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Abstract

In this paper, Gambit is used to establish a two-dimensional rectangular tank sloshing model, the
VOF method is used to track the free liquid surface, and Fluent is used to calculate the sloshing
pressure of the bulkhead under 10%, 25%, 40%, 50%, 65%, 75%, and 90% filling levels. Through
the numerical calculation results, the pressure distribution characteristics near the free liquid
surface of the bulkhead at different loading rates and the resonance frequencies at different load-
ing rates are analysed. The obtained thump pressure load variation with time is consistent with
the experimental results, which provides a theoretical basis for the structural safety design of the
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liquid chamber, and also paves the way for the next research on a variety of three-dimensional
liquid chambers.
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Figure 1. Simplified liquid chamber model (Unit: m)
1. ELRAIREL (AL m)

FE WS IRRAA], B RS AR BE AL B 43 %N 71 mm, 177.5 mm, 284 mm, 355 mm, 461.5 mm,
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Table 1. Theoretical inherent frequency at different loading rates

% 1. FEEHEFHERLEANE

LS i (Hz)
10%H 0.55
25%H 0.81
40%H 0.93
50%H 0.97
65%H 1.00
75%H 1.01
90%H 1.01

Table 2. Selected external frequencies and transverse rocking parameters for each loading rate operating condition

F+ 2. BEHETR TEMASMBRRURARIES

BHF Bl # (Hz) R L BT A
10% 0.55 0.6 0.65 0.5 0.45
25% 0.81 0.86 0.91 0.76 0.71
40% 0.93 0.98 1.03 0.88 0.83
50% 0.97 0.98 1.03 0.88 0.83 0.492 (m) 12°
65% 1.00 1.05 1.1 0.95 0.9
75% 1.01 1.06 1.11 0.96 0.91
90% 1.01 1.06 1.11 0.96 091
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Figure 2. Variation of maximum dynamic pressure for each loading rate at different frequencies
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Figure 3. Dynamic pressure history over time at monitoring points near the resonance frequency for each loading rate

Bl 3. BREERARINRMITIEN <250 E SIRERT B LA

4.3. HBZESHT

P 4~10 Fom A A B B N RN A O AR 20 A1 55 30 1S 70 73041 SO0 A B T AL R R MR IR S
R SHPRAE . ARIEIZ B AT LUE ARS8 5 R rP s A iy o e BT W 147, B R AL e
BOR. BEAERBCRIINE S, R ORI R, R AT da LR, 3 BORBRY, B
MIEL 4~10 19 2) I 739547 2z B RT DR H PR 3 DR AR 23 IX 3Bl 5 78, BRI 3l I ) B AR B i A AR
W B R S AR RE A I AL B, I LR P 7 B 5 B T (R0 A PN R R . B R ORI, AR R
HRAR A AR 32 BUBCR RIS IR 7T, R R BOR,  ARA Ab B 2 BIR KA & I 7y 8, BT DL 2
BRI AR, AR AL BT AR H O, X G54 2 4 U BOK

1.00e+00 6.83e+02
. 9.50e-01 . 6.49¢+02
9.00e-01 6.150+02
8.50e-01 5.81e+02
8.00e-01 5.46e+02
7.50e-01 5.12e+02
7.00e-01 4.78e+02
6.50e-01 4.440+02
6.00e-01 4.10e+02
5.50e-01 3.76e+02
1 5.00e-01 . 3.42e+02
4.50e-01 3.07e+02
4.00e-01 2.73e+02
3.50e-01 2.39e+02
3.00e-01 2.05e+02
2.50e-01 1.71e+02
2.00e-01 1.37e+02
1.50e-01 1.02e+02
1.00e-01 6.83e+01
5.00e-02 3.42e+01
0.00e+00 8.54e-06

