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An Analysis on the Temperature Changes and the Amount of Charging
of Hydrogen in the Hydrogen Storage Tanks During High-Pressure Filling
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jtkwon@hoseo.edu Abstract >> Securing energy sources is a key element essential to economic and

_ _ industrial development in modern society, and research on renewable energy
Ezszzzd i?ﬁi:! égi and hydrogen energy is now actively carried out. This research was conducted
Accepted 17 June, 2021 through experiments and analytical methods on the hydrogen filling process in

the hydrogen storage tank of the hydrogen charging station. When low-temper-
ature, high-pressure hydrogen was injected into a high-pressure tanks where hy-
drogen is charged, the theoretical method was used to analyze the changes in
temperature and pressure inside the high-pressure tanks, the amount of hydro-
gen charge, and the charging time. The analysis was conducted in the initial vac-
uum state, called the First Cycle, and when the residual pressure was present in-
side the tanks, called the Second Cycle. As a result of the analysis, the highest
temperature inside the tanks in the First Cycle of the high-pressure tank in-
creased to 442.11 K, the temperature measured through the experiment was
441.77 K, the Second Cycle increased to 397.12 K, and the temperature meas-
ured through the experiment was 398 K. The results obtained through ex-
perimentation and analysis differ within £1%. The results of this study will be
useful for future hydrogen energy research and hydrogen charging station.
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Table 1. Condition and properties of high pressure tank

Condition Property
L (m) 4.4197
Dy (m) 0.3143
D, (m) 0.3985
d;, (m) 0.0143
t (m) 0.0842
kK (W/m « K) 16.3
hy (W]m® « K) 113.49/108.38
hy (W/m? « K) 40
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Fig. 5. Different between the inner and outer wall temperature
of the tank

Table 2. First Cycle result of high pressure tank and buffer tank

Condition High pressure tank Buffer tank
P, (MPa) 50 20
T, (K) 442.11 444.17
my (kg) 7.705 3.4429
Q (k) 15,985.63 7,178.1
R (KIW) 0.00706 0.007157
Riqo (KIW) 0.625
Qm/, (kW) 19.8385 19.8575
Quige (W) 0.2241 0.2249
Qo (KW) 20.06 20.08
T XK 422.95 424.09
Ty (K) 345.42 345.46
t (s) 1,594 715
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Table 3. Second cycle result of high pressure tank and buffer
tank

Condition High pressure tank Buffer tank
P, (MPa) 50 20
T, (K) 397.12 351.91
m, (kg) 2.9323 2.8198
m, (kg) 8.4127 42671
Q (k) 1,1891.36 3,132.01
R, (K/W) 0.00706 0.007157
R (KIW) 0.625
Quyl (kW) 13,466.01 6,966.61
Quie (kW) 152.112 78.89
Q... (kW) 6.809 3.522
T K 384.11 344.86
Tp (K) 331.49 317.28
t (s) 1,747 890

Table 4. Hydrogen charging time for high pressure tanks

Condition High pressure tank Buffer tank
First Cycle (s) 955 427
Second Cycle (s) 680 180
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Table 5. Comparison of temperature variation in high pressure
vessels according to analysis method

First Cycle Second Cycle
Cloiahitom A Experime A Experime
1 method ntal 1 method ntal
method method
High pressure
tank
y 44211 | 44177 | 397.12 | 398
Temperature
(]
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Fig. 6. Temperatures and pressures varying over time. (a) Experimental pressure curve for the first cycle, (b) temperature of the high
pressure tank, (c) experimental pressure data for the second cycle and (d) temperature in buffer tank.
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