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Abstract

Biomimetic underwater vehicle design has attracted the attention of researchers for various
reasons such as ocean investigation, marine environmental protection, exploring fish behaviors
and detecting the leakage of oil pipe lines. Fish and other aquatic animals have good
maneuverability and trajectory following capability. They also efficiently stabilize themselves
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in currents and surges leave less noticeable wake than conventional underwater vehicles
equipped with thrusters.

This paper presents the hydrodynamic simulation of a biomimetic robot fish that is fabricated at
the Advanced Dynamic and Control Systems Laboratory (ADCSL) ,University of Tehran. In
order to simulate a fish-like swimming robot, a comprehensive hydrodynamic analysis was
performed. Extensive study of the biology of fish particularly their motion was performed.
Carangiform swimming mode, which is the swimming mode of fish that use their tail and
peduncle for propulsion was chosen.

A hydrodynamic simulation is performed using computational fluid dynamics. In simulation
Reynolds averaged Navier-Stokes equations (RANS) and Large Eddy Simulation (LES) method
were employed to solve turbulence conditions. In this analysis the fluid was supposed to be
single phased and the flow to be distributed and incompressible. The presence of a complex
shaped moving boundary makes a difficult proposition for the computational fluid dynamics.
Dynamic mesh method is employed to simulate moving boundaries. A hydrodynamic model of
a robot fish permits us to determine the properties of the robot fish and facilitates the
development of control algorithms.

In order to verify these numerical models, an experimental test bed is fabricated at ADCSL.
Experimental results show a smooth, repeatable and controllable motion of the robot fish. Data
gathered through this method demonstrated reasonable agreement with simulation results.
Consequently, the numerical model maybe utilized for further analysis and optimization process
to reduce the experimental trail and error process cost.

Keywords: Biomimetic underwater vehicles, Robot Fish, Numerical simulation, Dynamic mesh
method« Large Eddy Simulation
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6-Stream line

7-Optimize Frequency
8-Time-averaged thrust8

9-Constant forward velocity

10-The net power supplied by motor
11-Transmission losses

12-Power wasted in the wake

&V
1-Shadwick¢ R.E., Lauder¢ G. V., Fish
Biomechanics.
2-Listak, M., Martin, G., (2003),Design of a
Semiautonomous Biomimetic Underwater
Vehicle for Environmental Monitoring.
3-Colgate, E., Kevin, J., (2004), Mechanics
and Control of Swimming, IEEE Journal of
Oceanic Engineering, Vol 29.
4-Mittal, R., (2004), Computational
modeling in biohydrodynamics: Trends¢
challenges¢ and recent advances, IEEE 1J.
Oceanic Engineering, Vol 29¢ pp.595-604.
5-Triantafyllou, M. S., Techet, A. H and
Hover, F. S., (2004), Review of
experimental work biomimetic foils, IEEE
Journal of Oceanic Engineering , vol. 29,
pp- 585-594.
6-Long, J. H., Joseph, S., Nicholas ,L., K.
Mathieu, (2006), Four Flippers Tetrapodal
Swimming with an Aquatic Robot,
Bioinspiration & Biomimetics, vol. 1,pp.
20-29.
7-Hoar, W. S., Randall, D. J., Farrell, A. P.,
(2006), Fish Physiology, Academic Press,
San Diego, vol. 23.
8-Tytell, D., (2004), The Hydrodynamics of
Eel Swimming II, Journal of Experimental
Biology, vol. 207, no. 19, pp. 3265-3279.
9-Yu, J., Wang, SH and Tan, M., (2005), A
simplified propulsive model of bio-mimetic
robot fish and its realization, Robotica
Cambridge university, vol.23, pp.101-107.
10-Coombs, S.A., Van, S., Netten, M.,
Shadwick, R. and Lauder, G., (2006), The
Hydrodynamics and Structural Mechanics of
the Lateral Line System, Fish Physiology,
Academic Press, San Diego, vol. 23, pp.
103-139.
11-Mohammadshahi, D., Yousefi-Koma, A.,
Bahmanyar, SH., Ghasemi, H.,
(2007),Design, Fabrication and
Hydrodynamic Analysis of a Biomimetic

9 leasli o lgs /) Vo Lo fuida Lo

S5 A -

S Sesbiadgyien 5IUT Gios ol Sus
Pl gl o bl alin 5 (2lo Ly,
sl
wolo Sy, Jos glaylis, 5 olS > walllae ol 4o
SRS 5 Sl 5lo s ] 3 0250
el 0 (g5l 38l 5 SaS &y 05 oKl
BEibol Joo b oot (iludnd Joo awslie
Joe ol S8 4y gl @l 1) Jod LB mls
h Ble Sy, Jodl (1Ko plgs (o0 00l (55l arns
ol 2 oedle 5 05 Gughn cilbise Ll o
FFS g Solusgyaee s 0e byl Gl oo
h Shy,y Joall Se 9 05 Cud Joe 59, 2 )
Joe ] S a4 ged ctslin ol 4 cas
Ol »» &5 @l oS> 5 o5 iluand
S5 oo 3)ly (ole Ay 55, p LS g5 SSTa>
2L g5 ey O odle il oo alulis B
X-Z g XY Obrao gz o oole Olg, Al (59,
B8 Sy pood)ly b peSle Cosdes )
A (6 S o3l
e 595 o agly oS> Sl @yl 5l e
5 w1y ool 090 oy Jll 4l el
gl 1 e o) Fee Sid 690 peSbe
orles
2005k Jloged muy Con BB g @l S0
o s Byl 45T all oo WS R
L ol by, [, (lgiee ool ain 4 bsype
90,0 5,0 ol S oslal b pioman 55 aigy
mols plas o5 e g o5 o e Sl
WS (oo oolitul (535 po (il e 5l Joo 4SSl
S5 ool &8 > > 4y S (5065 S0 (59,0

S oo adgl
oB3lg auls
1-BCF
2-MPF
3-Smoothing
4-Remeshing
5-Wake
£t


https://dor.isc.ac/dor/20.1001.1.17357608.1390.7.13.5.5
http://marine-eng.ir/article-1-165-en.html

[ Downloaded from marine-eng.ir on 2025-12-08 ]

[ DOR: 20.1001.1.17357608.1390.7.13.5.5 ]

Los Gwd—io d il

0

@;L:;‘L;Alffglajrwl&jw& Oy (selar dew Jdo EG Ao 47

Robot Fish, Internationa Journa of
Mechanics.

12-Bahmanyar, SH., (2009),Hydrodynamic
Analysis of a Biomimetic robot fish", Msc
Thesis submitted to the School of Mrine
Engineering , Amir Kabir university of
Technology, Iran, Tehran,.

13-Bahmanyar, SH., Yousefi-Koma, A.,
Ghasemi, H., Sheikhjafari, A,
(2009),Investigation of flow mechanism of a
robotic fish swimming with hydrodynamic
force measurement, International
Conference of Fluid Dynamics, Iran.
14-Mayahi, Yousefi-Koma, A., Maleki, H.,
(2007),Modeling of a Carangiform Robo-
Fish Simulation and Experiment,
Conference on Mechanical Engineering-
ISME.

9o liasli 5l /)1 o)l nin Lo


https://dor.isc.ac/dor/20.1001.1.17357608.1390.7.13.5.5
http://marine-eng.ir/article-1-165-en.html
http://www.tcpdf.org

