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ABSTRACT 

T h i s  program was written to  be used as a subroutine. The program 

determines the thermodynamics of Freon refrigerants.  

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

F-113, and  F-114. 

fo r  these refr igerants  given any of the following pairs of s t a t e  

quantit ies:  pressure and quality,  pressure and entropy, pressure and 

enthalpy, temperature and quality,  temperature and specific volume and 

The following 

The subroutine can evaluate a thermodynamic s t a t e  

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

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

fluid.  

This report contains a brief description, flow chart  and l i s t i n g  of a l l  

subroutines required. 

The Downing form of the Martin equation of s t a t e  was used. 

I 
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NOM EN C L AT U RE 

a cons tan t  i n  hea t  capac i ty  of vapor equat ion 

b 

C 

d 

f 

cons t an  t i n Down i n g-Mart i n equat  i on A2 

A3 

A4 

A5 

B2 

B3 

B4 

B5 

c1 

c2 

c3 

c4 

c5 

c6 

A6 

B6 

h en tha lpy  (Btu/lbm) 

K cons tan t  i n  Downing-Martin equat ion 

P pressure ( p s i a )  



R uni versa1 gas constant 

s enthalpy (Btu/lbm"R) 

T temperature (OR) 

3 

V specific Volume (ft'/lbm) 

a constant in Downing-Martin equation 

13 conversion factor 

B constant in Downing-Martin equation 

I 

v i  
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INTRODUCTION 

This  subrout ine computes t h e  thermodynamic p r o p e r t i e s  o f  Freon 

r e f r i g e r a n t s .  

o f  a p p l i c a t i o n s  such t h a t  i t  may be used t o  determine t h e  p r o p e r t i e s  

The subrout ine was developed t o  a l l o w  f o r  a wide range 

of Freon r e f r i g e r a n t s  i n  a r e f r i g e r a t i o n  c y c l e  or ,  as t h e  authors 

developed it, f o r  use i n  eva lua t i ng  b i n a r y  f l u i d  cycles.  

can be t r e a t e d  as a "black box" by t h e  user  w i t h  a l i m i t e d  background 

This  r o u t i n e  

i n  programming o r  t h e  program may be mod i f i ed  t o  meet the  users 

requirements. This  manual was w r i t t e n  t o  a s s i s t  t h e  user i n  which 

ever manner he in tends t o  use t h i s  subrout ine.  

DEVELOPMENT OF PROPERTIES 

The bas i c  equat ion used i s  the Downing form o f  t h e  M a r t i n  equat ion 

o f  s t a t e  which ha;e t h e  form: 
A + B2T+C2e (-KT/Tc) A3+B3T+C3e (-KT/Tc) 

+ p = -  2 RT + 
V -  B (V-B)2 ( V - d 3  

h = aT+bT 2 /2+CT 3 /3+dT 4 /4-f/T+fJPV+fJ(& + A3 + A4 

2(V-BI2 3 ( V - d 3  
- 

4 + a  + 
4(V-B) 

c5 
4 c3 + c4 + 

2 (V-B  1 3 ( V - d 3  4(V-B) 
+ De-KT/Tc ( ~ + K T / T ~ )  

+ - - -  '6 aV c6c1 a I n  (-1 ah(1atent  a t  -40°F)-h(saturated 

Cle ae 

vapor a t  -40°F) 



2 

3 

1 

S = a lnT+BT+CT 2 /2+dT 3 /3-f/2T 2 +flRln(V-f3)+fd(& + B3 
2 (v-6 1 

c4 + c5 + -  '6 
CtV 3(v-f3)3 4(V-d4 ae 

Pe-KT/TC + Tc 

CleaV+l 
- cgcl a I n  ( CleCLV )) + Ah(1atent a t  -40°F)/-40-S(saturated 

vapor a t  -40°F) 
The above equations only predict properties i n  the vapor region. 

I n  order t o  determine saturated liquid properties the Clapeyron equation 

i s  used t o  compute saturated liquid enthalpy and entropy. Saturated 

liquid specif ic  volume i s  computed as a function of temperature. 

Compressed liquid s t a t e s  are approximated by saturated l i q u i d  s ta tes  

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 of the following pairs known (Recall t ha t  a thermodynamic 

s t a t e  requires tha t  two s t a t e  quantit ies be known and f o r  saturation 

s t a t e s  temperature and pressure are dependent) : temperature and pressure, 

temperature and quali ty,  pressure and quality,  pressure and enthalpy 

and pressure and entropy. Since pressure is  a function of specific 

volume and temperature, when pressure and temperature are known a 

search techinque must be used to  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, thus allowing 

saturation conditions of known pressure or temperature t o  be solved 
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as the case of  pressure and temperature already described. 

saturation properties have been determined the e f fec t  of a given quality 

can be determined. 

Once the 

The cases of pressure and entropy or enthalpy as 

knowns require a two variable search since a l l  three of these quant i t ies  

and functions of specif ic  volume and temperature. 

used i n  the superheated vapor region or the compressed l iquid approximated 

region because for  saturation s ta tes  only a quali ty need be computed. For 

This search i s  only 

a l l  searches i n  FREON the Newton Raphson i te ra t ion  technique was used. 

This method was selected for i t s  generally r a p i d  convergence. 
PROGRAM DEVELOPMENT 

Subroutine FREON was written i n  FORTRAN V f o r  the UNIVAC 1108 

ser ies  computer b u t  should be easily adapted to  any similar FORTRAN 

computer. The subroutine allows the user t o  use the program a t  two 

levels ,  f i r s t  as a "black box" (the main text  describes the use and 

general development o f  the program), second the program may be modified 

to best suit the users needs. (The remaining t ex t  contains a more complete 

description of each subroutine.) 

t o  allow for  easy modification and a s  a means of tracing any possible 

problems. 

equations and brief descriptions of  a l l  subroutines. 

USE OF FREON 

Subroutines were used throughout 

This report contains variable description tables,  flow charts,  

In order to  use FREON the user must supply to  the subroutine 

the following information: 

1. The process fo r  which properties a re  to  be determined ( C Y C L E ) .  

The allowable values of CYCLE are  the following pairs of 

knowns: 

TP - temperature and pressure 

TX - temperature and quali ty 
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TV - temperature and specific volume 

PH - pressure and enthalpy 

PS - pressure and entropy 

PX - pressure and quality 

These are the only allowable values o f  CYCLE and the order is  

important, i .e. , PT or  SP, etc. , are  i l l ega l  and will generate an 

error  termination of FREON. 

2. The value of the f i r s t  known specified by the value of CYCLE 

(FGIVEN). 

The value of the second known specified by the value of 

CYCLE (SGIVEN). 

Freon refrigerant type (FTYPE). FTYPE i s  formed by placing a n  

F i n  front of the refrigerant number. 

