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Development of Computer Program for Computation
of 12 Refrigerant Properties

o) 7l ¥ A 9w g
Ki Bang Lee, M. K. Chung

Abstract

A FORTRAN code has been developed to calculate thermodynamic properties of 12 kinds
of refrigerants. Input variables are temperature and pressure or temperature only depending
on the saturation. The program output properties are specific volume, saturation pressure,
enthalpy, entropy, specific heats and speed of sound. Sample calculations show that output

properties are in very good agreements with thermodynamic tables and charts.
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SUBPROGRAM LIST

1 1 FUXCTION SPVOL

2 : FUNCTION TSAT

3 : SUBROUTINE SATPRP
4 3 SUBROUTIRE VAPOR
§ 1 SUBROUTINE SPHT

This program cen calculate the properties of following refrigerants
ll,ll.U.N.Zl.ZZ.ZJ.IIJ,llﬂ.SOO.sOZ,CJIG.

........... PR} Programmer : Lee ki Bang , KAIST
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FUNCTION SPVOL(NR,TCE,PPA)

PURPOSE
10 EVALUATE THE SPECIFIC VOLUME OF THE VAPOR PHASE
UF REFRIGERANT GIVEN THE PRESSURE AKD TEMPERATUHE

XINDS OF REFRIGERANT
1,412,13,1¢,21, 2,23, 113, 114, 500, 502 , CN8
DESCRIPTION OF PARAMETERS
INPYT

¥R - REFRIGERANT NUMBER { INSERY THE STRING : EX, ‘12 FOR Rl
TCE . TEMPERATURE (L)

PPA - PRLSSURE (kPA)
ouTPUT

SPVOL - SPccmc VOLUME (CU M/KG)
COMMOR OUTPUT

L. - ERROR STATE
L

EMARK S
FUNCTION SUBPROGRAM TSAT CALLED 8Y THIS FUNCTION

DIMERSION

LOGICAL FLAG

COMMON FLAG

CHARACTER*(*) N

REAL R{12}, 8(12) A2(12),82(12),C2(12),A3(12),83(12),C3{12),
s As(12), 5‘(!2) c8{12),A5(12}, 85(12) CS(lZ) AG(lZ) B6(12),
3 €e{12),x(12), ALPM(]Z) cPr{12),1C(12), UR(IZ)

EQUATION OF STATE CONSTAHTS

DATA &/ 0.078117,0.088734,0.102728,0.1219336,0.10427,0.124098,
0.15327,0.05728,0.0€2780807,0.10805000,0.096125,
0.053645698 /, 8/ 0.00150,0.0065093886,0.0048,0.0015,
0.0,0.002,0.00125,0.0,0.005914907,0.006034229,0.00167,
0.0060114165 7, A2/ -1.126759,-3.40972711,-3.083817,

316,.4.353547,-4.679499,-4.035 ,-2.3856704,

2613344,-1.8947274 /, 82/ 1. 31852]( 3,

2. 321695 - 3,2, 135114€- 3,4.6421€

2.807252€-3,3.472778€-1,2.618E-3,1, 0801207E - J 2 308415€-3,

2.0576¢B7€E-. 3 9.8484745E-4 /

DAta C2/ -35.76999,-56.7627571.—la.ZlZMJ.-lB.‘J“lJ],0.0,

-44,0668568,-159.775232,0.0,-6.5643648,-92.50748,
-24. Zl879 -28.542156 /

OATA A3/ -0.02534
',V0602394465 0.058854,4.404057E -3, -0,20382376,-0.017464,
0.012475,-0.0214,0.034055687 ,0.0866064,0.034866748,

0.026479892 /, 83/ 4.875121¢- 5,-1.87961843¢.5,-5. 671268E-5

,1.282B18€-5,3.593£-4,7.62789€-5,7.733388E -5, §.00E - -5,
5.3336494¢€ - 6 3.141665€ - S,-8. 6791313E-6,-6.862101€-6 /

1.220367,1.31139908,0. $71958,0. 539776 0.0,1.483763,

5.941212,0.0,0.16366057,2,742282,0, 33274”9 0.66384636

/ a4/ 1.687277€- 3,-5.4873701€.4,~1.026061E-3,1,921072€-4,

0.0,2.310142E-3,2. 068042¢ - 3,0.0,-3.857481€-4,-8. 726016! 4,

-8.5765677¢-4, -2 4565234E-4 7, B4/ -1. 805062[ 6,0

1.338679¢-6,-1.918263E-7,0.0,-3.605723E -6, - 3. 684236( 6,0.0

000070240509{ 100/,6/000000000000.

0 0,0.0,0.0,0.0,0.022412168,0.0 /, AS/ -2.3$8930E-5,

2906496 -6, .4.481049€.6,0.0, 1. 724044E -5, -3, B63545E -5

.0,1.6017659€-6,-1.375958E-6,8.8368967E - 6 6.0887086E-7 /

2.468303E-8,3. 668A34E.9, 7. 395111€-9,9.062318E-9,0.0,

§,355465€-8,6.455643E-8,0.0,6.2632341€-10, ll9570[-9.

-2.9168095£ ,0.2696342-10 7, €5/ -1.470319(-4_

-2.54390678€-5,-3.874233E-5,-4.836678E-5,0.0, -1,845051E -4,

-7.394214€-4,0.0,-1.0165314€-5,-2,102661€-4,.3.7167231E-4,

-3 BlSlASE 5 /, A8/ 1.057504£8,0.0,7.378601€7,5.838823¢7,

1.363387€8,7.502357€7,0.0,0.0,0.0,-3.8257766€7,0.0 /

DATA BS/ -9 17210154 §.0,-7. 4]5565[4 -9.26392)E4,0.0,
-1.672512€5, 11.114202€5,0.0, 0.0,0.0,5-5816094£4,0.0 7,
t6/000000000 .00,0 i 0.0000 l 5]75]77(9,
0.0I,KIJSOSUSIOO, 000 0,4.2,5
5.475,4.2,5.0 /, ALPHA/ 580. 0,625. 0.66\.199997,0.0,
584.2,520.0,0.0,0.0,0.0, 609 o/

DATA CPR/ 0 o, 0 ,0.0,0.

0,0.0,0.0,0.0,0
81
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DATA CJ/

[ RO P TR )

DATA 85/

YT TPy

LYY

'0,0.0,7€-7,0.0 /, TC/ 848.07,693.3,
543.60,409.50.812.9,664.50,538.33,877.0,753.95,681.59,
56,699.27

639. /
OATA TFR/ lS9 67 459.7,459.67,459.69,459.69,459.69,459.69,459.69,
459.69,459. 69 459. 67 459.69 /

“_ e

ERROA SETTING
FLAG+ .TRUE.

ASSIGN *[* ACCORDING Y0 'HR*®

i=0
LE-LEH(!I!I)
1IF

1¥(
iF{
iF{
1F(

COMYERT ‘TCE* TO 'TF*

TFe 1.8°7CE+32.0

CWV[HL/'PFA' 10 *PPSIA

PPSIA: PPA/6.8B94757

CONVERT *TF' TQ *T* AND CHECK VALUE
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TEMPERATURE LESS THAN OR EQUAL ZERO
IN FUNCTION SPYOL *

CALCULATE *TFSAT® AND COMPARE WITH 'TF¢

TFSATsTSAT(NR ,PPA}
1F( FLAG .EQV. .FALSE. } THEN
SPVOLe 0.0
PRINT,® *
CALL TSAT ERROR M FUNCTIOQN SPVOL °

FLAG» ,FALSE.

