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Estimation of Hydrogen Filling Time Using a Dynamic Modeling
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Hydrogen filling time and the corresponding hydrogen temperature has been es-

Accepted 24 June, 2021 timated when the filling process stopped according to several thermodynamic
models. During the process of cooling the hydrogen tank, hydrogen temperature
and pressure vs. time estimation was performed using Aspen Dynamics. Filling
time, hydrogen temperature after filling hydrogen gas, cooling time and the final
tank pressure after tank filling process have been completed according to the
thermodynamic models are almost same.
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Fig. 1. Aspen Plus process flow sheet drawing for hydrogen
filling to 40 bar
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Fig. 2. Pressure profile vs. time during hydrogen filling using
Peng-Robinson equation of state

180

' —PR
160 t
142.11A"C\
|
6 140 :
. 1
2 120 :
3 |
o 100 :

% 145717 sec.
S 80+ :
E 1
o 60 :
'_ 1
40 - :
|
20 :
|
o T T T T - T
0 10 20 30 40 50 60

Time (sec.)

Fig. 3. Temperature profile vs. time during hydrogen filling
using Peng-Robinson equation of state
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Fig. 4. Pressure profile vs. time during hydrogen filling using
Soave-Redlich-Kwong equation of state
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Fig. 5. Temperature profile vs. time during hydrogen filling
using Soave-Redlich-Kwong equation of state
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Fig. 6. Pressure profile vs. time during hydrogen filling using
BWRS equation of state
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Fig. 7. Temperature profile vs. time during hydrogen filling
using BWRS equation of state
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Fig. 8. Pressure profile vs. time during hydrogen filling using
GERG-2008 equation of state
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Fig. 9. Temperature profile vs. time during hydrogen filling
using GEERG-2008 equation of state
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Fig. 10. Temperature profile vs. time during hydrogen cooling
using Peng-Robinson equation of state
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Fig. 11. Pressure profile vs. time during hydrogen cooling
using Peng-Robinson equation of state

H32H H3Z 2021 63



th7]1eke] Gurgho] OsfA] AlZtol whE a4 A
A WRY 4 71A19) 2% A3 9 o] whE Qe
Aot 8 HARE SellA Fdskch

Figs. 12, 13¢] oJo} 424 &3 5] =4 7]A|
o] 27} 142.6 Co| A AlZto] Aol mapa] <5
th7]9] 2221 20C7kA] Woj|= o] A= Al
OF 165.05-9]& & 4= Qi) gl EoF g3 YR
9o =4 71H19] dEe 40 barolA] HF 4 oF
28.1726 bar7}#] @ol A =k

Figs. 14, 150]&= BWRS A4S 2]-835}0]

50

45+

165.0 min.
40

35
28.1726 bar

30 \

Pressure (bar)

254

20 T T T T T
0 30 60 90 120 150 180

Time (min.)

Fig. 12. Pressure profile vs. time during hydrogen cooling
using Soave-Redlich-Kwong equation of state
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Fig. 13. Temperature profile vs. time during hydrogen cooling
using Soave-Redlich-Kwong equation of state
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Fig. 14. Temperature profile vs. time during hydrogen cooling
using BWRS equation of state
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Fig. 15. Pressure profile vs. time during hydrogen cooling
using BWRS equation of state
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Fig. 16. Temperature profile vs. time during hydrogen cooling
using GERG-2008 equation of state
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Fig. 17. Pressure profile vs. time during hydrogen cooling
using GERG-2008 equation of state
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Table 1. Hydrogen filling time and final temperature estima-
tion according to several thermodynamic models

”[l'\h/leorgle;). Pressure (bar) Tem;()%r)ature Time (sec)
PR 142.1 457
SRK 142.6 45.6
BWRS 0 143.8 45.1
GERS-2008 142.6 455

Table 2. Hydrogen cooling time and final pressure estimation
according to several thermodynamic models

Tﬁzﬁ?' Temg)%r? ture Pressure (bar) | Time (min)
PR 28.1897 157.2
SRK 28.1726 165.0
BWRS 20 28.0291 164.4
GERS-2008 28.1544 164.4
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