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Abstract In the hydrogen compression cycle, which is currently being developed, hydrogen is compressed
to a very high pressure using a compressor, and then stored and used in a high-pressure vessel. This
shows that an increase in the temperature of hydrogen in the vessel due to a pressure rise during the
filling process and the pressure fatigue due to the repeated cycle may cause problems in the reliability
of the vessel. In this paper, for the entire processes in a 50 MPa hydrogen compression system,
theoretical and numerical methods were conducted to analyze the following: the temperature increase
of hydrogen in the vessel and the time required to reach thermal equilibrium with the surroundings, the
change in temperature of hydrogen passing through the pressure reducing valve, and the required
capacity of the heat exchanger for cooling the vessel. The results will be useful for the design and

construction of hydrogen compression systems, such as hydrogen charging stations.
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Fig. 1. Hydrogen compressor system
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Fig. 2. Modeling of a hydrogen pressure vessel
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Fig. 3. Pressure reducing valve
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Fig. 4. Counter flow heat exchanger
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Fig. 5. Schematic diagram of the simplified high
pressure vessel model
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Table 1. Results of 1% cycle of high pressure tank
and buffer tnak

High pressure tank Buffer tank

Py 50 20
(MPa2)

7, © 155.72 157.63
My (ke) 7.9004 3.5418
Zy 1.2273 1.0902
Q &« 13340.05 6047.68
Q{wy 4.823 4.9025
(kW)

t© 2766 1234
T, © 109.7 110.85
Ty © 50.45 50.62

3.1.2 IYL7| 2™ cycle M

1* cycledt BLoHA 4&719F €137 AY 35
He £49 48 9 2= 50 MPa, 30 T2 o,
TP Io= 1% cycle ©]F 18 MPa2] &Qo] A5t
o} Qo] e g £4E FF5] SRS
o 87] el =5 7,2} ofd, A B 4] ¢
ol 7] B 9 Al2)el] 2l 21(7)2h Zo] vehd 4= Qi

mQ(hi_UQ) :ml(hi_ul)

@)

=g 4Ol AGH u=C,T, h=C,T JI2
olgte] Helslelrnl A(@)F} e,

Bh oron)= N or-cr)
ZQRTQ pti vt2/) Z1R771 pti vl
®
A(8)y& T, WaliAl Aestoisd gt 22 3%
HO)E e 5 Ak
1 _ 1 GT [  h4\ P4 ©)
, T\GT Bz | B4

9 AOQ)elA T E st SlsiMe Zy,3k=s Lotof
SHANE 732 229t 49| hpolur 75,9 g2 7t
AstAT) 1% cycledl A9l 75,3491 155.72 CE st
23t 7,9 gho] 7Pk gt o2 Ay,

H}

EOT‘EE} )

o =

70

Moz WE ANS & 2% 7,9 ¢S 9849 C2 3
& ) 714o] eigele e Ak

7,9 3t 91 T2 Sl HAME 17 cycledt 5
A P Ftol ALL Sgion, P Gt
2k H2 Table 20] vehfgiom, nggast A%
S olg3to] Asteict

Table 2. Results of 2™ cycle of high pressure tank
and buffer tank

High pressure tank Buffer tank

Py 50 20
(MPa)

T, © 98.49 85.71
my (ke 8.8762 4.1916
Z, 1.2606 1.1058
Q & 754352 2785.07
qug 2.438 10905
(kW)

t (s 3095 1462
Ty © 75.23 67.53
To © 4528 44.13
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Stream Name S1 S2

Temperature (¢} 157.630 159.911
Pressure BAR 200.000 100.000
Flowrate KG-MOL/HR 51878.085 51878.085
Phase Vapor Vapor

Thermodynamic system PRO1 PRO1

Fig. 7. Hydrogen temperature change at pressure
reducing valve
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Table 3. Result of 1 cycle hydrogen temperature T hypot h, 7 Est] 22 5 AUtk Fig. 1914 (2)
change through pressure reducing valve ¥ AE|o] S 40 5 7,1 40 T ot}
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T, © 165.537 159.911 B

Table 4. Result of 2™ cycle hydrogen temperature
change through pressure reducing valve

(6) pressure (12) pressure
reducing valve reducing valve
P,; (Mpa) 50 20
T, © 98.49 85.71
P, (pa) 20 10
7, © 107.834 87.496
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Table 5. Heat exchanger performance required in

1% cycle

) H/X (8 H/X (14) H/X
7,; (© 40 165.537 159.911
Q) (W) 1207 16.07 10.85
My 0.0575 0.7652 0.623
(kg/s)
by 115.13 2292.09 1674.22
(W/m’K)
hy 7148.01 7056.48 6967.46
(W/m’K)
% 113.305 1730.114 1349.86
(W/m*K)
AT ® 2542 68.76 67.116
Q RT) 0.1339 5.5292 421

Table 6. Heat exchanger performance required in

2" cycle
(2) H/X ) H/X (14) H/X
T, © 40 107.834 87.496
Qy (W) 1207 9.24 6.7628
My 0.0575 0.44 0322
(ke/s)
hy, 115.13 1211.88 1146.27
(W/m?’K)
hy 7148.01 6982.12 6868.358
(W/m’K)
Uy
, 113.305 1032.645 982.33
(W/m’K)
ATy K) 25.42 51.04 2.01744.167
Q (RT) 0.1339 2.4497 2.017
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