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A Numerical Study on the Flow around a Rudder
using Blowing Effect

Je—Jun Park®, Seung—Hee Lee"™”

A Numerical simulation on the flow around a Rudder with blowing
is performed by Finite Volume Method. The governing equations
are three dimensional incompressible Navier—Stokes equation and
Continuity equation. Flow field around a finite Rudder including tip
vortex is simulated and the change of the lift force by blowing is
analvzed.

.M E

MEll AIBTlE Elrudder)e Hi2I XH MS0 2 &0 UASH 28
2 st Al =2 AHdg LR sl MOAXIOICH MBS Eiol AEE
HSIAIH EF 82 HEEN =48 B8z 20Ales 20 Clofl M3l
Ot 20 HIHISHH &=240] SII6HAIGH, 2 Etd2 26id Mo &It
E XAGHH Bl Cloh 20Xl 249 Adle HEH UALEB=2 £Jl
% HIHEC E2 JIE B ds8 SMAMAHA H &2 LHE 28 =
Ae XS HRM0 WETIUCH HOHEL LIHe & - 48 TF/ols
HHE 1) SHHO FAME HIIAIIHU S3 220M2 2 AKblowing),
fe= Ee(suction)& 0IR8IH circulation® ZEJIAIPle &Y, D2l 2
g(flap)t &S BIIEE2 E0lc €Y S0 MSEO. 2 A3 0Me
Coanda &1t 2HGIM EICl & HEWM 2AME 0860 &8 =2
g 20X SIALCH X HEAMOR2E= XA BIY=E4 Navier—Stokes
AN AKYUHAE MNE5IYL, |8 HEHE (Finite Volume Method)
1} SIMPLEC(Semi—implicit Pressure Linked Equation Consistent)& (il

0 >

— 1R8 —



{O

{ol

o SXMHCE HMSIRSH, Ol H-H 8O SH H& ATAE A8
oHRALE.

Of

1.1 Coanda &1t
HZ0! Henry Coandau arcean vaiz. nos, may 19751} BB SMNOR2 W B
O 220 SAIE U2 HE 0 2 =50 oldle @a-‘a Qé[i
220 M= STOL(Short Take Off and Landing)S0l &E2TIR
Bi. fig. 12 JI2 MY, fig. 2= B! &9 L0 Agez ng]
= Coanda S8 88 W8 LEMACH

}f@m»

CONVENTIONAL

BLOWY FL

e v, : » TANGENTIAL SLOWING
i/ o T2
rmmm. ovip. N
: - nwmumm ot - \

l'l!
.;_,!

” e ':__g E ®~ e CYLINDRICHL
' * - p vy
T pa .
. GOANDA
TRALL SR lboi
fig. 1 Basic circulation
control concept fig. 2 Circulation control
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01J1M. C,: blowing momentum coeff. m : blowing mass flux
V; + blowing jet velocity p. V. : reference density and velocity
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2800000 | O NACA0012
2800000 | O 0.04 NACA0012
2800000 | O 0.08 NACA0015
2800000 | 6 0.0 NACAQ012
2800000 | 6 0.04 NACA0012
2800000 | 6 0.08 NACAQ012
2800000 | O 0.08 12%CCfoil
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fig. 3 NACAO0015 and
12%CCfoil section Rudder
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fig. 6 Grid topology

fig. 7 Velocity vectors a
leading edge ( case A )

fig. 9 Velocity vectors a
fig. 8 Pressure contour {case D) trailing edge {( case D )
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fig. 11 Streamline (case G)

fig.12 30 streamline fig.13 3D streamline
{case D) (caseG)
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fig.13 Lift coeff. vs. fig. 14 Pressure coeff.
momentum coeff. (J=38, 7, 11, 20) (case G}
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