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

and F114. 

Print selector  - i f  NPRT = 0 then do n o t  pr int  out resu l t s ,  

3. 

4. 

The following values 

5. 

otherwi se pr int  out resul ts  
FREON will return the following information: 

1. Quality - applies t o  saturation s t a t e s  ( i f  greater than 1 

then superheated vapor and i f  l e s s  than 1 then compressed 

l iquid.)  

2. enthalpy (Btu/l bm) 

3. entropy ( B t u / l  bm’R) 

4. specific volume ( f t  /lbm) 

5. temperature (OF) 

3 

6. pressure ( p s i a )  

7. saturated 1 i q u i d  enthalpy (Btu/l bm) 
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8. 

9, 

10. 

11. saturated vapor entropy (Btu / lbm)  

saturated l i q u i d  entropy (Btu/l bm"R) 

saturated l iquid specific volume ( f t  /lbm) 

saturated vapor enthalpy (Btu/l bm) 

3 

12. 

A typical ca l l  on FREON would look l ike:  

saturated vapor specif ic  volume (ft'/lbm) 

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

HL, SL, VL, QUAL, NPRT) 

T h i s  call on FREON evalpates properties for  FREON-113 given temperature 

(TEMP) and pressure (PRESS). 

independent of the cal l ing program except for  the passage of the 

Subroutine FREON was written so as t o  be 

above parameters, therefore no external variables need be placed i n  

common. 
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FREON DESCRIPTION 

FREON i s  the main routine f o r  determining the thermodynamic properties 

of the Freon refrigerants.  

coefficients for  the f lu id  t o  be evaluated. These coefficients are  

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

The routine selects  the correct s e t  of 

. 
FREON then must determine i f  the two s t a t e  quantit ies given are  legitimate 

values, i.e. for  temperature and quali ty the temperature m u s t  be less 

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

between zero and one. 

FREON must determine the region to which the p o i n t  corresponds, i.e. 

Once the quantit ies a re  found to  be legitimate 

compressed l iquid,  saturated l i q u i d - v a p o r  equilibrium or  superheated 

vapor. Given the region FREON then ca l l s  the proper subroutines to  

compute the remaining thermodynamic properties. 

VARIABLE SYMBOL TABLE 

FREON 

VARIABLE DESCRIPTION 

BTOLER Lower tolerance on convergence and 

CYCLE 

s a t u r a t i o n  t e s t s  

Type o f  calculation to  be made, CYCLE 

has the following possible pairs of 

knowns : 

1. 

2. 

3.  

temperature and pressure = TP 

temperature and quality = TX 

temperature and specific volume = TV 

4. 

5. 

6. 

pressure and quality = PX 

pressure and enthalpy = PH 

pressure and entropy = PS 
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ds 
E 

DELTH 

DERROR 

DH DT 

DH DV 

DPSDT 

DPSDT2 

DSDT 

DS DV 

DVLDT 

F11 

F12 

F13 

F 14 

F2 1 

F22 

F23 

F113 

H 

tolerance used in checks for zero 

- calculated from Clapeyron Equation fg 

aS (V ,T) 
aT 

2-dimensional array containing the 

coefficients for F11 

2-dimensional array containing the 

coefficients for F12 

2-dimensional array containing the 

coefficients f o r  F13 

2-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 



P 
8 

F114 

FGIVEN 

FTYPE 

H 

HCRIT 

HL 

HV 

I 

J 

LIMIT 
I 

M2 

NPRT 

NTY PE 

PCAL 

PCRIT 

PSAT 

PSIA 

Q 

QUAL 

2-dimensional array containing the 

coefficients f o r  F114 

First known passed to  FREON, i.e. 

temperature fo r  values of CYCLE of TP, 

TX, TV and pressure f o r  values of CYCLE 

of PS, PH AND PX 

Freon type 

enthalpy (Btu/l bm) 

c r i t i c a l  enthalpy (Btu / lbm)  

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

saturated vapor enthalpy (Btu/l bm) 

index 

index 

maximum number of i t e ra t ions  allowed 

i n  any one search 

u n i t  number for pr inter  

p r i n t  se lector  

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

NPRT # 1 do not p r i n t  resul ts  

saturated 1 i q u i d  specif ic  volume equation 

selector  

cal cul ated pressure (psi a )  

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

saturation pressure (psia)  

Pressure (ps ia )  

2-dimentional array containing the 

coefficients fo r  the f lu id  to  be evaluated 

qual i ty 
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RJ 

S 

SCRIT 

SGIVEN 

SL 

sv 
T 

TF 

TCRIT 

TTOLER 

V 

V L  

vv 

conversion factor  = 0.185053 

entropy (Btu/l bmoR) 

c r i t i ca l  entropy ( B t u / l  bmoR) 

second known passed t o  FREON 

saturated 1 i q u i d  entropy ( B t u / l  bmoR) 

saturated vapor entropy ( B t u / l  bmoR) 

temperature ( O R )  

temperature ( O F )  

c r i t i ca l  temperature ( O F )  

upper to1 erance on convergence and 

saturation t e s t s  

specific volume ( f t  /lbm) 

saturated l i q u i d  specific volume ( f t  /lbm) 

saturated vapor specific volume ( f t  /1 bm) 

3 

3 

3 
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Q Ar ray  

VAPOR PRESSURE COEFFICIENTS 

Q(2,2) Q(3,2) 
F G 

EQUATION OF STATE COEFFICIENTS 
5 

Q(4,3) 
Tc("F) 

LIQUID DENSITY 

Q(1,4) 
AL 

Q(4,4) 
c2 

Q(395) 
B3 

Q(4,5) 
c3 

i 

Q(3,7) 
B5 

HEAT EQUATION COEFFICIENTS 

F igure  1. 



P i 

b
' 

! 

