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Abstract: The swimming velocity of fish can be adjusted by tail-beat frequency and swing, how to determine
the optimal tail-beat frequency and swing of specific swimming velocity is of great significance for understanding
the swimming mechanism of fish and improving the range of bionic vehicles such as robotic fish. Using the
ghost-cell immersed boundary method with adaptive mesh, the self-propelled swimming of fish under different
tail-beat frequencies and swings is numerically simulated, and the effects of frequency and swing on the unit

energy consumption are analyzed. The results show that the relationship between swimming velocity and tail-
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beat frequency is approximately linear under the same tail-beat swing. Under the condition of the same
swimming velocity, the energy consumption required per unit distance with different tail-beat swings varies
significantly,, with a maximum difference of 2. 5 times, the energy consumption does not change monotonously
with tail-beat swing and there is an optimal tail-beat swing of energy-saving. When the swimming velocity
is 1. 5 non-dimensional units, the optimal tail-beat swing is 0. 07 times the body length. The optimal tail-beat
swing decreases with the increase of swimming velocity, being regarded as a constant value in a certain range
of swimming velocity. For example, when the swimming velocity is between 1.0 and 2. 0 non-dimensional
units, the optimal tail-beat swing remains between 0. 05 and 0. 07 times the body length. Therefore, the most
energy-efficient swimming mode for fish is as follows: based on a segmented regulation strategy for swimming
velocity intervals, the corresponding optimal tail-beat swing is matched within different velocity ranges, and
the specific swimming velocity is adjusted by tail-beat frequency.

Key words: self-propelled swimming; unit energy consumption; swimming velocity; tail-beat frequency;
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