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ABSTRACT

The motion of birds and insects have been studied and applied to MAV(Micro Air Vehicle) and AUV(Autonomous
Underwater Vehicle). Most of AUV research is focused on shape and motion of single hydrofoil. However, double hydrofoil

system is mostly used in real physics. This system shows completely different hydrodynamic characteristic to single hydrofoil

because of wake interaction. The goal of this study is define the trajectory of wake interaction in double hydrofoil system.

Moreover, trust and efficiency of various combined motion will be demonstrated. Symmetry airfoil is used for analysis an

hydrodynamic characteristic. Forward wing’s plunging and pitching motion is fixed, hide wing’s Heaving ratio, Pitch phase shift

from forward plunging and Heaving shift is changed. This study provide necessary basic data of motion optimization for double

hydrofoil system.
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Fig. 20 Vorticity magnitude for Pitch shift (¢ =30°)
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Fig. 21 Vorticity magnitude for Pitch shift (¢ =100°)

(b)
Fig. 22 Vorticity magnitude for Pitch shift (¢ =1307)

-—-—fai=30
—fai=100
/\ —— fai=130

ive

2 o

§ Vi

(=]

o )

2

£

=

05 0.6 ) o7 08
flow time
Fig. 23 Thrust about Pitch shift at fore wing(e)

5

=3

b=

3

w

5

_E i

oy

flow time

Fig. 24 Thrust about Pitch shift at hide wing(¢)

sESFHIIASE ==& M17d, M4, 2014



& B4 A

o
)
#,
ml

4. 4 =
E Ao A= double hydrofoiloll A o] Rd7) =4 w3}t
of M2 FHaEY SHIANS #4814} 1T} Heaving

ratio(n), Pitch shift (¢) 223l Heaving shift (v)Z 3}
of w2 83 & W3l 9 F Iy ke T IS 4
21

stttk ZH2F h=0.9,0=50", ¢ =100 0| A 7} £ FH}
TES el
Edxd ) ‘?i@ﬂ w}a} 4 W3} Z 9 ohdsljo A A

pe)
2
)
@
8]
=.
=
oQ
—
o
=
(@)
~~
>
\_/
r

oLl l"O
)
filo

| :::1

o] TUIghs Kot

EA4, Heaving shift (y)olAE 50704 Z42F =2 14,
8 057% 7P = Ugkth ol2A Shdvfell A Ay
SAF7E Sgle] mddhs Aldol wel FHasgo] |
slghs ERlskalt.

Xk o 2 Pitch shift (¢)& 100794 71 2 58
el 1.86S HoEglon, 82 0272 ¢ Heaving
shift (1)9] caseXt} WA Uttt} o]+ 7l &2 o]
g4 Zel whgl FRa o] GEAE S onsh vortex
AN F2 shdulold BAE SRy Sl
leading edgedll =238l= A Mol T3 H5US glsgl
o} i cased] AWE Fote] A o] FH A vlgte] F
ko] FoiE-s Felskqlth

B 284 A= o]8519] double hydrofoil AA Al
FAEE JTFS vHE BAS AANESE skl 1
o} Aesk HAst AoE :% ek o ‘*}0}7} 7l el
3 5

T FEg R Afo]ds
2 AR (NRF—
M35 ADD-12-01-08-13)¢] 7]%
A

- L5 FE )
2011-0020562) A1 2 a2} &kdE 4 (A
A7) K)o o3 A

>~

References

(1) R. Mittal, Y. Utturkar, H. S. Udaykumar, “Computational
Modeling and Analysis of Biomimetic Flight Mechanisms”,
ATAA Paper 2002-0865

) A=, Hsz. (2003). “27NAe s FFAAAH Y
ojatl WZAUE" e A3 EF8h=thI, 759-764.

(3) AdA, A=z, 2004, “F4 B G &H G ¢

S=RMIIASE =28 M7, M4z, 2014

Double Hydrofoil

Al Y FHAY A

gakel gk 7hA g A, ke ddts] a3
pp.108~111

(4) Drucker, E. G, & Lauder, G. V. (2001). Locomotor
function of the dorsal fin in teleost fishes: experimental
analysis of wake forces in sunfish. Journal of
Experimental Biology, 204(17), 2943-2958.

(5) Imran Akhtar, Rajat Mittal, George V. Lauder, Elliot
Drucker,
flapping foil configurarion”, Comput. Fuid Dyn. 155-170

(6) Licht, S., Wibawa, M., Hover, F., & Triantafyllou, M.
(2009). Toward amphibious robots: Asymmetric flapping

“Hydrodynamics of a hiologically inspired tandem

foil motion underwater produces large thrust efficiently.
In Proceedings of the International Symposium on
Unmanned Untethered Submersible Technology, Durham,
NH.

(7) Ismail H. Tuncer and Mustafa Kaya, 2005, “Optimization
of flapping airfoils for maximum thrust and propulsive
efficiency,” AIAA Journal, Vol. 43, pp. 2329~2336.

(8) M. A. Ashraf, J. Young, J. C. S Lai, 2011,
number, thickness and camber effects on flapping airfoil

Journal of Fluids and structures, Vol. 27,

“Reynolds

propulsion,”
pp. 145~160.
9) Hd3, "]?s*d, HAE, o]=3, 2013, “#h
°f Ad €I a&S
A, A7) Als-d 83, pp.24~31
(10) M. A. Ashraf, J. C. S. Lai and J. Young, 2007,
“Numerical Analysis of flapping wing aerodynamics,”

o
N o,
2 >

w2 oxl

16% Australasian Fluid Mechanics Conference, pp.1283
~1290.

(11) Wilkins. P, and Knowles, L. 2007,
aerodynamics relevant to flapping-wing Micro Air
Vehicles,” AIAA paper 2007-433.

(12) Licht, S., Wibawa, M., Hover, F., & Triantafyllou, M.
(2009). Toward amphibious robots: Asymmetric flapping

“Investigation of

foil motion underwater produces large thrust efficiently.
In Proceedings of the International Symposium on
Unmanned Untethered Submersible Technology, Durham,
NH.

(13) King, R, & Johns, D. J. (1976). Wake interaction
experiments with two flexible circular cylinders in
flowing water. Journal of Sound and Vibration, 45(2),
259-283.

(14) Licht, S., Polidoro, V., Flores, M., Hover, F. S, &
Triantafyllon, M. S. (2004). Design and projected
performance of a flapping foil AUV. Oceanic
Engineering, IEEE Journal of, 29(3), 786-794.

(15) Low, K. H., Zhou, C, Ong, T. W, & Yu, J. (2007,
December). Modular design and initial gait study of an
amphibian robotic turtle. In Robotics and Biomimetics,
2007. ROBIO 2007. IEEE International Conference on
(pp. 535-540). IEEE.

69



457 - B8 - o)y

(16) Jones, K. D. & Platzer, M. F. (1997). Numerical extraction. AIAA paper, (97-0826).

computation of flapping-wing propulsion and power

=R =28 M7, M4s, 2014

70



