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A program package for refrigerants has been developed in the same manner as that in the previous
report. The program package 'PROREF’, written in BASIC language(N88 DISK—BASIC(86) on PC—
9801 E system by NEC corporation), involves twelve halogenated hydrocarbon refrigerants(R11, R12, R

13, R14, R21, R22, R23, R113, R114, R500, R502,

ferent functions of the thermodynamic properties.

RC318) as substances and provides nineteen dif-
All of the thermophysical properties for these

refrigerants are calculated from the equations given by Downing.

In this report, the structure and specification of the program packagé ’PROREF’ are to be described,

together with the results of a performance test and an example.
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Refrigerant Molecular Molecular Gas Constant Critical Critical
Formula Weight (J/(kg-K)] Temperature( K] | Pressure(MPa)
R11 CCl,F 137. 368 60. 5224 471.15 4.4092
R12 CCL,F, 120.914 68. 7481 385.17 4.1155
R13 CCIF, 104. 459 79.5902 302. 00 3.8700
R14 CF, 88. 005 94. 4700 227.50 3.7449
R21 CHCI,F 102.923 80.7849 451.61 5.1325
R22 CHCIF, 86. 469 96. 1469 369.17 4.9769
R23 CHF, 70.014 118.7484 299. 07 4.8357
R113 C,ClL,F, 187.376 44. 3786 487.22 3.1945
R114 (CCIF,), 170.922 48. 6404 418. 86 3.2625
R500 CCi,F, / CH,CHF, 99.3 83.7135 378.66 4.4267
RSOZ CHCIF, / CF;CF,Cl 111.6 74.4744 355.31 4.0748
RC318 C,Fg 200.031 41.5629 388.48 2.7827

Table 1 Properties of Refrigerants
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Table 2 Thermophysical Property Functions for Twelve Refrigerants
Input : Temperature as SUBT (K

Subroutine Function Output
*SUBPST Saturation pressure SUBPS (MPa)
*SUBVFT Specific volume of saturated liquid SUBVFT (m3 / kg)
*SUBVGT Specific volume of saturated vapor SUBVGT (m3 / kg)
% SUBHFT Enthalpy of saturated liquid SUBHFT (k] / kg)
*SUBHGT Enthalpy of saturated vapor SUBHGT (kJ / kg)
* SUBHFGT Latent heat of vapor SUBHFGT (kJ / kg)
*SUBSFT Entropy of saturated liquid SUBSFT (kJ/ (kg ‘K)]
* SUBHFGT Entropy of saturated vapor SUBSGT (k] /(kg-K)]

Input : Pressure as SUBP [(MPa)

Subroutine Function Output
*SUBTSP Saturation temperature SUBTS (K)
* SUBVFP Specific volume of saturated liquid SUBVFP (m3 / kg)
* SUBVGP Specific volume of saturated vapor SUBVGP (m3 / kg)
* SUBHFP Enthalpy of saturated liquid SUBHFP (k] / kg)
* SUBHGP Enthalpy of saturated vapor SUBHGP (kJ / kg)
* SUBHFGP Latent heat of vapor SUBHFGP (kJ-/ kg)
* SUBSFP Entropy of saturated liquid SUBSFP (k] /(kg-K)]
* SUBSGP Entropy of saturated vapor SUBSGP (k] /(kg-K))

Input : Temperature & Pressure as SUBT (K] SUBP (MPa)

Subroutine Function Output
*SUBVPT Specific volume of superheated vapor SUBVPT (m3 / kg)
* SUBHPT Enthalpy of superheated vapor SUBHPT (k] / kg)
*SUBSPT Entropy of superheated vapor SUBSPT (k] /(kg-K)]
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Refrigerant Value of SUBGAS$
R11 Rn1
R12 Ri12
R13 R13
R14 R14
R21 R21
R22 R22
R23 | R23
R113 R113
R114 Ri14
R500 R500
R502 R502
RC318 RC318

Table 3 Value of SUBGAS$ for Refrigerants
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Table 4 CPU Time(PROREF)
For T=273.15 (K], P=0.3 (MPa)

