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Heat Capacity Calculation at Constant
Pressure or Constant Volume by Equations of State

Yasuhiro Kancaya* and Hideo Nisuiumi*®

Abstract

Heat capacities for methane, ethane, propane, nitrogen, carbon dioxide, carbon monooxide and
ammonia over a wide range of reduced temperatures and pressures were predicted using the Peng-
Robinson equation of state and the extended BWR equation of state. Concerning heat capacity at a
constant pressure, the BWR equation of state is far suprior to the Peng-Robinson equation of state, even

though as to heat capacity at a constant volume both equations of state produce better calculated
results.
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Table 1 Critical properties and acentric factor w used in this work
Substance Molecular weight T (K) Vc(l/ml) P (atm) w
Methane 16.04 191.10 0.0990 45.40 0.0072
Ethane 30.07 305,50 0.1480 48.20 0.0908
Propane 44.09 370.00 0.2000 41.90 0.1454
Nitrogen 28.02 126,20 0.0901 33.50 0.0350
Carbon dioxide 44.01 304,20 0.0940 72.90 0.2100
Ammonia 17.03 405.60 0.0725 112.50 0.2500
Carbon monoxide 28.01 133.00 0.0931 34.50 0.0410
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Table 2 Data point comparison of Cp for normal fluids predicted
by BWR E.0.S. with those by PR E.O.S.
Methanc Ethane Propanc Nitrogen Carbon dioxide
PR E.0.5. | BWR E.0.5. | PR E.0.5. | BWR E£.0.5.| PR E.0.5. | BWR E.0.5.| PR E.0.5. | & E.0.5.| PR E.0.5. | B4R £.0.5.
108~ 715 49 576 3 410 12 876 177 337 8
54-10% 125 101 108 81 56 18 113 292 66 107
18-5% 124 5158 134 292 178 445 234 620 95 218
-1 47 46 126 567 127 296 147 201 37 152
Total 1011 933 m 1370 535
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Table 3 Data point comparison of Cp for normal fluids predicted
by BWR E.O.S. with those by PR E.O.S.
Nethane Ethane Propanc Nitrogon Carbon dioxide
PR E.O.S BWR E.0.5. | PR E.O.S. | BWR E.O.S.| PR E.O.S. | BWR 2.0.85. PR £.0.5. | B¥R E.O.S. | PR E.D.S. | BMR E.O.S.
108- 185 133 24 3 146 120 325 k13:] 234 93
SV-100 208 144 222 34 97 61 77 92 7 62
18-5% n? 427 434 256 280 s 171 146 117 141
=18 106 112 211 618 251 288 95 72 9% 232
Total 816 911 774 668 528
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Table 4 Data point comparison of both Cp and Cov predicted by

BWR E.O.S.
Ammonia Carbon monoxide

108 ~ 163 47

5% ~ 10% 176 91

Csr 18 = 5% 275 139
T 1% 137 258

Total 751 535

10% ~ 432 87

5% ~ 10% 54 59

Cv 1% ~ 5% 93 146
1% 122 233

Total 701 525

3.4 BERGOLH

KEABA LAV L, HBEBRKEOLBLDENRD SN B, LTI, BEKK
DEELBAC, 2 BED 3 RAOME & L TE5 R 7z Prausnitz & D{E® % Av>7: (Table 5),

L L, CP2EVBEERCED, —203KATHRDLT Z L iBL TR, X DEECH,
Touloukian S #3177 & 5 129, BEFICFT T, FROFEHTIXRA L L THRDLITRETH
%,

Table 5 Constants of ideal gas heat capacity used in this work

Substance A B C D
Methane 4,598 0.1245E~1 0.2860E-5 -0.2703E-8
Ethane 1.292 0.4254E-1 -0.1657E-4 0.2081E-8
Propane -1.009 0.7315E-1 ~0.3789E-4 0.7678E-8
Nitrogen 7.440 ~0.3240E-2 0.6400E-5 =-0.2790E-8
Carbon dioxide 4.728 0.1754E-1 -0.1338E-4 0.4097e-8
Ammonia 6.524 0.5692E-2 0.4078E-5S -0.2830E-8
Carbon monoxide 7.373 -0.3070E-2 0.6662E-5 -0.3037e-8

2 3

* Cpf =A+B*T+C*T +D*7T (cal/mol.K)
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Nomenclature

C, . heat capacity at constant pressure [cal mol-* K-!], [J mol* K-!]
C,: heat capacity at constant volume [cal mol~! K-!], [J mol-! K-']
H . enthalpy [cal/mol], [J/mol]
P . pressure [atm]
R gas constant=0.082056 [l atm mol~* K-!]
T . temperature (K]
v volume [l mol~*]
V.. critical volume [l mol-']
Z . compressibility factor [—]
P density [mol 1-*]
w . acentric factor [—]
Superscript
0: ideal gas
Subscripts
c: critical property

r: reduced property
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