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CFD Numerical simulation of the liquid sloshing characteristics of
a rectangular TLD tank with vertical screens
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Abstract: The structural behavior of liquid sloshing in a rectangular Tuned Liquid Damper ( TLD)
water tank with built-in vertical screens under external horizontal excitation is investigated by Compu-
tational Fluid Dynamics ( CFD) method, the mechanical properties of liquid sloshing are numerically
simulated by FLUENT software. The CFD simulation results in this paper are also compared with the
experimental data with a similar configuration of water tank with vertical screens, which further veri-
fies the effectiveness of the proposed CFD numerical simulation method. The numerical simulation re-
sults show that with the increase in the amplitude of the horizontal external excitation at the bottom of
the tank, the nonlinearity of the liquid sloshing gradually intensifies. Meanwhile the amplitude of
wave height of free surface and damping ratio of TLD system increase, but the amplitude of non-di-
mensional horizontal control force gradually decreases. Setting the vertical screen at the location of the
maximum amplitude of the first sloshing mode was found to effectively suppress the nonlinear phenom-

enon of liquid sloshing. The closer the vertical screen is placed near to the middle location of the wa-
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ter tank, the more value in the damping ratio of TLD system could produce. Numerical analyzed re-

sults show that the increase in water-depth ratio of TLD system could result in the decrease in the

damping ratio of TLD system gradually.
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Fig.2 Two-dimensional diagram of TLD tank with screens

BCAE AR UL A 5 2 S A R TLD A5 R (14
3), I HitA7 A& 73, #E mesh SCHF5 A FLUENT
Hh SRR LB i Y 0 2% AF L UDF 1 ]
PR,

K3 R = 4E A

Fig.3 Three-dimensional diagram of model

Pl 4 eI VR R A6 K R S B
Ji , TLD 7K 46 ) B Ak Bt Bt fia) 2% £k 14 TG = 49 55
(") FJCHA KPR 1 (F',) 1 CFD D A
SR LB Ho g = n/h,n ZH—
Z0KFE D BE A B ok 00T B 5 b D A MR



511

PRI N B RS T TLD K AR VRAR SR B RFAE R CFD U E A 89

JE 5 B R KA IRUA S B0 7645 BE ThT 7 A= 1 S AR
PARE I
F

F' = 9
" pLbhAw’ (9)

NI 4 A LA FLUENT $U{EAE45 SR 5 5t

3 NEEEM TLD K43k 20 45 1
]

DR ARST TR h  1ELA2 Ae A% A P A o7 B

g KB AW A, BAWT AT LA FLUENT SRR FIRER FE XS PN 2 ELAS M TLD sk S 4R sl Rtk 15
EAEH TLD KA AR 52 38800 e, BEE AN 1 FoR i 2R BUE R 4T 00
04r - 10
IEHEEE = TREEE —IEEEE - KRR
0.2 £ g -»1“ 5 5 _‘:‘,‘:»t ; ‘\ ‘i,u\
= 0 J:gff LY ' "\""1’ xf i‘*, !’:’\‘ \ F = 0 b f_‘; b
0.2 . : N ‘ s
0 1 2 3 4 0 1 2 3 4
B/ /T
(Q)4/L=0.005
.
—EHEEE - LR EHEEE — LREEE
0.5
— ‘\
0 P v, 0 7 N
0.5 -5 : : ‘ 4
L 0 1 2 3 4
I 31/ T
15 61
: 4t ) —REEEE - Lk :@21%
=05 ; 3 J y 7 ,ﬁ“j ' '
0 oty 2 4 ol Aot .
i 1 2 3 4 _40- 1 2 3 4 ;
/T /T
()/L=0.031

B4 JoE 0 EE = FG

AP T R £

Fig.4 Non-dimensional wave height of free surface and non-dimensional horizontal control force
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Table 1  Configuration of numerical simulation cases
B dl KRS (L x B x H) /mm KL (h/L) R A/L B.
1 966 x 360 x 480 0.123 0.4L.0.6L(1) 0.005.,0.010.,0.016, 1.01
0.021.,0.031
2 966 x 360 x 480 0.123 0.4L.0.6L(1)/0.3L, 0.005.,0.016 1.01
0.7L(2)/0.25L.0.75L(3)
3 966 x 360 x 480 0.123 .0.15.0.2, 0.4L.0.6L(1) 0.010 1.01
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Fig. 5 Non-dimensional wave height of free surface and non-dimensional horizontal control force resulting from various bottom exci-

tation amplitudes (h/L =0.123)
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Fig. 10  Power spectral density of wave height of free surface at different screen locations (A/L =0.005)
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Fig. 14 Power spectral density of wave height of free surface for the cases with different water-depth ratios (A/L =0.010)
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