CPU TIME (sec)
R11, R12, R13, R4,
Subroutine | R22, R114, R500, R21 | R23 | R113
R502, RC318
*SUBTSP 2.25— 2.77 1.81|1.61)2.27
*SUBPST 0.69— 0.77 | 0.60 |0.64|0.59
*SUBVFT 0.84— 0.94 0.2010.880.19
*SUBVFP 3.13— 3.61 2.01|2.49 | 2.46
*SUBVGT 4.68— 6.70 1.69 | 7.01 | 1.66
*SUBVGP 6.95— 7.80 3.16 | 6.52 | 3.59
*SUBVPT 4.76— 5.20 1.35]4.09 | 1.33
*SUBCVPT 5.54— 5.96 1.55]4.86 | 1.53
*SUBHFT 11.90—15. 80 4.30 1 16.4 | 4.20
*SUBHFP 16.40—18.10 7.20 | 15.4]8.10
*SUBHGT 5.86— 7.74 2.08 | 8.14 | 2.07
*SUBHGP 8.16— 9.02 3.56 (7.64 |4.01
*SUBHPT 5.92— 6.29 1.75[5.23 [ 1.74
*SUBSFT 12.10—16.0 4.40 | 16.6 | 4.40
*SUBSFP 16.50—17.9 7.40 1 15.6 | 8.20
*SUBSGT 6.04— 7.91 2.218.292.21
*SUBSGP 8.20— 9.10 3.60 [ 7.70 | 4.10
*SUBSPT 6.04— 6.43 1.87 | 5.40 | 1.87
*SUBHFGT 6.12— 8.10 2.26 [ 8.30|2.22
*SUBHFGP 8.33— 9.11 3.70 | 7.80 | 4.10
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(Main Program)

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610

T3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk 3k sk 3k sk ok ok sk sk ok sk ok okok ok ok ok
’ EXERCISE

73k %k 5k %k sk sk ok sk sk sk sk sk sk sk sk sk sk sk skosk sk sk sk sk sk sk ok ko k ok
WIDTH 80,25 : DEFDBL S, Y, Z:DEFINT N:NNN=1
TIME$="00 : 00 : 00”

RESTORE 1080

FOR N=1 TO NNN

READ SUBREF$ :

DATA R11, R12, R21, R22

NEXT N

ZTC=273.15# +30# : ZTE=273.15# —15#

ZT 1 =ZTE:ZT4=ZTE:ZT3=ZTC

SUBT=ZT3 : GOSUB *SUBHFT:ZH3=SUBHFT
SUBT=ZT1: GOSUB *SUBHGT:ZH1=SUBHGT
SUBT=ZT1: GOSUB *SUBSGT:ZS1=SUBSGT

ZH4=ZH3

SUBT=ZTC:GOSUB *SUBPST:ZPC=SUBPS

SUBT=ZTE:GOSUB *SUBPST:ZPE=SUBPS
ZP1=Z7ZPE:ZP4=ZPE:ZP2=7ZPC:ZP3=ZPC
SUBP=ZPC:SUBS=ZS1: GOSUB *SUBTPS:ZT2=SUBTPS
SUBP=ZPC:SUBT=ZT?2 : GOSUB *SUBHPT:ZH2=SUBHPT
ZL=ZH2—ZH1 : ZQ=ZH1—ZH4 : ZE=ZQ/ZL:TI$=TIMES$
LPRINT ” —— TIME =";TI$;"——"

LPRINT ” Iterations =";NZZ

LPRINT ” Refrigerant =" ;SUBREF$

LPRINT ” P1 =" ; USING” #. ###4 (MPa) ”;ZP1
LPRINT ” P2 =" ; USING” #. ###4# (MPa) 7;ZP2
LPRINT ” P3 =" USING” #. #4444 (MPa) ”;ZP3
LPRINT ” P4 =" ; USING” #. ###4 (MPa) 7;ZP4
LPRINT ” T1  =";USING” ###. # (K) ?3ZT1
LPRINT ” T2  =";USING” ###. # (K) AV
LPRINT ” T3  =";USING” ###. # (K) ”3ZT3
LPRINT ” T¢ =”;USING” ###. # (K) ”3ZT4
LPRINT ” HI  =";USING” ###. # (kJ/kg) ”;ZH1
LPRINT ” H2  =";USING” ###. # (kJ/kg) 7;ZH2
LPRINT ” H3 =~ =";USING” ###. # (kJ/kg) 7;ZH3
LPRINT ” H4 =";USING” ###. # (kJ/kg) 7;ZH4
LPRINT ” 1 =";USING” ###. ## (kJ/kg) 7;ZL
LPRINT ”. q =";USING” ###. #¢# (kJ/kg) ”;ZQ
LPRINT ” e =; USING” #. HH# ”ZE
LPRINT CHR$(12) ; ’:next printer’s page
IF NNN=4 THEN END ELSE NNN=NNN+1 : GOTO 1040
Tk sk ok %k %k ok ok ok ok ok .

