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Abstract:

caused by insufficient pressure at the inlet of liquid

To address the issue of flash evaporation

hydrogen pumps in hydrogen refueling stations—a
phenomenon that threatens operational stability—it is
imperative to develop a dynamic simulation of the

onboard transfer process and establish an effective
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pressure management strategy for liquid hydrogen storage
tanks. Using the MatLab software platform, this paper
develops a thermodynamic model of the liquid hydrogen
transfer process that integrates boil-off gas recirculation
and tank self-pressurization. It systematically analyzes the
variations in pressure and temperature during transfer,
leading to the proposal of a pressure management strategy
designed to prevent flash evaporation. Furthermore, it
optimizes the target self-pressurization pressure within
this strategy, yielding a definitive optimal value. This
paper provides theoretical guidance for programming self-
pressurization procedures during liquid hydrogen transfer

in hydrogen refueling stations.

Keywords: liquid hydrogen storage tank; boil of gas;

reinjection; pressure management strategy
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Fig.1 Schematic diagram of liquid hydrogen trans-
fer process in a liquid hydrogen refueling

station
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Fig. 2 Schematic diagram of structural dimensions
and dynamic geometric parameters of a liq-

uid hydrogen storage tank (unit: m)
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Fig. 3 Schematic diagram of the thermodynamic
model for the transfer process of a liquid hy-

drogen storage tank
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Fig. 4 Algorithm flowchart of the thermodynamic
model for the transfer process of a liquid hy-

drogen storage tank
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uid hydrogen storage tank
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Fig. 9 Changes in pressure and filling rate com-
bined with the self-pressurization of the stor-
age tank
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Fig.10 Pressure changes during the transfer process under different target management pressures



136 [l o K 2 2 MCH 9K BE 2% O

%54 %

1 NAIRIAY H AR s ) 5 B i A T
AR B, S AR 2 g B R s L — 2K, H
PrIE 47 0. 60 MPa fT 5 H 44 il S 5T R £, 1k 5
1209. 7 kg, HFRHE770. 50 MPa 5 0. 55 MPa X i )
ST R 9AF) 116. 21 kg 5 164. 43 kg, iX &
X 2R Ir A B T 3 U IR AR A H B AR
70.40 MPa F10. 45 MPa £ T — R Ja 15, i 5 1
AP RE TN EOER . P, SEEEUEARTRL,
H AR 32 0. 40 MPa 175 28 2 fift e 35 e it H
PRI E T %

*1 ARBHREHNTHEBERMANRKREE
Tab.1 Amount of liquid hydrogen used for self-

pressurization at different target pressures

HERHET1/MPa WA iR /kg | BAsES/MPa W& /kg
0.40 17.06 0.55 164.43
0.45 30. 74 0. 60 1209. 87
0.50 116.21
A\
4 ZEig

7 T HA M BOG [R5 1R A4 i Sk
TERE T I PR B 2R S T IR A RS Tt
FE RSy R AR AR, 3T T AR e R v gt
T 1 38 A HE 9 g TR B AR AL AR IR, B T LU
B L INZE B G % A R FAR A R T 45 BRSEE: , IT41 % 5
FROR A A9 B bR B 7 26475 A, A 8
ITF

(D TE R SRR P AR v, LRk 0 R 1
N AR b S N S (SRR iy p iy
Rt fE R R A TR TE], M O. 000 032 MPa-
SR} 0.000 014 MPa-s™, 32 5 J5 DA 2 I IS A X
(103t AR PR AR R 3407 Sy L TR 3 SOM X 2 31
JiK | B AR VA AR AR B AR PRIV A 1Al SR 1 R T
FAF /N T T R R

(2) 244 975 Sk 8 110 AR X g 4 30 P 9 UM
FVE T, FF i 3 gt , B 1 ) TR S X i A T 1 34
JEo GEREN ) TR 7E 200 s N _ETHE
0.74 MPa, TEiZt B rp , SR DR BE P BT X
R KA 2 3 A S A R R AR
A, $ TS IX R, (R R P4 7t , <
i B P RE A AR T, P RESE IRl BE R B IR T . W
FH DR A T RRAIR, 32 PR R 3 R 2 e sh i il # v
LW AT AR RS (B, S B0 AR R
JEWAT TR

