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Abstract - In order to verify the durability of the high-pressure hydrogen tank in the operating pressure
range, a hydraulic rupture test should be performed. However, if the bubbles generated by the initial injection
process of water are attached to the inner wall of the tank and remain, a sudden pressure change of the bubbles
during the rupture of the pressurized tank may cause shock and noise. Therefore, in this study, the flow velocity
required to remove the bubbles remaining on the inner wall of the tank was predicted through simplified for-
mulas, and the shape of the injection nozzle to maintain the flow velocity was determined based on the shape
of the hydrogen tank for the hydrogen bus. In addition, a numerical model was developed to predict the change
in flow velocity according to the inlet pressure, and an experiment was performed through a model tank to
prove the validity of the prediction result. As a result of the experiment, the flow velocity near the tank wall was
similar to the predicted value of the analysis model, and when the inlet pressure was 1.5 to 5.5 bar, the mini-
mum size of the removable bubble was predicted to be about 2.2 to 4.6 mm.

Key words : hydraulic rupture test, injection nozzle, air bubbles, hydrogen tank, numerical analysis

'Corresponding author:mskong@iae.re.kr Copyright (©) 2022 by The Korean Institute of Gas



715 wislol o| % A&7} H At F71el wef 7]
ZFO 29| iR &S At AT 278 A4S
sbstr] gk A =81 7)< ko] X8 Fo
AT [1]. B3] &% 3 A9 V& EopllA=
712k, a2 5 Zo] 'ha o] 23 vl 7] 7F
25 &SR] e AT S o] HFHO = o]
Folz| AL it

ety o 2 i e QYA Wert 11 A
w27) ol W2, EY, Eat 53 22 Uy 1E
Tl A el E] 718Ee] W5 2l vt 9E
THITE &, 47 2 AU A A EE 7HA7] $181A
= T4E 9F350 ~ 700 bare] O 2 FFte] A4
Stodof LR 2] 4 AR B A= 2 WAl
[T, 4 0] N ol A o] g A
S SE3 HE5E 8ol Uth

T4 g yFE-E Algshr] f18 Aabell=
St 9 AE, A2 2 B 7] AR, 9 Al E
o] AT A7|A £ FE Aol FA I Y
aste] E& FYst a7 A o e 4o
WS SA3te Algelt. 28 3E Alg e 27]
FH oA vl E AR B & FYsHA
HH B3 YR 2} A F719F Fol Fazt8ste
7127} A=, W 2= o] 2| gk 7|7} B H ol Kz}
o} 2b{ehe A7 doha g A ok ol g A
G A BAE TS A, 2 71 ag e 2 7}
St 'zt o == A A ST oY W E
QI 7|32 o] Yo o) & FAT gl A
At [3-4]. webA] B 30| FHE Aol A g At oF
A& gEslEA B Y 727 ZREA g%
WA 7|25 HUS AAT o] Utk

kA B AFo M= ©estE 542 551e] B
Il B2tH 7|25 A A Ag 74 =1&
dS3tH o, TA AL T4 Il FAE V|
° 2 3o g F&S AR5 A =& &

f

o~

T

=
[

o o

{

AL, 43 A& Skl HSSAH
I. o|2H ui&

o) B2kE V) ol 283t Pl Ty
g FFH7E o, o] FoA frEol fluets 7124
© 2 Z83}= 3ol Surface tension force2} Buo-
yancy force7} 131, 715 A ASH] $1% gjH o2
+ Quasi-steady drag force 5°] 1T [5].

71REA SR v ERT 7PV Wil £
o Abgol ofsl A 71E= FEo) o) = o

ST T A

KIGAS Vol. 26, No. 6, December, 2022

[eE=X%
2=

. o] w £2-& Yel = Buoyancy force 2

(O 2t

Eo=(p—=p)V,9 )]
T3 o) By 7]z ool 28511, oY
o] YAZ A7)0 =37] MR = EH Ao 9
gk Qi o] A E o] 7|7} Wi o B2bE o] e A
Bl S A3t} ©] 23 Surface tension force2] = Tl
=271 2 ()9 2ol Alxtd)
w(0,—6,)
F, =~ —1.25d,0————(sin(,) + sin (6, 2
sy W20 =0 ) (sin(0,) +sin(6,)) (2)

a T

o] uj d,+= Contact circle diameter 2}3 3}, ¢, 9}
9, -2 Contact angle ©]2kal gt} Z42he] wS=of ot
A X = Fig. 19] =A = o] Q)Th

o R2he 7271 e o) 2 23] g7
e v o] HAgkl £, 7F Q] F 2o 7ok
gith 28 B R destE A4S Bl wHel F2ky
712 2718 FAHE F Utk

71329 A F-& Ro|g 34, 7|27 ol vy
o2 B&go] oty 718 A§- d, = 2RI 2T

L
L

18] 31 Contact angle-= B H | A&, A7, &, &
A A 5 ohg 26 4FE B, E AT

) A 2 A 571 1312 2 Kandlikar 5
[6]2] A& FashH A-e-o] F-2] Fol A Contact an-
gle> EH AA7]ol w}g} 9+ 20 ~ 40°, ¢, 40 ~
100°2 WHe}git) o|uf 9,9} 0,2 Zhzhe] W9 oA H
Tk AHE St Artsld B 7t B BT AR = 7| E
ol AL F4.8 mmety F3E = Aotk whekA Al
Ak Ao M o] 225 Akt f-50] gAY 1)
=8 37 A &F5mmelste] 27 E VA= 7 E

U

O,

AMMMMMIMDd{iIODNN

Fig. 1. Air bubble attached to the wall.
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Table 1. Dimension of the Hydrogen Tank

Symbol LT Lpl Lpz Lp3 Lp4 DI Unit

Value 1,850 | 900 | 600 | 175 | 14.4 | 376 | mm

Outlet  } Dy
=
Inlet

éh é

Fig. 2. Geometry of the Hydrogen Tank.
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Fig. 3. Numerical Analysis Domain.
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Table 2. Boundary Conditions
Boundary Condition Value Unit
1.5, 2.5,
nlet Pressure Gavge | 35 45 | bar
Inlet Pressure
5.5
Pressure Gauge
Outlet Outlet Pressure 0 bar
Stationary
Wall Wall - - -
Table 3. Properties of Water
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Fig. 4. Variation of flow velocity near the wall
by inlet total pressure.
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Fig. 5. Variation of flow velocity near the wall
by inlet total pressure.
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Fig. 8. Variation of flow velocity at P5 by inlet
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Cp : Drag Coefficient
dy, : Contact Circle Diameter [m]
F, : Buoyancy Force [N]
Fy : Surface Tension Force [N]
g : Gravitational Acceleration [m/s?]
R : Radius of Bubble [m]
Rey: Bubble Reynolds Number
U : Flow Velocity [m/s]
Vy : Volume of Bubble [m?]

Je|A 22X
0 »: Advancing Contact Angle
0. : Receding Contact Angle
o1 : Liquid Density [kg/m?]
o : Gas Density [kg/m’]
o : Surface Tension [N/m]
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