AuF3t=83 Al 159 A5 %(2003)/pp. 389-396 389

o] X3l gt 4 HFC-134a, HCFC-229]
Y o 51 3 *JEHE* AL Azl S8

B oy F o oz 27

y

FUdEGR A1AFES g, "IN d R NAAEI}TER

Application of Procedures to Calculate Thermodynamic Properties
of Carbon Dioxide, HFC-134a and HCFC-22

Hyoung Joon Park, Kyoung Kuhn Park"’
Graduate School of Mechanical Engineering, Kookmin University, Seoul 136-702, Korea
*School of Mechanical and Automotive Engineering, Kookmin University, Seoul 136-702, Korea

(Received December 12, 2002, revision received March 28, 2003)

ABSTRACT: Systematic methods to calculate thermodynamic properties of carbon dioxide,
HFC-134a and HCFC-22 are presented. First, application of a basic method to identify the
saturation state with given temperature or pressure is attempted and the feasibility of auxi-
liary equations is tested. Next, detailed procedures are suggested to tell a phase when tem-
perature/pressure and another property are specified. Finally Newton-Raphson method is ap-
plied to calculate unknown thermodynamic properties fixing the state with the two inde-
pendent properties specified. The procedures described here are utilized to develop a computer
program, which is used to find the relation between temperature and pressure with maximum
isobaric heat capacity for super—critical carbon dioxide.
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Table 1 Summary on the equations of state

HCFC-22

Carbon dioxide @ HFC-134a
Equation of state
Span & Wagner Tillner-Roth & Kameli et al.

(1996) Baehr (1994) (199%)
Temperature range (K)
216~1100 170~455 200~550
Pressure range (MPa)
0~800 0~70 0~60
Uncertainty
Density Density Density
0.03~0.06% 0.05% 0.1%

Speed of sound Vapor pressure Speed of sound
0.03~1% 0.02% 0.1%

Heat capacity Heat capacity Heat capacity
0.15~1.5% 05~1.0% 0.5%
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Table 2 Characteristic data for carbon dioxide, HFC-134a and HCFC-22

Property / Index Carbon dioxide HFC-134a HCFC-22
Chemical formula COq CF3-CHoF CHCIF:
Molecular weight 44,0098 kg/kmol 102.032 kg/kmol 86.469 kg/kmol

Gas constant 0.188924 kJ/kg - K 0.0814889kJ/kg - K 0.096156 kJ/kg - K
Critical point
Temperature 304.1282 K 37421 K 369.295 K
Pressure 7.3773 MPa 4.0593 MPa 4.990 MPa
Density 467.6 kg/m® 511.95 kg/m* 523.85 kg/m’
Triple point
Temperature 216.592 K 169.85 K 11573 K
Pressure 0.51795 MPa 0.391 kPa 0.37904 Pa
Others
NBP 19465 K 22592 K 23234 K
GWP 1 1300 1700
OoDP 0 0 0.05
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Table 3 Coefficients of auxiliary equations

Coefficient Value Note
b —7.686556
by 2.311791
b3 —2.039554 Fa. ®)
by —3.583758
) —2.0043
C2 —4.0986
c3 1.0277 Eq. (9)
Cy —2.4757
Cs 0.62373

4@ X9 AsFE Table 39 YEHA A
o ol¥A T ERWAHNE ol&stod A
Aot Feidgye ZAAE vuEdd HoH
7t 23 gl distd 0.025%, £313F7] Lo
3t 05%7F ol de] B2dAdNEYg F4
¥ 2748 B

3.2 Esjgte{o] FolxX A

Foiz 23YYd g3 E32xE Ly
Zto] Newton-Raphson o2 & 4 9o}

Ps(Tn)_Ps

dP.JdT (10)

Tn+1 = Tn -

A7IH nd WE AN ssoln, 4P/dTE X
BT A8 g ol g3 AU o¥A X
B2 Z2AT A9 AL FA= 3185 2

4. 2571 FoiN ZF MEHZ AN
41 29 vjAXo| FolX F=2

Fd &7 QAR o4 A$olE Helm-
holtz & ©] &3 oS3t Zo] 4HE wz
248 5 ok

P = pRT(1+48¢}%) (11)

715 R& 71Ad4 ¢5=0¢7/35) ot
te AHIEE 8T o P8 4 Uk



olarstgha, HFC-134a, HCFC-229 4983 Aeld AL Eae &4 393

h=RT[1+1(8:—87)+8¢5] (12)
s=R[t(¢ps+¢7)—0¢°—¢"] (13)
u=h—Pv (14)
g=h—Ts=a+Pv (15)
C,= —Rt*(¢%—¢7) (16)

Cp=C,—TL(aP/3T),12/(8P[3v) s (17)

w= o T/C,(dP/3dT)2—dP/ov) r (18)

__v(dP/3v) r+ T(3P/T),
H1= T1(aP/aT):i— C,(3Pdv) ¢

19

dP/dv)r = —p*(3P/dp) 1 (20)
dP/3p)r = RT(1+28¢5— 8% 5) @1
dP/dT), = oR(1+ 8¢5 — 8145, 22)

A71H, ¢v=20¢"/01),, ¢7=20¢"/31),, %=
3¢°/96)., ¢%.=0°¢%/01%),, $1.=3°¢7/377),,
¢ 35=0%$7/36%) olth. dgss dEZF 7|
zge X 27315K9 T3 dAxuedN 2z
200k)/kg, 1kJ/kg - K& AHgatad. =7t 9
A% o)Al A% Fig. 19 P—yp Axdl e

Fig. 1 P— v diagram.

Table 4 Coefficients of equation (22)

Coefficient
A B C

Substance

Carbon dioxide 177311 —0.96148 3.16110e—4
HFC-134a 203495 —2.34027 7.33299e—4
HCFC-22 1901.23 —1.83736 0
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