Figure 4. Gas-liquid two-phase distribution and dynamic pressure distribution in the liquid chamber at 10% loading rate at f
=0.55Hz
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Figure 5. Gas-liquid two-phase distribution and dynamic pressure distribution in the liquid chamber at 25% loading rate at f
=0.81 Hz
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Figure 6. Gas-liquid two-phase distribution and dynamic pressure distribution in the liquid chamber at 40% loading rate at f
=0.83 Hz
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Figure 7. Gas-liquid two-phase distribution and dynamic pressure distribution in the liquid chamber at 50% loading rate at f
=0.87 Hz
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Figure 8. Gas-liquid two-phase distribution and dynamic pressure distribution in the liquid chamber at 65% loading rate at f
=09 Hz
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Figure 9. Gas-liquid two-phase distribution and dynamic pressure distribution in the liquid chamber at 75% loading rate at f
=1.01 Hz
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Figure 10. Gas-liquid two-phase distribution and dynamic pressure distribution in the liquid chamber at 90% loading rate at
f=1.02 Hz
B 10. 90% R EZEE = 1.02 Hz BRI SEEBIBENENTH

DOI: 10.12677/app.2021.116038 326 I EEY/BEH


https://doi.org/10.12677/app.2021.116038

ZEf S5

5. &t

1) FEFTH FERR R N R AR, AR B b o B 2 7 AR ORI B R 38T

2) BEESMBBRAIE N, AERERB) I A BTG N, X BRI A B S A e, T
FEINEESE TR, YN P

3) FETRMC AL ARG AP 5 38 1 545 2 A [ A PRI AE ™ Az i 32 S SR PR v B R e
BT 2 R (RS AT KRR fy ™ AR K AR MR 3)

4) LR/ NN AR EE S BB I 77 50K, B R 28R X G NP ok [ 773288 /N L/ B T P58 328
AN

FELRE R 5 — el W BRI VA TR A LT IR B 25 FE AR 3 I VARG A0 & My 2 4k, v
R BEARA B X SR i Hy 5 L, AT DR BN I R AR 3R, SR BRI R fRAE 22 &bk X T2
RO TR P S 3 B AT ) A, 3 7R A — AP AT AT

E&WHE
VL5 P VR T T B P
S5 3k

(11 THEE, R, Bk, JIRESRPRAR T MIEL S EAERII]. A0, 2017, 21(1): 15-22.

[2] BAL, BOCHE, BIRAL, K&, RIEWHE. WY R SRS A 230 N R 0T SOk R (0], ARAR D%, 2013,
17(10): 1209-1220.

[3] Z04E, WRIRAR % M S 7L [D]: (A0 0], kil HigsgisiKaE, 2012.

[4] Faltisen, O.M. (1974) A Nonlinear Theory of Sloshing in Rectangular Containers. Journal of Ship Research, 18,
224-241. https://doi.org/10.5957/jsr.1974.18.4.224

[5]1 Ml LNG ARG SEF /K3 TR PE M BT (£ 18T 7T [D]: (AR 5C). K& RIEBE TR, 2020.
(6] WZE . FETOUHRL T RARS) )5 56 R AR & 7 IR 52 % I J D] [t 2008 50). K KiE

T K2, 2020.
(71 THR, BRI, BEE. Btk RREM RS SKXIEE KRS 2 HT[1]. MI/RIE LR RS, 2020, 41(8):
1136-1142.

(8] BT EAWU TSRO BERAG A RUAR SR R T ST [D]: (A 22 A8 500, Ar il WA RS, 2019,

DOI: 10.12677/app.2021.116038 327 I EEY/BEH


https://doi.org/10.12677/app.2021.116038
https://doi.org/10.5957/jsr.1974.18.4.224

	液舱晃荡的载荷分布特点研究
	摘  要
	关键词
	Study of the Load Distribution Characteristics of Liquid Chamber Sloshing 
	Abstract
	Keywords
	1. 引言
	2. 激励条件的计算
	2.1. 固有频率
	2.2. 外部激励

	3. 数值模拟
	3.1. Gambit建模
	3.2. Fluent设置
	3.2.1. 定义模型
	3.2.2. 动网格设置


	4. 结果分析
	4.1. 各装载率在不同频率下动压力变化情况
	4.2. 共振频率附近动压力随时间历程
	4.3. 典型云图分析

	5. 结论
	基金项目
	参考文献