CONVERT °C UNIT* 10 'F umIT®

TFSATe 1.84TFSAT+32.0
IF( TF LT. (TFSAT.0.01) ) THEN
PRINT=,* *

1
PRINT®,® TEMPERATURE LESS THAN SATURATION TEMPERATURE®
PRINT®,* AT GIVEN PRESSURE IN FUNCTION SPVOL °
FLAGe .FALSE
RETUR
ENDIF

CHECX *PPSIA®
IF( PPSIA LE 0.0) THEN

PRINT' ; SEPﬂ[SSUﬂ LESS THAN OR E£QUAL ZERO IN FUNCTION SPVOL

CALCULATE CONSTAATS
EXP{-K{1)*T/TC(1))
PPSIA

R(1)eT
AZ{1)9B2{1)*T+C2(1)*ESD
A3(1)+83{1)*T+CI(1)*ESO
AG{1)+B&{1)*T+C&(1)*ESO
AS{1)*BS(1}+TeCS(1)*ES0
A6(1)+B6(1)*T+C6(1)*ESO
2.0°t33

ES43+ J.0°ES4

E554= 4.0°ES5

£S65> 5.0°ESH

COMPUTE INITIAL ESTIMATE OF 'V* FROM IDEAL GAS LAW

VYR=R{1)*T/PPSIA - 0.01
COMPUTE *¥* TO MITHIN 1.0E-3 BY HEWTON'S ITERATION
MAXIMUN ITERATION NUMBER : 30

00 10 ITER=1,30
Ve¥R
V2syry
¥isv2ey
Vaeviey

¥5avaey
VEovSeV
1F{ ALPHA(!) .GT. $00.0 )} THEW

Fa £S1-ES2/V-£S3/V2-ESA/V3-ES5/VA-ES6/VS
FPe ES2/VZ+ES32/VI+ESAI/VA+ESS4/V5+ES65/VE

ELSE
EMAVCEXP{-ALPHA(T}*(Vv+B(1)))
EM2AY>  EMAVeEMAY :
Feo ESV-ES2/V-ES3/V2-ES4/V3-ESS/VA-ES6/VS-ESTAEM2AV/
(EMAVSCPR(1)}
FPa £52/V2+ESIZ/VISESAI/VALESSA/YSHESES/VEIESTYALPHAL L) *EMZAV
(EMAVZ,0°CPR(1))/(EMAV+CPR(1}}/{ERAVSCPR(T))

" -

ENDIF

¥Ne V.F/FP
IF( ABS{{VN-¥)/V} .LE. 10.E-3 ) THEN

SPYOL® YN<B(1)
CONVERT 'CU FT/LB* TO *CU M/KG'

SPYOL+ SPYOL*0.062428
FLAGe .TRUE.
RETYRN

EXDIF
CORTINUE

PRINT ERROR MESSAGE IF
NR CAN NOT MATCH
TF 1S LESS THAN OR EQUAL TO IERO OEGREE R
TF IS LESS THAN TFSAT CORRESPONDING TO TSAT+ PPSIA
MORE THAN 30 ITERATION ARE NEEDEO

PRINT®,* *

PRINT*,*  ITERATION ERROR IN CALLING SUBROUTINE -SPVOL-
$PVOL= yx+B(1)

FLAG® .FALSE.

RETURN

SPYOLe O

PRINTS," *

PRINTS,*  ERROR IN CALLING SUBROUTINE -SPVOL-*
FLAGe .FALSE.

RETURN
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runcn,dn TSAT{NR,PSAT)
PURPOSE
T0 EVALUATE THE SATURATION TEMPERATURE
OF REFRIGERANT GIVEN THE SATURATION PRESSURE

KIHDS 07 REFRIGERANT
12,013,114, 20,22, 2y, 113, 114 , 500 , 502 ,C318

OESCRIPTION OF PARAMETERS
InPuT

AR - REFRIGERANT NUMBER { INSERT THE STRING : EX,
PSAT . SATURATION PRESSURE {kPA)
QuTPUT
TSAT - SATURATION TEMPERATURE {C)
COMMOX OUTPUT
FLAG - ERROR STATE
OIMENSION
LOGICAL FLAG
COMMON FLAG

CHARACTER®(*) NR
REAL AVP(12),BVP(12),CVP(12),0VP{12},EVP{12) FVP(12}
REAL TFR{12),LE1O,PCRIT{12)

VAPOR PRESSURE CONSTANTS

DATA AVP/ 42.14702865,39.88381727,25.967975,20.71545389,42.7908,
29.35754453,328.908%3,31.0655,27.071306,17.780935,10.64495%,
15.63242 7, BYP/ -4334,)4)807,-3436.632228,.2709.538217,
~2457.505285,-4261.34,-3845.193152,-7952,76913,-4330.98,
-5113.7021,-3422.69217,-3671.153813,-4301.063 /

DATA CVP

-12.84596783,-12.47152228,-7.17234391,-4.69017025,-13.0295,
-7.86103122,-144.5142304,-9.26135,-6,3006761,-3.63691,
-0.369835 128401 /, DVP/ 4.0083725€-3,4.7J044244L-3,
2.545154€ .4798076E-4,3.9851€-3,2.1909390€ -1,0, 24211502,
2.0539€-3, 6.913003€ - 4,5, 0272207€ - 4,-1.746352€-3,-1.19759¢8-3/

DATA EVP/  0.031360556,0.0,0. 28030]09! 0.770707795,!

0.445746703,-2.1280665€-4,0.0,0. 781421]1 0. 462940 .816“39,

0.6625898 /, FYP/ 862.07, 0. 0, 446, 00,424, 0 0.0,686. l.
9.434955€-8,0.0,768.35,695.57,654.0,714.0 /,
TFR/ 459.67,459.7,459, 67 459. 69 459.6,459. 69 459.69,459.6,
459.69,459. 67 459.67,459.69 /
DATA PCRIT/ 639. 091042 §96.905029, 561.295898, 543, 157593,
744.421143,721.637769,701.366455,463,325178,
"J.lBlBZJ.GlZ.ONZW,590.998”9,40].5985!0 /

M e

e memne

ERROR SETTING
FLAG= ,TRUE.

ASSIGH "1' ACCORDING TO ‘MR®

1=0

LE=LEN(NR)

IF( KR(:LE} . 1-1
(F( KR{:LE) 1+2
IF{ NR{:LE}) ='2
IF .
1F( uu(xm . 15
1F{ NR(:LE) . 16

1F{ ¥R(:LE) .EQ.
IF{ aR(:LE) .
1F{ NR(:LE) .
IF{ NR{:LE) EO 500"
IF{ MR{:LE) .EQ. 'SO2*
IF{ NR{:LE) .EQ.'CIi8*
1F( 1 .[0. 0 ) THEM

v
~

PRINT*
PRINT®,* REFRIGERANT NUMBER MISMATCH IN FUNCTION TSAT'
FLAGs FALSE.
RETURN
ENDIF

CONVERT °*kPA® TO 'PSIA’
PSAT= PSAT/6.B94757

CHECK 'PSAT®

144 PSAV .GY PCRIT{I) ) THEN

PRINT
Pﬂll"' N PRESSURE GREATER THAN CRITICAL PRESSURE °
PRINT ,' EN FUNCTION TSAT
FLAGs FALSE
RETURN

F

PRESSURE LESS THAN OR EQUAL ZERO *
In FUNCTION TSAT *

COMPUTE INITIAL ESTIMATE 8Y APPROXIMATE EQUATION
PLOG= ALOGIO(PSAT)
Ale AVP(1)-PL OG

‘23" ) THEX

lF( llR(xl.E)
300.0
[LSEIF( NR(:LE) Q. '502' .OR.

