RIS S § =1 Vol. 38 No. 4
2023 4F 8 H JOURNAL OF EXPERIMENTAL MECHANICS Aug. 2023

XEHS:1001-4888(2023)04-0483-13

ETEGAEMRE S EELFKESHIHT
B, BAREL BERS BEM, TEE

QRO TR B Ry 2= 3 5 0 A G 4 E s SE e %, 1kt 4300705 2. I ZHERIRNE A R 2 /. U1 AER 610000)

HWE: HHAEAREESIDEILFTHOREDKR AL EHHFRGHFRLK S 22 L7455
HRE—ARY ., FARRGERRRF R RE . S8BT H 695 I F ) F huh) 5
MEGARRBAETEZAEEL, AXLAAZEBRYHKEZEXZTRARAKD %n:ifé‘éﬁwr%r/ﬁmk
A, B G E>HNTREPH G ERBEG TR, TR THE LR RE A ERIRIEDD
RE EHWERFENFIELAK . FPRAZETEEHSAHKEARE R EF E%‘éﬁxﬂc%ﬁtﬁf AR
BRBHGEAYEFREARIE RET KA DELIREZD 0 T AN HEREHHENX,
FEATERHRIEMESFAT RAAELK, AL LBk RA G R FHREHFTHE
ST, FREREN HHBEATE & LA Fkae s P #ebm @ TAT &4, k36 X8
1o 25 638 ZhBE X, K3 3R & T A48 T AR 3 L Sk 3R /) 18 15 45 09 35 Sh A X L & A8 X0 vk ik B g 38
Ho S EE IR E KR A R ER AL K Y 2 e A e kAR A ha ML S B IE
HEIME WRAEEMERXER,

K4 e BARATA; BHHIE

FE4SES: 0352; Q66 XEktRIRAD: A DOI: 10. 7520/1001-4888-22-210

0 518§

ZPIE KR AR RS R T &SR TF B i Re . Xk A 3 ¥yiz 3 w9 BF 58T ok
AP NSRS R SNE R BT RIS %, I — EOR RIS AT 7 10 22— Horp 4% b £ 26
DR LBl M | 280 AR REFE 1 UK AE ) — B 05 A 0 T A AR SO i X e o0 T s AR Sy 1 A7 2K 3l
%E’é?&ﬁﬁﬂ@?ki%ﬁi,/\ﬁ%fﬁﬁi%iﬂﬂlkﬁlﬂ%iﬁE’Jﬂlﬂfri%%ﬂﬁﬁ‘.},w?mﬁf%iﬁﬂﬁlﬂﬂjﬁﬁﬁm%ﬁ PN
W 12 30 9 32 B RFAE L 25 5k AN LA HOR B4 G it il vk g 00— S SO o Rk isHig Dk iz 3 A5 =R g 22 BL R
M —EAZ,

20 42, Wassersug 55010 AN [ W} £ 4 50 0 A RS S e P AT 92 30 U0 1 0L 00 45 2R Al A7)
W SRS B b B2 D0 F5 AWK BE 0 AFR U Bl e i v Sk I 090 R M 1 i e 2 SR S K BEL TS ok
7 8l 0 2k 5 (5] I AT A S R k240 /0 F) 2 20 X i K F) ot ikt A HE AT BR

Liu 8050 o B0 AR 00 0 T B2 6 I SR 2k R = A A0 o W8 08} 5 Bl AT T RS L A AT B B
SR RIS AT 2 AN T RE - A S T DK RE . ELHOMRE (932 S T2 305 1A R 2 DT TEE Y 5 4 2R H R s A a2
S HIAE f AR Il 10 DS Ui bR iz J 30 R A By b 2t BRH 7 3 R RCR BRI S5 2R . 5
A AL gy Z:IEJE,JIEJIU‘%(SFD? IO ELT S SR 88 7 MRS S S A AR 1 422 2l 2 o HL Sk T A OB AR
PR = e A S5 7 AT | T RO AT A A N S R . TR R Azizi BT LA AR S 0 e

* WFRBHI: 2022-08-29; & HHEH: 2023-03-09
HEWMAB: BEXAAREESTH (51922065) ; BRI TR 2 B KPR 27 A Q1F G I 253151 (S202110497136)
BEMEE: EARA983—) & W+ H2., HRF AWK ¥ . Email: sywang@whut. edu. cn