J 
Y

 
>

 

>
 

'1 
n

 



1 2. 

ii 

i 

t 
DETERMINE PAIR OF KNOYNS 

, I  I TV TP PS PX PH TX 
I 1 1  I 

TFmFGIVEN PSIA-FGIVEN 
PSIA-SGIVEN %GIVEN 
T=TF+Q(I.ll) 

I 
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TF-FGIVEII 
QUAL-SGIVEN 

VES 

1 '  

T.TFtQ(4.3) 

D RETURN 

ERROR k RETURIi 

? 
PSIA=FGIVEN 
QVAL=SGIVEN P 

1 ,  

NO 

I 
YES 

VPEQU 

T F = T - Q ( 4 . 3 )  

I 

N V = l  .O/Q(4.11) 

VOLUME 

, '  g' 
+ 

PRINTF 
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3 

Y 

COMPUTE : 

PRINTF 9l 
\ RETURN J 

i 
f \  

W I N O  LLTU 
t 

EICTROP I 
T '  

QUAL.-2.0 

7 ,  

PRINTF 1 
I 

T C = F C I V E Y  
V = SG I :'E V 
T=TF+Q(  1.1 1 ) 

NO 

1 
VPEQH 

1 

COMPUTE: 

- 

ENTROP 

QUAL=Z.O 9 
PRINTF PI 

PSIA=PCAL 

a PR I tITF 
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ENTHAL Q + 
ENTROP Q 
PRINTF + a RETURN 

P 
QUAL=- 2.0 irl 

VOLUME 

a ENTHAL 

ENTROP 0 
FLQOEN UTU 

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

PRINTF 

RETURN 

COMPUTE: 

PRINTF 

RETURN 

rtn CbnPS 

f II'""] 
ORVPT Q t 

DELTH=RJ*DPSOT*(V-VL )*T 
HaH-DELTH 
QUAL=-P.O 
V=VL 
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CCRPH Q 

t 
ENTRCP 9 
ORVPT 'iil 
t 

COMPUTE : 
OELTH 

PRIHTF 

c3 RETURN 

VOLUNE 

E K R 3 P  

PVAL=-Z.O + 
COr?PUTE : 

OELTH 

c3 RETURN 
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COMPH DESCRIPTION 

COMPH searches f o r  t h e  temperature and s p e c i f i c  volume i n  t h e  

compressed l i q u i d  r e g i o n  g iven pressure and enthalpy.  

l i q u i d  r e g i o n  i s  approximated by saturated l i q u i d  a t  t h e  same temperature. 

A two v a r i a b l e  Newton-Raphson i t e r a t i o n  technique i s  used i n  t h e  search, 

The compressed 

EQUATIONS 

d P ~ ~ ~  
KNOWN 

Fh = h ( V  ,T)-CONVR-& V-VL)*T-h 

aFp - ~ P ( v , T )  - d P ~ ~ ~  
aT aT dT 

SAT*T 
dP 

- -  aFh - ah(V,T) - C O N V R * r  av a~ 

Jacobian =( aP(V a V  ,TI )(,) - (3) (3) 
= vi - r p * % -  ‘h*%\ 

Jacobian ‘it1 

= Ti - [‘h*%- ‘p*%] 

i Jacobian Ti+l 

VARIABLE SYMBOL TABLE 

BTOLER lower  t o l e r a n c e  on convergence and 

DFHDT 

DFHDV 

DFPDT 



d 
29  

DHDT 

DH DV 

DP2DT2 

DPDT 

DP DV 

DPDVDT 

DPSDT 

3 
DPSDTZ 

DV L DT 

FH 

FP 

H 

HCAL 

I 

LIMIT 

M2 

P 

PCAL 

PSAT 

RJ 

T 

TLAST 

a 2 P (  v ,T )  
aT2 

aP(V,T)  
a v  

a 2 P (  V,T) 
aVaT 

d P ~ ~ ~  

'''SAT 
7- 
- dVL 

dT 

dT 

P calculated - PKNO" 

known enthalpy (Btu/lbm) 

calculated vapor enthalpy ( B t u / l b m )  

index number 

maximum of i te ra t ions  allowed in any one search 

u n i t  number f o r  pr inter  

known pressure (psia)  

calculated pressure (psia)  

saturated pressure (psia)  

conversion fac tor  = 0.185053 

temperature ( O R )  

l a s t  temperature calculated, t o  be used 

i n  next i te ra t ion  



3 

I 

TTOLER 

V 

VL 

VLAST 

XJACOB 

30 

upper to le rance  i n  convergence and 

s a t u r a t i o n  t e s t s  

s p e c i f i c  volume ( f t  / lbm) 3 

satura ted  l i q u i d  s p e c i f i c  volume ( f t ’ / lbm) 

l a s t  s p e c i f i c  volume ca lcu la ted ,  t o  be 

used i n  nex t  i t e r a t i o n  

Jacobian o f  pressure and en tha lpy  



31 

DFHDV-DHDV-RJ'DPSDT 

XJACDBrDPDV*DfHDT-DFPDT*DFHDV 
V=VLAST*( FP*DFHDT-FH'DFPDT)/XJACOB 
TxTLAST- (FH'DPDV-FP*DFHDV)/XJACOB s 

i 
i 

I 
I 

START 7 
RJ=O.185053 
VLAST=V 
TLAST=T 

t 
DRVPT 1 
I 

FLQDEN 

YES 

c t . 
ERROR 

FP=PCAL -PSAT 

DFPDT-DPDT-DPSDT 
FH=HCAL-RJ*DPSDT*(~-VL)-H 
DFHDTrDHDT-RJ*DPSDTP( V-VL)*RJ*DPSDT*DVLDT 

1 Q 



32' 

+.=I T=TLAST/ 10.0 

QYLS-e, V=VLAST/lO. 0 

~ P E S )  
RETURN 



33 

u 
3 I 



34 
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3
 

.n 
3
 

4
 

3
 

0
 
0
 

r- 3
 

I 
4
 

0
 

4
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-J
 

i
 

0
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c
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COMPS DESCRIPTION 

COMPS searches f o r  the temperature and specif ic  volume i n  the compressed 

liquid region given pressure and  entropy. 

i s  approximated by saturated liquid a t  the same temperature. 

variable Newton-Raphson i terat ion technique i s  used i n  the search. 

EQUATIONS 

The compressed l iquid region 

A two 

Fs = S(V,T)  - CONVR 7 d P ~ ~ ~  (V-VL)*T-SKNOWN 

5 - aS(V,T) dPSAT 
aT  aT  'dT 

a P ( V , T ) ) i a F S  a P ( V , T )  a F ~  
) (  a v )  ---) - ( 

a T  a T  Jacobian = (. 

Ti+ l  = Ti - 
Jacobian 

V A R I A B L E  SYMBOL TABLE 

BTOLER lower tolerance on convergence and 

DFPDT 

DFSDT 



i )  
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cid 
5 

DPS DV 

DP2DT2 

DPDT 

DP DV 

DPDVDT 

DPSDT 

DPSDT2 

DSDT 

DS DV 

DVLDT 

FP 

FS 

I 

LIMIT 

M2 

P 

PCAL 

PSAT 

RJ 

S 

SCAL 

a 2 P ( V , T )  
aT2 

P calculated - PGIVEN 

S calculated - SGIVEy 

i n d e x  

maximum number of i terations a1 lowed 

i n  any one search 

u n i t  number f o r  printer 

known pressure (psia)  

pressure calculated (psia)  

saturation pressure (psia ) 

conversion factor = 0.185053 

known entropy (Btu/l bm"R) 

cal cul ated entropy (Btu/l bm"R) 
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T 

TLAST 

TTOLER 

V 

VL 

VLAST 

XJACOB 

temperature (OR) 

l a s t  temperature calculated, to  be 

used i n  next i terat ion 

upper tolerance on convergence and 

sa tu ra t ion  tests 

specif ic  volume ( f t  j lbm)  

saturation 1 i q u i d  specific 

l a s t  specif ic  volume ca’lcu 

used i n  next i t e ra t ion  

3 

volume ( f t  3 /lbm) 

ated, t o  be 

Jacobian of pressure and entropy 



a 
! 