KR{:LE) .EQ. 'CI18' ) THEN
ELSE[F( mus } THEN

YR- 0. 5"( <AL+SQRT{AL*A)-4+DVP(1)*BVP{1}) )}
ENOIF

ITERATE TO WITHIN 0.01 USING NEWTON ITERATION

‘12' FOR RI2



480/ B TEHRE

H PAXTHUM ITERATION NUMBER & 30 : 15 83242 /. BVP/ ;Am.343307.-:us,ezzzze,.mq.szazn7,
2467505285, -4261, 34, . 1845, 193152, -7952. 76911, -4330.98
¢ LEL0- ALOG(10.0) s Esx}:.mzl,-inzz.ssm.-ssn.xsaa\:.-uox.oaz 7 '
ATA CVP,
00 10 ITER-1,30 s 12.84596753,-12.47152
2. 12.47152220,.7. 17234391, 463017025, 13,0295
I miasy o, v ) e L T e IR I
- vP/ 251 94244€.3
fe AVP(lmvv(|)maocva(n-uonm(vao)oovv(l)-moo b psesisecld oo o, :
9851E-3,2,1909390E -3,0, 24211502
s EVP(1)*TRO*TROSFVP(1)*TRO°TRO*TRO - s 0519E-,6.913003E-4,5,0272207E -8, -1.746352E -3, - 1.19759€- 3/
fps .svp(|)/mo/moocvp(1)/Lzlo/mo.ovp(|).z-zvp(|)-mo. OATA £ing 0 031 3609056,0.0,0. 780301091 10770701755 0.0
s J°FYP(1)*TROTRO § o ousners, 2. gsgggsz -4,0.0,0.78142111,0.4629401,0" o.8t61139,
£LSE 1 o7oosaeonmooos
C= ALOGIO( ABS{FVP(1)-TRO) ) $  9.434955(-8,0.0,768.35,695,57,654.0,714.0
F= AVP(l)OBVP(I)IWOH:VP(l)'lLoGlo(!Ro)va(l)-mOo[vV(l)- $ TFR/ 459.67,459.7,459. 61 459. 69 459.6,4%9. 69 459.69,459.6,
s ¢ (F¥P(1)-TRO)/TRO )*C - PL S 459.69,459.67,459.67,459.69 /
FPe .avp(])/mo/momvP(l)/(LEXO‘YRO)va(I) EvP{1}e( 1.0/ OATA PCRIT/ 639.493042,596.905029,561.295898,543.157593,
s {LELO*TRO)oFVP{ 1) *C/TRO/TRO ) s 734.421143,721.837769, 701 . 366455, 463325378,
ENDIF S 4730161823, 642.029297, 590.998779,403.593510 /
¢
R TRO-F/FP 13 EQUATION OF STATE CONSTATS
1F( ABS{ TR-TRO ) .LE. 0.01 ) THER <
TSAT TR.TFR{1} DATA R/ 0.078117,0.088734,0.102728,0.1219336,0.10427,0.124098,
¢ s 0.15327,0.05728,0.062780807, 0. 10805000,0.0961 25,
Ceee CONVERT 'F* T0 'C* AND 'PSIA® 10 *KPA* s 0.053643698 /, B/ 0.00190,0,0065093886,0.0048,0.0015,
H - H 0.0,0.002,0.00125,0.0,0.005914907,0.006034229,0, 00167,
TSAT 1/1.8(TSAT-32.0) H 0.0060114165 7, A2/ -3.1267%9,.3.40972713,-3.083417,
PSAT PSATeS.894757 s 2.162959,-7.316,-4.353547,.4.679499, 4,035 , .2. 3856704,
¢ 3 -4.sa9888,.3.261330, 1 goirzre 1, aé/ 1 d1dsad-3,
FLAGs TRUE. s 1.59434848€-3,2. 341695€-3,2, 1351 14€-3,8.6421€ -
B TR $ 2. 32;2;:5:’;’;‘53?‘ ©3,2.618£-3,1.0801207E.3, 2" 30sa1st.-3,
45E4 /
3 DATA €2/ -35.76999,-56.7627671, -18.212643,-18.941131,0.0,
Io CONTIRUE s -;:.ggggss.éésagszaz,o.o.-s,ssazsw,-n.sona,
- 9, B
C.-- PRINT ERROR KESSAGE IF DATA A3/ -0.025381
¢ NR CAN KOT KATCH 3 ' 0.0602394465,0. 0588544, 40405 7€ -3, -0. 20382376, -0, 017464,
¢ PSAT 1S LESS THA® OR EQUAL T0 ZERO s 0.012475,-0.0214,0.034055687,0.08660634,0. 034866748,
< NUMBER OF [TERATIONS REQUIRED IS GREATER THAN 30 H 0.026479892 /, B3/ 4.875121E-5,-1,87961843€-5,-5.671268E -5
c s 11.282818€-5,3.593€-4,7.62789E -5, 1. 13338BE -5, 5. 00E -5,
TSATe 1R-TFR(}) 3 25.3338494€ -6, -3, 141665€ -5, -8.679131 36 -6, 6. 862101E-6 /
PRINTS, " ¢ DATA €3/ 1.220367,1.31119908,0.471956,0.539776,0.0,1.483763,
FTERATION ERROR 13 CALLING SUBR0uT 1K€ -TSAT.? s .941212,0,0.0. 16366057 ,2,742282,0. 33274779, 0.66 383636
FLAG: FALSE R 7. M/ 1.687277€-3,.5.4873701€-4,-1.026061€3,1.921072€ -4,
999 l;g;t‘mnt; o H 0.0,2.310142€-3,2.068042€-3,0.0,-3.857481€ -4, 8. 726016€ -4,
. . -8.5765677E-8, 2456523464 /, 84/ -1.805062£-6,0.0,
ERROR IN CALLING SUBROUTINE -TSAT- s 1.338679€-6,-.916263E-7,0.0,-3.605723€ -6, - 3.68328E -6,0.0
¢ "-’“"'-”“L s 000070240549{700/ "¢47 0.0,0.0,0.0,0.0,0.0,0.0,
- H . 8.0.0 /, AS/ -2.358930¢-5,
Rer $ 08 £ ,0,-2.724084E-5, .3, ?wsasz -5
.60 8.8368967€-6,6.0B370B6E-7 /
¢ DA ss/ 2. dggagxg asgeaegmg 9'5’223%4‘}5' 62318E.9.0.0.
35546 455643€-8,0.0 - 49570£-9,
3 . . .

SUBROUTINE SATPRP(KR,TCE,PSAT,VF VG, HF HFG,HG,SF,56) % -; ?1?582?5:’;? §6§?:;§32051-4c3§ss;aygjégo ‘1,845051[-4.
L s 17.394214£.4,0.0,-1.0165314E -5, -2, 102661€-4, 3. 7167231€ -4,
¢ T0 EVALUATE THE SATURATION THERMODYNAMIC PROPERTIES : 5363:9;235354'7Agéz§§?2;584886060676]7‘;63;2}:&?;8323(;'
g OF REFRIGERANT GIVEM THE SATURATION TEMPERATURE ‘OATA 86/ i,é;,g}u’ga‘?:?i_,"3556664’- 263923£4,0.0
Gon KINDS OF REFRIGERANT S I liT3612E8s 1. 11420725.0.0:0.0,0.0.5.5816094¢4,0.0 /.

