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Performance Analysis of Airfoil Flow Field of a Mannequin-like Flexible Submersible
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Abstract Because manta rays have the advantages of low noise and good maneuverability during motion, this
paper uses manta rays as a biomimetic object. By combining dynamic mesh technology and analyzing the
hydrodynamic force of a section of bionic manta’s outline, this paper studies the influence of different frequencies
and different wavelengths on characteristics of the section’s surrounding flow field under large deformation
conditions. The simulation calculation results show that when the wavelength is constant, as the frequency increases,
the fluctuation coefficient of the lift coefficient becomes larger and the thrust increases. When the frequency is
constant, as the wavelength increases, the fluctuation coefficient of the lift coefficient becomes larger and the thrust
increases.
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Fig. 1 Outline of bionic manta rays
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Fig. 2 Outline of manta rays after fitting

EHUH T NACA0012 32 AU ) ih 3 R ST

DAL 04 52 56 BIF 52 LA BB 3 A R 3 B 4
A Xk 47 7 PR K A5 JRE R T 1) A Xk 3 0 R 1Y
SR, AR K B AR LA L] 1738 SRS v
KA REE BRI o i AR LR Tz SR
X TR AR T SRR O E R
Flo BILA, AR SCER X ) i 48 B AR KA AR BL T X H
TSR R R S DT 5 o

1 FUHETEREMET

AR TR 1B g 21 B 7 A s st SME  7E 8T 2 1Y
R IBONFEE, i 3 WA NACA
SRR B 19 3 A SR T R A R
P 4 5 e e i — 2 Py PR TY

P(x) =—0.005477 - x> +1.942 - x +3.383¢ — 14(0 < x < 153.8)
y(x) =—0.0008236- x> +2.129 - x —138.8(153.8 < x < 738.24)

(D

x(y)=0.0007184 - > —1.055- y +1127(763.7584 < x < 968.94)
x()=-0.001924- y* +0.1419 - y +1000(968.94 < x < 1000)

FEBAY I SR, W 5, BEECS % SCRk[9] 5
RN, TRAERECH A (2), HiE M
e 6 frs

y =0.22649x + 0.29446x> — 0.32656x° (2)

-~

B3 NACA ERFE
Fig. 3 NACA airfoil section
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Fig. 4 3D model of bionic manta rays
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Fig. 5 Airfoil curve of NACA 0012/mm
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Fig. 6 Amplitude curve of flexible wing/mm
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Fig. 7 Motion of airfoil with different time in one cycle
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Fig. 8 Vorticity diagram of flexible wing tail
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Fig. 9 Variation rule of lift coefficient with frequency at 1 wavelength
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Fig. 10 Variation rule of resistance coefficient with frequency at 1 wavelength



% 3 ROk, F BERsTENR

KEER AT 269 -

57 1 R A AR A, B R B Ze e —
AJEIINA 2 AN 3R PR ek 3R A — 1 1Y)
Hos AR B 2 AN, BT A AT DAAS 1 e pe A — A
S R LUK 2 YAfi g A o B LSRR3R A BH
FRBAE— AN I 2 2 i

DL L=1.8 0, B 15 s B (it 122 K o3 AT A
RIS A AL B o R AR . Ak 11 o, Bl A
SRIYHGR, BRGS0 A 1 e B T S IR T IR A

(a) iAS=1.50 Py & 28 (b) B =200 b i 25 ]

) o . ® o - %

() HAf=2. 5 = 1% (d) BZS=3 N b 2 &)

5 0 -

() MilH =35I i 2 & () MR =40

Bl 11 KK =188, REEEMMERBTLIER
Fig. 11  Variation of vorticity cloud pattern with
frequency at 1.8 wavelength
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Fig. 12 Variation rule of lift coefficient with wavelength at 1 frequency
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Fig. 13 Variation rule of resistance coefficient with wavelength at 1 frequency
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Fig. 14 Variation of vorticity cloud pattern with
wavelength at frequency 4

3 #FRiE

8 3 ) Xk 2 P B ) 30 B R S R AT
s A BA RIS I 5 R 3R Mﬂﬁ§ﬁﬁm
NEBEAMENE . ASCBETWT: 1) 7ERFFE N
AT N, PR —EmS, THJ1 R8s i i
L ESIEPNITE PN DI U RON 1 i Sibh
KRIMER e 2) FERFERIPA TN, BER—ERT,
Tt 3 2 By sl R B I 3 R K, B &R
S0 % 2 X B 95 394 DR T 494 K

£ % 3Tk

[1] SUZUMORIK, ENDO S, KANDAT, et al. A bending

pneumatic rubber actuator realizing soft-bodied manta

(3]

(7]

(8]

(9]

swimming robot[C]// Proceedings of the IEEE
International Conference On Robotics & Automation.
US: IEEE, 2007.

IKEDA M, MIKURIYA K, WATANABE K. Influence
on the propulsive performance due to the difference in
the fin shape of a robotic manta [J]. Artificial Life &
Robotics, 2017, 22 (2): 276-282.

WU, iz, R, S5 54 S aHL A i
i [ JE X AR AR S BFSE[I]. T E AL TR, 2011, 22
(5): 588-591, 596

Wbl A S UK S 3 g 2 o M 5 05 A HLER AT 5T

[D]. K¥b: EPRHEAR K2, 2010.
A H, HeliA:. Je g5 sh HE k05 A fa iF 5T bR 5 43

Hr[J]. Migs AFE RS H, 2010 (6): 4-11.

GAOJ, BIS, JIL, etal Design and experiments of
robot fish propelled by pectoral fins[C]// 2009 IEEE
International Conference on Robotics and Biomimetics
(ROBIO) . US: IEEE, 2010.

CAIY, BIS, ZHENG L. Design and experiments of a
robotic fish imitating cow-nosed ray [J]. Journal of
Bionic Engineering, 2010, 7 (2): 120-126.
BRSSO i sl M RE
SN BT SE[T]. FLMARL 2 5 HOR , 2013, 32(3):
435-440.

M. BETRAL S “C” Al g EFSh A%

ERHID]. BW. BB T K2, 2013.

(REHRIE: KZH)



