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A Study on Ullage Effect in 2-D Sloshing Experiment
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ABSTRACT: This study presents investigation on ullage effect in sloshing experiment. The experiment was done with two dimensional tank.
Sloshing experiments were carried out in the tank with 6 different ullage pressures. The tested filling ratio was 30% of the tank height. The flow

field was recorded with high speed camera. The sloshing impact pressure were measured at 18 locations. It was shown that the variation

of ullage

pressures influences the magnitude of pressure and flow field. This study demonstrated the importance of ullage pressure in sloshing test.
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Fig. 1 Schematic view of the measurement system for experiments
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Fig. 3 Locations of pressure sensors
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Table 1 Test matrix

Filling ratio
[% of the tank height]

Frequency
[Hz]

Ullage Pressure
[bar]
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Fig. 4 Statistical analysis of pressures

12345678 9101112131415161718
Channei NO

(e) Ullage pressure at 0.05bar

12345678 9101112131415161718
Channei NO

(f) Ullage pressure at 0.025bar



1
i
X
2

2ol 22k9l 24 A9l A= Il B3 AT 57

“Max. ! A Max. ! A Max.
©1/10 Avg. <1110 Avg. 110 Avg.
=08 <08 <038
i i i
£06 Y 06
0 ] 7]
n "] "]
o 8 g
204 204 S04
Q o (4]
(] [\ ®
Qo Q g.
0100 020 040 008 005 0025 0100 020 010 008 005 0025 0400 020 010 008 005 0025
Ullage pressure (bar) Ullage pressure (bar) Ullage pressure (bar)
a) Ch #1 Ch #2 c) Ch #3
@
1 : : : : : 1 : : : 1
“Max. “Max. 4Max.
110 Avg. <110 Avg. 110 Avg.
=08 =08 08
i i i
Sos 06 1 Sos
] "] "]
"] "] "]
g g g
S04 204 /\\/\ L 2od
o Q %)
(1] 1] 1]
Q Q g.
Eo'z i —\— : §0.2 G//e———é\e/\ | -0 éé;ég\?:k&
0500 020 o0 008 005 002 7100 020 010 008 005 0025 000 020 o0f0 008 005 002
Ullage pressure (bar) Ullage pressure (bar) Ullage pressure (bar)
(d) Ch #11 () Ch #12 (f) Ch #13
Fig. 5 Comparison of peak pressures
3. Als] Z43} 9l A A 5L WO AFEA 8] gEolth
3.1 elx| Qe mE eiAld szeRlel B 32 72 ZHACIMS BeIH g8 SAYH ==
HAE 0% BeA FE ARoR 74 ey pag T N0l e RA Sk R mAf e Wi
9 REE Fig 4] dehiRich 7k How B o15e Ay gr  Too) SIS I RIS S R 4% et
Az UYehlz, wh) 7152 9= (Peak) FHE7 A9 1/109) nFE %191‘?}. Fig. 59lA€ L 7 B9 ¢e€A o st
Hite Uehdth. 2ol s wAgle] B S e DO SEE AL SFAE A2 S 99 17109 BT E
@ 3 P mAY wae) gugel Yasor ) yg  OHAT Fg 5 @) OFld @ 5 35l 59 7k T
W8 Fig 43 53 & S Qo AT U w2 gee)  TTOLE WA A SAC WASE T4 MEe e 9e
o = =106 QU N
JERIE ol RS ARE ) 41 el g g o0l ISR SA Ade 3% fAa g 2
Pl FRAUA T G 4] peld, wa vy HEO] WHSHS S0 290l wistel 121 57 31 1710
FAVE R HEste) FE F WA AER s gy D o G G distel Fg, oo Hlastel ERAith
el ROl e o] Uit glek Al gegh gg T FEY U J1A G gRe] Tbard) 0025bar ol
2o A 2welA e &, 23 8do] 323 Y
frAile AR wolRth 2E e GE€A 2¥T 3 FZoA 33 2(X| o ME HE RS Hlw
Z 54 4EE TAANZS BT 5 ok Al b= & deg)#] ¢+ 1bar, 0.05bar 18] 0.025baro] thale] i
)] geel iste] BpA A o2 Yepar JARE Uiy 714 EkE ol8ste] Bd e i) A 5ol wet s
o] Tbaroll A 0.025bar7kA] EA1EWA & 54 4ES Heole F53Gth A4S 53 AR ¢F 15% Fxola, =Y 3}
EA 1z 2ol s 9] 1710 T3 FERke] Hde T B UlRe] £24 @42 2~3 AF oFde ok wed
St A%e 1A & Atk RS QeiA el Zavk § FAS BT me 2nEsbINE Y59 279 Rt



