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Research on Three Methods for Calculating Heat Release from Ortho-Para
Catalytic Conversion in Cryogenic Hydrogen Storage Systems

Yue Tenglong Xu Jingxuan

(Institute of Energy Storage Science and Engineering, University of Shanghai for Science and Technology, Shanghai,
200093, China)

Abstract In cryogenic hydrogen storage systems, an accurate calculation method for the heat release from different ortho-para hydrogen
catalytic conversions is important to determine the load of hydrogen storage systems. The objective of this study is to present a precise
calculation method for the conversion heat of ortho-para hydrogen. By establishing a conversion model, the methods of using a smoothing
spline curve to fit the experimental data and energy balance calculations are used to derive the released heat in adiabatic conversion
multistage converters and the released heat during continuous conversion. The heat release properties of different conversion methods are
analyzed in this study. Notably, the heat release amount of continuous conversion is the smallest, that of isothermal conversion is the
largest, and the conversion heat of adiabatic conversion is in between, which is related to the number of conversion stages. In addition, a
specific method and procedure are programmed to solve the implicit differential formula for continuous conversion. Finally, the calculation
results of the different methods are consistent with a maximum deviation of only 0. 22% , indicating that the calculations in this study are
valid and accurate.
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Tab.1 The equilibrium percentage of para-hydrogen at

partial temperatures

W, MEPETE R, PR
K N,./% K N,./%
20 99. 82 90 42.88
30 97.02 100 38.62
40 88.73 120 32.96
50 77.05 150 28. 60
60 65.57 200 25.97
70 55.99 250 25.26
80 48.54 300 25.07
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Fig.1 Fitted curve of the equilibrium percentage of

para-hydrogen vs. temperature
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Tab.2 The specific mass conversion heat per kilogram of
normal hydrogen converted to equilibrium hydrogen at

the same temperature

MREE/K ekl i FAXT IR 2E/ %0
(kJ/kg) (kJ/kg)
15. 00 527. 00 527.118 7 0.23
20. 39 525. 00 525.027 7 0.05
30. 00 506. 00 505.737 4 -0.52
50. 00 364. 00 364.099 5 0.27
60. 00 285. 00 285.028 8 0.10
70. 00 216. 00 215.891 6 -0. 50
75. 00 185.00 185.121 1 0. 65
100. 00 88.30 88.274 4 -0.29
125. 00 37.50 37.506 7 0.18
150. 00 15.10 15.095 2 -0.32
175.00 5.70 5.700 0 -0.01
200. 00 2.06 2.059 2 -0. 40
250. 00 0.23 0.229 8 -0.76
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Tab.3 The conversion heat per mol of ortho-hydrogen
molecules converted to para-hydrogen molecules

at the same temperature

/K Fefeiy WAEE/ ——
(kJ/kmol ) (kJ/kmol )
10. 00 1 417. 850 1417.850 2 0. 000 2
20. 00 1 417. 860 1417.8557 -0.003 1
20.39 1 417. 850 1417.8551 0.003 6
30. 00 1 417. 850 1417.851 6 0.001 1
40. 00 1 417.790 1 417.796 6 0.004 6
50. 00 1 417. 060 1 417.068 6 0. 006 1
60. 00 1 413.530 1413.529 9 -0.000 1
80. 00 1 382.330 1382.316 5 -0.009 8
100. 00 1 295. 560 1295.542 0 -0.013 9
150. 00 867. 380 867.388 7 0.0101
200. 00 440. 450 440. 459 8 0.022 3
300. 00 74. 148 74. 1442 -0.050 9
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Fig.2 Fitted curve of the specific mass conversion heat vs.

temperature
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Fig.3 Fitted curve of the specific mole conversion heat vs.

