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A NUMERICAL STUDY ON FLOWS IN A FUEL TANK
WITH BAFFLES AND POROUS MEDIA TO REDUCE SLOSHING NOISE

Sang Hyuk Lee' and Nahmkeon Hur”

The sloshing tank causes the instability of the fluid flows and the fluctuation of the impact pressure by the
liquid on the tank. These flow characteristics inside the sloshing tank can generate the uncomfortable sloshing noise.
In the present study, a numerical analysis for the reduction of a fuel tank sloshing noise was performed. To
simulate the flow characteristics in a sloshing tank with partially filled liquid, a VOF method was used for
interfacial flows by applying a momentum source term for the sloshing motion in a non-inertial reference frame.
This numerical method was verified by comparing its results with the available experimental data. For the reduction
of the sloshing noise, the horizontal and vertical baffles and porous media inside a sloshing tank were considered
and numerically analyzed in the present study. For various installations of these baffles and porous media, the
characteristics of the liquid behavior in the sloshing tank were obtained along with the impact pressure on the wall
and the height of the free surface along the wall. These basic results can be used for the design of the actual
vehicular fuel tank with the reduced sloshing noise.

Key Words : < =%J(Sloshing), A3 HCFD, Computational Fluid Dynamics), ©]’-5-5{(Two-phase Flow),
AHFEA(Free Surface), VOFHR(Volume-Of-Fluid Method), HlZ(Baffle), T} %2 (Porous Medium)
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Fig. 2 Geometry of the fuel tank with baffles and porous media to
reduce the sloshing noise
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Fig. 3 Fluid behavior inside a tank with the harmonic motion
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Table 1 Sensibility test for grid density and time interval

grid P1 P2 P3 steps/ | P1 P2 P3
density | [kPa] | [kPa] | [kPa] | cycle | [kPa] | [kPa] | [kPa]
80x160 |1.239 [ 0.976 | 0.248 [ 300 | 1.256|0.976 | 0.263
120%240 | 1.243 | 0.971 | 0.244 | 400 | 1.244 | 0.969 | 0.242
160x320 | 1.244 | 0.969 | 0.242 | 500 | 1.241 | 0.967 | 0.238
200400 | 1.244 [ 0.967 | 0.241 | 600 | 1.239 | 0.966 | 0.236
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Fig. 4 Impact pressure of the tank sloshing at P1, P2 and P3
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06 TR I R R R R
IR N —— Left wall

-+ Right wall

05

04

0.3

0.2

Height of free surface [m]

i % i b z ¥
00 i = : i P p

Nondimensional time, t/T

Fig. 5 Height of free surface at the left and right walls
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Fig. 8 Effects of the horizontal baffles 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 baffles
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Fig. 10 Effects of the vertical baffles on the fluid behavior inside a tank with the harmonic motion
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Fig. 11 Characteristics of tank sloshing with installation of various vertical baffles
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Fig. 12 Effects of the porous media 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 media
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