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Abstract: In order to explore the law of electrostatic accumulation in liquid hydrogen transmis-
sion pipeline containing solid oxygen particles, the simulation of charging law of liquid hydrogen-
solid oxygen system is carried out using COMSOL Multiphysics software. lagrange particle orbit
method and computational fluid dynamics are used to describe the motion of continuous liquid hy-
drogen flow and discrete solid oxygen particles, respectively. Materials Studio software is used to
calculate the electrical properties of solid oxygen particles and the electricity-generating law of
solid oxygen particles is described by capacitor method to realize the coupling solution of solid-liquid

two-phase flow and electrostatic field. The simulation results show that when the flow rate of
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liquid hydrogen is 10 m * s~

and the particle size of solid oxygen is 1 000 pm, the specific charge
of solid oxygen particles reaches 10 nC + kg™ '; the saturation charge of particles is about 84 pC;
the charge density of two-phase flow is 2. 84X10 ' C » m *, which is 8 orders of magnitude lar-
ger than that of pure liquid hydrogen flow. With the increase of particle-wall collisions, the parti-
cle charge tends to be saturated. The parameters of pipe flow have significant influence on the
charging law. The particle specific charge decreases slightly with the increase of particle mass
flow rate, increases with the increase of tube length and the decrease of tube diameter. The parti-
cle specific charge decreases first and then increases with the increase of liquid hydrogen flow
rate, so there is a minimum value. The particle property also has an effect on the charged energy.
The particle specific charge has minimum and maximum value with the increase of particle size,

and the particle Young’s modulus, resistivity and density also have a certain effect on the char-

ging law. The research work can provide theoretical support for the design and safety protection

of liquid hydrogen transmission system.
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WA ol TG T e SR A TE IR R RE A
GBI B &)z BEVIRA SRS R H S
JI H A A ik R D S A R L 3 R 4
BBt RIE VSR R RV A B A R R S IR
T AEE I R TESEAT R EUINTE (HE A SRR, =
[ B AP BUE 2 R . B TR A T %
fiff B B R [ A 22 00 AR AU ORE
PR IBORE 55 787 BE il 48 7 AE i el P A, RO BE R T L, 2
H iy R AR F — i B BT, n] R BUK B 5| kR
FELT 2 ] A3 UKL AR L 0 9 v, B A AT R R AR R
0, T, BT ] A BORL FE VU U R Y AR
R T T i 2k R G B A O

S R SRR S C R I VI S 2 SO
Cassutt 3530 5o 52 90 UE W] T W S0 LE £ A7 AL i iz vh
L7 L R UR  FOR SRR A B 5 o8 3 8
P MELAFERL, Liv %05 #7754 8is
B A AT R A P AT L 10 ¥ Cem
P T 2 HORE A4 U S0 U T TR TR R Bl R
B AR A, H AT, -0 0 A Y
BIF 5 X8 G A 435 Tl S5 % 4 T O L it A R 55 L o TR
H A TSR, o Sk e gl
F1R) Sy L AR AR T 5 30 ) 456 s B 1 DR B
i (Lagrangian particle tracking, LPT) J5 ¥ #l B #L
i3k (discrete element method, DEM)P* | FE#Jf
S B URE 1Y) 3z 3, BVSURE AR R B 43 BN T 5 ol
ZR A LPT Jrikt™ 76 ib 35 9% AR UKL I2 3l 1, 38
ORI DEM Jrik, Tsuji R LPT B0 82 7+
BRI R AT O #EAT T ST RS Tsuo
FHOBUL A A5 2075 3] 1) 45 SRR T X Lo, S5 SR R WY . Wb

http: // zkxb. xjtu. edu. cn

L TR A5 3] 14 AR TR A R i PR 28 X6 AL 4 R ) R )
A F L AH LPT 245 3] 09 245 2R b JUkL 2R 141 5547
B EE bR R 3R 5 VR XA RS G VR R A
OB ]/ FH 34047 AH DG 4 38, {5 22 52 30 % J0URE 17 #EL 719
5 L T AP T I 9 R Bk AR

