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ABSTRACT

A numerical analysis of a turbulent flow with a ‘large-eddy breakup device(LEBU)’ was performed to investigate
the influence of the device on the drag of underwater vehicle using commercial CFD code, FLUENT. In the
present study, the vehicle drag was decomposed to skin-friction coefficient(C;) and pressure coefticient(C,). The
variation of the vehicle C; and C, were observed with changing location of the device and Reynolds number. As a
result, the device decreased the vehicle C; because it suppressed the turbulent characteristics behind the device. The
larger Reynolds number, the higher reduction effect when the device was placed in front part of, and near the
vehicle. On the other hand, the device increased/decreased the vehicle C, with increasing/decreasing turbulent

kinetic energy at recirculating flow region behind the vehicle. The total drag change by the device was caused by

C, rather than C

Key Words : Drag(*&), Computational Fluid Dynamics(14H+A]<18h), Flow Control(+% #©1)

Z/Negdy Re Reynolds number [ -1
X Streamwise position [m]
G Skin-friction coefficient [ -1 ¥ Wall-normal position [m]
G, Pressure coefficient [-] L Length [m]
Ca Drag coefficient [ -1 R Radius [m]
T Thickness [m]
* Corresponding author, E-mail: joonseok kim@add.re.kr A Area of surface [m?]
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Cor Correlation coefficient [ -1
<> Sample mean value [ -1
de(A 24}
Ty wall shear stress [Pa]
p Density [kg/m’]
i Dynamic viscosity [Pa * s]
o4 HX
— Mean value
’ Fluctuation value
5t H Xt
L Variable of LEBU [ -1
% Variable of underwater vehicle [ -]
o0 Variable of free-stream [ -]
LE/TE  Variable of leading/trailing edge [ - ]
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Fig. 1. Schematic diagram of computational domain

Fog ﬁﬂ% o|FnE FAFo st Ui 7
AxAS F-o H’iu} Artell AHEEE AeAlE A
29| EH,0) EAE FJ3ih

?_

AME $18t AR+ AP (quadrilateral) A A=
Atk & ALRE Fskrlel ebA siA Aol A4
2} olEAE HAFs] S8, viET e R o]8E LEBU
7F = Aol st 4714 Azp 7ol ik o
XS KPeATt. 47HA] caseoll dial FEEA &

=1

FEEA AY VA= 3G

Holl AAE Az 45, 3 AR A} 3-8 9 1A 2
ol Al FAgk whgko w0l Az b4 F7h vlgol o
3 AHE Table 19 T7138M9 7t case® HEF AR+
Al*E“A node S 247} 305304, 259674, 205904 12

I 1697192 AAE I} Fig 2& FE5A Tl
H e ¢, 2 949 pE UrE}L" Zo]t}. case 39

ARl T8 AMEeRE AS- AR &S A
I FAlel ARE AR HASLE olE 7 das g
gk 4 Q) & Aol A= case 39 AR A4S H)

gor M xlgom, LEBU FWe] Azt HA

EEA e AR FLsHA Felsklt
Fig. 32 £ AlablA ti&ai(wio LEBU)Z} LEBU7F
tiste] FE A2 HE](leading edge),
& (trailing edge) ! LEBU F¥l<9 Ax} F4& H
FaL Stk

_1

Table 1. Grid information near the underwater vehicle

Number of node m|nl|mum y .
Tesaling, aen of first node | stretching
9, > | (leading, side, ratio

tralling edge) | koo edge)

case 1 70, 500, 90 0.81, 0.27, 0.51 1.05

case 2 60, 450, 80 1.01, 0.33, 0.63 1.05

case 3 60, 400, 70 1.01, 0.33, 0.63 1.08

case 4 55, 400, 60 1.20, 0.38, 0.75 1.10

Fig. 2. Grid dependency test on the vehicle surface
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Table 2. Parametric variables of this study
Parametric variables
xi/L, 0, 0.125, 0.375, 0.625, 0.875, 1.0
(1—R)/R 0.05, 0.1, 0.15, 0.2, 0.25
Re 49761, 95521, 199043
__________ 0003
(y-R‘)iR‘ (0.@0.”

Ty, L

v

Fig. 4. Schematic diagram of position of LEBU
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