SIART i-' 
I VL AST = V 

TLA5T.T I 

E M R D P  

3 

FPsPCAL-PSAT 

DFPDT-DPDT - DPSDT 

FS=SCAL-RJ'DPSDT*( V-VL) -5  
DFSDT=DSDT-RJ'DPSDTZ'( V-VL)+RJ'DPSDT'DVLDT 

DFSDV=DSDV-RJ+D?SDT 

XJACDB=3PDV'DFSDT-DFPDT'DFSDV 

V=VLAST-( FP*DFSDT-FS'DFPDT)/XJACD8 
T=TLAST-(FS'DP3V-FP'DF9DV)/XJACOB 

c"7 RETURN 



I 
t I P 

YES I 
NO T=TLAST/ 10.0 
- - I 

1 ,  

cL> RETURN 
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DRVPT DESCRIPTION 

DRVPT c a l c u l a t e s  t h e  f i r s t  and second d e r i v a t i v e  o f  t h e  s a t u r a t i o n  

pressure w i th  r e s p e c t  t o  temperature. 

EQUATIONS 

B+E*F LOGlo( F-T) ) l  n ( 10) C-E + - + D l n ( l 0 ) )  - -  
PSAT (-(- T2 T 

d P ~ ~ ~  - 

dT2 - 'SAT ( T3 T ~ ( F - T )  

dT 

d2pSAT - 2( (B+EF LOGlo( F-T) ) 1  n( 10)  - +  1 C- E 

VARIABLE SYMBOL TABLE 

DPDT d P ~ ~ ~  

7 

dT 

D2PDT2 d2PSAT 

FT F-T 

P s a t u r a t i o n  pressure  ( p s i a )  

Q 2-dimensional a r r a y  c o n t a i n , n g  t h e  

c o e f f i c i e n t s  f o r  t h e  f l u i d  t o  be eva lua ted  

T 

T2 

T3 

X X  

temperature (OR) 

T2 

T3 

l n ( 1 0 )  



t 
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/ \  

A vcc 
< 

Y FT = 1.0 11 FT = 1.0 

i-, RE7 URN 



a 
44 
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ENTHAL DESCRIPTION 

ENTHAL c a l c u l a t e s  t h e  enthal  py and i t s  d e r i v a t i v e s  w i t h  respec t  

t o  temperature and s p e c i f i c  volume f o r  vapor s t a t e s  us ing  t h e  Qowning- 

M a r t i n  equat ion of s ta te .  

EQUATIONS 

h = A*T+b*T2/ 2+C*T3/ 3+D*T4/4- F/T+CONV R*P*V+CONVR (~(v-B) A2 

C, C, C. 
t CONVR exp( -K*T/TC) (l+K*T/TC) (6 + 4 

Clexp (a*V)+1 
c5 4 + - - a  '6 

'6*'1 "(Clexp(a*V) 1) 4(V-B) 

t Ah(1atent a t  -40°F)-h(saturated vapor a t  -40°F) 

3 r r r r 

4 
- exp(-K*T/TC) 

a(, h'V T) = CONVR*P+CONVR*V* aP(V,T) a V  + CONVR( -A2 - A3 *4 

a V  (v-B)2 (V-f3l3 - 3 
n n 

VARIABLE SYMBOL TABLE 

C conversion f a c t o r  = 0.185053 

DERROR t o l e r a n c e  used i n  checks f o r  zero 



P 

DH DV 
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DPDT 

DPDV 

D2PDT2 

DPDVDT 

EKA 

E K I T  

H 

H 1  

H2 

H3 

P 

PART 

PART1 

PART2 

Q 

aP( V,T) 
aV 

a2P(V,T) 
3T2 

a2P(V,T) 
aVaT 

exp (a*V ) 

exp ( -  K*T/TC) 

en tha lpy  ( B t u / l  bm) 

a *T+b*T2/ 2+C*T3! 3*d*T4/ 4- f / T+CONVR*P*V 

CONVR( A2 V-B + *3 + A4 +RX) +-g 2(v-f3)2 .- 3(V-f3) 

CONVR(- c2 + c3 + c4 
v-B .. 2(v-B)2 3(v-f3)3 

+ -' +RZ)(l+K*T/TC)(exp(-K*T/TC)) 
4 ( V - d 4  

pressure  ( p s i  a )  
Clexp (a*V)+ l  

'1ln( Clexp(a*V) 1 

a+b*T+C*T2+d*T3+f - -  /T2+COI 

4 
- c3 t c4 + c5 
(v-8 + 2(v-f3)2 3(V-B) 4(V-f3) 

CONVR*K2*exp( -K*T/TC) 
+ RZ)( 

Tc2 

2-dimensional a r r a y  which con ta ins  t h e  

c o e f f i c i e n t s  f o r  t h e  f l u i d  t o  be eva lua ted  
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u 
3 

3 

i 

Y 

RX 

RZ 

T 

T2 

T3 

T4 

TC 

TERMA 

V 

VMB 

VMB2 

VMB3 

VMB4 

VMB5 

temperature (O R )  

T2 

T3 

T4 

critical temperature (OR) 

A6 (-l/eXp( a*V)+C1 )/  (c1 exp(a*V)+l) 

specific volume (ft 3 /lbm) 

V- 8 



4% 

C = 0 . 1 5 5 0 5 3  
7 2  = T'T 
T 3  = T:+T 
1 4  = T3.T 

v i e 2  = v r * w m  
VF0 = v - Q ( 3 . 3 )  

vMB3 = v':i:*v:lB 
v t a 4  = v:83'vMl? 
V I 0 5  8 VIlBJ*Vt% 
E K I T  = - @ : 7 . 1 2 ) * T / ( Q ( 4 . 3 )  + Q ( 1 , l l ) )  
E K I T  = E V ( E K 1 T )  

EKA = Q(3,l:)'V 

EKA = 0.0 
RX = 0.0 
Rz = 0.0 

PART = 0.0 
TERM4 = 0.0 
T E R M  = 0.0 

EKA = EXP(EKA) w 

R X  Q ( 2 , ~ ) / Q ( 3 . 1 2 ) * ( l . O / E K A  - PART) 
RZ Q( 4 .e) / (Q( 3.1  2) 'EKA) - (Q( 4 . 8 )  +PART/Q( 3.1 2 )  ) 

