2013 2 Feb. 2013

31 1 Journal of Northwestern Polytechnical University Vol.31 No.1
( 710072)
Realizable k-w o
1 TP242. 3 TA :10002758(2013) 01-0150-07
A) Al Al ( CFD)
1
o Traintafyllou
1
2 Jones K. D
3
' 1.1
4.
~ ’ 7
5 u; _ 0
A Jdu; ou; , .
. ul“‘uj ulz‘al+i(y+7,)(au‘+%)
at axj x; ax}- axj x;
:2012-05-03 : (20116102110009)

(1983—)



* 151
u(i=12) x(1=12)
p t Y 0.8}
2 A,
Y, = cluk & k & - 61
c o /4"4
“ 0.4 Pl
1.2 Realizable k-¢ B é.- : L(-
i / 3 \
. § ol o
g2 \\\ ;,"
\\ x
0.4F \\ /I
Realizable k- o T
k vis 0 0.4 0.3
(o) a( phku) w /s
d( pk pru; d ( 8k)
+ = —|+ G, +
ot 0x; 0x; I 0x; P Tpe .
k-
De 0 t 68]
De _ on mt)de], oo se - :
P Dy x; (,u * a'e)axj pene @ 3
2 o
& &
< G o
Pczk+/1;+clg kc3g b
3
2
2.1
. - 2F,
T p°° . Voo . S
{Y( 1) = yosin(2’nft +¢1) + Ybias ZF},
6( l) = HOSin( 2’1Tft + l/’Z) + al)ias CL - [)00 ° Voo ° S
Yo 0,
Fooo ) oo oM
"pl\wz yhias " p°° * VDO .S.L
ehias Y bias > al)ias F"' F?'
o M P
v V., S L
w o
{1)( 1) = 2mfy,cos( 2mft + ) T
w(t) = 2ufb,cos( 2mft + i,) F. = LJTFx( 1) de
T T'h
2.2 _
3 9 :® _ Fx oV
TP



* 152

31
14 MIT
Ve 1.6}
—0— W a R
—o— {50 M i
— Fx
=P S s
_ 1 T d0 T d
= - oo B .8
7 LM( ) S+ L F,Jdi 4
n N/W
0 02 0.4
St
2.3
:1 500 mm x 1 500 mm; 3
( Inlet) . velocity inlet; ( Outlet)
outflow; ( Wall) s wall. 3
NACAO0010
o . -
2 o
100 mm,
3.1
U=0.1 m/s Yo =
0.03 m 0,=30° =2 Hz
C,
0.005 s 800 4 s
8
2
4 (2~2.5%)
2
2.4
MIT
’ NACA0012
0.4 m/s 30° St -
0.10.20.30.4 . St -
2yf
St = U
U Yo f
3




| *« 153 -
4 : ;
N 3) 2.25~2.375 s
2 2 C, <0 5¢)

2) 1 2

2 ( ) :

N 1 4) 2.375~2.5s

O 2 C,>0 5d)
1 4 °
1) 2~2.125s ’
1 C <0 5a) 2 @
He))
2) 2.125~2.25 s
1 C, >0 °
5b)

' o I ' I

.: x '_,/// . — - 'I:i :I

o A ~ - e
o ) =2.1253 o ¢ 22 =2.375 | d) =245
51
3) 1
: 1
1)
10 “ 7 v
3
2) 1
4) 2 1
2 1



- 154 -

31
U=0.2 m/s Yo =
2 2 2 0.03 m 0, =30° f 1
1 Hz.1.5 Hz.2 Hz.2.5 Hz.3 Hz.4 Hz.5 Hz.6 Hz
3.2
180 14} s
030
Z 100 S ‘ _; 0.20f
E a, 6F Z'
‘ = o.104
20}
e e A e 21 L L 0
0 2 4 6 0 2 4 6 2 4 6
f/Hz f/Hz f/Hz
a)  HEA B LR b) S\ Th R Bl R A 1L £ ) HERERCR B S AL it 4R
6
1)
MIT .
6a) 6¢) 1.5
Tocf?, ~2.5Hz.
2) 3.3
f<3 Hz U=0.2 m/s 6, =30°
3 Hz<f<6Hz o f=2 Hz Yo
6b) o 0. 01 m.0.02 m.0.03 m.0. 04 m.0.05 m.0.06
3) m-0. 07 m.0. 08 m.0.09 m.0.1 m o
sof |x10° 035}
| 4+ [r
I -
£ ‘ 3 | 3 |
S % < z 025
T s |
n| ol ! [}.ISL |
0.04 0.08 ! 0.04 0.08 0 0.04 0.08
y{m y/m v/m
a) ) A R (L R b) R\ SRR R ©) AR B 5h W P A it £
7
1)
¥y =0.02 mm,
o 3.4
2) U=0.2 m/s Yo =
0.03 m f=2 Hz 0o
Pocy; 7hb) o 10°.,20°.30°.40°.50°.60°.70°.80°.85°.90°
3) 7c)

