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Fig. 1 Prototype photos of bionic underwater vehicles

ML A" KIS HTHLAR K 0.17 m, iZFEHLEY
— Y SR EE AR, R KA T IR 0.4 mys,
e RBCRL R 0.1, Wi T K 2£ Wl B9 Robotic fish
A LA E K 1.2 m, B AR 0.14 m, i #E4< 0.7 m,
B 0.18 m, SEURAE LRI, NI e KAk
Al 3k 0.25 m/s. Knife Bot [ Ji ~F i 1A K 0.462 m,
$& 0.077 m, {5 0.125 m, i Zh#E 1 0.3 m. & 0.07 m,
ZFENLI 7K Bl T 5256 45 R R W, Hof K0k vl 3k
0.33 m/s, e KEUFEH 0.6,

15 18 Jt BB KR AT 28 28 i 3 A T A A
0% 2h B8 ke = AR HE T o 16 et LB KR AT 2
) R 1A 22 O i P4, BB (9 LA Pliant Energy
Systems'"” 23 ) AF il 4 2 1 7K Bk AR 45 22 7K R AT
8RN B R K 2R B B AR LR £ S R
£ 0.8 m, 9% 0.156 m, 5 0.126 m, J% 5 #E K 0.8 m,
15 0.2 m, FEAL Y SE 5625 B B, AT % 10 55 Kt
ok 0.761 m/s.

SR BB ASAL  32 T LA AR BB B 1 25 £ 1) 9
Yoy, B0 i 5 1) FLSC AR, A B TRFRA
SRR AR W S UL . Candelier 25" f b 4
ST B8 B CFD FE R 5 B R R R AT T 56 0E, 45
RN, W AR ZE RN E T 10%. H ik, e
PR B 22 E AT 50 . Sun %" %
TG T s K3 125 &, Bt i sh g K
0.7 m, = 0.15 m, i 3 L5, ¥59F T CFD % 1] §¢
P, 25 0 R B8 (9 i KHE )l 8.093 N, Je K i 2=

H90.127 9, BEAL, TR T N [R50 T 6 R 4
B RN, G5 R R SRR IEA G, FiRE
XK CFD J5 % itk 2 88 (4 4k 647 7 4347, (R
K 7 R A B AR I s . Liw A8 @ ST T
T KT WiAT 2% 19 CED BB 3 347 T /K T 52
55, SEYR AR AR 1 [ A% R AR K 1.2 m, 2B 4R 0.09 m,
fiZ K 0.5 m. /& 0.15 m, CFD J1-45 45 % B, Hifx
KA K 0.25 m/s, e KHETI 0 378 N, e KR 2
9 0.082, Li %" #ESL T {5 HOBK R AT 4%
() CFD A5, 1285 78 SR FH 1 02 P47 30 2 g, L
BUEA IS SR, RO L IR 8k, /0N ] AR =
AR AT AU 3 B R 40 4 AL B K 0% 0.664 5.
T A3 A Sy ) A U B 85 B 10 R B
CFD AN 2(a) P, Ho¥ U 2h B 65 5K
(1) B ABAE AR S BT T8 T3, 45 R BRIk
5 3 E R AR O, HR KA E h 0.19 m/s, e K
#HEJ1°h 0.584 N LA A1 e ) = B A1 2(b) fir
N WRIR R, WS BB 0 A IR A Dk B i
b R R R ) 25, M B 3R T AR DX
DX 3 SASE 0k DA R I8 A B4 TP BB, 40l 7 A R )
b 5 R 7 i R 2%, ZERT S R B
53 3 W (R 2H 1T B 5 1 4 7, (A5 AL R
] ATV 30

gi LAk, A 5 4 K T BT 48 2B R
B9 LRI R AR, £ 1 fis R ACA T 2 0 % B B8 S — FA B
L 1 T 3 38 KT AR 98 B 5 05 ) 0 R K ) 1



258 “OKF HBNBRG SR AR” 4 5 2026 4F
WAL 71
[l - e -h
< v
Zy \w| w, |w,
X ' Y
(a) IHHLIE

(a) HLASfa LA

J71/Pa
| |
=50 40 -30-20-10 0 10 20 30 40 50
(o) HlEstaE = A

2 AR B EENL &% HUE A
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geometric model
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Effects of fin-hull geometric parameters on propulsion

performance in bionic vehicles

SUN Cong', LONG Xiangiu’, WANG Chonglei”, FANG Bin’

1 College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001, China
2 College of Shipbuilding Engineering, Harbin Engineering University, Qingdao 266000, China
3 College of Naval Architecture and Ocean Engineering, Naval University of Engineering,
Wuhan 430033, China

Abstract: [ Objective | This study aims to systematically quantify the effects of fin-hull geometric configu-
ration on the propulsion performance of bionic undulating-fin vehicles employing media and/or paired fin
propulsion (MPF). It addresses the lack of a unified analysis of geometric parameters across different bionic
underwater vehicles in existing research. [ Methods ] To this end, a universal parametric geometric model in-
corporating the hull and a pair of undulating fins was developed. The model innovatively introduces the ratio
of fin width to hull width 8 as the core dimensionless geometric parameter. Based on this model, high-fidelity
CFD numerical simulations were conducted to analyze the propulsion performance and flow field structure of
the vehicle under different 8 values. [ Results ] The results indicate that 8 has a nonlinear and significant in-
fluence on propulsion performance, and that an optimal range of 3 values exists for maximizing propulsion ef-
ficiency. Excessively small 8 values lead to insufficient thrust generation, whereas excessively large 5 values
increase drag due to intensified fin-hull interactions that induce flow separation. Furthermore, 8 significantly
modulates the magnitude of the pitching moment, imposing a critical constraint on the vehicle's attitude stabili-
ty. [ Conclusions | This study clarifies the design trade-off between efficiency and stability governed by the
B parameter. The established parametric model and the identified underlying mechanisms provide a quantita-
tive theoretical basis for the shape design of bionic underwater vehicles and lay a solid foundation for future
research on multi-parameter coupling optimization and self-propulsion performance.

Key words: autonomous underwater vehicles; bionic vehicles; media and/or paired fin propulsion (MPF);
fin—hull geometric parameters; propulsion performance
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