3 cwoooooooooooooooooooolsamms

¢ V12 ,13,18,21, 22,23, 113, 118, 500 , 502 , €318 : O 0. 0 0 o .
' DESCRIPTION OF PARAMETERS X 505:0 7 ALPRAT 530.0,0.0, 25.0, 4e1.139997.6.0
C-- DESCLIBTION OF PARMEIE s 58 10,0.0.0.0,0.0,60: ’
E ';:[ - RE’RIGEI}A;Y ?U';BER { INSERT THE STRING : €X, '12' FOR R12 ) ;D‘u ors :g'g'o 0.0,7€-7,0.0 7, TC/ B48.07,691.3

- TEMPERATURE (C 664 3 8 9
3 ouTPUT $ 533.0.409. -$0.812.9.680.50,538.32,817.0,752.95 681 83,
4 PSAT - SATURATION PRESSURE (kPA) ¢
[4 vF - SPECIFIC VOLUME OF SATURATED LIQUID (CU M/XG) S
¢ T SECrE vaum o Shimen aron (6 c SPECIFIC HEAT AT CONSTANT VOLUME CONSTAHTS

KF - ENTHALPY OF SATURATED LIQUID {KJ/KG)

[+ HFG ~ LATENT ENTHALPY OF VAPORIZATION (KJ/KG) ’DAIA hcvr 8. 0;:?;332 g’é?ilgog70363592]080(;?;3232ogﬁggggl7
¢ S+ - EWTHALPY CF SATURATED YAPOR (KJ/KG) H
¢ SF - ENIROPY OF SATURATED LIQUID (KJ/KG-K) DATA BCV/ g %g;;gzodogzgggggidlz 873€-4,2.3704
13 SG . ENIROPY OF SATURATED VAPOR (KJ/KG-K) : e £9.2.823E-4,2.3704335 -4, 1.40F -4,
¢ PR s 22554086 -4,-7,561805E -6, 1. 159€-4,3.49E -4, 2, 6373408¢ -4,
G . ens®  RRROR STATE YOATh (37 PO NED 2 AN IMSAC7, L 1597, 20566001 7C-5,0.0,
¢ FURCTION SUBPROGRAM SPVOL CALLED BY THIS SUBROUTINE H ‘?'2838%2";"i"gg"f%["",""""6"""""”“’”““-
¢ FUCTION SUBPROGRAM TSAT AVAILABLE FOR CALCULATING DATA DCY/ 59950188 116.7 B42522€-1 1
¢ THE SATURATION TEMPERATURE GIVEN THE SATURATION TEMPERATURE s oty 1060 g’g’g élouzoziguz?:’]ﬁogt13720346( i
€... oimeasion DATA FCV/ 336.80103,0.6.,0.0,0.6,0.0,257.341,0.0,0.0,0.0,0.0,
3 10,0.

LOGICAL FLAG ¢

COMMON FLAG €---  ENTHALPY AND ENTROPY OF VAPOR CONSTANTS

CHARACTERS(*) MR

SEAL AL{12).0L(12],60{12),DL(12) EL{12),FLL12Y,6L{12) DATA X/ 50.5418,39.556551,20.911,86.102162, 76, 28985 ,62.4009,

REAL AVP(12) BVP(13) . CYPUi2),0P(12), EVPL12) FYP(12],PCRIT(12) 41.8154.25.198,25. 3396621 ,46.4734, 35.308, 12, 19214262 /

REAL /(12).8112).A2(12),82(12),C2(12).A3(12) ,83(12),83(12), Jaa v 0. 0918395,-0.016537936,.0.05675,0. 36172528, -0. 110514,

s M(l?) RAT3) CaC13) RS (1] 85(131.05(13),R6(12),86(13), 20.0463335, -0.2554, -0. 40552, -0. 11513718, -0.0901 2707564,

3 c6(12) x(12), AtPra(12),cPR{12),Tc(12), 1FR{12) ¢ ! -0.07484, 6. 16528831 /

ReAL ACV(12),8Cv(12),Cov(12),0ev(12],Fev(12) C e :

REAL X(12),¥{12),,k07€,LEID,LI0E vl
I3 ® . -

g--- ConsTANTS ¢ o.tesosy
. LE10+ ALOG(10.0)
Cooe  LIGUID DENSITY CONSTANTS Lot ALOGIO{ EXP(1.0) )

DATA AL/ 34,57,34.64,36.06996,39.06,116.37962,32.76,32.7758, ¢

Soata 5L/ 5726%2 36-32,31.00,35.0,38.70'/ Cenn ASSIGN "1* ACCORDUG To "H2"

s §3.341187,54. 395128, 69568489, -0.03106808, 54, 634409, -

H 63.7764,-0.0126,61. 146414,43.562,53.4843, 70.85818 / b oy

DATA CL/ 43.6322,0.0,0.0,4.5866114,-0,0000501 ,36. 74892, -25. 30533, LENC

s 0,8000636,0.0. 74.709,63.86417,21.609759 / AR .

DATA DL/ -42.8235 A, )3

s T baid . 512176,36.1716662,0.0, -22. 2925687, 144. 16182, 1 ) i

$ 0.0,16.418015,-87. 583, -10.08066,15.989182 / A ) i

DATA EL/ 36.70663,0.0,0. 0,-8. S E906-0-0.30 4133008, 106, 1328,0.0, ! ) i

s 0.56.400 901,-8.9243856 7, FL/ 0.0,21.983%6,

$ ,0.0,17,476418,0.06,0.0,0.0 / [E( NR(:LE)} .€Q ) 17

OATA 6L/ 6.0, 13 15094, 6,0.0,0.0,0.0,1.119828, 1F( RR(:LE) - } 18

) 0.0,0.0,0.0 / 1F( WR(:LE) . ) tes
c IF( NR{:LE) . } t=10
C---  VAPOR PRESSURE CONSTARTS IF( MR{:LE) . ) Il

IF{ HR(:LE) _€Q.'CII8* ) Is12

(OATA APy 4214707855 39, 80381 727,26.561975 .20, 71545389, 42. 1908, 1F{ 1 .€Q. 0} THEN

29.3575445),328,90853,33.0655,27.071306,17. 730935.1 .6 955. PRIRT®.* *




AT - HHTE H16% £55(1987)/48)

