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THRUST GENERATION AND PROPULSIVE EFFICIENCY OF A BIOMIMETIC FOIL MOVING
IN A LOW REYNOLDS NUMBER FLOW

Sangjoon An; Jonghyeok Choi 2

Joosung Maeng® and Cheolheui Han™

In this paper, the fluid dynamic forces and performances of a moving airfoil in the low Reynolds number flow
is addressed. In order to simulate the necessary propulsive force for the moving airfoil in a low Reynolds number
flow, a lattice-Boltzmann method is used. The critical Reynolds and Strouhal numbers for the thrust generation are

investigated for the four propulsion types. It was found that

the Normal P&D type produces the largest thrust with

the highest efficiency among the investigated types. The leading edge of the airfoil has an effect of deciding the
force production types, whereas the trailing edge of the airfoil plays an important role in augmenting or reducing

the instability produced by the leading edge oscillation. It is

optimal propulsion types for the given Reynolds number flow.
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<Normal P&D>

<Inverse P&D>

Fig. 1 Nomenclature of propulsion device types
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Table 1 The values of each mode with heaving and deformation
of trailing edge

Modes h/L all
DO 0.0 0.3

HO 0.3 0.0
Inverse P&D 0.3 0.6
Normal P&D 0.6 0.3
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(c) 34T |

Fig. 5 Time evolution of the vorticity behind the moving foil by
Normal P&D mode (Re=200, k=4, a/L=0.5, h/L=1.0)

oft
w ob
Ir

¢

HO
2} St} 2+
oo
o nar

Elcydul

<

o] Fig. 39] AHEZHE, AAF7} B
<} Normal P&D F3E2 Reynolds 5= 57}l
o= S HQl v, HAdR-e] zEo]
Strouhal =7} 71l wet o] Srlkehe
w2bA], Reynoldss= 2 Strouhal 4= Z7Fol )

ool Y 8] gHe] WA= FaFe] vl F o
obge] TYUg el HEE 7HX= HO, Normal P&D,
Inverse P&D 37}4] &9 A%, d Fio] xZo] 714 =
2 Inverse P&D HEgH AlAkE Reynoldsg=2} Strouhal 4~ H$
WellA F89& %*E*WW et

up2ba], obdiEe] XFo R Qlste] op|EE AT
EMAAE Hl% Wﬁol U SEAA 99 27)9F &

ko] o2 A Yehue Ble® f5Hr

Fig. 4914 Re=200¢ W 72 ==
A5 TR s YEGITE ¢

o = i
rlrﬁfr)l
o & &
(@]

o

A

gk

Ot o
4 _&)1.

L
posy
|

1o,

S 2o 95, AT wxbe kel ojghs 7 ;7; lis=s
WA k=2 (5t=0.256)2] 7% DO REoAE Karman2he] Hej
& Uehie vA RESdME dt £ ot fredd
S et Uehs] sk FHAEE melch whd kel Fhol
4(St=0512)%1 7$-olli= DORESN AR 57 9dE Kol 1

UW RESXE &9 o7t dojxyde] AFTEAXE VI
o2 ol & 9A|5h= Inverse Karmanetd-S oItk Fig. 5
]/\1# 47}x] Re = =8 7212 7P =324 YRS Normal
T el whe} HofFa 9tk
*J’o‘ ‘31.‘1%%% ’5}“4 Hepo) whet oolxyd RWS wet
WAARE Zh S kel oprh sUdel el Deflection} g
Inverse Karman 9+= AAJsh=d] a3t o= YAA7E= A
S WA 4 itk

Fig. 6141 Reynolds <=7} 1002} 2009 7% oflojxd

i

Efficiency

)/ )/ A HO
-80F / ; & Inverse P&D
L ;{ ‘f # Normal P&D
_l{x) i Lo Ll . | | 1
02 03 04 0 5 06 07 0

St

Fig. 6 Comparison of propulsive efficiencies among the several
propulsion types(dashed line: Re=100, solid line: Re=200)

o] FAEES YR :13‘01]/‘1 245-0] Normal
P&DSF HO F 7H feute] X8 &S L}EMEE] e %
FL o] WAste] g&o] §9] #E TS & 3tk
T3 FRNEES St o)Ak ghollA St7h E713tel| whet Auk
Hog F7FE sith Hdghs 7AW 1 o] o] AT

=]
= ?Z, Ko]ar 9Jrk.  Normal P&D 3] 7% Reynolds
T 739 16.9%, 20091 - 21.4%9] Hu &S &

AL HeEPES BR1stTh

HO, Normal P&D, Inverse P&D 3714 F&& Strouhal
7l Wt Ster) FolAE Aee Wl uhE, AddAR
Fo] ¢l DO 32 Strouhal 577} F718hl w237
Hol Frlele AEFS BT wEbA, Reynolds &
S wE FE3Tt oolarde] ko] mjA|
2 e 4 4 9tk

FY3 oAl AZS 7kAE HO, Normal P&D, Inverse
P&D 37HA B ¢ HA FEe Fo] P AL
Inverse P&D HE3H Al2kE Reynolds =< Strouhal = HY W
A FEHE BAATA Kk wpebd, SRR 5o
2 st} oplEE AAFY EHHAS S FEel g

Strouhal <=
= 9go] ujg- &



IRE-AFH-AFH ¢33

(1]

[

e m

2 flo

o] =i 2008 (S HITIE) o] Adow g

1994, Fukuda, T., Kawamoto, A., Arai, F. and Matsuura,
H., "Mechanism and Swimming Experiment of Micro
Mobile Robot in Water," Proc. Of IEEE Int. Workshop on
Micro Electro Mechanical Systems(MEMS'94), pp.273-278.

1999, Honda, T., Arai, K. and Ishiyama, K., "Effect of
Micro Machine Shape on Swimming Properties of the
Spiral-Type Magnetic Micro-Machine," IEEE Transaction on

(3

4]

(3]

(6]

(7]

(6]

9]

Magnetics, Vol.35, pp.3688-3690.

2006, Azuma, A., The Biokinetics of Flying and Swimming.
2nd  Edition, American Institute of Aeronautics and
Astronautics, Inc., Reston, VA.

2006, M, AR, WFA, o)F2, FHE, “ARE=
B S ARES BT Eshs HHelAe] FEEA
AT S EE--Teks] X, A5 55, pp.397-403.
2009, An, S., Maeng, J. and Han, C., "Thrust Generation of
a Circular Wing Using a Lattice-Boltzmann Method," AIAA
Journal of Aircraft, Vol.46, No.1, pp.216-222.

2003, Yu, D., Mei, R, Luo, L-S. and Shyy, W., "Viscous
Flow Computations with the Method of Lattice Boltzmann
Equation,"  Progress in  Aerospace  Sciences, Vol.39,
pp.329-367.

2006, Du, D., Shi, B. and Chen, X., "Multi-relaxation-time
Lattice Boltzmann Model for Incompressible Flow," Physics
Letters, A. Vol.359, pp.564-572.

2001, d’Humiéres, D., Bouzidi, M.
"Thirteen-velocity ~ Three-dimensional
Model," Phys. Rev. E, Vol.63, 066702.
2006, Moao, J.M. and Ho, M.H. "Effect of flexure on
aerodynamic  propulsive efficiency of flapping flexible
airfoil," Journal of Fluids and Structures, Vol.22, pp.
401-419.

and Lallemand, P.,
Lattice  Boltzmann



