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Abstract: To reveal the charge formation mechanism and accumulation behaviors in a liquid hy-
drogen flow condition, the binary system of solid air particles in liquid hydrogen pipe flow was
taken as the object, and the open source software platform OpenFOAM was adopted. Several ad-
ditional functions, including force model on the solid particles, electrification model by LH,-wall
friction, low-conductivity fluid charge model and particle charge model, were established and in-
corporated into the software platform to extend its predictive abilities. With the multi-phase par-
ticle-in-cell (MP-PIC) method, the coupled calculation of liquid-solid two-phase flow field and
electric field was reached. Based on this extended-function software, the charge accumulation in
the LH, flow event with solid air particles was simulated, and the influences of particle size and
air amount on charge accumulation performance were analyzed. The results show that the charge
density in a pure LH, flow event is about 1. 358 X107 C/m® when the flow rate is 3 m/s, while

the charge density in a solid air particle existence case is higher than this value by three orders of
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magnitude. Therefore, the charge risk in the solid air particle existence case is greater than that

in a pure liquid hydrogen flow condition. Most solid air particles, with a diameter of 0. 1 mm,

have the charge amount of about 3.16X107" C to 1. 58 X107 C. Increasing the particle size or

decreasing the air content in the system increases the proportion of charged particles, as well as

the average particle electric quantity. The present study is of theoretically instructive significance

to the design and safety protection of liquid hydrogen pipeline systems.
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Fig. 1 Schematic diagram of liquid hydrogen-solid air

particle pipeline transfer process
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Fig. 2 Schematic diagram of particle mechanical

model in liquid hydrogen flow
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Fig. 3 Charge accumulation in the particle-wall collision

process
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Fig. 4 Coupling solution flow chart for solid-liquid

two-phase flow and electrostatic process
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Table 3 Relative errors by different models
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Table 4 Values of simulation parameters in the present study
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Fig. 7 Schematic diagram of liquid hydrogen pipeline

grid model

KRG AE PR R A B AR 4 TR,
— 5 HEST TN AR L B A DA T AL 5. R
P O R 0 A O % 4
I ) T D0 A% A5S 700 f) 45 0Pk, N 5 TR . LR A E
JEIE SR B S5 A0% BB M AS HCh 256 000 [ A58 A
TF IR J5 225 BLTUR
A5 MR K MIE

Table 5 Grid independence verification

g R WURE 35 th o
RS o B L AR kA
ot B e T R%E EE/s R

/(m=+s™H) /(mes™)

/% /% /%
64  3.607 1.55 3.804 1.71 2.786 0

256 3. 664 3.870 2.786
512 3. 664 0 3.877 0.16 2.790 0.14

http: // zkxb. xjtu. edu. cn

3 iR 518

3.1 BREERBBENR

MW AT HE N 3 m/s B, 3£ 2 FF oA U ig
Sl SR H T 2 BE 2SO 1. 358 X 1077 C/m®. A
A5 I v O B A VA AR T ) I L A e 3
AN 8 Fin . W LLE LA N R HL g R
217.6 V/m, A8 /T 7 500 W & 2E L 3 i
JE(6.9X107 V/m™), I, il K sh A 5 7=k
T P R 1 B A DU

0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
/v

4+ | 4250
| _A
S | A2007 2
. ! ; .
AN o =
®2r ' )
2 | {100 =
P it
1F —_— X
: ’ 450 o

1 ! L ! 1 0
0 0.010.020.030.04 0.050.06 0.07
y/m

&8 ali S el 35 0 oy A ML AR
Fig. 8 Electrical potential and field strength distribution of

pure liquid hydrogen pipeline
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