temperature
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Tab.4 Comparison between the actual data of the {E’ B SR IE B SR e E kI kg,
equilibrium para-hydrogen percentage and TE — i Al AE S WA AT AV JELJE 45 s 17 i
the calcutation results PRI ) IR A SO — IR 35L T 5
WE/K BN, /% RN, /% R % PRI A 4, T2 AR K AT S 28K 4
30 97.02 96. 94 -0.08 53 6 Fin , dERFEUR O alid i 1E 5 &, I % i R
50 77.05 76.78 -0.27 GRUNNCKIA
6 65. 57 65. 64 0.07 1) VIR AR A% 4 Ol A 4 A
100 38. 62 38. 74 0.12 RRAREIIHE
2) IE P AL AU AR B VR TR A HLE% Ak
150 28.60 2831 00 5 A ERRIREE A AL
200 25.97 25. 94 -0.03
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Tab.5 The enthalpy of normal hydrogen, ortho-hydrogen

and para-hydrogen at normal boiling point

Al HE/K EJ1/kPa J&ME/ (k)/kg)
E#EE 20. 369 101. 325 269. 08
EA 20. 380 101. 325 444.92
s 20. 271 101. 325 -256. 06
h, = hggeprop + Papp (3)

3) AN R A T | B 5 RR IO AN TR Ok, T
ZHEEMARERI AL,

S IE - HEALHAA 3 FhoT X, 20 o 4 P
b AFIRFE AL MELSE R AL, A SCUA B3R PR O 2tk
BIXS 3 Bl AT 2 SR I M AU

2 il 7 4

101 LW
102 103 ™
E% ios
3 4

1 JE46HL;2 A8 ;3 IRR S 4 - fbds;
10X S AR A5
B 4 EHRRERESTE
Fig.4 A simulated cryo-compressed hydrogen

storage process
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Tab.6 The node parameters of the simulated cryo-

compressed hydrogen storage process

5 R /K HF/MPa R H DL/ %

101 298. 15 0.1 25

102 298. 15 30 25

103 77.4 30 25

104 77.4 30 50.29
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Fig.5 Flow chart of hydrogen storage process coupled with adiabatic conversion
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Tab.7 Results of the conversion heat for the three types of ortho-para conversion paths calculated by different
methods (77.3 K@30 MPa condition)

AL (K)/kg)
et i §

FO B B AL IR B0 VO 5 1 ek e A AU 5 12 PR RS
— YA 63.23°102 62.49'17 62.21+1.05
pabrtie YA 100. 1175 & 101. 867} 3} 101.75+1. 98
Bt 163.3473 1 164.3573 % 164. 36+3. 03

SRR AL 171.91 174.26 174. 38

LAY 144.26 145. 61 145.53

3.2 AEBEIRTRITES T I 0K 23 0380, i 40 K@ 30 MPa .40

*E?E 2.4 TSN R LA 3 ﬁlﬁfrﬁﬁ%ﬂjﬁﬁ?
FET AR T AL IR AR B, AR Ik 8 1A 10
PR o AEATE R A AR A RE OB T 58 =7 ik
BF SRR A 25 T OO A B RS T R T

R AL A AU, Ak B R 1 B A

IR ESHALBI PRI 2 AFAE K Q, .0, .0, HHH
PEZEDIASRNANE 11 o f e xf ik 22 18], a] RIS 3]
R X iR 22 BIAE T £4 k/kg TN, 75 T &

REEMRERENIRBLAELRATETHHELER

Tab.8 O-P conversion enthalpy results for a wider range of temperatures using different calculation methods

AL (K)/kg)

.- Ak, o AL EREEAL LAY

AL 0, 0, 0, Q, 0 Qs 0, 0 0

1% 86. 65 85.49 86. 05
WA 2% 188.33 187.91 189. 04

3 239. 05 239.52 250. 11

Bt 514.03 512.92 525.20 523.82 524. 39 525.42 489. 37 491.59 490. 22
40 K —*2 —*2 —*2 445. 45 447.71 —*2 413.52 415.55 —*2
50 K 365. 04 363. 68 361.72 363. 58 365. 45 363. 64 332.03 333. 60 330. 88
60 K 281.53 281.71 281. 66 284.51 284.01 283.17 251.45 252. 84 250. 59
70 K 209. 76 212. 83 213.26 215.37 215.24 215.07 184. 08 185. 68 183.78
80 K 156. 08 158.71 159. 26 158. 26 160. 91 161.11 132.82 133.99 132.32
90 K 116. 80 117.20 117.77 117.58 118.97 119. 37 94. 63 95.17 95. 35
100 K 86. 87 85.76 86. 32 87.79 87.05 87.53 66. 71 67.19 67. 38
110 K 63.23 62.49 62.21 63.79 62.91 63.43 46.23 46. 98 47.16
120 K 44. 01 44. 38 44.92 44.73 44.92 45. 44 31.72 32.57 32.73
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