484 Lo N % (2023 4E) 45 38 4

SR IR TR L R B A 25 TR E A4S . Liu 0 SR LA AR WK, X R K A2 B
TURR IR Y 2 e I P B AR R IR M AR AR /I . Van S5EP R T F5 A 4 1) R ik 8 T2 4K 2 DA % 2 9 5 oR
PRI L X R 38 0 Dk BE T 19 52 080 L ke BLAE DD R R AL 30 06 LATT 119 2 L8 4 B 8 53 88 I i} 4 3 9k 8 0 JL
FAZREM . Hoff FE0 i JIUHL A5 5 0 42 45 SR A A A 17 i e R R 0 e VK RICR: B STk AR /D

BE & TS ALH AR AT AR T 27 00 1 R R T B AR — BB RIE 5 T 46 SR BB AU Y D7 125 ) s
BEAE AN 2L T R — SRR T, T — R R IR 3 50k RS T 3R 2% S B 0 2 i
PR35 v A SRR DR A T D BE AT REALL L WS T RS L BE T IR i R A R R A B A S O Ll UK K
R FE 5 5 RS X W SE A 2 (B L 38 IR 11 487 v ) a8 AR AT OB ASE AL, 43 A T R i LR
A7 5 RT3 A0 23 A5 DR 3 0] B e} 2 R 1 R i ML i BRI R 10908 0L 0 o L R skl A5 X0 5l IS
T RE DU DR A e 3 B AR A A4 HE 7 e A, Li AUV B X AN R AN I HE R ISEAE U 3 P 30 Tk 32 B
LR i e HEAT 1 5 B0 BT L 45 R WS SRR IR A 5 RESSCR A [a]  WRHISH R 30 i R R 1 3 g 20
PRI . BITE S H Bk R DR R ) 2 U B AT T AR SR D AR DG R A ik — 2P
KREANTE .

N T k20 T i SR} 9 5 AR 3 AR SO S S S I A TR DA/ B sk LA [ S 5 S i B 2
AR A AR LR 235 SR K R I8 B o0 A S B R Sl R AR Bl A 21 ) O R T LR RO LS T RN I8 B
o B AR IRV AE 2 80, 00 25 T 2 8B A AH 5 56 28 DU S Jis 002 — 25 M0 (L 07 0 A B8 23 17 F
FRMSE
1

MRS 7 %

1.1 SE3G AR

AR SCEEE R 35 HAEP: D38 2 WA ( Kaloula pulchra pulchra Gray) WL A BF 5T % 4 . fr &
UL A5 RN I I . A 1 s R IR AP R e SOk Sk i 3 R A A it P AT B R O B AR K
Ly, PIHR 22 (8] A BE 25 B T8 e W, R il th o 2 R R /KF ALK E R L, ZEFNE 2
2 L N H AR D R SO TR G ST S A R ) I TR MR 5 Ak B 2450 e IR s B R 2 AR
8 rh O AL B AUE SO B0 AR A SRR /NI BT A Y DX SR S 3 2 R/ i
10 R KRR Ly/NF Tmms SPAER/NG IR 15 2L AR (7~ 12) mms RIREL 10 R B AR ERT
12mm, HE &0 a7k ok 72 v, 8k I R Ak 7 3K 9 58 3 T A A 8 7 DX, 6 3 A 4 T g
R MR AT BIR 5 AT IHG AR S5 56 o R A ) 38 5 4 3k 22 1 ) TR B S
= Ly L ]

d % La

11 sk A AR RS RSO 7 B S
Fig. 1 Definition of characteristic lengths and centroid position of tadpoles
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Fig. 2 Experiment set-up and image analysis of tadpole swimming process
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Fig. 3 Coordinate transformation and displacement decomposition of tadpole swimming
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Fig.4 Numerical simulation model of tadpole swimming
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Fig.5 Characteristic lengths of tadpoles
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Fig. 6 Kinematic parameters values of tadpole swimming
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Fig. 7 Dependences of kinematic parameters on absolute swimming speed U (left)
and relative swimming speed U™ (right)
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Tab.1 Kinematic parameters of tadpole

