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tHJE : F. Michel, et. al., “Onboard equipment for liquid hydrogen vehicles”, the proceedings of the 11th
World Hydrogen Energy Conference, 23-28 June, 1996, Stuttgart, Germany, p.1063-1077
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Sloshing caused by slight disturbance in lateral
direction under low-g condition during

coasting flight of upper stage.

Numerical code : CIP-LSM
Hybrid PLIC-VOF and level-set

developed in University of Tokyo
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(Kunugi 1997) (Sussman 1994)
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(Himeno, 2003)
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Deformation Perforation Firebrand

HHJ& : F. Michel, et. al., "Onboard equipment for liquid hydrogen vehicles",
the proceedings of the 11th World Hydrogen Energy Conference, 23-28 June,
1996, Stuttgart, Germany, p.1063-1077



—R a3 % 2T L=
ARk fE (BaFIE)

PRMESERRAT) R

10

. [ ]
[ B - SR
o (33.0K, 1.29MPa)|

0.01 } A
i =8A

- | 0.001 | 1 1 L\ 1 1

N | | 0 15 20 25 30 35

BE T(K)
INDIKF (p-H,) DIEH - REHRE

FEEZIE T INE LT RE 95& RinikEBRFE) HRETS
EESMHHY, [KBRREATOHMEFE{FHMILL TS,



—m3 R 2Hl#HT LS
RmERR > BE (RAOQY > 9)

®
FRSt R

. 1. (33.0K, 1.29MPa)|

| e
' =R
- 0.001 s : -

A 4 ] 1
10 15 20 25 30 30

BE T (K)
INDIKFR (p-H,) DIEH R EHRE

M

HRIBXIE |MPAROVI 7T 5L, BiREEHIRN,

BRHHAMICERHELTEADTHS,
e




—m3 R 2Hl#HT LS
RmERR > BE (RAOQY > 9)

_ BRMEZESIEGERETT HER
10
1+ Bk ¢
| Ttk BER A
Y (33.0K, 1.29MPa)|

0.01 F KUK
' =R
0.001 1 1 1 I\ 4 1 |
10 15 20 25 30 35

BE T (K)
INTIKFE (p-H,) DIEN - RERK

M

RRREANEWVREBISIEE BEAOYI )L TS,
EAHEFENPTL




BRIFEFEO 2 VAQAY T
KERESE RFI71ARX2 Y & BEIMIREE




—RR_MHWRDE7AQV Y9
BEEREAQY 7S TR EAELIRECENEL

Lig. Level | Initial Press. Initial Temp. 8 Peak
Test ID Oscillation Notes
[mm] [MPaG] Gas/Liq. [K]l | [mm] acceleration
Case0-6 161 0.300 95.9/83.7 5 Impulse 1.4G same as Casel-1
Case0-7 160 0.302 94.5/84.0 5 2.30Hz. 60sec 0.11G
Case0-8 160 0.302 95.1/83.9 5 2.75Hz. 60sec 0.15G
Case0-9 160 0.302 94.2/84.1 5 3.20Hz. 60sec 0.21G
Case0-10 160 0.301 93.3/84.1 5 None 0

0.35 7=

Comparison between impulsive and sinusoidal ascillation

Lateral

Pressure change @Mes.phase

0.30

Pressure [MPaG]
o o

o
=
wn

0104

-8~ Impulse
-8 2.30Hz
—&— 2.75Hz
-4 3.20Hz
—+— Not Oscillate

Sinusoidal
i Oscillation :
0 20 40 60 80 100
Time [sec
Impulse Ll

120

Ioshing

<1.0

(22.75Hz

Swirl

@Impulse



—RR_WHRDOEVAQAY D
WIRETR: EERER: = INGA—H

RIEEE)
Casel Case? Case3 Case4
300 300 300 300
250} - 250} - 250} - 250} -
200} - 200} - 200} - 200} -
5mm 30 mm 80 mm 130 mm

15

|

50 50

10

1.3 K

5

L

%0 85 90 95 100 %0 85 90 95 100 %O 85 90 95 100 %O 85 90 95 100

thin 4 thick

Lig. Level | Initial Press. Initial Temp. [K] ]
TestID [mm] IMPaG] |oT1 |eT2 |oT3 |eT4 |oT5 8 [mm|
Casel 161 0.300 959 | 90.9 | 84.3 | 83.7 | 836 6 <5
Case2 160 0.301 96.1 | 945 912 848 845 5<§<55
Case3 159 0.301 98.6 | 93.2 91.1 908 845 55<§<105
Case4 162 0.299 974 | 91.2 914 914 | 913 105 <6
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