REFRIGERANT NUMBER MISMATCH [N SUBROUTINE SATPRP' $G» S1052-09S30JSEXTOTCKR(1}/TC(1)*54+¥{1)
. €
Cova CALCULATE 'HF® AND ‘SF*
c
c HF s HG-HFG
C--- COMVERT *ICE* 1O ‘TF" SFe 5G-SFG
3 [4
¢ TF= 1,8%1CE432.0 C--- CONVERT 'ENGLISH UXIT' TO *S]1 UNiT*
- c
C--- COMYERT *TF* TO 'T* AND CHECK VALUE PSAT» PSAT]
4 VFe VF*0.062427961
T» TFeTFA(T) VG- ¥6+0.062427961
IR T L. 0.0 ) Tuew HF» MF*2.326
PRINT®,* * HFG= HFG*2.326
PRINTS,*  TEMPERATURE LESS THAN OR EQUAL ZERO * Hee HG*2.326
PRINTS, I SUBROUTENE SATPRP * SFe SF*4.1868
FLAGs .FALSE. SGs 56+4.1868
RETURN [4
ENDIF FLAGS TRUE.
4 - RETURN
Ce-- COMPARE *T* WITH "TC(1)* [4
4 C--- PRINT ERROR MESSAGE IF
IF( T 6T, TC(1) ) THEN ¢ NR CAN, §OT MATCH
PRINTS, " * c TF 1S, VESS THAN THE CRITICAL TEMPERATURE
TEMPERATURE GREATER THAN CRITICAL TEMPERATURE * c TF IS GREATER THAN THE CRITICAL TEMPERATURE
i% SUBROUTINE SATPRP ' [4
999 PRINTS,* °
PRINT®,* ERROR IN CALLING SUBROUTINE -SATPRP.'
FLAG .FALSE.
c RETURK
C--s CALCULATION OF SATURATION PESSURE c 0]
[4
IF{ ¥R .EQ. *23* ) THEIN [ m-—-
PSAT= 10.00*{ AVP(1)sBYP([)/T+CVP(1)*ALOGIO(T}+DVR(1)*Togvp(1)* 3
s TETAFVP(1)4T0TT ) SUBROUTINE VAPOR(NR,TCE,PPA,VVAP HYAP,SVAP)
ELSE ¢
PSATs 10.0°*( AVP([)+BVP(1)/T+CYP(1]°ALOGIO(T)+OVP({1)*ToE¥P(1)® C---  PURPOSE
s ((FVPL1)-T)/T)*ALOGIO(ABS(FVP(L)-T)) ) 1 T0 EVALUATE THE THERMODYNAMIC PROPERTIES
Ex0IF 4 OF THE SUPERHEATED VAPOR PHASE
g OF REFRIGERANT GIVEN THE TEMPCRATURE AND PRESSURE

C--» CONYERY 'PSIA UNIT' TO 'kPA UNIT® KINDS OF REFRIGERANT
4 PSATLe PSAT®6.834757 11 ,12,13,18,21,22,23, 113, 114, 500, 502 , C318

Cee- CALCULATE ‘vG'

DESCRIPTION OF PARAMETERS
INPUT

t
VGe SPYOL(NR,TCE,PSATI) [ . REFRIGERANT NUMBER ( INSERT THE STRING : EX, '12* FOR RI2 }
¢ TCE - TEMPERATURE (C)
Ce.e CONVERT * CU M/KG ¢ TO ' CU FT/LE * PPA - PRESSURE (kPA)
¢ . ouTPUT
V6= V6/0.062427961 VAP - SPECIFIC VOLUME OF VAPOR (CU M/XG)
HYAP - ENTHALPY OF VAPOR {KJ/KG)

1F( FLAG .EQV. .FALSE. ) THEN

fhoofNAAAAROANANNAORNOAN

PRINTS,* * . SVAP . ENTROPY OF VAPOR (KJ/KG-K)
PRIXT»,*  CALL SPYOL ERROR IN SUBROUTINE SATPRP * COMMON DUTPUT
FLAG= _anz_ FL. - ERROR STATE
RETURK
ENDIF e-  REMARKS
[4 FUNCTION SUBPROGRAM SPVOL CALLED BY THIS SUBROUTINE
C-e- CALCULATE *VF* FUNCTION SUBPROGRAM TSAT CALLED BY THLS SUBROUTINE
4
IF( ( MR(:LE).EQ.’21° ) .OR. ( nn(ch) €Q.' 113 ) ) Tnew --- DIMERSION
VEs 1.02( um-mm-bcun-v )
£LSE
T1R1= 1.0-1/7C(1) LOGICAL FLAG
VFe 1.07( AL(1)#+BL{E)*TR1**{1.0/3.0)*CL{1)*TR1**(2.0/3.0)¢ COMMON FLAG
DL(1)*TRIFEL(1}*TRI*%{4.0/3.0)+FL{1)*TR1**{1.0/2.0)+ CHARACTER*(*} KR
GL{I}*TRI**2 ) REAL R(12),8(12),A2(12},82(12),C2(12),A3{12),B3{12),C3(12),
ENDIF ) A4{12},84(12),C4(12),A5(12),85(12) ,C5(12),A6(12},86(12},
¢ c6{12) k(12) ,ALPHA{12),CPR(12),TC(12),TFR{12)
C--- CALCULATE °HFG' BY CLAUSIUS CLAPLYPON EQUATION REAL ACY(12),BCV{12),CCV(12),DCv{12),FC¥{12)
3 REAL X(12),Y(12),J,K10TC,LELO,LIOE
IF( MR .EQ. 123 ) THEK 4
s (VG-VF )*PSATOLEIO*( -BYP(1)/T+CYP{1)/LEIDDVP(1}*Ts Ceeo CONSTARTS
3 20EVP(1)9TPToJeFVP(1)0ToToT oy ¢
ELSE ¢
HFG» {VG-¥F J*PSATSLEIO( svm;/rocmr)/tuo'avv(n'v. Cene EQUATION OF STATE CONSTANTS
s EVP(1)*(L1GE+FVP(1)*ALOGLO(ABS(FVP{1)-T)}/T) )*J c
NDIF DATA R/ o msm 0.088734,0.102728,0.1219336,0.10427,0.124038,
[4 15327,0.05728,0.062780807 0. 10805000, 0. 096125,
SFGe HFG/T o 1053645638 /, B/ 0.00190,0.0065091886,0.0048,0.0015,
c 0.0,0.002,0.00125,0.0,0.005914907,,0.006034229,0,00167,

0.00601141865 7, A2/ -3.126759,-3.40972713,-3.083417,

C--- CALCULATE 'HG® AND 'SG'
c »2.162959.-7.]16,4.]53547,-4.679499,-&.0]5 ,-2.3856704,

T2 T*T -4.549888, ll]ll -1.8947274 /7, B2/ 1, 3185235-3.

T3= T2+7 1.59434848€ -3, 2, 3416956 3,2, 135113€-3,4.6421€-3

Té= 137 2.407252€-3, 3.472778€ - 3,2.618€-3,1. 0861207€ - 3,2, 130841563,
VYR= ¥G.8(1) 2.0576287€-3,9.8484745E 4 /

DATA €2/ -35.76999,-56.7627671, -18.212643,-18.941131,0.0,
¥R3» 3.04VR**) -44.066868, -159,775232,0.0, -6. 5643648, -92.90748,
VRe= &, 0°VR**4 -24.24879,.28.542156 /