g RRLo ARBEEUT GRS ROKfif e RREE 0 MfiEse
/mm /(Ly/s) /Hz /() A(L. 8) /()
1 11.28 4.11 6. 34 8.48 0.47 3.91 33.25 0.73
2 9.27 5.5 7.68 8.22 0.52 3.94 41. 85 0.72
3 8.82 5. 75 7.74 9.63 0.54 4.61 59. 04 0.73
4 9.74 5. 94 7.13 10. 93 0.56 3. 88 52.17 0.67
5 10.16 5.97 7,44 10. 63 0.67 4.15 52.17 0. 83
6 8.69 6.06 6.99 13. 36 0.78 5.7 59. 04 0.90
7 10. 05 6.27 7.27 10. 61 0. 64 4. 87 55. 61 0.74
8 8.59 6.48 8.52 9.15 0. 49 3.93 48.15 0. 64
9 9.29 6.73 8.14 9.81 0.55 3. 87 28. 66 0.67
10 9. 47 6. 85 8.67 12.59 0.70 4.94 61.91 0. 89
11 8.52 7.23 7.06 13.87 0.75 5.37 57.90 0.73
12 9.74 7.49 7.93 15. 69 0.81 5.75 68. 22 0. 86
13 9.83 7.89 7.66 13.94 0.80 5. 47 57.32 0.78
14 9.75 8.25 8.39 13.35 0.73 5. 36 63. 06 0.74
15 9. 44 8. 44 8.18 17.58 0. 88 5. 94 71. 66 0. 85
16 9.05 8.66 10. 21 8.07 0.56 4.55 55.03 0.66
17 8.93 8.75 9.54 10.12 0.50 3.77 39.55 0.55
18 9.90 8. 84 9.41 8.56 0.57 4.45 45. 86 0.61
19 9. 65 8.95 8.62 15. 67 0.79 5.51 66. 50 0.76
20 8.62 9.05 9. 06 8.96 0.62 4.10 38. 41 0.62
21 8. 66 9.12 10.08 13.31 0.65 5.00 65. 35 0.72
22 8.58 9. 48 8.28 15. 65 0.70 5.16 64. 20 0.61
23 8.78 9.50 9.60 11. 21 0.63 4.52 63. 06 0.64
24 9.91 9. 67 9. 60 16. 24 0.81 5. 45 53. 89 0. 80
25 8.32 9.72 9. 41 11. 06 0.56 4.77 50. 45 0.54
26 9.99 9. 94 9. 66 18. 45 0. 88 6.28 63.06 0. 86
27 9.55 12.19 10. 29 14. 69 0.82 5. 44 58. 47 0.69
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Fig. 8 Relationships between kinematic characteristic parameters of tadpole swimming
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Fig. 9 Flow structure around a swimming tadpole
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Analysis of kinematic characteristics of tadpole uniform
straight swimming based on image processing

YU Hao', JIANG Genrui', CHEN Junxiao®, LU Junpeng', WANG Siying

(1. Wuhan University of Technology, Hubei Key Laboratory of Theory and Application of Advanced Materials Mechanics, Wuhan
430070, Hubei, China; 2. Sichuan Anjiechuang Technology Limited Company, Chengdu 610000, Sichuan, China)

Abstract: As aquatic larvae in the metamorphosis of amphibians, the biological characteristics of
tadpoles have been wildly studied, while less attention has been paid to their behavior and movement.
However, as a typical swimmer with a non-streamlined body, the kinematic characteristics and
mechanical mechanism of tadpoles swimming have important reference significance for bionic
applications. This paper recorded the swimming processes of tadpoles with different sizes and speeds
using high-speed photography technology. The kinematic parameters such as the head deflection
angle, tail-beat frequency, and deformation wavelength were obtained through image analysis and
their dependences on the body size, swimming speed, and other factors were summarized. A motion
description equation composed of two parts was put forward according to the biological morphology
and movement characteristics of tadpoles, which could support further numerical and theoretical
analysis of tadpole swimming behavior. The results show that tadpoles have swimming abilities
comparable with fishes. Small tadpoles tend to swim with a relatively high frequency and a relatively
large head deflection angle, while large tadpoles tend to swim with a relatively low frequency and a
small deflection angle. In general, the swimming frequency., head deflection angle, tail swing
amplitude, and deformation wavelength of all tadpoles basically increase with the increase of
dimensionless swimming speed. In particular, the maximal deflection angle of the tadpole head is
positively correlated with the swing frequency and amplitude of its tail.

Keywords: tadpole; swimming behavior; kinematic characteristics



