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Abstract: To improve the braking performance and roll stability limits of liquid tank vehicles, a numerical bi-
directional fluid-structure coupling model was established to study the anti-slosh effects of elastic membranes
on liquid sloshing in partially filled tank vehicles. Laboratory experiments were conducted to verify the validity
of the numerical model. The validated model was further used to study the effects of various configurations of e-
lastic membranes on sloshing responses, such as liquid load transfer, sloshing forces, pitch moments, and tank
wall pressures. Two different tank configurations, namely tanks without membrane and tanks with various com-
binations of elastic membranes, were considered in the study for comparison. The results show that, the addi-
tion of membranes can significantly limit the movement of the liquid, resulting in dramatically reduced pitch
moments caused by sloshing, which will improve the braking performance and roll stability limits of the tank

vehicles.
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Fig. 13 Comparison of liquid load transfer time histories for different tank configurations
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Fig. 14 Comparison of coordinate change histories of liquid-phase mass centers for different tank configurations
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Table 1 Comparison of time histories of the peak values of pressure in different height positions () on the right wall
height a/H 0 0.2 0.4 0.5 0.6 0.8 1
TO 40.1 35.8 31.4 29.3 27.3 23.1 18.6
8,/ % - - - - - - -
T1 52.2 48.5 449 43.8 5.1 1.1 0.6
6, /% +30.2 +35.7 +42.9 +49.3 -81.4 -95.1 -96.6
T2 454 41.3 37.2 35.5 21.8 8.8 7.8
6, /% +13.2 +15.5 +18.4 +21.1 -20.1 -61.7 -58.1
T3 52.1 48.0 44.0 42.4 15.4 8.1 8.1
85 /% +29.8 +34.3 +40.1 +44.7 -43.6 -64.8 -56.3
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Table 2 Comparison of time histories of the steady-state values of pressure in different height positions (@) on the right wall
height a/H 0 0.2 0.4 0.5 0.6 0.8 1
TO 26.0 21.4 16.8 14.4 12.1 7.4 3.2
8y /% - - - - - - -
T1 26.3 21.5 16.7 14.8 1.9 0.3 0.1
8, /% +1.2 +0.6 -0.3 +2.5 -84.7 -95.8 -96.6
T2 27.6 22.9 18.2 16.0 9.9 6.1 3.3
6, /% +5.9 +6.8 +8.1 +10.8 -17.7 -17.5 +4.9
T3 27.4 22.7 18.0 15.8 10.3 6.5 3.5
85 /% +5.3 +5.9 +6.9 +9.5 -14.6 -11.6 +11.7
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