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Self-propulsion of a flapping foil powered by iitermettent pitching motion

DAI Longzhen'?, ZHANG Xing'*"
(1. Institute of Mechanics, Chinese Academy of Sciences . Beijing 100190,China;

2. School o f Engineering Sciences ,» University of Chinese Academy of Sciences, Beijing 100049,China)

Abstract; Many animals adopt intermittent gaits (burst-and-coast or flapping-and-gliding)
during flying or swimming. We compare the performances of self-propelled foils driven by
intermittent and continuous pitching motions, and attempt to answer the question whether the
intermittent gaits are more efficient. Numerical simulations are conducted by solving the Navier-
Stokes equations together with the dynamics equations of the foil. We study cases of continuous
pitching at various frequencies and also cases of intermittent pitching at a fixed frequency but
different duty cycles. The results indicate that, for a given cruising speed, the continuous gait is
more efficient at lower speed, while the intermittent gait is more efficient at higher speed. The
different flow structures produced by the continuous and intermittent gaits are presented. The
results obtained in this work can benefit the design of efficient bio-inspired underwater vehicles.

Keywords: {lapping foil; self-propulsion; intermittent pitching; immersed boundary method
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Fig.2 Computational domain and meshing
(the white line denotes the initial position of the thin flat plate)
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Table 2 Other parameters used in the simulations
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Fig.3 Horizontal velocity of the head as a function of time
(left and right plots correspond to the continuous actuation
with f=0.7 f, and the intermittent actuation

with DC=0. 5 respectively)

A IK 2l 14 3= 2l BeAF A2 PR B 3 R B e 1Y) &2 2% T
L 58 AN R T 3% 2 AR Bl B T MR B . Al
9K By 1 9 AT B — A B ORI R A DR B
2.2 KEAEMEA

&4 XF b T 22K Sl (F=0. 7 £, Fi ] g 2 0K
B(DC=0. 5) ZAF T (H & 11 34 #7303 A [)) L 7K
A 7 Bl ] AR AR an AT DL ) K gl
KA e ES BT = AN AN A
52 AR 2 T 3% SR 2K S 6 I 11 GIE R T B e 35 B .
AT KA TR NGB T IR,

0.4 0.4
0.2 0.2
"0 0
-0.2
204 , , -0.4 . y
19.0 195 30.0 14.0 14.5 15.0
T T,

4 =T EABENKEENERBEHETL
(45 3 B E LR F f=0.7 fy, F1 DC=0.5
eI S, T=1/f AELEIEIHEIELE)

Fig. 4 Resultant horizontal force as a function of time
(left and right plots correspond to the continuous actuation
with f=0.7 f, and the intermittent actuation
with DC=0. 5 respectively)
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Fig. 5 Resultant lateral force as a function of time
(left and right plots correspond to the continuous actuation
with f=0.7 f, and the intermittent actuation
with DC=0. 5 respectively)
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