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Abstract: Recently, the development of bio-mimetic underwater vehicles that can emulate the characteristic
movements of marine fish and mammals has attracted considerable attention. In this study, the motion of the batoid (i.e.,
cownose ray) fin that facilitates excellent cruising and maneuvering during underwater movement has been studied.
The velocity achieved and distance covered with each fin movement are numerically studied. A fluid-structure
interaction method is used to perform 3D time-dependent numerical analysis, wherein an adaptive mesh is employed to
account for the large deformation of a fin interacting with a fluid. The results of a preliminary study show that the thrust
of a ray fin is highly dependent on the frequency. Further, once the fin amplitude required for generating a given thrust
is evaluated for the conditions experienced by an actual ray, the frequency and amplitude values for achieving better
thrust are determined.
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Table 1 Dimension of cownose ray

Species Length Span
(cm) (cm)
Rhinoptera bonasus 28.7+2.0 46.4+2.6
(cownose ray)

Table 2 Properties of fin structure

Material Frame Fin
(Hard Lubber) | (PVC flexible
Variable grade)
Young’s Modulus 23E+9 GPa 0.011E+9 Gpa
Density 1100 kg/m3 1110 kg/m’
Poisson’s Ratio 0.4 0.4
Table 3 Properties of Fluid
Material
Variable Sea Water
Temperature 13°C
Density 1026 kg/m’
Bulk Modulus 2.28E+9 GPa
Viscosity 0.001 kg/ms

Fig. 2 Photo of a Juvemle manta ray and cross-sections at
the locations shown in the plan-form™®
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