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Abstract: The fluid-structure interaction effect for the aircraft exiting the water, entering the
water and navigating throgh the water is a key issue that affects navigation stability and structural
safety. Based on radial basis function method and modal superposition method, in this paper, the
coupling simulation between the cavitating flows and the structural vibrations during the aircraft
entry process is conducted, the fluid-structural interaction effect of the aircraft rudder wing with
the triangular section is investigated, and the supercavitation shape as well as its interaction with
the rudder wing is finally analyzed under different angle of attack (AOA) . Based on the result an-
alyses, when the inflow AOA ranges from 2° to 6°, the aircraft together with the rudder wing is
almost wrapped inside the supercavity. When the inflow AOA is 8°, the free end of the aircraft
wing would penetrate the supercavity interface, causing the exited hydrodynamic force an order of
magnitude larger than that under a smaller AOA, and the vibration characteristics becomes more
complicated.

Key words: Supercavitation; Fluid-structural interaction; Flow-induced vibration

: 2020-03-02; : 2020-04-21
(11872065)

(1983-), , s s . E-mail; dutezhuan@imech ac cn



3 29
0 b
, ( )
' 1
, 3
’ 2 ’
, 3 ( ) .
o L1
’ % v Gy —0 D
. Young'™ It o
y (7(‘0\;) - — _
+V . (pvv) - *Vj) +V . (2/45) -
: ot ()
2 _
, §V(/1V cv)+r
. Amromin ! ,
VOF
- Wu 7-GB
et NACAG66 '
, (LES)
Ducoin [ CFX ’
) ’ u; (x) w, ()
[8] ,
u,; (1)9
ANSYS . ,
u, () =u,(x) +u;(x) 3)
, Campbell wi () .
OpenFOAM , () =JG( lx — ' Du(ode’ ()
° ’ G(‘J 71/‘) ’
’ o o o 1 _
o T =pVV — V¥ s S:?(Ver
Vv . ,
, / a.
, o =a.0, ({1 —a,)p (5
. p=a.pu, T —a,)pu, (6)



30 2020 5

y [ v . N N N N
D=0, > xa=0, > ) via, =0, > za,=0 (13)
i=1 i=1 i=1 i=1

SIMPLE
y , N +4 Y ais
. PRESTO.,
. i Ax, =A A (14)
12 ’
1 X a1l Va2 T a3 ¢alx1 ¢alx2 ot ¢als;‘\"
’ Aa>: .
3. 2 mm, 18 mm, 40 mm, .
X al al Zal aM's aM's? °cc aMsN
304 : E = 194 GPa. Mo Y Ea o paa Pt e
s A=1Y0sV1sY2sVssa1s **vsan]
7 930 kg/m?, s
a s M
w; NED) ’ ’ ’
¢ o .
) EI ) T T
w: =B | (i =1,2,3,+) (D o JoAxc=[Ax,
oSt
¢ (x) =cospx — coshB,x —9; (sinf;x — sinhf,;zx) fi
(8) C. M =ALS. (15)
~cosB;l + coshf;l 9 )
o sinf,;l + sinhf/ |
B l=1 875, Bl =4 694, B,l=T7 855, ’
4 o & ’ . FLUENT
4 - o
1.3
(RBF)), M
N s =Dlaip(x —x; (16)
SO =7, Fria Froy F ezt Dlag(x —x. D
i=1 ’ 1)
(10) ’
5x:(-re Vo Z)v ”x_x,'”Z:(I_ °© ’
)+ (y—y)+(z—=2)", N ’
’ ¢ [11]
d o
), ds R
é =J¢<R > = (11) L4
10, d: >R ,
9d,:”x—x,|aR ’ ( 1)0
° © 9
, Z
ellxh=0—[xP'Ulx]|+D (12) , Z
(10) N-+4 , N . « 2.
(10) N 3), o

4 y 230,

b ’



’ 700 HZo
1 C 5,

Fig 1 The geometry of vehicle and the rudder wing
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Fig 4 The supercavity shape (angle of attack is 2°)
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