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APPLICATION OF AN IMMERSED BOUNDARY METHOD TO SIMULATING FLOW
AROUND TWO NEIGHBORING UNDERWATER VEHICLES IN PROXIMITY

K Lee and K.S. Yang*
Dept. of Mechanical Engineering, Inha Univ.

Analysis of fluid-structure interaction for two nearby underwater vehicles immersed in the sea is quite
challenging because simulation of flow around them is very difficult due to the complexity of underwater vehicle
shapes. The conventional approach using body-fitted or unstructured grids demands much time in dynamic grid
generation, and yields slow convergence of solution. Since an analysis of fluid-structure interaction must be based
on accurate simulation results, a more efficient way of simulating flow around underwater vehicles, without
sacrificing accuracy, is desirable. An immersed boundary method facilitates implementation of complicated
underwater-vehicle shapes on a Cartesian grid system. An LES modeling is also incorporated to resolve turbulent
eddies. In this paper, we Will demonstrate the effectiveness of the immersed boundary method we adopted, by
presenting the simulation results on the flow around a modeled high-speed underwater vehicle interacting with a
modeled low-speed one.
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Fig. 1 Velocity arrangement for the construction of prolongation
operators in two-dimensions
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Fig. 11 Instantaneous velocity vectors in x-z plane at time=1.28sec;
(a) vectors in the torpedo tube, (b) vectors behind the underwater vehicle

SoslaA B9 Age T s, SAE 9
| 2=3e v 99 75 37687071 Lk Fig. 8(a)~

7] xz HM B8 725 JERYH, Fig §(b):= =
17} Al Hds] 2EE u] xz oA gai ?—ig
ok oA Ao wE B8] WAL =}

FH0E 228 4% FAT 5 Uk

o] rﬂu SAC] HES R "ot 7] S5
10 m/soﬂ/ﬂ =3 7 Al —x Weko g9 dHo
3l &x7f EO%E%H H=d, Ea% ? 172 29 £571

WO A U5t &5

>o
=

—0.0165 m/s7} B} y =
Q& £57F AL 0 m/sE

28 by Q7] wie] —2
glo] 9E & 1% Fo £5
WREEo 2= 7)5k8lA] oA
SAE) Fig by A7kl mE %8
| frAE AFE dehd 2o
8’! Qo] Zﬂ,] ]_o:]]:]_

Cy= —F,/(0.5p,U°A)

F/(0.5p,U%A)
C,=F,/(05p,U°A)

O

10 m/s<

AH831

B} e 73k

=

(14)

(15)
(16)



56 / J. Comput. Fluids Eng.

K. Lee - K.S. Yang

<

—OENWRALNONN000
hihbhiihihininhnin

Fig. 12 Instantaneous u-velocity contours in x-z plane at time=1.28sec

Fig. 13 Instantaneous three-dimensional vortical structure
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