58 HFR) - AT
1
0.9} &
0.8} #
O Experimental Results
0.7 [ ﬂ, = 1 /100 4
E A=1/50
s =
N, G =
[}
1
a 0.5
S A
S
- 0.4} -
o o AP =0.222bar
©
o o
.g 0.3~ & . B
0
0.2} =
0.1} B
. 6 0.I1 0:2 013 014 015 016 017 018 O.IQ ‘II 14
Absolute Ullage Pressure (bar)
Fig. 6 Impact pressures (1/10 avg.) at Ch #2
s wgg 2l = iy fA 5ol B9 94s =
et Atk Fig. 78 olA@ A4 £F T 5AH APRL
UeRd Aotk geE)A] ghgo] 245 AE 2xgolrt | g
e As ¢ 5 Ut bard We 29 =3 o] iyl 60%
7R AE zxzglo]7h IAYSHAT, 0.05bar] -9 70%7HA] 2

A3}, 0.025bare] A5 95%71A) MAYITE A E A F o]
A dol= HlTQ wES Fole] SASIGA deA] o] v
S5 Al A o] FHoA "doks RS A F
AUk EFF §HE o] YoldFE fA Al OS T
HF-2-(Bubble)o] sl AL ¢ AATE.

1o =
=2 37

e ol

7
7] -

N R4

4,

zZd
=

B

L

o

i P = R s S
1/100 3 Bd& ARgste] dejA] o

(a) 0.025bar
Fig. 7 View of fluids field

.o]

AP

[e)

. 0]7123.

=4

@
#gkel =77} 273
Hy 22w AEst $48 ke 88
A DA ol BARe] 2 g gkl ATk

(G) 7P 2 gEgrol AR FEA 2¥el N E QelA o)
Tbarol| A} 0.025bar® Z|EWHA] 02bar x| &7k xtol7t
vepsdtt tEba £24 A3 Al Froude A1 Y wet dEjA] St
4e WEAA APS Alstolof ek A mEar

7|

ol

A

By

£ TEHGE JIAZHE AR A7 2

!

2]
MO

o

Ado], o|7|4, AT, M5, AT (2009). “4=540]
&2 4ol vixE gkl B3 AFF A, ek
F3}3]%), A3, 43, pp 12-18.

A (1997). “FEAS 183 PBay E24d0 3k a7,
J&thela WAL=
18do], v, A,

A g AN 577,

N

(2009). “FA T4 el
Ook%g—]-éqz ]/ X‘“ZB{'], A 1]6:(3:-/

15, H99 (2010). “HAAE0] £2A FAY

Gl B3 A7, el Fa I A|, A4,
A6, pp 30-33.

Bass, RL. (1972). Liquid Impact Loads in LNG Carriers, Tech-
nical Report No 1 for El Paso Natural Gas Co., Houston,
Texas.

Bass, RL. and Ransleben, G.E. Jr. (1974). Scaling Criteria for
Large Amplitude Sloshing in LNG Ship Cargo Tanks,
Technical Report No 2 for Methane Tanker Service Co.,
Southwest Research Institute, San Antonio, Texas.

Bass, R.L., Bowles, E.B., Trudell, RW., Navickas, J., Peck, J.C.,

-
qul




Yochimura, N., Endo, S. and Pots, BEM. (1985). "Mode-
ling Criteria for Scaeld LNG Sloshing Experiments",
Journal of Fluids Engineering, Vol 107, pp 272-280.

Dean, RG. and Dalrymple, RA. (1984). Water Wave Mecha-
nics for Engineers and Scientists, World Scientific.

Florschuetz. LW. and Chao, B.T. (1965). "On the Mechanism
of Vapor Bubble Collapse", Journal of Heat Transfer,
Transactions of ASME, pp 209-220.

Aol vA= Gl #F AT 59

Jeon, SS., Kim, HY.,, Kang, HD., Oh, SH,, Park, ]S, Lee,
KH. and Kwon, SH. (2008). "A Study of Scale Depen-
dency of model Test on Fluid Sloshing Load", Proc.
0OC2008, Osaka.

2012 1€ 209 U3 A
20124 2¢¥ 219 AA} g8
2012 29 219 AA A