T E R M  = Q(Z.E)* ( - l .O/EKA + q ( l , l Z ) / ( Q ( l . l Z ) * E K A  
+ 1 . 0 ) )  

T E M  = Q(o.E)/EKA 



49'  

I 

~~~~~ 

H1 = Q(1.9)*T + Q(Z.9)*T2/2.0 + Q(3.9)*T3/3.0 r + 0f4.9)*T4/4.0 - O1l.lO)/T + 

PARTl 

PART2 

PART2 

PARTl 

PARTZ 

Q(1.9) + Q(2.9)*T + Q(3.9)'TZ + Q(4.9)'73 
+ Q( l . lO) /TZ + C*OPDT'V 
Q(4.4)lVbQ + 0 (4 .5 ) / (2 .0 tVm2)  + 0(4,6)/ 
(3.0*VW3) + 0(4.7)/(4.O*VMB4) + RZ 
-C*EKIT*Q( 2.12) **2*T/TCf'2*PART2 
PART1 + PARTZ 
C'WDV'V + C*P + C*(-O(2.4)/Vi.lB2 - 0(2.5)/  
VtIB3 - Q(2.6)/VHB4 - Q(2,7)/VMBS + TERM 
-Q(4,4)/V1!82 - Q(!.5)/Vt463 - Q ( 4 , 6 ) / V R 4  - Q(4,7) /Vt85 - TtRt.!d + Q(4.8)*Q(1.12)/ 
(Q(1.12)'EKA + 1.0) 
C'EKIT*(l.O + Q(l.IZ)*T/TC)*PARTZ 
PARTl + PARTZ 
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P 

ENTROP DESCRIPTION 

ENTROP c a l  c u l  a t e s  t h e  en t ropy  and i t s  d e r i  v a t i  ves w i t h  r e s p e c t  

t o  temperature and s p e c i f i c  volume f o r  t h e  vapor r e g i o n  u s i n g  t h e  

Downing-Marti n equat ion  o f  s t a t e ,  

EQUATIONS 
2 B2 s = a1 nT+B*T+C*T2/2+d*T3/3-f/2*T +CONVR*Rl n (V-B)-CONVR(- V-6 

c2  = a/T+b+C*T+d*T2+f/T3 - CoNVR*K2 2 exp( -K*T/TC) (o 
T, aT 

L Clexp(a*V)+l 

c5  '6 '6*'1 a 'n(Clexp (a*v ) )  + c3 + c4 3 + z + z x m - -  
2(v-B)2 3(V-B) 

VARIABLE SYMBOL TABLE 

C convers ion  f a c t o r  = 0,185053 

DERROR 

DS DT aS(V ,T) 

t o l e r a n c e  used i n  checks f o r  zero 

aT 

EKA 

EKIT 

G 

PART 

exp (a*v) 

exp(-K*T/TC) 

c5 4 + R Z  
c4 + 4(V-B) 

- +  c2 c3 + 
V ' - B  2(V-6) 3 W B )  
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u 
3 

us 

PART1 

PART2 

Q 

RX 

RZ 

S 

s1 

s2 

s3 

s4 

T 

T2 

T3 

TC 

TERMA 

Co'4VR*R - CONVR ( - B2 - B3 
V- B (V-BI2 (V-BI3 

(V-BI4 ( V - d 5  
- B4 - B5 + TERMA) 

3 L - L2 

(V-8) 
CONVR*Kexp( -K*T/TC) ( 

2-dimensional a r r a y  con ta in ing  t h e  c o e f f i c i e n t s  

f o r  t h e  f l u i d  t o  be evaluated 

- PART) B6 1 cr(- 
C6*PART 

a 
'6 m- 

entropy ( B t u / l  bmoR) 

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

CONVR*Rl n ( V-B) 

- C O N V R ( w  B2 + B3 t B4 
2(v-B)2 3(v-B)3 

t B5 + RX) 
4(V-BI4 

K b2 
2 CONVR(E 'exp( -K*T/TC) (- t 

2 (v-B) 

L AS(1atent at-4O0F) 
-40 + + RZ) + 

3(V-B) 

-S (sa tu ra t i on  -4OOF) 

temperature ( O R )  

T2 

T3 

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

1 -1 
B6('* + Clexp(a*V)+l 



3 

TERMB 

V 

VM B 

VMB2 

VMB3 

VMB4 

VMB5 

zz 

54 

C6/exp (a*v 1 
s p e c i f i c  volume (ft / lbm)  3 

K2 - exp ( - K*T/TC ) 
Tc-2 
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I 

I 

I 
I '  

! 

1 

i 

C = 0 . 1 0 5 0 5 3  
V t t  = V - Q( 3 , 3 )  

V ' W  = !'frn*Vtrn 
VNU3 Vt32*Vt4B 
VF:M = VtB3*VF!B 
vm5 = VrlDc'VIIs 

EKA = Q(3.1Z)'V 

t 
RX = 0.0 
Rz = 0.0 

EKA = 0.0 
PART = 0.0 

EKA = EXl'(EKA) 
PART = Q( 1.1 2 )  *&LOG( ( Q (  1 . lZ)*EKA 

l . O ) / ( C ( l  . l Z ) * E E A ) ) )  
R X  = Q(3.8)/Q(3,12)*(1.0/EKA - PART)  
RZ = P ( 4 . 0 ) / ( 0 ( 3 . 1 Z ) * E K A ) -  ( 0 ( 4 . 8 ) /  

Q( 3.1 2) *PART) 

( Q ( l . l Z ) * E K A  1 . 0 ) )  
TERtIA = Q(3.e)* ( - l .O/EKA + O ( l . l Z ) /  

TERM0 = 0(4,8)/ELA 

G = Q ( 4 , 4 ) / v I 3  + Q(4.5)/(2.0*VtlC2) + Q(4.7)/ 
(4.O'VtlBC) + Q(2.6)/(3.O*Vl~lU3) + RZ 

1 2  = T*T 
1 3  = T2.I 

E K I T  -Q(2.12) '1 / (9(4.3)  Q ( 1 . 1 1 ) )  

, '1 



. .  . 

1 

ZZ = Q (  2.1 ?! *'2.O/(Q(d .3! + Q (  1.1 1 ! )**2.0*EKIT 

5 2  = C+Q(2,3)'ALOC;Yi!B) 
53 = -C*(q(3,4)/V:Fi  + Q(3,5)/(2.0'Y!G2) + 9(3.6)/ 

54 = C*(Q(2,12)/(9(4,3) + Q(1 , I 1  ))*EK!T)'(Q(4.4)/ 

51 = Q(1,9,'ALOG(T! + Q ( 2 , 9 ) * T  + C(3,9)*T2/2.0 
+ Q(4.9)'T3/3.0 - Q (  1,10)/2.0'12) 

3.0*V1'1;3) + 1:(3,7!/(4.O'V:!B4) + R X )  

V I 5  t Q (  4,5)/( 2.0*Vt182) + Q( 4,6)/(  3.0*Vf,lB3) 
+ Q(4,7)/(4.0tVlt!?4) + RZ) + Q ( 7 , l O )  

2 = 21 t 27 4 $1 + s4 

TC 
PARTl 

PART2 

OS OV 

O(4.3) + O(1.11) 
C'Q(2.3)/VtlB - C'(-Q(3,4)/VMB2 - 0(3,5)/  
VI83 - Q(3,6!/V134 - Q(3,7)/Vf'PS + TERMA) 
C'Q( 2.1 2) 'E KIT/TC'( -3( 4.4) / V t T "  - P( 4.5! / 
V i13  - 0 ( 4 , 6 ) / V f 8 4  - Q(4,7)/VI'd5 - TERPd 

P A R T l  + PART2 
+ Q( 4.C) *3( 1 ,l 2 ! / Q (  1 . 1  2 )  -EKA 4 1 .O)) 



C
 

C
 

*
Y

 *
 

*
+

 
* * * )r
 + Y
 + * Y
 

+-
 * + it
 * * t
 * #
 * * * + * Y
 * * * * Y
 * * Y
 * * * * * * * * * Y
 

+
t 

4
t * + it
 * * Y
 * I)
 * * 4b
 * Y
 

Y
 * * * + 

*
*

 

4c
 

c- 
* 

c
*
 

-4 c
 

c-
 

t
 
c
.
 

c
*
 

C
Y

 

(r
 
C
 c G
 

C
 

c:
 
c
 

c
*
 

