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Experimental Study on Electrostatic Accumulation Mechanism in Liquid
Hydrogen Pipe Flow

Sun Wenhao Wang Lei Ma Yuan Liu Bowen Li Yanzhong

(Institute of Refrigeration and Cryogenic Engineering, Xi'an Jiaotong University, Xi'an, 710049, China)

Abstract To investigate electrostatic accumulation induced by cryogenic liquid hydrogen (LH,) flow in pipelines, a test system was
constructed with LH, as the primary working medium. Using vacuum insulation, insulated connections, electrostatic shielding, and other
measures , as well as the application of the leakage charge method, safe and accurate measurement of extremely low-level charge quantities
generated by LH, flow under cryogenic conditions was achieved. The charge accumulation characteristics under multiple flow conditions
with Reynolds numbers ( Re) below 2x 10’ were analyzed. The experimental results indicated that notable flow charging phenomena
occurred during LH, flow with extremely low electrical conductivity in pipelines. Furthermore, charge accumulation demonstrated a linear
growth during the test period. Within the range of pipe lengths and Reynolds numbers covered by the experiment, the average charge
density decreased with an increase in the flow velocity ; however, the rate of decrease gradually diminished. The average charge density of
flow decreased with increasing pipe diameter. The developed electrostatic accumulation test system for low-temperature LH, pipe flow
provided an important platform support for conducting LH, electrostatic tests. This study validated the feasibility of the electrostatic
measurement method for LH,, providing design guidance for exploring the electrostatic laws of LH, and the boundary of safe flow velocity.

Keywords flow charging; electrostatic charge accumulation; cryogenic fluids; hydrogen safety

HLS AR B AS A B sl i A o, DY B T AR
B LA LU AT REAT AR 12 SN A5, A AR A BE 5
TRzl e B, R A R B A Bl it

SR, YR L B L B B 22 i B i AN Wi, E H
P& R EATAE IO IL Al i) 2 i, PR BRI %
e ROV WIS R D0 e AR LA A 52 )

REFFEE , LA 200 7 U A P 6 s BE B SRR, LB A
B AL, T RRIE R R R R — R
et SO 1Y) BE R AR A AT S A S AN T R O B
K o Ayl s e B AU AT T, R S B A
JIN R SRR, A B A i e DR B R A S B
A RS 72 0 S o 2 140 T /N S K 45
R 3R AR 23 W R 225K S 9 e et i

WSeh H 31:2025-06-09; 1 [1] H 111 . 2025-07-14; 5% H 181 :2025-07- 14

TEJEBE

B Xof A5 A Ay FL W)L, 1853 4F, H. Helmholtz' " 1§
YA T R H 2 e DA 53 B | 47 7R AN [F) A0 S5 22 [) 1)
B5Y WAL IENLE . BEJSBCT 4R, TERZ FH 55
T, 002 B AN 5 % 0 HARAR Tz AT,
TEAE R HIZ R AR S AR TR Sk FE v, PR 3l
WA R I S Rl 2 A s | i R RS T



Faok F5H
2025 4F 10 A

PINICEE, A RS TR PR AL ) SR W5

Vol. 46, No. 5
October, 2025

fhsh i BRI A A A 5 S AL
2R Tk IS R Bl R 7E 1077 ~ 107"
S/m R TR T R I e Y5 A O e L KRS ) L TR A
35 5 14 H 0 TR IR 1 i K RED ' FF R S B0 A 5
TR A 5 RS, A AR T 4l S i A i PR e AR
KR 52258 5 FEL L i 198 A S0 20 T I R R AR, 5
WP EEA HRIE . 1962 4F L. Cassutt 25 JE R A
HLFRALE 1077 S/m LR, WU 04 90 &0FE i A A i
SR IR W EE T S TIE B SR R H R 22 2
—-1V, 1965 4, W. Willis'"™ il 1 45 41 1k 5256, 25 1
TRE R FFN NI E R RN 25, )R SETR
AL WA SRR YA 1070 S/m, 1987 4,
G. Touchard Z&" "V R EAEZ K% 4R B
P A S A A 25 FE TR 1x1077 ~3%107 C/m’, H.
DL IS A28 350 X6 YT B e FL P A S I, 2021 4
J. Hall 57 PR TS LR, 76 0.5 m K4i%%
VIR I, 4R B LT R T i N T
5x107° A5 Y& A PIAHIERS , FL I AT REZS Y, fe KT 36
2.8x107° A, Xt It G. Touchard 55 J. Hall Friiti& ik
U B R B R R, B = T 1 i 2 R, AR AR
AR X e L R RV AT R, 3 R B4 1 R
PR HG Y S A S TS B0 iR 25 K A
T FE AR AR AL, LA R AT RERY 2L IR T4,
FHUIFRE T RATH RN LR, &%
AELIS20) bk S Az AN A 1 i L R R R R T T
PSS, (H AR SRR AR 58 248 /R TS P i sl
P RALEE , XIS T TR A s f X
S0 FERE B T 85 mm bR T ik 8.5~
12 kV L, R P B TSR ERAT
8 Y BB BB | Aoy 28K 11 22 J0RE A9 Y 48 PR i B
W5 B = LA Liu Bowen 4572 38 4 5 FL AN

