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Abstract — Fossil energy sources are limited in their sustainable use and expansion due to global warming caused by
carbon dioxide emissions. Hydrogen is considered as a promising alternative to traditional fossil fuels. To ensure the
stable long-term storage, it is necessary to accurately predict its thermodynamic properties at cryogenic temperatures.
Therefore, this study aimed to investigate thermodynamic properties, such as saturated vapor pressure and density,
enthalpy, and entropy of liquid and gas, using cubic equations of state that demonstrate relatively simple relationships.
Among the three types of equations of state (Redlich-Kwong (RK), Soave-Redlich-Kwong (SRK), and Peng-Robinson
(PR)), the SRK model exhibited relatively accurate prediction results for various physical properties.
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Table 1. Parameters for cubic equation of state
Model o (T,) G € Q ¥ Z
Redlich-Kwong (RK) 712 1 0 0.08664 0.42748 1/3
Soave-Redlich-Kwong (SRK) g (T ©) 1 0 0.08664 0.42748 1/3
Peng-Robinson (PR) app (T; 0)F 1+.42 1-42 0.07780 0.45724 0.30740
Forge (T, ©) = [1+(0.480+1.5740-0.1760°)(1-T, /)2
Youpp (T3 ®) = [14(0.37464+1.542260- 0.269920)2)(1 V)2
Table 2. Properties for hydrogen according to the hydrogen type
Type T, K] Py [Dar] 7.[K] P, [bar] P, [moll]
n-H, 13.957 0.0736 33.145 12.964 15.508
p-H, 13.8033 0.07041 32.938 12.858 15.538
o-H, 14.008 0.07461 33.22 13.1065 15.445
' = Rin(Z-B)+| V[(a—P) —I—e}dV ) 1400
w| \NOT/), V. — . RK @ g
_ 1200 4  ......... SRK i
3. EBIAEY SA0| HOSHY 24 FM W =0 g el g
= b O n-H2 i
< O p-H:2 ,/;
Fate o) 2 W) whe} b BRE| Sk HHol EAT § s0q{ 4 o-H )|
[
o 1] 2 o] B o-Hyo AR 23 WPo] Mz kel & P
p-H oIt} 0] 52 5o whehA] QFgAdo] thEr o]efgh kA €] E g/
Aolol] lahA] Lol mebd F ERC] Fhe] EAuIEo] ek, 3 40 ] A
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Table 3. Absolute average relative deviation (AARD %) for saturated
vapor pressure and density of liquid and vapor

Model AP Apt Ap©
RK 46.0825 14.1539 50.8994
SRK 6.2240 9.1287 7.2308
PR 3. 4366 18.4410 5.5776
AARD = 100%/N,% 3, X, =Xy /X X = P, p* and p©
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Fig. 1. The comparison of experimental [18] and calculated satu-
rated vapor pressure according to the different cubic equa-
tions: RK (dash dotted line, orange color), SRK (dotted line,
blue color) and PR (dashed line, purple color); (a) normal
scale and (b) log10 scale.
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Fig. 2. The comparison of experimental [18] and calculated satu-
rated vapor pressure according to the different cubic equa-
tions: RK (dash dotted line, orange color), SRK (dotted line,
blue color) and PR (dashed line, purple color); (a) normal
scale and (b) log10 scale.

Table 4. Absolute average relative deviation (AARD %) for enthalpy
and entropy of liquid and vapor

Model AH! AHY ASt AS¢
RK 152.2498 66.0742 2585.548 690.058
SRK 95.3231 66.3485 804.072 678.636
PR 92.2239 67.9322 692.238 647.366

AARD = 100%/N, % 3, X, =Xy /X X = H", H, S" and S
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according to the different cubic equations: RK (dash dotted
line, orange color), SRK (dotted line, blue color) and PR
(dashed line, purple color).

® liquid (n-H,) B liquid (p-H,)
40 1 A liquid (0-H,) O vapor (n-H,)
35 o O  vapor (p-H,) A vapor (0-H,)
— Rk eeeeeseen SRK
30 A
_ Bp, - --m
0 25 4 7
<
S My
= 20 4 0
> 0
Q 15 4 -""’-—--..... —
° el a 4]
= T,
E 10 g ﬁ
> 1 L 3
0 ..-I._l._'._! B
1L ==
-5 —_
-10 T T T T
10 15 20 25 30 35

Temperature [K]

Fig. 4. The comparison of experimental [18] and calculated entropy
according to the different cubic equations: RK (dash dotted
line, orange color), SRK (dotted line, blue color) and PR
(dashed line, purple color).
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