(3)AREARE S 1 FE A BRER M, 30 T ARG H
T i P 18 8 S0t [ 488 R T FH ) ) )
B E b e ) R R RV U T R 1 5
W2 e o BERIE J1°8 0. 40 MPa, 1% B #%
(4 19 35 e 5 bR R 0 23 38 BUHE FR #8 1 )5 2l i B
2 EFE TR 2R 5 Ze v e ik AT 2 v S 10
WNE B TRE . H,0.40 MPaiy HArE)
WHE TSR, 40t 2 IR, R N sk sk ik
8;0. 45 MPa ) Bz & i & 7 %, Gad 2 Ik A1
J&, DR B A S A — B
B ULIAGEIE AR IS K R R SRR TR
R i PRI 28 2 (RIS 2Tk B T B A A .

(B R R A, AR SOt R G S e Y 36 31E 2L AE
UE B B0y 24 A g R e, S0 00 2 0 AR R {5
BRI e AT B . WENERERL T R A F
FEA BRI A, B NSNS U IR S A TE A 3
FE SR PR BAR SCHER I T 00, SRR SCRF G I
SCET- IR AE B DR T R R A R T R
(14 S BRI 1T 6 T S SO AR A 4R 2 RN 2 S
SLTAEMEE .

1EE mEk =R
W 7R« BUEAN R RTS8 SRS
W OB PR
TR OG5 TR A
5 S RTHORHET
FAEA RSO IAEAE S
[ IS S & T
H— SRR BN
R R S
PR 00 [ 4 P R AR SR A
TRAT PR EAR R ST 23 S 5

S 3Lk

(1] RER, SRS EMNREIMES LR Shis (1) 85

#J7, 2020, 40(7) : 15. DOIL: 10.13608/j. cnki. 1000-4416.
2020.07.014.
ZHU Qinjun, ZHU Junzong. Development and prospect of
liquid hydrogen refueling stations in China [J]. Gas & Heat,
2020, 40 (7) : 15. DOI: 10.13608/j. cnki. 1000-4416.2020.
07.014

(2] WY&, IAEIH, X7, 45 Ul K HOC R A& Ak
AR e B [T ). W) T 2z 2 e CH AR AR L 2023, 51
(12): 1959.
XUE Mingzhe,

Development status and prospects of liquid hydrogen refueling

SHI Cunyang, LIU Jianing, e al.

station and its key equipment [J]. Journal of Tongji University



o511

WSR2 - WU S W B R 1 i AR S A5

137

(5]

(6]

(8]

[10]

[11]

(Natural Science). 2023, 51(12): 1959.

PRIESC, XL, F5358, 55 . A SN =T s R b 22
[T]. SARALAE, 2021, 49(9): 68.

CHEN Zhengwen, LIU Haishan, WEI Zhichao, er al.
Research status and prospect of reciprocating liquid hydrogen
pump [J]. Fluid Machinery, 2021, 49(9): 68.

P, ke, M3, 55 mIRRECENIEHERLT]. AL
B, 2022, 50(7): 79.

WEI Wei, HE Zhilong, XING Ziwen, et al. Overview of
advances in the research of high-pressure liquid hydrogen pump
[J]. Fluid Machinery, 2022, 50(7): 79.

SCHAFER S, KLEIN H. Thermodynamical analysis of a
[J.
International Journal of Hydrogen Energy, 2019, 44 (33) :
18240.

BAUER A, MAYER T, SEMMEL M, et al. Energetic

evaluation of hydrogen refueling stations with liquid or gaseous

hydrogen fueling station via dynamic simulation

stored hydrogen [J]. International Journal of Hydrogen
Energy, 2019, 44(13): 6795.

QIN X, MENG C, HUANG Y. Modeling of pressure control
in a cryogenic tank by a thermodynamic vent system considering
flash evaporation [J]. International Journal of Heat and Mass
Transfer, 2023, 204 . 123857.

