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ABSTRACT

For Halon-1301 regulated by Montreal Protocol and CO, as its alternatives, the empirical equa-
tions of density, viscosity, and enthalpy were correlated in terms of temperature. They were
obtained by regression analysis from the experimental data in the literature. The empirical equa-
tion of density was expressed as compressibility factor by the second- order function of temper-
ature. The empirical equation of viscosity was formulated as a power function, and a correction
factor was considered to cover the wider range of temperature. Finally, heat capacity as well as
enthalpy were well fitted by empirical form of the second-order temperature. The correlation coef-
ficients of the empirical equations in this work.were more than 0.99.
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Fig. 1. Comparison of experimental and calculated

compressibility factor with temperatures for Halon-1301

at 1 atm.
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Table 1. Comparison of experimental and calculated compressibility factor and density with temperatures for Halon-

1301 and CO, at 1 atm

Material Property Z, p Equation P
Halon-1301 Compressibility 20 —6.641(1/T)+1.000 0.7290
factor 20 ~1941.536(1/T)?+0.526(1/T)+1.000 0.9990
2o 26 ~260297.526(1/T) - 27.577(1/T)? - 2.889(1/T)+1.000 | 1.0000
density PO 1/(5.511X 10T - 3.682% 10°3) 0.9994
Pe P2 1/{-1.070(1/T)+5.511X 10T +2.899% 10"} 0.9999
CO, Compressibility Z) -1.12089(1/T)+1.000 0.4720
factor P —890.873(1/T)?+1.353(1/T) +1.000 0.9870
%0 %) —145582.749(1/T)? — 82.820(1/T)2+0.402(1/T)+1.000 | 1.0000
density P®) 1/(1.865X 10°T — 2.090% 10%) 0.9999
0] Pw 1/4-1.660(1/T) +1.865X 10T +2.523X 10"} 1.0000

Halon-1301 : 213K<T<383K
CO; : 200K<T<2000K
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Fig. 2. Comparison of experimental and calculated
density with temperatures for Halon-1301 at 1 atm.
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Fig. 4. Comparison of experimental and calculated
density with temperatures for CO, at 1 atm.
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Fig. 5. Comparison of experimental and calculated
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viscosity with temperatures for CO, at 1 atm.
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Table 2. Comparison of experimental and calculated viscosity with temperatures for Halon-1301 and CO, at 1 atm

Material n Equation r r
T/273.15)°8142 0.9983 -
Halon-1301 at) Har(17 )
ez U27a((T/273.15)0824_ 0,01371) 0.9987 -
K Ma73(T/273.15)0%° 0.9941 0.7248
CO. [T _ Ua73(T/273.15)°0777° 0.9913 0.9871
s M27s((T/273.15)%7%87 1.0.03138) 0.9905 0.9936
Ma73 @ Halon-1301 = 0.015
CO, = 0.0137
r; : Halon-1301  273K<T<773K

CO, 223K<T<773K
rr @ CO, 223K<T<2273K
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Table 3. Comparison of experimental and calculated enthalpy and heat capacity with temperatures for Halon-1301

and CO; at 1 atm_

F8lAY - 2uERE Al6d #RE, 2002

Material Property H, C, Equation r2
H Hg 0.465T +4.762 0.9982
He, 3.773X 10°°T2+0.2408T +37.179 0.9994
Halon-1301
c Coy 0.001806T+0.08206 0.9985
’ [ 5.301X 107T2+1.490X 103T+0.1276 0.9998
i He) 1.089T +466.481 0.9968
co, Hy 2.596X 10%T%+0.746 T+562.424 0.9999
c Co 5.314X 10T +0.7263 0.9599
b Cow —4.682X107T?+1.149% 10°T+0.5533 0.9993
Halon-1301 : 213K<T<383K

CO; : 200K<T<2000K
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p : density [kg/m’]
Ut : viscosity at T K [cP]
Mazs @ viscosity at 273 K [cP]
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: nth order coefficient of compressibility factor
: nth order coefficient of density

: nth order coefficient of viscosity

: nth order coefficient of enthalpy

: nth order coefficient of heat capacity

: nth order of compressibility factor

: heat capacity [kJ/kg K]

: mean heat capacity [kj/kg K]

: number of order [-]

: mass of gases [kg]

: number of data

: constant of the viscosity [-]

: gas constant [L atmvkg K]

: correlation coefficient [-]

: temperature [K]

: volume [L]

: enthalpy [k]/kg]

: internal energy [k]/kg]

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

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