*SUBTPS

Tk sk sk sk ok %k ok ko kok

ZPZ=SUBP:ZSZ=SUBS:ZTT=0 #

SUBP=ZPZ:GOSUB *SUBTSP:ZTZ=SUBTS

ZTZ=ZTZ+ZITT

SUBP=ZPZ:SUBT=ZTZ:GOSUB *SUBSPT:ZSS=SUBSPT
IF(ZSS—ZSZ)> 0 # THEN 1520

ITT=5#

GOTO 1470

ZXA=ZTZ—54% : ZXB=ZTZ:ZEPS=.0001 #
SUBP=ZPZ:SUBT=ZXA:GOSUB *SUBSPT:ZFA=SUBSPT—-ZSZ
ZXD=ABS(ZXA—ZXB):NZZ=0

ZXD=ZXD#* .54 : IF ZXD/ZXA < =ZEPS THEN ZX=(ZXA+ZXB)*.5# : GOTO 1610
NZZ=NZZ+ 1

ZXM=(ZXA+ZXB)*.54#

SUBP=ZPZ:SUBT=ZXM:GOSUB *SUBSPT:ZFM=SUBSPT—ZSZ
IF(ZFA%ZFM)<=04# THEN ZXB=ZXM ELSE ZXA=ZXM:ZFA=Z7ZFM
GOTO 1550 :

SUBTPS=ZX:RETURN

Fig. 1(b) Main Program for Example
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[Output for R11]
-- TIME = 00:01:50 —--

Iterations = 7

Refrigerant = R1l

P1 = 0.0203 (MPa)
P2 = 0.1254 (MPa)
P3 = 0.1254 (MPa)
P4 = 0.0203 (MPa)
T1 = 258.2 (K)

T2 = 317.0 (K)

T3 = 303.2 (K)

T4 = 258.2 (K)

H1 = 381.3 (kJ/kg)
H2 = 412.2 (kJ/kg)
H3 = 225.9 (kJ/kg)
H4 = 225.9 (kJ/kg)
1 = 30.90 (kJ/kg)
g = 155.37 (kJ/kg)
> = 5.029

Fig. 1 (c) Output for the Main Program

75 LT, KFIBEEL DI LB FRIITE
51050 51210 TOLIfT&HF T —F >
*SUBTPS(17% 5142012 51610) Tdh b, Z=DELT
B 1 5508 chot. B, yIA—F
*SUBTPS i, AFIBE 2 DItz fER Lz D
DT, BEEIDEN LT e ELLRE S S
BIZE VI ETR00LDTH 5.

5. IV ,
R2BEO7 v L RABIEH LT 25 7Y 5 HR
BASIC E#Eiz X 3% T n—F L HROBMHIE S
Y5 b -2y — PROREF 2% L, A8H%&T,
Zh o0, (T HEsLUCERMERLEZ. &
BoA—Ya TR, A ¥ 7Y #FiR BASIC &%
ALTWw Ao ERRIRE PR A>T 3. §E
Bz 6B T5oicix, 5%, MS-DOS %
Yo 0S kcEBa 155K BASIC % FOR-
TRAN A YOXVEELEELFRTILERD A
5., KB FEOHETTRISTA Ry Fr—YnY—
ZY A MEEM LT

Ktkic, B, WEELED 5 UHKEOFERE

 HRIEBOBRERLET. £, ARREFENR

LLT, HBROFz v 7 L7 05 MERET-2 T2
AREMEEEDONEBEHE L EHH—MEBECHELE
L& '

SEXHE '

1) e @&, LG, WHE WE; =Y a=
VB2 - L BB TR ST b - Sy
VOB (KBLURKEZSLIEHEOBES
th), REAZEITEIMRRE, 15, 25 (FE60),
1. ‘

2) R.C. Downing ; Refrigerants Equations,
ASHRAE Trans., 80, 2 (1974), 158.

3) AEESMRLH ; PC980IE v == 7 v