o



* 155

o X107
’ 0 30_—
) !
z = 7l 2
& 20t < Z 0.20f
1+ S
0 0 80 00 R B e —
a/(°) /(") e/(*)
a) A BE e 0 B AL i 2R b) SN ol R 0 i ©) AR Il A R A oy
8
1) Realizable k=
N-S
50° 85° o
83) ° 1)
. 2
2) 8b) 2 ;
2)
Pocf;.
3)
8c)
0, =20° ~30° 20° ;
30° o 3)
4)

Fluent

. . 2011 37(3) :344350
GaoJ BiSS LiJ etal Design and Hydrodynamic Experiments on Robotic Fish with Oscillation Pectoral Fins. Journal of
Beijing University of Aeronautics and Astronautics 2011 37(3) : 344350 ( in Chinese)
Schouveiler . Hover F' S Triantafyllou M S. Performance of Flapping Foil Propulsion. Journal of Fluids and Structures 2005
20: 949-959
Jones K D Castro B M Mahmoud O et al. A Numerical and Experimental Investigation of Flapping-Wing Propulsion in
Ground Effect. AIAA 40th Aerospace Sciences Meeting & Exhibit 2002

. - . 2002 24(4): 304308
Liang ] H Wang TM Wei H X et al. Research and Development of Underwater Robofish [l Hydrodynamics Experiments of
Robofish. Robot 2002 24(4): 304308 ( in Chinese)

. . 2002 20(2): 5459

SuY M Huang S Pang Y J. Hydrodynamic Analysis of Submersible Propulsion System Imitating Tuna-Tail. The Ocean Engi—



. 156 ¢ 31

neering 2002 20(2): 5459 (in Chinese)

6 . . 2007 22(12): 20782082
Zhang Y F Song BF Yuan C S et al. Experimental Investigation of Propulsion Characteristic of Flapping-Wing MAV. Journal
of Aerospace Power 2007 22(12): 20782082 ( in Chinese)

7 . . 2006 21(5): 632-639
Zhang X Q Wang Z D Zhang Z S. Hydrodynamic Study of Bionic Propulsion for 2-D Flapping Foil. Journal of Hydrodynam-
ics 2006 21(5): 632-639 (in Chinese)

8  Michael ST Alexandra HT et al. Review of Experimental Work in Biomimetic Foils. IEEE Journal of Oceanic Engineering
2004 43(3): 558594

9 . . ( ) 2004 43(3): 2831
Zeng R Ang HS Liu GT etal. The Model and Power of Flexible Flapping-Wing. Acta Scientiarum Naturalium Universitatis
Sunyatseni 2004 43(3): 2831 (in Chinese)

10 Dickinson M H. The Wake Dynamics and Flight Forces of the Fruit Fly Drosoph Ilamelano Gaster. The Journal of Experimental
Biology 1996 199: 20852104

Exploring Propulsion Performance Analysis of
Bionic Flapping Hydrofoil

Ding Hao Song Baowei Tian Wenlong

( College of Marine Engineering Northwestern Polytechnical University Xi‘an 710072 China)

Abstract: Bionic flapping hydrofoil underwater vehicles show obvious advantages over traditional underwater vehi—
cles. One of the key problems in the bionic flapping hydrofoil research is the propulsion performance. Sections 1 2
and 3 of the full paper explain the exploration mentioned in the title. Their core consists of “The mechanism the
thrust property and propulsive efficiency of the bionic flapping hydrofoil propulsion is investigated by solving numer—
ically the incompressible Navier-Stokes equations in a non-nertial reference frame moving with the rigid foil. First

a 2-DOF motion model of the rigid flapping foil is developed. Then the computational domain was discretized into
unstructed grid within the ANSYS ICEM software. Finally numerical computations of the flapping foil movement
under various propulsion conditions were carried out by means of code Fluent.”. The computational results given in
Figs. 4 through 8 and their analysis demonstrate preliminarily the mechanism of flapping foil and show prelimina-
rily and quantitatively the relationship between the propulsion performance and the motion parameters including in—
flow velocity flapping frequency pitch amplitude and heaving amplitude; all these can be used as useful reference
in the further research of flapping foil propulsion technology. Section 4 gives some useful conclusions of the full pa—

per.

Key words: calculations computer software degrees of freedom ( mechanics) efficiency hydrofoil propulsion
mathematical models Navier Stokes equations; DOF dynamic mesh flapping hydrofoil propulsion
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