WP ERHBR R

R B FL S, e T IR s Mg AE Rl AE
LB BRI

L5 LA WS AR 2 MR 2 ke A Bl
AR S IO S 6 I T ek BB b S R A [T A
SN S Bl L AR AR P ) SR T SRR B
A S 50 DR PP AT I 1) 7 A A 0 X 2 2R o B A
22, WA AV BRI ok 45 th 2 A5 . BN
H LR TOFEEE , ARCE BT A T i AR
SEHG AR WAGE . W A SCE R T LIRS TR
T BRI R G, i s i x4l e
S e S T B2 B T AR TS0 T R U B Ay H AR AR
I ra fap i A HERIN R, AT, R T RIE RS
R A P AR R SR R P TE I TR O 5 VR Y
AIATHE, T T AR ST B4 1 280 S0 4%

1 EWRKESFHIE

1.1 LI R G A

WA E MR RM RS ME 1 R, RS
Y 2 s, AN R G HER S AL AR
AR e E A AR IR S HEOR

SEUGT , >R FH VG 28 A2 38 K 2E AR S0 RE b H B AR 58
5 356 b A R TV LSS B v 4l AL, R IR
et AR AL FLrb WA R 6 AW IE - g 4L
B P, BT R B il & i & b P L B i
95%

SEa R SR FH e R AU R S B A ) I A
BOHERE . TIRRAE N B2 4 mm K 1 m BRI
EREMIRERE Ra = 1. 6 wm, FLWUmIE L4 R F B 23
ZERE LA ) PR 5 U 24 5 A5 I o R FH s i 22 DU IE
MBS T R s 6 2%, Rk S s A e
PR D A e v, 3000 P8 2 e, o) ] X L

e WS

B
wivgy T Q74 = RN
. - =i

I

REAGEE

DDDDDDD

RIE RS

e g g2

1 REERBEREMLRE

Fig.1 Liquid hydrogen pipe-flow electrostatic accumulation test system
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Fig.2 Physical diagrams of liquid hydrogen pipe-flow

electrostatic accumulation test system
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Fig.3 Electrification and charge transport processes at

the solid-liquid interface
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Fig.4 Physical diagrams of low-temperature insulated

vacuum flange

WL, A 5.96x 107" A X L AT A1, H 3 I
5 LA DU S T A U P R (B 22 3.36% . BT H
FEI B F AR 5 i s, TR, i ) i v R A it
T HL A 00 9
1.3 LWIRIERTE

WA AR I R B, AR R A e T
RAGBHZEY 80 K, BRI E AT 24 h; b5,
HE W SV TRCR, 8 ORI S
AP B e, AR R F 4 b REZS G, M)
SUAHTEE AR A, HE R SR 0. 15 MPa; X4 i
PR SR 1L 90% Ji , 45 1k Vi U v 5 3 K &R
g It YA R TR R R, e SR I R R
Ji A BE H i B SR B RS (] A2 A

T EL UL Y 2 78 1E 0l A AR, 75 B A 3
PETE AT MR A IR, A S SRR s %
HL, M L AN BT 6 TR . AT LAAE 3% A oy Bl
L T MR R LR 1, O 4.28%107 A, 7ED
WA TE TG 1 8 W S R T SRR [
RS B LA S AR D 0 B, R A S
o SRR g A T R, T
HORERGE . MRS, i I R

faf , REE L FRRFLE 1 min,

12

[SEBIE: 6.16x101 A
ILFprsESE: 1.01x101 A .
10}
9_ L]
~ 8t
= 4l
S 6f
I st
4L
3_
[ ]
2_
'—"10 20 30 20 50 60 70
t/s
() YR LRI B SR da Hde
4071 -
o WA
35F - A
3.0t
S 25t
S 20t
5) 15t p 55
1.0}
050 & FERGERETD): 596310 A
ol MREH: R=0.999
0 10 20 30 40 50 60 70
t/s
(b) IR FELAT I & R AR B0 HE

52 MESMEL R

Fig.5 Comparison of measurement for two signals
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Tab.1 Uncertainty of direct measurement parameters
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Fig.7 Comparison of liquid nitrogen flow electrification
test results between different test platforms and

two test methods
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