/T 

W - V  

HV H 
sv - 5 

I 
RETURN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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SFI ND DESCRIPTION 

SFIND searches for the specific volume and temperature i n  the 

vapor region given pressure and entropy. A two variable Newton-Raphson 

iteration technique is used for the search. 

EQUATIONS 

VARIABLE SYMBOL TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
BTOLER lower toleraqce on convergence and 

saturation tests 

DPDT 

DPDV 

DPDVDT a2P(Y zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAST) 

D2PDT2 

aVaT 

DSDT 

DSDV zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I. 

aS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(V  ,T) 

a V  

index 

LIMIT 

M2 

P 

maximum number of iterations allowed 

i n  any one search 

u n i t  number for printer 

known pressure (psia) 
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PCAL 

s zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
S CAL 

T 

TLAST 

TTOLER 

V 

VLAST 

X JACOB 

calculated pressure (psia) 

known entropy ( B t u / l  bm"R) 

cal cul ated entropy ( B t u / l  bmoR) 

temperature zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(OR) 

1 ast temperature calculated, t o  be 

used i n  next iteration 

upper to1 erance on convergence and 

saturation tests 

specific volume ( f t  /lbm) 

las t  specific volume calculated, t o  

be used i n  next iteration 

Jacobian of pressure and entropy zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 
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c-) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
VLAST=V 

TLMT-T 

t 

I 
I1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEOS II 

f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcn ENTROP 

t 
YES - 1-1+1 t 

ERROR 

VLAST=V 

XJACOE=DPOV*DSDT-DSOV*DPDT 

VXVLAST- ( (PCAL-P)'DSDT- (SCAL-S) DPOT)/XJACOB zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(ZT) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

J 

TOTLAST/ 10.0 

t 

V=VLAST/lO.D 
I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

al ENTRDP 

-88- 



A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc ****************+***4***********************************4********* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* S F i N u  
4 C * 
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VOLUME DESCRIPTION 

,- VOLUME searches f o r  the speci f ic  volume i n  the vapor region given 

temperature and pressure by using a s ingle variable Newton-Raphson zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAu 
i t e ra t i on  technique. 

VARIABLE SYMBOL TABLE 

BTOLER 

DPDT 

DPDV 

DPDVDT 

DP2DT2 

I 

LIMIT 

M2 

P 

PCAL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Q 

T 

TTOLER 
.* 

V 

VLAST 

lower to1 erance on convergence and 

saturation tests 

aP(V,T) 
aT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

a P ( V , T) 
aV 

a2P(V,T) 
aVaT 

index 

maximum number o f  i te ra t ions  allowed 

i n  any one search 

u n i t  number f o r  p r i n t e r  

known pressure (psi a) 

calculated pressure (psia) 

2-dimensional array containing the 

coef f ic ients  f o r  the f l u i d  t o  be evaluated 

temperature ( O R )  

upper to1 erance on convergence and 

saturation tests  

specif ic volume (ft zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 /lbm) 

l a s t  specif ic volume calculated,Vi L; 
t o  be used i n  next i t e r a t i o n  (ft3/lbm) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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VPEQM DESCRIPTION 

VPEQM calculates the saturation pressure given temperature o r  

searches f o r  the saturation temperature given pressure. The Newton-Raphson 

i t e r a t i o n  technique i s  used f o r  the saturation temperature search. 

EQUATIONS 

~O~I!I~SAT = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAtB/TtC*loglOT+D*TtE(~-)loglo( F-T) 

VARIABLE SYMBOL TABLE 

DELP 

DELT 

DPDT 

D2PDT2 

ERROR 

FT 

ITR 

LIMIT 

LOGP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
M 

P 1  

P2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
W Q  

P~~~~~ 

- - change i n  temperature 
d P ~ ~ ~  f o r  next temperature 
-df i t e r a t i o n  

d P ~ ~ ~  
dT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7 

index 

maximum number o f  i te ra t ions  a1 lowed 

i n  any one search 

O ~ ~ O ~ S A T  

f l a g  ind icat ing which o f  temperature o r  

pressure i s  known 

i s  known else pressure i s  known 

known pressure (psi a) 

calculated pressure (psia) 

2-dimensional array containing the 

coef f ic ients  f o r  the f l u i d  t o  be evaluated zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
m = 1 temperature zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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T 

TC 

T1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
T2 

T3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
TMI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAss 

CJ 
temperature ( O R )  

critical temperature ( O R )  

initial guess for temperature search ( O R )  

T2 

T3 

difference of initial guess and the value 

of temperature passed to VPEQM 
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i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

11 = DwlS(Q(2,1)/(DLOG lO(P1)  - Q(1.1))) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

T = T1 
- - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

- .  t 

v 

'I cs 

t 
UPEQM 

FAILED TO 

12 = T*T , 

13 1.72 . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
n = Q(2.2) - T ~ 

YES 

I 
I 

n = 1.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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-96- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo--;+ P1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= P2 

ERROR = DELP/Pl 

t 

DRVPT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 
YES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 

J 
T = TC 



~. .... _ _  . . .  . . .. .. . .  . . -  . .  . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl.ll. . . .-. . . . - _. - .. .. . .. .. .. I . ... . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI.I._ .....I.I.._ . .. . .- . - . . . . ... . . . . . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * * * 
* 
* 

C A 
e C 
3 C * V P t i Q M  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 C 

C *TEMPERATWE GIVtN THE OTHER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 
C 6 

7 C 

5, PARAMETEK (112~6 

* 
* THIS SUBHOUTANE CALCULATES ThE SATURATION PRESSURE OR 

* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b SUC~CIOUTIIJE VPEWM(P1,TtM) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

i a  
1C C O M M O N / F K ~ O N ~ / Q ( ~ , ~ ~ ) , T T ~ L ~ R , B T O L E R , L I M I T ~ D E ~ R O ~ P N T Y P E  

12 
13 AF (MoEQol) GO TO 100 
14 T I  = HBS(Q(2,1)/(ALOclo(Pl)aQ(1,1)))  
Ab TMISS = (T&-T) /  T l  
It IF (AUS(TMISS).GTo,2D + 00)  T = 11 

\D I 17 100 UU 105 XTR=l,LIMIT 

REAL L W  
T C = O ( 4 ~ 3 i + u ( i , 1 1 )  

Itr T2  = l * T  
14 
20 FT = Q(2,2)-T 

2L 
22 
23 1 FT) 
2b P2 = 10.0 +*I,.OGP 
25 IF(MoE.U.1 ) P 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz P2 
24 OELP = P1-P2 

"3 = T*T2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 

IF (FToLToolE-20) Ff = 1.0 
~OGP=Q( l r l )+U t2 r l ) /~ tQ(3 , l~ *ALOG1O(T~+Q(4 , l~ *T+Q~~t2~*FT /~*ALOG~O~ 

2.f ERROH = DECP/Pi 

3G OELT = DkLP/DPDT 

?A 
32 
33 
34 

26 I F ( A ~ S ( E R R ~ R ) o L T o , 1 0 a 0 6 )  GO TO 110 
2Y CALL DRWPT(DPDT,P2,T,D2Pt~2~ 

T = T + DELT 
I .  
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