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In this study, the free vibration characteristics of a rectangular sandwich panel with an auxetic
honeycomb core mounted on the wall of a fluid-filled tank have been investigated. The sandwich panel
consists of two aluminum face sheets and an auxetic honeycomb core made of aluminum. For the
homogenization of the honeycomb core, in addition to the Gibson and Ashby model, one of the latest
models (the Turna-Ban model) has been also employed. Three types of analytical models have been
proposed for modeling the sandwich panel, and their advantages and disadvantages have been compared.
An equivalent single-layer analytical model has been used to model the sandwich panel under Navier
boundary conditions and in contact with fluid. The fluid has been considered ideal (incompressible,
inviscid, and irrotational).The proposed solution methods, the homogenization relations of the
honeycomb core, and the mathematical framework of the panel—fluid interaction have been validated
using results from previous studies as well as three-dimensional finite element analysis. Finally, the
effects of various parameters such as the tank-to-panel length ratio, fluid height from the bottom edge of
the panel, the position of the panel on the tank wall, and the honeycomb cell geometry on the wet natural
frequencies have been investigated.
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Fig. 1 Auxetic honeycomb sandwich plate with a coordinate system in
contact with fluid
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Fig. 2 Origin of the coordinate system located at the interface between
the plate and the fluid
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Fig. 3 Geometry-dependent auxetic honeycomb sandwich panel
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Fig. 4 Geometric properties of a commercial re-entrant honeycomb cell
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Table 1 Convergence of natural frequencies (Hz) for an auxetic
honeycomb sandwich plate in contact with fluid versus M and N (M_B
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Table 2 Convergence of natural frequencies (Hz) for an auxetic
honeycomb sandwich plate in contact with fluid versus M_B and N_B
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Table 3 Geometric properties of the auxetic honeycomb sandwich plate
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Table 4 Geometric specifications of the fluid domain
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Table 6 Comparison of the first five dimensionless natural frequencies

of a Levy-type isotropic square plate with a thickness-to-length ratio of
0.1
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Table 7 Natural frequencies (Hz) of a rectangular honeycomb sandwich
plate with Navier boundary conditions
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Fig. 6 Wet dimensionless fundamental frequency vs. tank-to-plate
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Fig. 10 Variations of the shear correction factor versus the ratio of
core thickness to plate thickness.
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