T
*
 

. c. c. 
-

*
 

-'
* 

-
+

 
<

*
 

-
*

 
u.
 * 

-
*

 
c
*
 

v
'*

 
C

Y
 

+
*

 
-

Y
 

G
 

C
 

4 

c
*
 

tn
w

 
=

* 
-. L +

 
e

*
 

-*
 * * * * * Y
 * * * * * * * * * * * * * * * * * * * * * * * U * ++ 

X
 

0
 

7:
 

0
 

7
7
 

cj
 

rl
 - A- 

-4 I
 

m
 

<
 

7
: 
0
 

X
 

* L
 
i
 

4
 

'c
 

PI 

B
 
D
 

c.
 

x 

*
*

 * 
4t

 



58 

I I 

3
3

 
+el 



59 

EOS DESCRIPTION 
u 

3 

EOS c a l c u l a t e s  

I 

he pressure  

temperature and s p e c i f i c  volume 

and s p e c i f i c  volume by u s i n g  t h e  

and i j d e r i v a  i v e s  w i  h respec 0 

n t h e  vapor r e g i o n  g i v e n  temperature 

Downing-Mart in equat ion  of  s t a t e .  

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

+ R*T p = - +  
V -  B (v-B)2 (V-B?  

A4+B4*T+C4exp (- K*T/TC) A5+B5*T+C5exp (-K*T/TC) A6+B6*T+C6exp (-K*T/TC) 

exp(a*V) ( l+Clexp[a*V)) 
t t t 

( V - B I 4  ( V - B I 5  

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

av - j q -  (V-BI3 ( V - d 4  

4(A4+B4*T+C4exp(-K*T/TC) ) 5(A5+B5*T+C5exp( -K*T/TC)) - - 
( V - d 5  (V-Bf 

exp(a*V)+Z* *Clexp(2*a*V) - ( A6+B6*T+C6exp ( -  K*T/TC) ) ( 1 
(exp (a*v )+clexp (2*a*v) 

KC,exp (-K*T/TC) KC,exp( -K*T/TC) 
L 3 B,- B,- 

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

B6- TC 
B4- - . B5- 

t TC t TC t exp(a*V)(Clexp(a*V)+l) 
( V - d 4  ( V - d 5  

- a2P(V,T) - - K2exp(-K*T/TC) ( c2 t c3 + c4 t c5 
,T2 T(32 (v-B)2 (v-8)3 (V-BI4 ( V - d 5  

t exp(a*V)(Clexp(a*V)+l) ‘6 1 
- .  
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CK2 

C K3 

CK4 

CK5 

C K6 

DER 
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KC2exp (-K*T/TC) KC3exp( -K*T/TC) 
1 

TC 
2 ( B2-- ) 3(B3- a?P(V,T)= -R - TC - 

aVaT ( V - B I Z  ( V - d 3  (v-B)4 
KC4exp (-K*T/TC) KC5exp (-K*T/TC) 

1 KC6exp (-K*T/TC) 
1 

TC 
TC -(B6- 

) 5(B5- 
r 

4 ( B4- 
- 

(V-BI0 

VARIABLE SYMBOL TABLE 

C2*K/TC 

C3*K/TC 

C4*K/TC 

C5*K/TC 

C6*K/TC 

DP DT 

DPDV 

DPDVDT 

D2PDT2 

EKA 

EKA2 

E K I T  

I 

P 

PART 

P 1  

Q 

t o le rance  used i n  ch cks f o r  zero 

aP (V YT) 
a V  

a2P(V,T) 
aVaT 

a2P( V,T) 
aT2 

exp (a*V ) 

exp (Z*a*V) 

exp( -K*T/TC) 

index 

pressure ( p s i a )  

1-dimensi onal a r r a y  con ta i  n i  ng i ntermedi a t e  

pressure ( p s i a )  

2-dimensional a r ray  con ta in ing  t h e  

c o e f f i c i e n t s  f o r  t h e  f l u i d  t o  be evaluated 

ies 
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I 

cas 
I 

T 

TC 

TERM 

TERMA 

temperature ( O R )  

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

1-dimensional  a r r a y  c o n t a i n i n g  i n t e r m e d i a t e  values 

exp(a*V) ( 1 t  exp(a*V) 

B6-CK6eXp (-K*T/TC) 

TERM B 

V 

VMB 

VMB2 

VMB3 

VMB4 

VMB5 

VMB6 

XMESS 

z5  

26 

‘6 
exp (a*V) ( 1+ exp (a*V) ) 

s p e c i f i c  volume (ft 3 /lbrn) 

I * V I  

(ex p ( a*v +cl exp ( 2*a*v ) ) 

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

B 3- C3 * Kex p ( - K*T/ TC ) / TC 

B4-C4*Kexp (-K*T/TC)/TC 

B5-C5*Kexp (-K*T/TC)/TC 

B6-C6*Kexp (-K*T/TC)/TC 

( 1+2*Clexp (c~*v)  ) 
exp(a*V)(1+ exp(a*V)) 



u 
I I 

i 

E K A  = EXP(EKA)  
EKA? = EXP(EKA2) 
L 

t 

I '  

I f' No 
I r I 

I TERH(1) = (Q(2.1 + 2) + p(3 .1  + 2)*T  
Q(4.I + 2)*EKIT)/VKB*'I I I  6 P 1  - P1 + TERM([)  

62 
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P1 = P1 + TERW(1) + TERM(6) 

PfiKT(1) = f j (2 ,3 )+T/VMl*+Z 

YES 

1 . 1 4 1  

NO I 

f 

\ 

'I.. 
EKAE = 0.0 
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t 

I 

, 

P t 
I -t 

DPDV 
Vl.lR2 vt.u;+vm 

V I R 4  = V : l 6 2 W  
VW5 YtIR4*VMB 

-(DPDV + PART(1)  + PART(6 ) )  

vrm3 = v w * v w  

VMB6 = 
TC - 

CK2 = 
CK3 = 
CK4 = 
CK5 = 
CK6 = 
EKA = 

I 

I I I 



I 

', 
i 

P 
+ Q ( 3 , 5 )  - CK3*EKIT!/V":3 + (O(3.6) I - Ch~l 'EKIT! /Vt lB + ( Q ( 3 , 7 )  - CKS*EKIT)J 

DPDVDT = - Q ( 3 , ? ) / V H B 2  - 2.0bZ1/:":;3 - 3 . 0 5 2 ;  
VMBBC - 4.0'23/VP.C5 - 5.0'Z4/Vt+Bb - 25'26 

1' 
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FLQDEN DESCRIPTION 

FLQDEN calculates the saturated l iquid specif ic  volume and I ts 

derivative w i t h  respect t o  temperature given temperature. One of three 

equations i s  selected depending on the refrigerant t o  be evaluated. 

EQUATIONS 

NTYPE = 1 

l / V L  = AL+BL (1-T/TC) 1 / 3 t C L  ( 1-T/TC)2'3+DL ( 1-T/TC)+EL ( 1-T/TC)4/3 

1/ 3 BL (1-T/TC) -2/3+ 3*TC ( l-T/TC) -lj3 + - (1-T/TC) 
2*CL 4*EL 

