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Sloshing characteristics of a 2D rectangular tank
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Abstract: Based on the theory of fluid-structure coupling dynamics, a smoothed particle hydrodynamic
model of a two—dimensional rectangular tank was established. Dummy particles were utilized for the treat-
ment of wall boundary in the simulation. Firstly, the effectiveness of the model was verified by comparing sim-
ulation results with experimental results. Then, the effects of rolling excitations and various liquid filling lev-
els on impact pressure were discussed. On this basis, different baffle structures were designed, including sin-
¢gle and combined baffles. After that, the characteristics of free liquid surface morphology and impact pres-
sure were investigated at the resonance frequency and 30% filling rate. The results show that (1) the roll am-

plitude has the greatest effect on the pressure peak at the resonance frequency; (2) with the increase of filling
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level, the double peak characteristics of impact pressure disappear gradually; (3) the T-balffle is beneficial to
reduce the level of impact load as the baffle scale is small; (4) and the double T—shaped baffle is effective in
reducing impact force at the bottom of the tank.

Key words: SPH method; dummy boundary; tank sloshing; impact load; baffle structure design
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Tab.1 Comparison of pressure peaks between

SPH and experimental results
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4 3240.02 3197.32 1.32

Fig.3 Comparison of the pressure evolution at P1
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Tab.2 Calculation cases of rectangular tank
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TH2 4 2 30 TH6 8 3.357 30
TH3 4 3.357 30 TH7 8 5 30
T4 4 5 30 T8 8 4.1 50
TS 8 2 30 TH9 8 4.53 70




%5 M 9K 2 L% ST SPHOT I e 525 - 631

I=12m [=12m E L-12m
5 N

g % _ v T0%iiE
5 g S0% 4t 2 z
Il (al = il )
S 7 30%HiliE P P3 % P3%

PI Pl Pl
003m J[ 0.03m [| 0.03m T
(a) T 2-7 (b) T8 (¢) L9

4 NJFTOLT fie 2s e 2 Bl
Fig.4 Filling rates of cabins under different working conditions
3. 1.1 SNl ) R
K5 251 T 30% B0 AN R AN A FH I, A6 3 3k 3 i RS AT A B2 IR 20388 37 16 1 oA o AR
HEIRIET , A B S8 BT AR A 5 N TR ) BEAS BB B2 A0 A, AR T o T s AR B
W RIZ AR A IR IR (0, =3.35T rad/s) T, WM & A v TR IR S, B0 I & AR WA
B, A R Rk, SPH 5 v T AAR S MU AP T — R B A AR ZR AT

P(Pa) P(Pa)
2540.82 2880.38
1910.64 2157.35
1280.47 1434 .32
650.29 711.30
2012 -11.73
(a) 8,=4°,w=2rad/s, T.H2
P(Pa) P(Pa)
3119.65 4784 87
2317.33 3584 94
151501 2385.01
71268 1185.08
: -89.64 : e
(e) 0,=4°,w=3.35Trad/ s, .3 (d) 0,=8°,w=3.35Trad/s, T.IL6
P(Pa) P(Pa)
1866.19 2356.59
1401.66 1770.53
937.13 1184 .47
472,61 50842
8.08 12.36
(e) 6,=4°,w=5radls, T 4 (f) 0,=8°,w=>5rad/ls, T.I7

IR N GIE 13U N eI i)
Fig.5 Pressure distribution under different external excitations
B0 2-7 W) AR T 5 3 O 0.18 m, P3 AL THRTE LA T H2 T e WA B2 . 1RT 6 1Y P3 T g I R
L ln  AEARNR (0 =2 rad/s .o =5 rad/s) T BRAA T HAAAE— W A9 7 WA, W Tvn L e e, il
PR R R 2R e s LR IIUR (0 =3.357 rad/s) F , & S PR 535 A IR BEAR K, S — N R
WA DAy B, L R A 0 A P T I



682 WA 7127 5528 55 S 1

3k - 6k -
—o— @=2rad/s, T2 —o— @=2rad/s, TS5

—— o =335Trad/s, L3 Sk —— @=3.35Trad/s, T.IL6|
| —— o=>5nadls, T4 —— o= Srad/s, TIL7
[l e

g 3

4
4

(b) 6,=8°
Bl 6 AFAMEHET P35I MR Z
Fig.6 Pressure evolution at P3 under different external excitations

TN 3 IR , WA R AT Tt B g U BRI EC A F-  FE J (E, ARR) S i (B T, e
WA (w=3.357 rad/s) T -2 s Sy W (R 55 S0 A W31 249 e T W (B A AR 20 A, BB Rl R (B0 R
X — 22 R B RGO, B R 8, JEARATUR T - 25 ey W (B J2: = 2 rad/s I Y 4.2 4% 5 AH [6) S0 43t
SR ) 0 {1 B VRt 1 (L A 16 R T4 K, o =2 rad/s Bl w =5 rad/s B, 35X — B4 W 5331 Sk 43% F11 60% , i
TEILIRAMA TN WG A B Ay o 28 Bk, SPH 5 v AT LUA AR ZU e 52 7 , HL AR
AR B E 215 0 R AT, FR 3R 1Y) e A TC ik M I RE 0T 7 A Rl H 0, LM ol i 7 o4
i T WA R 2 Ml fie K

R3 30% HBET FHEAEEXTLE

Tab.3 Comparison of mean pressure peaks at 30% filling rate
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