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Figure 15. Pressure Distribution Comparison, Airfoils 4 and 5§
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. g . . .

g Physical decomposition of skin friction drag ),

O FIK identity for spatially developing boundary layer.

FIK identity (Fukagata et al., 2002)

I. Boundary Layer
Thickness, ¢9

- |
szgnj 2(1 = y") (<u"v7) dy* +2f 2(1 =y") (=U*V*) dy*
0

Re;

I1. Reynolds Shear Stress, ¢’ I11. Mean Convection, c¢

IV. Spatial Development, ¢

*TT% A o gk 2rre
_QI (1- (SUU ou'u"’ L&U)dy?

dx*  Res 0x*?

f: Spatial average value in z direction

04: Displacement thickness

* : Non-dimenstionalized by
99% BL thickness ¢, & Streamwise velocity U.,
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[x] a
% g =

-4 Direct Numerical Simulation .

Governing Equations
» Continuity equation & Navier-Stokes equation

DNS Code: Based on Fukagata & Kasagi(JCP, 2002), Fukagata et al. (Phys. Fluids, 2006)

Creating boundary layer: Rescaling; using Lagrange interpolation (linear), Lund et al. (1996)

B.C.onroof 4, v, p: Neumann & w : Dirichlet (w = 0)

for Both parts...
BConwall #=w=0,v="V, & p:Neumann Inlet : Rescaled velocity (Lund et al.
¥ 1996) & NSCBC (Miyauchi et al., 1994)

.

o dp op _ 1
: . o T Usz = 2re"

Rescaled profile Recycle station

E Outlet : Convective outlet & NSCBC
=| | Velocity recyeling. |t

% e & - Boundary layer thickness

=

Rescaled profile

Control part

" a
% g

& Uniform blowing & Uniform suction 1822

Ctrl. input [%]

Uniform Suction

Standing zone

Parameters
0.01U, -0.01U,
Amp. 0.005U., -0.005U.,
0.001U, -0.001U,
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g . Flow visualization
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a) No control

b) Uniform blowing
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g . Statistics at Re,, =430
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1 Letr
'y = f crdx
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=24 OF +07, 1%US
Mean convection

1%UB

Uniform blowing
Cc<0

Reduction factor

Enhancement

e St ioan

Uniform suction

CE¢>0

Enhancement factor

Friction coeff. x 1000

Keio University

\ g ; Summary a

T o 22/22

O DNS with uniform blowing (UB) or suction (US) was performed
aiming at skin-friction drag reduction.

O Effect of UB & US on skin friction drag

Control Type Skin friction drag Viscous shear stress Reynolds Shear Stress

Uniform Blowing Q Q ﬁ
iy iy S

Uniform Suction

O Mechanism of drag reduction or enhancement by using FIK identity.

— Spatial development term, cP, and Reynolds shear stress term, ¢’
are dominant for skin friction drag. Mean convection term, c€,
reduces skin friction drag.

« UB: Mean convection term works as larger drag reduction factor.

« US: Mean convection term changes into drag enhancement
factor.

This document is provided by JAXA.





