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A NUMERICAL ANALYSIS OF THE SLOSHING IN A TANK WITH PLATE/POROUS BAFFLES

Sang Hyuk Lee' and Nahmkeon Hur

In the present study, a numerical analysis on the sloshing in a tank with the harmonic motion was
investigated. A VOF method was used for two-phase flows inside the sloshing tank and a source term of the
momentum equation was applied for the harmonic motion. This numerical method was verified by comparing its
results with the available experimental data. The sloshing in a tank causes the instability of the fluid flows and the
fluctuation of the impact pressure on the tank. By these phenomena of the tank sloshing, the sloshing problems such
as the failure and the noise of system can be generated. For the reduction of these sloshing problems, the various
baffles such as the horizontal/vertical plate baffles and the porous baffles inside the tank are installed. With the
installations of these baffles, the characteristics of the liquid behavior in the sloshing tank, the impact pressure on
the wall, the amplitude of the free surface near the wall and the sloshing noise were numerically analyzed.
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Harmonic motion
x= Asin(27 ft)= Asin(27/T)
—>
€
©
o
Air 0.03 Mk
0.15m P3
0.12 Water 0.03
" T P2
P1

Fig. 1 Geometry of the tank with position for monitoring the
impact pressure
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Fig. 2 Geometry of tank with various types of baffles
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(a) UT=12.1 (b) UT=12.2 (c) UT=12.3 (d) /T=12.4 (e) UT=12.5
(D UT=12.6 (g) UT=12.7 (h) YT=12.8 (i) UT=12.9 (j) YT=13.0
Fig. 3 Fluid behavior inside a tank with the harmonic motion
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Fig. 4 Impact pressure of the tank sloshing at P1, P2 and P3
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Fig. 5 Comparison of the numerical result with the experimental
result[4] of impact pressure at P1 monitoring position
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Fig. 6 Height of free surface at the left and right walls
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Fig. 7 SPL spectrum for the tank sloshing noise
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t/T=12.1 t/T=12.2 t/T=12.3 t/T=12.4 t/T=12.5
(a) without baffles

[
[

=

(b) with horizontal plate baffle (Hyp=0.12m)

__;L__

(c) with horizontal plate baffle (Hyp=0.24m)

(d) with horizontal plate baffle (Huz=0.36m)

Fig. 8 Effects of the horizontal plate baffle on the fluid behavior inside a tank with the harmonic motion
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Fig. 9 Characteristics of tank sloshing with installation of various horizontal plate baffles
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t/T=12.1 t/T=12.2 t/T=12.3 t/T=12.4 t/T=12.5
(a) without baffles

(b) with vertical plate baffle (Hyp=0.06m)
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(c) with vertical plate baffle (Hyg=0.12m)
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(d) with vertical plate baffle (Hyg=0.18m)

—_—

Fig. 10 Effects of the vertical plate baffle on the fluid behavior inside a tank with the harmonic motion
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(c) SPL spectrum for tank sloshing noise

Fig. 11 Characteristics of tank sloshing with installation of various vertical plate baffles
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(a) without baffles
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(b) with porous baffle (Dp=Imm
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(c) with porous baffle (Dp=2mm)
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(b) with porous baffle (Dp=4mm)

—

Fig. 12 Effects of the porous baffle on the fluid behavior inside a tank with the harmonic motion
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Fig. 13 Characteristics of tank sloshing with installation of various porous baffles
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(c) SPL spectrum for tank sloshing noise
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