XTDIC= K(1)*T/7C(L) - DATA A3/ -0.025341,

VYR2e 2.0%VR**2

e Bmrrnnan

EToTC, E10 K0T ) s 0.0602394265,0, 058854 440405 7€ -3, -0. 20382376, -0,017464,,
« EXP{-ALP H 0.012475, -0.0214,0.034055687,0. 08660634, 0. 034566748,
Hie ACY([)*TeBCY(1)*12/2.00CCV{1)#T3/2.000CY(1)*18/4.0-FLV(L)/T 3 0.026479892 /, 83/ 4.875121E-5,1,87961043¢ .5, 5. 671 268E -5
H2e JePSATSVG i BE-S,3.5936-4,7.62789€.5, 7. 733388E-5, 5. 00F -
L] T A A TEAR N T A H 3 SSOARE 613, I1GBSE o B RIS 6, BE2IONE 6 /
W= C2(1)/vReCHTIVRICALT)ARDCSLNAVRE OATA €3/ 1,220367,1.31139908,0. mysu 0.539776,0.0,1.483763,
Ste ACVEL)oALOG(T)ABCY(1) Teccvin)eiz/2.0000v L) ) 5.941212,0.0,0. 16366057, 2,0.33274779,0' 66384636
Yoo SE:{H{“ T H R T e 1.921072¢-4,
. -4,
S3 B2{1)/VR+83(1)/VR2+B4(1)}/VR3+85{1)/VRE § 9805§62;3}22§ ]zzaggggggg 3 ? oéu -1.805062€ - 2 ggom
Saa H 1.338679E-6,-3.918263E-7,0.0,3.605723E -6, - 3, 684239E -6,0.0
3 s ,0.0,0.0,7.0240549€-7,0.,0 /, €4/ 0.0,0.0,0.0,0.0,0.0,0.0,
17{ ALPHALL) GT. 5000 ) THER s 6.0,0.0,0.0,0.0,0,022412368,0.0 /, AS/ -2.358930¢-5,
1 \+3. 720004 .5, -1, BEB546E -5
i eoRid) o1 0.0) s ,0.0,1. '8368967E -6 ,6.0857086E-7 /
HOe 1.0/ALPHA(L)® (EHAV CPR(I)'ALOG(\ 0+EMAV/CPR(1)})) DATA 85/ 2.248303€-8,3.460B34E-9,.7.395111€-9,9.06231R€ -9,0.0,
ELSE . 3 5.355465E-0,6.4586430-8,0.0,6.2632341€-10,9. 149870 -9,
O« 1.0/ALPHA( 1) *ENAY H ~7.9168095E-9,8.269634E.10 /, C5/ -1.478379¢-4,
EnpIF H ~2.54390678E-5,.1.874233E .5, -4.836678€ 5,0, o,.x gasastr-s,
ase 3 17.394714£-4,0.0,.1.016531 465, 2. 10266 1E -4, -3, 7167231 -4,
0- 0.0 H B T I PR T T
EXDIF H 0.0,1.36)3878,7.5023576 ,0.0,0.0,0.0,-3.8257166L7,0.0 /
3 . DATA B6/ -9.4771064,0.0,-7.4)5565€4,.9.26192314.0.0,
3= HILAG(1)*HO 3 -1.6726125,-1. 114102[5 0.0,0.0,0.0,5.5816094t4,0.0 7,
#aa HESCE(1)HO H €6/ 0.0,0.0.0.0,0.0,0.0,0.0,0.0,0.0,0.0,0,0,1.537831(,
S3= s;.as(l)-uo 3 0.0 /, X/ 4.50,5. 475 4.00,4.00,0.0,4.2,5.50,0.0,3.0,
Sda Saec6(1) s 5.475.4.2,5.0 /, ALPUA/ 580.0,0.0,625.0,661. 199991 0.0,
Hon Ree om0 JEKTOTCS (1.00CTOTC WA+ (1} H £,584.2.520.0,0.0,0.0,0.0,609.0,0.0 7
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. 0.0,7€-7,0.0 /, 1C/ 848.07,691.3,
9,664.50,538.33, 817.0,753.95,681.59,

639. 56 699 217
DATA TFR/ 459. 67 459.7,459.67,459.69,459.69,459.69,459.69,459.69,
459.69,459.69,459.67,459.69 /

SPECIFIC HEAT AT CONSTANT VOLUME CONSTANTS

“_ e

DATA ACV/ 0.023815,8.0945€-3,0.01602,0.0300559282,0.0427,
0.02812836,0.07628087,0.07963,0.0175,0.026803537,

0.020419,0,0225178157 /

DATA 8CY/ Z 798823£-4,3.32662€-4,2.82)E-4,2.3704335¢-4,1.40€-4,

2.255408£-4,-7.561B05€-6,1,159€-4,3.49E-4,2. 83734086 4,
Z 996802€-4,1.69907814L-4 /

DATA €L/ -2.1227)4E - 7 -2.413896E-7,-1,159€-7,-2.85660077€-8,0.0,
-6.509607€.8,3.9065696E -7 O 0,-1. 67¢- 7,9.7167893€-8,
-1,409043E.7,-1.64842522¢-7 /

DATA DCY/ 5.999018E-11,6.72383E-11,0.0,-2,95338805¢-11,0.0,0.0

2.454905€ - lD 0.0,0.0,0. 0 2.210851€-11,2. 152780846¢ - i

DATA FCYV/ -136 80703,0. 0. 0 0. 0 257.341,0.0,0.0,0.0,0.0,

0.0,0.0 /

“w_ e

" e

ENTHALPY AND ENTROPY OF VAPOR CONSTANTS

DATA %/ so $418,39.556551,20.911,86,102162,76.20985,62.4009,
8154,25.198,25. 3396621 46.4734,)5,308,12.19214242 /

DATA ¥/ -O O9IB!95 -0.016537936, -0. 05676,0. ]6]72523 -0,110514,
-0.0453335,-0.2554, -0.40552,-0. 11513718,-0, 090]2107564

3 -0.07444,-0.16828871 /

ERROR SETTING
FLAG* .TRUE.

J= 0.185053
LE10= ALOG{10.0)
L10E= ALOGIO( €XP(1.0) )

ASSIGN *)* ACCORDING 10 'AR*

LEsLEN(HR)
IF( WR{:LE) .EQ. ‘11*
1F( MR{:LE) .£Q. ‘12°
IF( MR(.LE) .£Q. ‘13
1F( aR(:LE) .EQ.
IF( WR(:LE) .EQ. ‘21°
IF{ MR{:LE) .EQ. ‘22!
IF{ WR{:LE) .£Q. *2)°
IF( mR(:LE) .€Q. '113"
TF( NR(:LE) .€Q. *1l4*
17{ E

-

<

REFRIGERANT NUMBER MISMATCH IN SUBROUTINE VA POR !
FLAGs .FALSE.
RETURA

ENOIF

CONVERT °*TCE® TO °*VF'
TF=1.8°TCE+J2.0

CONVERT *PPA® TO *PPSIA®

PPS1A~ PPA/6.B94757
CONVERT *TF® 10 'T® AND CHECK VALUE

Te TFoTFR(I)
IF( l .LE. 0.0 ) THER
]

Pﬁlll' * TEMPERATURE LESS THAN OR EQUAL 2ERO *
PRIIY', 1N SUBROUTINE VAPOR °*
FLAGs .FALSE.
"
ENDIF

CALCULATE *TSAT® AND COMPARE WITH "1F'

TFSAT= TSAT{KR,PPSIA)
IF{ FLAG .EQV. .FALSE. ) THEM

PRINT®, " ¢
PRINT® CALL TSAT ERROR [N SUBROLUTINE VAPOR *
FLAG> .FALSE.
RETURN
ENDIF

CONVERT *C* TO * F*
TFSATe 1,8*TFSAT * 32.0
TFSAT ) THEN

!zmmuuﬂz LESS THAN SAYURAHM TEMPERATURE
# SUBROUTIKE YAPQR '

CHECK 'PPSIA®
IF{ PPSIA .LE, 0.0 } THEN
PRINT® *

PRESSURE €SS THAN OR EQUAL 2ERD '
1N SUBROUTINE VAPOR *

CALCULATE ‘VYAP®
YVAP= SPYORL{NR,TCE,PPA) ~
CONVERT * CU M/KG * TO * CU FT/LB °

CNARANAOAAANCONNANANAAMNNN NNOO Aoa

Cee-
4

VVAP= VYAP/0,062027961
IF{ FLAG KOV. JFALSE. ) THEN

CALL SPVOL ERROR IN SUBROUTINE VAPOR '
FLAG= LFALSE.
RETURN

ENDIF

CALCULATE "HVAP® AND 'SVAP'

