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Abstract

Fast-start swimming of fish is a very special type of locomotion. Many existing
studies involved using the DPIV flow-visualizing technique to measure the flow field
around a steadily swimming fish and exploiting the basic fluid dynamic theories to
interpret the source of the propulsion force. However, few researches had focused on the
area of how fish utilize the dynamic of the flow field to produce large thrust in the
fast-start motion. In this study, we model the body movement of a fast-start fish by a
2-D zero-thickness flat plate with prescribed undulating motions. For simplicity, a
potential flow is assumed, along with the unsteady Kutta condition to simulate the
vortex-shedding phenomenon at the end of the flat plate. The panel method is adopted
to solve the flow field numerically, and the force acting on the flat plate is calculated by
using the unsteady Bernoulli equation. In order to compare the thrust generated by an
undulating plate with that by a rigid flat plate, three different standards of comparison
are proposed. Calculated results show that under all standards, the propelling force and
forwarding distance produced by a flat plate with undulating motion are larger than that
produced by a rigid-body motion. The present research also compares and discusses
several different types of flat-plate undulating motions, with a view to explain how a
fish benefits from the impetus of the starting vortex generated by its swinging tail and

properly adjusts its configuration to help accelerate itself through the fluid.

Keywords: fast-start, undulated flat plate, panel method
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v

v (_I_/;’m+1 i ﬁ,) ] (_)_;m+1) =0 (2'33)
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At AR s E AT Lighthill(1960)4 1102 7 & 4 HodR 4 e ds e 4 -

Pedley(2004) P 12 BB $503](2.34) 5% K da i A edieds o

h=hR {[A * exp (@) _iB (é)ﬁl exp (i “k (S _th)>} (2.34)
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KA L ) -
y(x,t) = (cyx + ¢c,x?) sin(kx + wt) (2.35)
FRE A E S RE XA B YDA U] b L L Y phehEE g o ik
Kilz g e 24 cnd 2 e -2 dHhdid B oo, T IR-Mg S ficeniziic o e
B R ABIREL MR o & 257 U A L RARS ) o

y
y(Xl 1t)

X1
Bl 2.6 {78 HE & P -
A2 Rt e A A GR A RT R A ik fahe o i AR T
FaRERBRGI B R 0.3 1 o FR(2.34)55 3 G P RS RIR 0 T TR
BB AR P g I AR 0 - BRI X ER R T gL T
TL bR 3 TR LR R 5 M 2 SEFRR R > #2357 e i
% AR o Flpt A v 54 (235) M - B ST S
y(x,t) = G(x) - T(t) - sin(kx + wt)
G(x) = (c1x + cx2% + c3x3 + cyx?)
T(t) = (a;t + ayt? + aszt3 + a,t* + ast®) (2.36)

HY G5 mE-RIgade TOMFTIRIFaE 3 & Fepfp b 67 i
14



T

B e BB R b 1) o IR AR I S fen B e T F R R R

>

e

R Ak o F - BRI ¢ w DRIT-RTRE o A2 ¥ b N
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FRATER S RIEHRT AL R T TR ER BRI LR
®p 2t G sin(kx + wt) 0 @ TOFGE ¥ 4o ehfp e 343 (2.37) 0 o o B 3R 1y 3 B
Lk 2 R -

T(t) = (0.0383656 + 15.2091t — 71.905t2 + 144.575t3 — 128.672t* + 40.7729t5)
(2.37)
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ELIFSERDEYE > NMBRpFLFEARLE & BHrLE g 55T
AT oo
t" = wt X' == V*=£ y*=ﬁ
r=— Ap* = pfz‘f’sz k* = KL F; = pf(szs
SR T2 TR A5G
y(x*t*) = G(x*) - T(t*) - sin(k*x* + t*)
G(x*) = (clx* + e x* %+ e + c4x*4)
T(t") = (ayt* + at™® + agt*® + a,t™ + ast™®) (2.38)
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m+1

m L
ny*(sf,t*)ds; + Z ;=0
Jj=1 k=1

F* —=r* =%
L () + ) e =0

FOBERY DR TSRS LG

. J'Xi dY*t*(S*, t*)ds* . N N 1
Api (t*) =—|-= dt* - I/p*l ) (uil - uiu) + E(

— %

%) l (2.42)

AT R R)HE KT e m TS R

fx] = 8ph dE={sin'¢h

m
) 7
i=1
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T Bt + AtPFE L] 2. B B AS, (t+ AR 5

S,(t+At) =S,(t) + AS,.(t) (3.8)
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