3*TC 
dVL V ) r =  L (m 

NTYPE = 2 

l / V L  = A L L  +B ( TC-T)+CL (TC-T) '"+DL (TC-T) ' l 3 t E L  (TC-T)' 

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

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

- -  dVL - - V L  2 (BL+2*CL*T) 
dT 

VARIABLE SYMBOL TABLE 

DL 

DVLDT 

NTYPE 

P 1  

P2 

P3 

P4 

Q 

T 

saturated l iquid density (lbm/ft 3 ) 

dVL(T) 
dT 

saturated l i q u i d  specific volume equation selector 

temporary value 

temporary value 

temporary value 

temporary Val ue 

2-dimensional array containing the coefficients 

for  the f lu id  to  be evaluated 

temperature function 
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TC 

TR 

T3 

VL 

c r i t i ca l  temperature (OR) 

temperature (OR) 

3*TC (OR) 

saturated l i q u i d  specific volume ( f t  3 lbm) 

t 

i 



.7 1 

I 
f 

P1 = 1 / 3  

P3 = 4 /3  

t 

I 
P3 = 1 / 2  
P4 = 2/3 

T = rr - TD 

I DL = AL + BL*TR + CL*TR**2 

VL = I / D L  
dV, /dT  = -VL"2*(BL 2*CL*TRj I 
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H F r N D  DESCRIPTION 

HFIND searches fo r  the specific volume and temperature in the vapor 

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

i terat ion technique i s  used fo r  the search. 

EQUATIONS 
a P ( V  ¶ T I )  ( a h ( V  , T I ) -  ( a P ( V ¶ T ) )  ( a h ( V ¶ T )  

aT  aT aV Jacobian = ( a V  

VARIABLE SYMBOL TABLE 

BTOLER lower tolerance on convergence and saturation tes ts  

DHDT 

DH DV 

I 

I 

DPDT 

DPDV 

DPDVDT 

D2PDT2 

H 

HCAL 

I 

LIMIT 

aP(V,T)  
aV 

a2P(V,T) 
aVaT 

a2P(V,T)  
aT2 

known enthalpy (Btu/l bm) 

calculated enthalpy (Btu/lbm) 

index 

maximum number of i terat ions allowed in 

any one search 
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M2 

P 

PCAL 

T 

TLAST 

TTOL E R 
I 

V 

VLAST 

X JACOB 

u n i  t number fo r  printer 

known pressure (psia)  

calculated pressure (psia)  

temperature ( O R )  

l a s t  temperature calculated t o  be 

used i n  next i t e ra t ion  

upper tolerance on convergence and 

saturation t e s t s  

specif ic  volume ( f t  /lbm) 

l a s t  specif ic  volume calculated, t o  be 

used i n  next i t e ra t ion  

Jacobian of pressure and enthalpy 

3 
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EOS I 
I 

t 
ENTtlkL 

NO 
i 

c3 
3 

3 

I 

VLAST-V 

ENTHAL 9 

TLAST-T 

V=VLAST-( (PCAL-P)*DHDT-(HCAL-H)DPDT/XJACOB 
T=TLAST - ( (HCAL-H) DPDV- ( PCAL-P)DRDV )/XJACOB 

J T=TLAST/lO. 0 3, 
V=VLAST/IO.D 

\ 
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PRI NTF DESCRIPTION 

PRINTF prints the f inal  resul ts  of FREON i f  NPRIN does not equal 

zero. 

VARIABLE SYMBOL TABLE 

FTY P E 3 

H 

HL 

HV 

NPRIN 

M2 
1 

P 

Q 

S 

SL 

sv 
T 

V 

VL 

vv 

f l u id  type t o  which properties have been 

determined 

enthalpy ( B t u / l  bm) 

saturated l iquid enthalpy (Btu/l bm 

saturated vapor enthalpy (Btu/l bm) 

p r in t  selector 

unit  number f o r  printer 

pressure (ps ia )  

2-dimensional array containing the 

coefficients f o r  the f lu id  t o  be evaluated 

entropy (Btu/l bmoR) 

saturated 1 i q u i d  entropy (BTU/l bm O R )  

saturated vapor entropy (BTU/l bm O R )  

temperature ( O R )  

specific volume (ft 3 /lhm! 

saturated l iquid specific volume ( f t  3 /lbm 

saturated vapor specific volume ( f t  3 /lbm) 



7 9  

b 

S T A R T  cr> 

i No 

FTY PE P 

QUAL c 0.0 LIQUID 

t 

c", RETURN 
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SATN DESCRIPTION 

SATN determines the saturated vapor and l iquid properties given 

temperature and the saturated vapor and liquid specif ic  volumes. 

Saturated l iquid properties a re  determined from the Clapeyron equation. 

EQUATIONS 
= - CONVR ( - r ) ( V v  d P ~ ~ ~  - VL)*T 

L V  

S = Sv - CONVR (-)(Vv d P ~ ~ ~  - V L )  
dT L 

VARIABLE SYMBOL TABLE 

DELTH 

DHDT 

DH DV 

DPSDT 

DPSDT2 

DS DT 

DS DV 

DVLDT 

H 

H L  

HV 

PSIA 

RJ 

S 

(h  - h  )calculated from (Clapeyron equation) 
L g  

a h ( V , T )  
aV 

d P ~ ~ ~  
dT 

d2PSAT 

dT2 
,TI 

a T  

enthalpy ( B t u / l  bm) 

saturated l iquid enthalpy (Btu/lbm) 

saturated vapor enthalpy (Btu/l bm) 

pressure (ps ia )  

conversion factor  = 0.185053 

entropy (Btu/l bm"R) 
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SL 

sv 
T 

V 

VL 

vv 

saturated l iquid entropy (Btu/l bm"R) 

saturated vapor entropy (Btu/l bmoR) 

temperature ( O R )  