JEE 48 a1 H, P S JBT 2 7 A AN ()R Rk 2 fih 25 1T R £
MRS AL 4G B 7 B MM B RS 2 TR
J7 %% 2 AR v i UL A H [R) , Harper™'™ $5 BH
AL T BRI BB AN ) 1T 7 A A 2 fik Fl A 2 R L AT G RS
FUR 3 F1 . Murata™® \Mehrani " #2118 TG &
S RS FEAR B AR ILEL, (B2, 750 S
A3 B RL AR H A% 2 OO 3 AR S e FL AL R AT R B
. BG4 8 ] A0 42 fil for fa B8 5
TOKRREG MY sREAH G, B F il i '+ ) = Rk e
KON AT H 45 T 266 5 1A 1) i Pl LD 5 446 2% B BL
B 25 30 3y R BCAT O B 248 % KT8] A 767 | B 1 G 8
Wo BT RIM R B AL 43 0 A R . P B3R 1 K S
)2 B B R Al A R A A ) 3 T B B
TR AR AR H A S 4 R AR AN ] i ST
R Ao FEL AR TR 0 . P 2 AR AT AR I EL 3 R )
o e B B U K B B L i B A AR TR R 3% T
ARASHEAY DT SO R B B BF 5 A B T 48 7 H e
14 PN TE 55 A LA, 58 35 UK A7 B AL, 177 2 00 RUBE 1)
A OB JAE 2 7T AT Sy A 0 R o B A 1A
AR 3t 2l H U T 1 P i RS o A I I o U il 4
%) f B8 I, U 5 AN GRS B 3l g W5 8 2 R
R B W) R AT Sy o ol JOUAE FHE 178 o7 Hh ok AR TN B 2
FESC T, Watano' ™ & 3L, Bl %5 % 3% /< It 1 3
s JSURE H, A7 7E 2K B 00 R T 23 RE 23S, i Nifuku




118 W % oz M

58 &

S 25 5 R JURL b R far CERLN 5 o URL A L
) BT G AN AE R AR, SEB A5 R Y A n] B A
VA PR S0RE F, A X B 45 PR 3R A RO L S 5 W) 4
R ME LA . #E B8 )2 1, Tanoue 5570 1)
2RI R, UK HL fr B Re 34 0 17 98 2D, {2 Gross-
hans %5 8518 5 2Z A0 B, U6 AS [ far L ASE 78 5%k i
R FEL f A2 5 380 1A X far W 3k B2 B9 8 R A W], Lim
SRR B, Wy X URLAT S 5 i AN K,
Grosshans 587 (B 5% 2% B, i He g 32 5 S0 19 3%
WEizh . Li %7 145 38R, Se B0 1) Uk E 5
Z R AR, ST A R AR BTz 0
— SO 3 2 PR Dy A ey F R R I i TR o T A AR
FL T 52 88 1) 2 A L v T Y 7 F WL AT A B 58 42 4
7N e H A AR RS 3 0 S R S S Y
VRS B HCAE RN

PHRH 7 2l L ey AR SR AT 5 v 6 T R L IR R
L1 A (1 R YU R RV R 2 N ) e s N 1 =W
2 R S5 AR e 0 JBE 8 F  P JrxfE L2 0 T Y A
o B PR Y R 2 N DG B B o 6 W R -
I o AR5 Uk R T A O A ik e A P A
F, ) AR SR 0L B 73 A A s S S R A B A
B 13045 % B B BRI LA AR 312 1 400 ) =0 B
N URL L ARUR 1Y 3 R it 2 AR B AR L U
/IN B OB i 328 o AR v e L BR R AR Y S B L X
T4 o] M D R H fer AR R AR AR . AR
W5 i it BORL A 18 8] 52 2% A9 A LA D b i 24
i e P AR LA 5 3 B T 3k 2 B F 5 03 i T 4R
UL B, i 78 4 3 R 118 BR R 0N LA B v fir FHU 5B 1Y 52 1
PR 28 93 A LA

1 B s

AR SCHEST T Pk B H B0 BE R SRR )
F12# (computational fluid dynamics, CFD) i) &
BT, IR HH R 2 A A 1R X0 Y S0 I o [T A UL 1) 2
MR PRI SR A ELF ST . O [ AU 0RE 14 S DY
PIAH T P B R R A 1 1 B . e, KO AR
BRN LA R, WA 0B LU i I
A s AT IHE i T ARUB0RE 3R B2 R e, i LR Q.
1.1 FRk-Fkizh 1R

P S AN AT RS BT . TR MR AL B R HE
B8R, R ] Navier-Stokes J7 2 #fi i W& &0 s ot 72,
I8 o A A BAE 5 BOR AR A . TR A B
Hg A28 S B /b [ AUBORL i 300 O AR RS
B0 AR LT 20, DR AR O R R OR 5 A

http: // zkxb. xjtu. edu. cn

WL 77 1]
B1 2 [ A BORE 1 W s B
Fig. 1 Schematic diagram of liquid hydrogen pipe flow with

solid oxygen particles
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Fig. 2 Schematic diagram of particle-wall collision
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hydrogen tube flow
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