BRI LNG AL A4 TE A 38 Bl S BEUBTE D ] /R
% /R TR, 2014

QIN Lucai.
Progress in the LNG Vaporization Station Storage Tank [D].

Dynamic Simulation of the Self-pressurized

Harbin: Harbin Institute of Technology, 2014.

SR, JET-, EER, Sl i S Y L S e
Jr T[] AL T B, 2024 (13) : 154, DOI: 10.19900/;.
cnki. ISSN1008-4800.2024.13.040.

ZHANG Feng, GU Suping, WANG Chen, ez al. Discussion
on Pressure Control and Pressurization of Liquid Hydrogen
Storage Tank in Hydrogenation Station [J]. Chemical
Engineering Management, 2024 (13) : 154. DOI: 10.19900/;.
cnki. ISSN1008-4800.2024.13.040.

AN B C, HAM Y B, TRIMZI M A, et al. Simulation study
of pressure change between cryogenic reservoir and pump [J].
Journal of Mechanical Science and Technology, 2021, 35: 575.
QIU G, ZHU S, WANG K, ez al. Numerical study on the
dynamic process of reciprocating liquid hydrogen pumps for
hydrogen refueling stations [J]. Energy, 2023, 281: 128303.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

VRR, RBYL, EROG, 45 U200 I U= 3 A T it
5¢ (7). Bz SR, 2024, 30(4): 424.

XU Sheng, ZHU Dengkai, WANG Chenguang, ez a/. Static
heat leakage of reciprocating liquid hydrogen pump for liquid
hydrogen refueling station [J]. Vacuum and Cryogenics, 2024,
30(4): 424.

EIEE, T, BT, S REUERE £ R R A S AL
[T, TARAYIEAAAR, 2022, 43(1): 35.

WANG Haoren, WANG Bo, LUO Ruoyin, ez a/. Dynamic
Simulation of Self-pressurization Process of Liquid Hydrogen
Tank [J]. Journal of Engineering Thermophysics, 2022, 43
(1): 35.

KARTUZOVA O V, KASSEMI M, MODER J P, et al.
Self-pressurization and spray cooling simulations of the
multipurpose  hydrogen test bed (MHTB) ground-based
experiment [C]// 50th AIAA/ASME/SAE/ASEE Joint
Propulsion Conference. Cleveland: CPST, 2014 : 3578-3597.
WANG H R, WANG B, PAN Q W, ¢ al. Modeling and
thermodynamic analysis of thermal performance in self-
pressurized liquid hydrogen tanks [J]. International Journal of
Hydrogen Energy, 2022, 47(71): 30530.
TANI K, HIMENO T, SAKUMA Y,

recovery during pressure reduction experiment with large-scale

et al. Pressure

liquid hydrogen tank [J]. International Journal of Hydrogen
Energy, 2021, 46(57): 29583.

X Z5E, KIBEAR . ARG RE 38 o P05 BT (7], 19 hE
A, 2010, 28(6): 508.

LIU Zhiding, LIU Xiaodong. Simulation research on self-
pressurization  process  of tank [J].
Conservation Technology, 2010, 28(6): 508.

JE - TU- bR, M- P AR R BIRRR R G IM ] BB,
FEIEHE, P dbat: (IR TR SRS, 1993.

ATA®OHOB u M, JOMAIIIEHKO A M. Liquid cryogenic
system [M]. Translated by ZHAO Yunsheng, CUI Yune.
Betjing: Cryogenics Editorial Office, 1993.

cryogenic Energy

LIU Z, LI C. Influence of slosh baffles on thermodynamic
performance in liquid hydrogen tank [J]. Journal of Hazardous
Materials, 2018, 346: 253.

MAJUMDAR A, VALENZUELA J, LECLAIR A, et al.
Numerical modeling of self-pressurization and pressure control
by a thermodynamic vent system in a cryogenic tank [J].
Cryogenics, 2016, 74: 113.