12 141

13 T2*7

Tée T3e7

VRe VVAP-B(1)

VRZs 2.0%VR**2

VR3s 3.0°VR**)

VRde 4,0°VA**4

KTOTCe K(1)et/TC(1)

EKIDIC= EXP{-KIDIC

EMAVS EXP(-ALPHA(])*¥VAP)

Hls ACV{1}*T+BCY(1)*12/2,00CCV(T}9T3/3.000CY (1) T4/4.0-FCY{T]/T

H2e JPPSIAYYYAP

H3s A2(1)/VReA3(1}/YRZ¢A4{[)/VRI*AS( 1)/ VRS

WA= C201]/VReC3(1]/VRZeCa(1)/¥R3eC5(1]/R

4
’Sl- ACV(1)*ALOG(T)*BCV{ L) T+CCV(1)T2/2.0+0CY(1)*TI/3.0-

Ceem
4

FCV(1)/(2.0*12)
$2s JSR(1)*ALOG(VR)
22 an)/vmas(l)/vnma(|)/vu3'ns(|)/vna

lr{ At?m(l) .GT. 500.0 ) THEM

0.0

IF(_CPR(1) .GT. 0.0 ) THER

[Lgo- 1,0/ALPHA(L)*{EMAY-CPR{1)*ALOG(1.0+EMAV/CPR(1)))
HO® 1.0/ALPHA(1)*EMAY
DIF

H3s HI*AS{1)*H0
Hi= H&+C6{1)*HO
$3= 53+86(1)*H0
Sda S&+CEH(1)*HO
HYAP» H]eH2+J%H3+JEKTDTC*(1.0sKTDTC) eHa+X (1}
SVAPs S1952-J°S3+J*EKTDTC*K(1)/TC(1)*Sas¥(L)

CONVERT *ENGLISH UNIT* TO 'ST URIT*

VYAP= YVAP*0.062428
HVAP= HVAP*2,326
SVAP= SVAP*4,1868

FLAGs .TRUE.
RETURN

PRINT ERROR MESSAGE IF
KR CAN NOT MATCH
TF I5/LESS THAN OR EQUAL TO ZERC DEGEE R
TF IS LESS THAN TFSAT CORRESPONDING TO PSAT = PPSIA
PPSIA 1S LESS THAN OR EQUAL TO ZERQ

PRINT®,* ¢
ERROR [N CALLING SUBROUTINE -VAPOR-*
SE.

SUBROUTIME SPHT{NS,TCE,PPA,CY,CP,GAMMA,SORIC)

PURPOSE

T0 CALCULATE SPECIFIC KEAT AT CONSTANT VOLUME,
SPECIFIC HEAT AT CONSIANT PRESSLRE, SPECIFIC
HEAT RATIC, ANG SONIC VELOCITY FOR

GIVEN REFRIGERANT

KINDS OF REFRIGERANT

., L1304 21, 22,23
DESCRIPTION OF PARAMETERS
LI

, 113, 118, 500 , 562 , C318

R < REFRIGERANT NUMBER { INSERT YHE STRING : EX, *32* FOR |
TCE - TEMPERATURE (C)
PPA - PRESSURE (kPA}

QUTPYT
] - SPECIFIC MEAT AT CONSTANT YOLUME (KI/KG-K)
cp - SPECIFIC HEAT AT CONSTANT PRESSURE (KJ/KG-K)

- SPECIFIC HEAT RATIO

SONIC - SONIC YELOCITY (M/S)

COMMON QuTPUT
FLAG - ERROR STATE

REMARKS

FUNCTION SUBPROGRAR SPVOL CALLED BY IS SUDROUTINE
FUNCTION SUBPROGKAM JSAT CALLED BY THIS SUBROUTINE

OIMENSTON

LOGICAL FLAG
Fi

COMMON FLAG

CHARACTER®(*} W

REAL R(12), B(XZ) AZ([Z) 82(12),£2(12),A3{12).83{12),C3{12),
“(l?) B4(12),¢4(1 2) AS{12), BS(IZ) c5(12), AG(U) se(12),

3
s €6{12) ;K (12) ,ALPHA(12) CPR(12},TC(12),TFR{12)

C
Coue
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REAL ACV(IZJ.BCV(IZ).CCV(IZ).DCV( 12},FCv{12)
REAL J
CONSTANTS

EQUATION OF STATE CONSTARTS

‘DATA R/ 0.078117,0.088734,0.102728,0.1219336,0.10427,0.124098,

3
s

6.15327,0.05728,0.062780807,0.10805000,0.096125,
0.053645698 /, B/ 0.00190,0.0065091886,0.0048,0.0015,
0.0.0.002,0.00125,0.0,0.005954907,0.006034229,0.00167,



c
Cene
t

Cone
4

[
4

0.0060114165 /, A2/ -3.126759,.3.4972713,-3.083417,
-2.162959,7.116,-4.353547,-3.679499, -4.035 , -2. 3856704,
£.4,549888,..2613144,.1.8947274 7, 82/ 1.318523¢-3,
"1.59434848¢ -3, 2. 3416956 3,2, 135 114€ -3,4.6421€ -3
2.407252£-3,3.472778€-3,2.619€ -3, 1. 08012076 -3,2. 308415€ -3,
2.0576287E - J 9,8484745E-4 /

DATA C2/ -35.76999,-56.7627671,-18.212643,-18.941131,0.0,
~44.066868, -159.775232,0.0,-6.5643648, -92.90748,
-24.24819,.28.542156 /

DATA A3/ -0.025341,

0.0602394465,0.058854 4. 40405 7€ 3, -0. 20182376, -0.017464,

0.012475,-0.0214,0.034055687,0.08660634,0. 034866748,

0.026679892 /, B3/ 4.875121€-5,-1.87961843€.5,-5.671268E -5

,1.282B18E.5,3.593E-4,7.62789€ -5, 7. 733388E - 5,5, 00E -5,

25.3336494€-6, - 3. 1416656 -5,-8.67913136-6,-6.862101€-6 /

1.220367,1.31139508,0.571958,0.539776,0.0, 1 483763,

5.941212,0.0.0, 16366057, 2, 742282,0. 33274779, 0.66 84636

7. A/ 1.687277E-),-5.4813701E -4, -1,026C61€-3,1.921072€ -4,

0.0,2.310142€-3,2.060047€-3,0.0,-3.0574R1E-4, -8, 726016€ -4,

B.5/656/ /¢ -4,-2,4565234E -4 /, 847 -1.805C62E-6,0.0,

1.338679¢-5,-3,518263E-7,0.0,.3.605723C-6,-.684238¢.6,0.0

,0.0,0.0,7.0240549¢-7,0.0 /, €4/ 0.0,0.0,0.0,0.0,0.0,0.0,

0.9,0.0,0.0,0.0,0,072412368,0,0 /, A%/ -2.3SB930f.5,

0.0,5.290649£.6,.4,.4810496-6,0.0,-3, 724044E -5, - 1. B60546E .9
,0.0,1.6017659€ 6,1, 375958E-6,8. 8I6BIE7E -6,6.0E07086E -7 /

DATA 85/ 2.44830£.8,3.468834E-9,-7.395111E-9,9.0¢2318€-9,0.0,

5.355465E-8,6.455643E-8,0,0,6.2632341€ . 10,9.149570£ -9,

-7.9168095€-9,8. 269634E-10 /, €5/ -1.4rem£-4.

