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Influence of Caudal Fin Area on Thrust Generation
During Oscillating Motion

ZHANG Yonghua
( Department of Automation,Taizhou Technician College , Taizhou ,Zhejiang 318000, China)

Abstract ; Nowadays, most studies on the influence of caudal fin area on swimming performance adopt the method of
overall fin surface scaling and rarely change the area by setting the leakage area. A three dimensional kinematic model of
crescent shaped caudal fin was established. The rectangular and circular leaking areas were selected. By taking the
advantage of computational fluid dynamics ( CFD) , the influences of shape and distribution of the leaking area on the
thrust were investigated under the premise of the same total leaking area. The pressure distribution of the caudal fin
surface and the non-dimensional drag coefficient were presented. According to the vortex structure on the different slices
of the caudal fin, the regularity of adjusting propulsion force by setting a leaking area to the fin surface were revealed.
The research provides a reference for the optimization of propulsion thrust of a caudal fin during oscillating motion.
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Coordinate system of caudal fin
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Figure 2 Shape and distribution of

caudal fin surface empty area
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Figure 3 Computational domain
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Figure 4  Contour of pressure distribution
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Figure 5 Change of non-dimensional C,
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Figure 6  Averaged non-dimensional (Td
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Figure 7 Vortices distribution of

caudal fin in different slices

=#Ei TR AN (4) Pk

U, aU, oU, oU, oU, oU, aU, aU,
— + — 4+ - —=

Jx  dy Jy 0z ox 0z ax  Jy

aU, oU, 9U, 9U,

9 - - o (4>

X 0z dz  dy

XU, U, U, 535 AR «,y .2 J5 a3 By i
HEMESRIE R R TR E AR, 812 30TE




(iR - i&it]

EXRE: REABRXEDHEH# D RNHFG 43

Rt , HAEA R S ECN B S5l oA

SANE . AE XOZ ~PiEfE 2 ANUIiE (¢ = T) : — DUl z

TREEhEIALE , 7 — Ui R g —ih ., *t

Tl s X R 88,2 A UITE F 454 22 07 A

& 2R 0 TR TN A AR R X SR U R T T %,

XoF T8 B8 i S A T 8 T, ISR o — 4> 77 AR A Y

JR o s KRR, 2 YT E i g 25 7

W NS XA B B IR T ORI 7% , BBEOR T i ot

S5 AU AR T i A B T RARREL T . X

— R\ XOY -1 5 1l YT iy 1 B AT DL R B T s X

WA A B SR, T2 SR T A XA

TARZEAE LUARGR EL, S W ik ik AR, T4 T

PR TG 25 DR 1 SR T TR A o

4 Zig
EAF IR AR S 2 RO, i T R g IS

T 25 DXIOR SR AR, WIFFE T T 2 DI IR 023 A1 %

HEHE ST 2 A5 AT 2518
1) 2 KIRRIEAR N3 A R HEE 1A — &

WIS . WA R R - U s X AR FE Db T

PSRRI AR, FEAR T 2R G HESE ) (B R RR E

A LAERTE . AHIFTE AT, B e 25 R TR e 2 0t 4

TR BN R I 25 A X FR 23 A AR T 25 6

PR 53 A1 WHEE 7 0 522N
2) MIAZN 2= MR, T2 DX A A A B 3

HITAARASAHR L , X SEZKFL AR AR, T4 T R

g 2 00 DX IS AR 1T 1T 10 I 7% R K TR, IR T T 0 4%

), AR A T B P A g T AR .

A e g it — DA BT R = XA LB A THY

I3 AT XTSRS0 TR HER b o3 A AR A5 S it

P, FR g T ARG Y AR W HEHE T (I8 2l 2 R RO A

I

S 230k

[1] NABRIT S M. The role of the fin rays in the regeneration in the tail-
fins of fishes [ J]. The Biological Bulletin, 1929 ,56(4) :235 - 266.

[2] THOMPSON F L,GILRUTH R R. Notes on the stalling of vertical tail
surfaces and on fin design [ J]. NASA Technical Reports Server,
1940,778:1 - 11.

[3] TAYLOR G I Analysis of the swimming of long and narrow animals
[J]. The Royal Society; Mathematical, Physical and Engineering
Science,1952,214(1117) ;158 - 183.

[4] LIGHTHILL M J. Hydromechanics of aquatic animal propulsion [ J].

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Annual Review of Fluid Mechanics, 1969 ,1:413 —446.
ey, B4R, EXN WAVRERAWRES =TI
H A% ,1992,24(4) ;458 - 465.
HER,EM,EAN,F. TR EBEHRTNARE A A,
[J]. # 3% T4 ,2002,20(2) :54 - 59.
ROOT R G,LIEW C W. Computational and mathematical modeling of
the effects of tail beat frequency and flexural stiffness in swimming fish
[J]. Zoology,2014,117(1) :81.
ZHU Qiang, BI Xiaobo. Effects of stiffness distribution and spanwise
deformation on the dynamics of a ray-supported caudal fin [ ]J].
Bioinspiration & Biomimetics,2017,12(2) ;:026011.
A, H L, KA. MALE & RS RWEMERLII] %
IR LA K %2 4%,2008,29(9) : 912 -917.
BN ERA, UER, & ZHBENEEyaBA5HY
BolI]. ERITEA M CE A F M) ,2011,28(3) 18 -
21.
PON L B, HINCH S G, WAGNER G N, et al. Swimming

performance and morphology of juvenile sockeye salmon,
oncorhynchus nerka: comparison of inlet and outlet fry populations
[J]. Environmental Biology of Fishes,2007,78(3) ;257 —269.
REN Ziyu, YANG Xingbang, WANG Tianmiao, et al.
Hydrodynamics of a robotic fish tail; effects of the caudal peduncle,
fin ray motions and the flow speed [ ] ].
Biomimetics,2016,11(1) :016008.

YUN D,KIM K S,KIM S. Thrust characteristic of a caudal fin with

Ocean Engineering,2015,104 ;344 —

Bioinspiration &

spanwise variable phase [ J].
348.

FLAMMANG B E,LAUDER G V. Caudal fin shape modulation and
control during acceleration, braking and backing maneuvers in
bluegill sunfish, lepomis macrochirus [ J]. Journal of Experimental
Biology ,2009,212(2) :277 - 286.

ZHANG Xi,SU Yumin, WANG Zhaoli. Numerical and experimental
studies of influence of the caudal fin shape on the propulsion
performance of a flapping caudal fin [ J ]. Journal of
Hydrodynamics,2011,23(3) :325 —332.

XIN Zhigiang, WU Chuijie. Shape optimization of the caudal fin of
the three-dimensional self-propelled swimming fish [ J]. Science
China Physics, Mechanics and Astronomy,2013,56(2) :328 —339.
LIU Bo, WANG Lei, CHEN Buyao,et al. Experimental research on a
novel design of variable area caudal fin[ J]. Applied Mechanics and
Materials 2014 ,461 :206 —212.

B, EIRAER g RS kMG Ay Skl RER
55Tt K A, 2013,37(1) 157 - 163,
EAL, MRE BAEHEA NG AW BRED F NI
#LI]. TR #4,2017,24(1) :89 -99.

Fh, Pk BREEREA NS ESRI R
SCH UL PR A % ,2008,22(1) :1 6.



