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ABSTRACT

For Freon-23, a conventional extinguished agent regulated by Montreal Protocol and HFC-
227ea, its alternative, the empirical equations were correlated in terms of saturated pressure, den-
sity, viscosity, enthalpy and surface tension. They were obtained by regression analysis from the
experimental data in the literature. The empirical equations of saturated pressure were expressed
as the second and third order function of temperature. The empirical equation of density was
expressed as compressibility factor and saturated pressure by a function of temperature. The
empirical equation of viscosity was formulated as a power function. Heat capacities as well as
enthalpies were well fitted by empirical form of the second-order temperature. Finally, surface
tension simply has linear function form in terms of temperature.
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Table 1. Comparison of experimental and calculated
saturated pressures with temperatures for Freon-23 and
HFC-227ea

Materials| Pg, Equations 2
Peyay | 0.284T-52.713 0.8162
Freon | P |3.465(10%)T?-1.2837T +118.353 |0.9902

-23 b |21920109T°-1.140(10%T"
3 [ 4 2.007T-118.988

Pacs | L673(10)T-43.372 0.8371
Pos | 1.818(103)T2—0.9221T+117.949 0.9961

Freon-23 : 160.15K<T<298.15K
HFC-227ea : 243.029K<T<373.15K
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Fig. 1. Comparison of experimental and calculated
saturated pressures with temperatures for Freon-23.
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Fig. 2. Comparison of experimental and calculated
saturated pressures with temperatures for HFC-227ea.
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Table 2. Comparison of experimental and calculated compressibility factors and density with temperatures for
Freon-23 and HFC-227ea

Materials| Properties |z, p Equations r
Compressibility | Za) |—3.634(10)T+1.642 0.8914

Freon factors z | 2z, |-3.2904(109T%+1.127(102)T+0.016 0.9888
23 densities | |P© {1.846(10°)T%-9.601(10)T%+1.690T-100.207}/{-3.634(10°)T?+1.642T} 0.9458
06 - {1.846(10‘5_3’1‘32—9.601(10’2)T2+1.690T—100.207}/{—3.294(10‘5)’1‘3 0.9889

+1.127(109T?+0.016 T}

Compressibility | z@ |-5.951(10*)T+2.6915 0.9801
HFC factors zg | 2y, |-3.188(10%)T?+1.529(102)T-0.8253 0.9954
-227ea densities pg P | {2.187(10°)T?-1.109(10%)T+1.489}/{~5.951(10%)T?+2.6915T} 0.9697
Y pw |{2187(10%T21.109(102)T+1.489}/{~3.188(10°) T+ 1.529(105T>~0.8253T} | 0.9889

Freon-23 : 153.156K<T<298.15K
HFC-227ea : 293.15K<T<373.15K
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Table 4. Comparison of experimental and calculated enthalpies and heat capacities with temperatures for Freon-23

and HFC-227ea
Materials | Properties | H, C, Equations P
Hiay 1.296(10HT+301.969 0.2738
Hip —4.813(10%)T2+2.307)T +64.406 0.8149
Hygs) —5.438(10°%)T3+3.208(10%)T%-5.858T +653.337 0.9108
Enthalpies Hiy -9.246(107YT4+7.818(10)T3-2.472(10 1) T?+3.494(10)T-1545.995 | 0.9455
(0 Hpq,y 3.233(10')T+2.640(10%) 0.9644
Freon-23
Hyg -2.269(10°)T%+1.254T+1.705 (10%) 0.9995
Hmq,y —0.7454T +5.414 (10%) 0.7339
Hie -3.876(10)T?+2.082(10)T-2.451(10%) 0.9245
Heat capacities| Cpny | 4.859(104)T+0.2960 0.9404
Co Cox —4.517(107)T2+1.094(105T+0.1327 0.9996
LFC.g97c et capacities | Cop | 14840109 +0.3513 0.9899
G (O -5.371(00°)T?+4.754(105T-0.1447 0.9949
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Fig. 9. Comparison of experimental and calculated
vapor enthalpies with temperatures for Freon-23.
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Freon-23 : Enthalpy 153.15K<T;<257.15K
153.15K < Ty <257.15K
257.15K<Tp<298.15K

Heat capacity 173.15K<T<1173.15K
HFC-227¢a : Heat capacity 273.15K<T<333.215K
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Fig. 10. Comparison of experimental and calculated
vapor heat capacities with temperatures for Freon-23.
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Fig. 11. Comparison of experimental and calculated
heat capacities with temperatures for HFC-227ea.

Table 5. Comparison of experimental and calculated
surface tensions with temperatures for Freon-23 and
HFC-227ea

Material | 7y Equation 12
Yo | —2.0290109T+5.678(10% | 0.9989
Freon —— ~
23 6.476(10)T5.086(L09T | | o000
Y | 1916310% :
e L@ ~1.136(10%T+4.10310%) | 0.9982
1.554(107)T?-2.033(10%)T
227
0 Y | 453810107 0.9399
Freon-23 : 213.15K<T<251.15K
HFC-227ea : 233.15K <T<344.26K
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Fig. 12. Comparison of experimental and calculated
surface tensions with temperatures for Freon-23.
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Fig. 13. Comparison of experimental and calculated
surface tensions with temperatures for HFC-227ea.
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: density[kg/m°®]

: surface tension[N/m]

: viscosity at T K[cP]

: viscosity at 273 K[cP]

:nth order coefficient of pressure

: nth order coefficient of compressibility factor
:nth order coefficient of enthalpy

:nth order coefficient of heat capacity

:nth order of compressibility factor

: heat capacity[k]/kg K]

mean heat capacity [kJ/kg K]

:number of order[-]
:mass of gases(kg]

N
n
P
Psat

com<Aaw

Yest

<y;>

:number of data

: constant of the viscosity[-]

: pressurefbar]

: saturated pressure[bar]

: gas constant[L atmvkg K]

: correlation coefficient[~]

: temperature[K]

: volume[L]

: enthalpylkJ/kg]

:internal energyfk]/kg]

: calculated data from the empirical equation
: experimental data from the literature

: average experimental data from the literature
: compressibility factor of gases[-]
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