% 6 5% 34 T HEFEEHRT LG Vol. 6, No. 3
2023 4 6 A DIGITAL OCEAN & UNDERWATER WARFARE Jun., 2023

(IR ] B, Wi, £, & SARAEEITHEERBILHEBT ] B 5K T %pi, 2023, 6 (3): 279-285.

e A A T REBRPELBLBIRA 58

F w2, o/ b T, T2 pa kb’ HEsT?

(1. PEHFREAFHRLN ABRMBESZANFELELEE, ¥ 100190;
2. YEAAFRAF TEAFER, LR 100149)

i E BHEARASEANTRESNAARAEN 2 ERY, MBSO EL ., 2 XERIIRFEF
HAATHEE, MATHEN & XEHHROPHIEH N A FLE, Uik h &, BefmkeE, XAHF
REREHRE (IBM) BAEHABE RO AERZ A REAM, EREN: TRENHARLT 202K
BRI RAR R, #TRRTERE A fEZB ) hof; BT REERERE WK BEE M, &
ZMEAHFEA, NIRRT & irsh A2 o5 5% WAT HEE R EALF R T8 & 0 ENE 2Nk
B, MAEE AN, ZALR A NS T R RIS E

XA THE; e ly; REHE; BERARE

mESES 0355 XEARIRES A XEHS 2096-5753(2023)03-0279-07

DOl 10.19838/j.issn.2096-5753.2023.03.003

Study on Resistance Reduction Mechanism of Tuna Posterior Body
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Abstract Traveling wave surface governing cylinders or airfoils inhibits large-scale separation flows, thereby
reducing resistance. Traveling wave surface often occurs on fish during swimming, and the influence mechanism of
traveling wave surface on fish swimming performance is not clear. Based on tuna swimming, this paper uses the
sharp interface immersion boundary method (IBM) to solve the boundary problem of large deformation motion
caused by the swing process. The results show that traveling wave surface changes the formation and development of
the tuna posterior body vortices, and then changes the distribution of friction resistance and differential pressure
resistance. The coupling traveling wave surface increases the amplitude of the friction resistance and decreases the
differential pressure resistance, thereby reducing the resistance during tuna swimming process. The resistance
reduction mechanism of traveling wave surface studied in this paper can be applied to improve the performance of
bionic robotic fish, and with the development of smart materials, this mechanism will show its practical significance
in the development of bionic robotic fish.
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Fig. 3 Three-dimensional tuna simulation model
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Fig. 4 Three-dimensional tuna simulation model with
traveling wave surface
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during undulatory motion
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Fig. 6 Simulation configuration and nonuniform
Cartesian grid distribution in the computational domain
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during 1 representative undulatory cycle
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Fig. 9 Three-dimensional instantaneous wake structures
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Fig. 10 Temporal variations of drag and components
during 1 representative undulatory cycle
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Instantaneous three-dimensional wake structures
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