specific volume ( f t  3 / lbm)  

saturated 1 i q u i d  specif ic  volume ( f t  3 /1 bm) 

saturated vapor specific volume ( f t  3 / lbm)  

I 



? 

I 

START 'r' 
FLQDEN 

ENTHAL w 
DRVPT 9 

E L T H  = R I * W S D T  
*( V-VL ) *T 

HL H-DELTH 

84 ' 
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SF I ND DESCRIPTION 

SFIND searches for  the specific volume and temperature i n  the 

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

i terat ion technique i s  used for  the search. 

EQUATIONS 

VARIABLE SYMBOL TABLE 

BTOLER lower tolerance on convergence and 

saturation t e s t s  
Y 

I 

DPDT 

DPDV 

DP DV DT 

D2PDT2 

DS DT 

DSDV 
3 

I 

L I M I T  

M2 

P 

a2P ( V  ,T) 
N a T  

a2P( ViT) 
a T  

maximum number of i terat ions allowed 

i n  any one search 

unit number f o r  printer 

known pressure (psia)  



c3 
I 

PCAL 

S 

SCAL 

T 

TLAST 

TTOLER 

b 

V 

VLAST 

L 

X JACOB 

87 

c a l c u l a t e d  pressure  ( p s i a )  

known e n t r o p y  ( B t u / l  bm"R) 

c a l  c u l  a t e d  e n t r o p y  ( B t u / l  bmoR) 

temperature (OR) 

1 a s t  temperature c a l c u l a t e d ,  t o  be 

used i n  n e x t  i t e r a t i o n  

upper t o l e r a n c e  on convergence and 

s a t u r a t i o n  t e s t s  

s p e c i f i c  volume ( f t  / lbm) 

l a s t  s p e c i f i c  volume c a l c u l a t e d ,  t o  

be used i n  n e x t  i t e r a t i o n  

Jacobian o f  p ressure  and en t ropy  

3 
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L 

v 

I = l  YES 

1=1+1 t 

i VLASTmV 

1LAST.T 

f 

(a;rt;L;-) 
XJACDB=DPDV'DSDT-DS@V*DPDT 

V=VLAST-( (PCAL-P)'DSDT- (SCAL-S) DPDT)/XJACOB 

TxTLAST- ((SCAL-S)DPDV- (PCAL-P)DSDV)/XJACDB 

TLAST-T 
VLAST-V 

a E M R D P  
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VOLUME DESCRIPTION 

VOLUME searches fo r  t h  specific volume i n  the vapor region given 

temperature and pressure by using a single variable Newton-Raphson 

i terat ion technique. 

VARIABLE SYMBOL TABLE 

BTOLER lower tolerance on convergence and 

saturation t e s t s  
DPDT 

DPDV 

DPDVDT 

DP2DT2 

I 

L I M I T  

M2 

P 

PCAL 

Q 

T 

TTOLER 

V 

VLAST 

a2P ( V  ,T) 
a T2  

index 

maximum number of i terat ions allowed 

i n  any one search 

u n i t  number fo r  pr inter  

known pressure (psi a )  

calculated pressure (psia)  

2-dimensional array containing the 

coefficients fo r  the f lu id  t o  be evaluated 

temperature (OR) 

upper to1 erance on convergence and 

saturation t e s t s  

specif ic  volume (f t  /lbm) 

1 ast speci f i c vol ume cal cul ated ,Vi 

t o  be used i n  next i t e ra t ion  ( f t  / lbm) 

3 

3 
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I t -c3 RETURN 

PCAL-P 
VmVLAST- (- 1 

dP. - 

V=RT/P 

? 

I > L I H I  + I = I + 1  

i"" t 
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VPEQM DESCRIPTION 

VPEQM calculates the saturation pressure given temperature o r  

searches f o r  the saturation temperature given pressure. 

i terat ion technique i s  used f o r  the saturation temperature search. 

EQUATIONS 

The Newton-Raphson 

l 0g 1 O’SAT = A+B/T+C*log lOT+D*T+E(~) log~o(  F-T) 

VARIABLE SYMBOL TABLE 

DELP 

DELT 

DPDT 

D2PDT2 

ERROR 

FT 

I TR 

LIMIT 
I 

LOGP 

M 

P 1  

P2  

0 

P~~~~~ 

- 
- chanqe in temperature 

d P ~ ~ ~  
dT 

d P ~ ~ ~  
dT 

‘KNOWN - ‘CALCULATED 
P~~~~~ 

F-T 

i n d e x  

for  next temperature 
i terat ion 

maximum number of i terat ions a1 lowed 

i n  any one search 

O ~ I O ~ S A T  

f l a g  indicating which o f  temperature o r  

pressure i s  known m = 1 temperature 

i s  known e l se  pressure i s  known 

known pressure (psia)  

calculated pressure (ps ia )  

2-dimensional array containing the 

coefficients for the f luid t o  be evaluated 



T 

TC 

T 1  

T2 

T3 

TMISS 
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temperature (OR) 

c r i t i ca l  temperature (OR) 

i n i t i a l  guess for temperature search ( O R )  

T2 

T3 

difference o f  i n i t i a l  guess and the value 

of temperature passed t o  VPEQM 
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t3 

1 t 

I T R  = 1 

I I NO +- 
I 1 2  = T*T I 1 3  - T*12 

VPEQM 

FAILED TO 

CONVE RGE ? 
YES 

t 
I 

Ff = 1.0 

6 
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s 

P 
J 

/ H = 1  VL+I P 1  = P 2  

E R R O R  = M L P / P I  

DRVPT 

T = 1 + DEL1 
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