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Table 1  The virial coefficients of nitrogen(N, ) under different temperatures

T/K B /(m*/mol) € /(m®/mol?) D /(m®/mol®)
80 -2.508 0x107* 2.1x1078 -2.0x107"
120 -1.146 2x107* 4.8x107° -2.7x107"
10° 10°
o Onnes equation of gas state [ o Onnes equation of gas state
10° —— power law equation of gas state - 10°+ —— power law equation of gas state 5

T=80K,N, | T=120K,N,

pressure P/Pa
=)

pressure P/Pa
=)

10 10
10" 10"
1001 i i i 10°
10° 107 10" 10° 10 100 10° 10° 107 10" 10° 10 10° 10’
volume V/m’ volume V/m’
B1 T =80K,N, B2 T=120K, N,
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Table 2 The parameters of the power law equation of gas state for nitrogen( N, ) under different temperatures

T/K o q
80 0.96 0.91
120 0.98 0.99
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Table 3 The virial coefficients of tetrafluoromethane( CF,) under different temperatures

T/K B /(m?/mol) € /(m®/mol?) D /(m’/mol®)
323 -7.040x1073 5.38x107° 3.8x107
373 -4.334x1073 4.49%107° 6.4x107 "

F A 4 FTHD R CR AR AR B i B A DU 3 Y 6 ( CF ) 72 NI T, 3237 D AR BLAR AL B A1,
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Table 4 The parameters of the power law equation of gas state for tetrafluoromethane( CF,) under different temperatures

T/K e q
323 0.98 0.96
373 0.99 0.97
10 107 : .
o Onnes equation of gas state o Onnes equation of gas state

—— power law equation of gas state 10°
T=323K,CF,

—— power law equation of gas state |
T=373K,CF,
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A Power Law Equation of State for Actual Gases

CHEN Wen, LIANG Ying-jie
(State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering
(Hohai University) , Nanjing 210098, P.R.China;
College of Mechanics and Materials, Hohai University, Nanjing 211100, P.R.China)
( Contributed by CHEN Wen, M. AMM Editorial Board)

Abstract: A power law equation of state for actual gases was proposed with fewer parameters
compared with the Onnes equation of state. The new model requires only two parameters, of
which the order of the power function characterizes the deviation extent of actual gas from the
ideal gas. The gas whose behavior obeys the power law equation of state is called the power law
gas. The power law equation of state was applied to describe the behaviors of nitrogen (N, )
and tetrafluoromethane (CF,) gases. Compared with the Onnes equation, the proposed power
law equation can accurately capture the power law relation between the gas pressure and vol-
ume in a simpler fashion with fewer parameters. The results show that the power law order
tends to be smaller under a lower temperature, reflecting a larger deviation of the actual gas

state from that of the ideal gas.

Key words: actual gas; power law equation of state; virial coefficient; Onnes equation of state
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