-2.54390678€-5,-3.874233€ -5, -4.836678E -5,0.0, -1

s e
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DATA C3/

LT T TETRYPIv v eey

.845051€-4,
-7167231¢ - l,
17560“7 5.838823€7,
R 8257766[7 0.0 /

[}
DATA 86/

“10000000000
00/,!/4505!75‘00
Slil. «5.0 /, ALPHA/ 580.

,$20.0,0.0,0.0,0.0,609.

5!“6(94(4 0.0 /,
.0, 0 0 l SJIBJHED,

0 661 199997 0. ¢,
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,0:0,00,0
su so 09. 50812

9.27
BATA "’RI[ 059.67,‘59.7,l59.61,059.69.4$9.69.l$!.69.459.69,!59.69.
(°459,69,439.65,459.67,459.69 /

SPECIFIC HEAT AT COMSTYANT VOLUME CORSTANTS

'0,0.0,7€-7,0.0 /, TC/ 848.07,69.3,
9.664.50,538.33,877.0,753.95.6€1.55,

O R T o T Tv eV

DATA ACY/ 0 021815 B 09l5£ 3,0.01602,0.0300559282,0.0427,

s 0762!087 0. 07953 0.0175,0. 02680]5]7,

$

DATA BCV/ 2.823€-4,2,3704335E-4,1.4CE-4,

3 <159E-4,3.49€-4,2,8373408E -4,
3

DATA CC¥/ 85660077£-8,0.0,
3 -8. 9.7167893t -8,
3 -1. /

DATA DCV/ 5.99901BE-11, 16.72363E-11,0. 0,-2.95318805€-11,0.0,0.0,

$ 2.454905¢E - 10 0.0,0.0,0.0,2. 210861€ - 11,2, 152780846[ i
DATA FCV/ -!15 3070300000000257 341, 000000

3 9.0,0.0 /

ERROR SE1TING
FLAG= .TRUE.

Je 0.185053
LE10s ALOG(10.0)

. L10E ALOGIO{ £XP(1.0) }

ASSIGN *1° ACCORODENG TO "RR®

fe0
LE-L!I(IR)
NR(:LE)
IF( WR{:LE)
1F( MR(:LE) .EQ.
IF( mr{:LE)

IF( B
If(
IF(
I¥(

"ap
e
3
gy

0) Iew

REFRIGERANT NUMBER MISMAICH °
1% SUBROUTINE SPHT *

CONVERT 'TCE® TO *TF'

TFe 1.8°TCE+32.0

COKVERTY *PPA* TO 'PPSIA*

PPSIA= PPA/6.B94757

CONVERT *TF" T0 *T' AND CHECK VALUE

Te TFoTFR{1)
IF( T .LE. 0.0 ) THEW
INje,r r

TEMPERATURE LESS THAR OR EQUAL IERO *
Ik SUBROUTINE SPHT

PRINT
FLAGe
ENDIF

JFALSE.

CALCULATE 'TFSAT® AND COMPARE WITH °TF'

TFSAT= TSAT(MR,PPSIA)

1/ Fllﬁ/ [OV. WFALSE, ) THEN
Pﬁllf' N CALL TSAT ERROR 1IN SUBROUTINE sm}r *

FLAGe .FALSE.

o Lt I Y 2
ZREA - AT F164% 5 558(1987)/483
RETURN
EXDIF
[3
Cee- CONVERT 'C UNIT* TO °F UNIT*
4
TFSAT« 1.8°TFSAT+32.0
IFLTF LT, TFSAT-0.01 ) THEN
PRINT®, ¢
PRINYS ¢ TEMPERZTURE LESS THAW SATURATION TEMFERATURE °
PRINT®,* IK SUBROUTINE SPHT *
FLAGs FALSE.
RETURN
ENDIF
c
€--- CHECK *PPSIA®
3
tr( rrsu ALE. 0.0 ) THEN
»* PRESSURE LESS THAR OR EQUAL ZERQ °
. I SUBRCUTINE SPNT *
LFALSE.
N
[4
€onn CALLULATE *¥YAP*
4
YYAP= SPVOL(NR,TCE,PPA}
1f( FLAG .EQV. .FALSE. } THEM
PRINTS, ¢ ¢
PRINYS,*  CALL SPYOL ERMOR IN SUBROUTINE SPHT *
FLAGY LFALSE.
URN
EXOIF
[4
C--- CORVERT * CU M/KG * 10 * CU FI/ALE *
<
¢ VYAP= VYAP/0,06242796)
C--- CALCULATION OF DERIVATIVES
4
vi= veAP.3(1)
v2= V1]
vie ¥2ov)
¥é= ¥3e9)
Y5+ vasyl
¥6s ¥50¥1
c EXTTC= EXP{-R(1)*T/TC(1})
1F( um(x) .61, 50C } THEN
FOPDV=
FOPDP- o o
£LSE
FOPDY« .Amuu) { 1029¢PR{1) )/(hcw(l))/lhmll))'
(1)+88( 1) TecE( 1) E
mor- ( u(n x(l)'cs(l)-tmc/rc(l) JU1serr())
nvnv- -R{1)*T/v2-2,0¢( u(l):nz(l)mc‘m-mlc )/¥3-3.00( A3(1)+
3 B3(1)*ToCI(T)*EXTIC }/va-4.0%( A4{1)+Ba{[)*T+CA(1)*EXTIC v
s ¥5-5.0¢( AS(J)+B5(1)*ToC5(1)*EXTIC J/V6 + FoPDY
qu- u(l)/Vlo( B2{1)-K{1)eC2(1)*EKTTC/TC(1} )/v2+( B3{I}-K(1)*
C3(1)2ERTIC/TC(E) )/7v3+( BA(I)-K(1)ocA(])*exTRC/TECL) )/va
s +{ BECI)-K{I)*CS())*€RTTC/IC(1) J/¥5 + FOPOT
Fecy= 0.0
C--- CALCULATE *Cv’
4
C¥e ACV(!MCV(I)'M:t'(l)-wz-ncv(l)'v--aorcv(x)/vnz { (1)
$ f2RTAEKTIC/TC(1)*02 Jo{ C2(1)/¥14C3(1)/2.0/¥2+CA{1)/3.0/V3
c $  +T5(1)/74.0/v4 + FCCY )
C--- CALCULATE *CP*
[4
CPx CV-J4T4DPDT**2/0P0Y
[4
C--- CALCULATE *GAMOS*
3
¢ CAMMAS CP/CY
2 CALCULATE *SOMIC’
¢ SONICe YYAPASQRI( 857,36091¢14DPDT**2/CV-4€3),05640P0V )
C--- CORVERT ‘ENGLISH UNIT® 10 *ST UNIT®
3
CV» €¥4.1868
CPs CP*4, 1868
c SONIC= SONIC*0.3048
FLAGS L TRUE.
RETURN
c
€--- PRINT ERFOR MESSAGE IF
€ MR CAN NOT MATC
c TF IS LESS THAN OR £QUAL TO ZERQ CEGREE R
c TF §S LESS THAN TFSAT CORRESPONDING TO PSAT = PPSIA
g..- PPSIA IS LESS THAN (R EQUAL 1O ZERO
999  PRINT®,« ¢
PRINI®,'  ERROR [N CALLING SUBRCUTINE -SPHT.*
4
FLAG= .FALSE.
RETURK
END
4
[4 ..
4



