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UNSTEADY WALL INTERFERENCE EFFECT ON FLOWS AROUND AN OSCILLATING AIRFOIL
IN CLOSED TEST-SECTION WIND TUNNELS

Seung-Hee Kang, Oh Joon Kwon and Seung-Kyu Hong

For study on the unsteady wall interference effect, flows around a forced oscillating airfoil in closed
test-section wind tunnels have been numerically investigated by solving compressible Navier-Stokes equations. The
numerical scheme is based on a node-based finite-volume method with the Roe's flux-difference splitting and an
implicit time-integration method coupled with dual time-step sub-iteration. The Spalart-Allmaras one-equation model is
employed for the turbulence effect. The computed results of the oscillating airfoil having a thin wake showed that
the lift curve slope is increased and the magnitude of hysteresis loop is reduced by the interference effects. Since
the vortex around the airfoil is generated and convected downstream faster than the free-air condition, the phase of
lift, drag and pitching moment coefficients was shifted. The pressure on the test section wall shows harmonic terms

having the oscillating frequency contained in the wall effect.
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Fig. 1 Hybrid mesh around the NACA0012 airfoil for
turbulent flow computation (free-air, 23,174 cells,
15,881 nodes, 0.00001 initial thlckness with 20%
rate)
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Fig. 2 Variation of lift coefficient for various grid around an
oscillating airfoil (AGARD-CT2 case)
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Fig. 4 Variation of lift coefficient for rigid and deforming
mesh around an oscillating airfoil (AGARD-CT2
case)
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Table. | Comparison of drag coefficient for a stationary

NACA0012 airfoil.
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. 0.0544 Structure
Choudhuri et al.[17] 0.0547 Unstructure
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Present Calculation 0.0547 Unstructure




64 / SHRAMSH B A

5 28
12 Present {(deformable mesh, N -S) 1 o

______ Dubuc et al. (Euler)

. Experiment (C,, ) -

Experiment {C ) gy
-

Jo.075

1 &
5

1" o

J o025

075k P IR I \ 1 5025

Fig. 5 Normal force and pitching moment coefficients history
for an oscillating airfoil (AGARD-CT2 case).

S 5 @ A st
o] A

HAY7A ANEA F
o, B AT ujHA A=

=2 A4 Dubue 5

uae] ALgE ARAE AP o] o) A9l 45, o
1 4 AR s

2 ¥ AHgatel sk

19 ez @ nAe oy ol of Aslulg Al

: Ak Aol ErE o] olg A

of Wulstthn elrl Zrolxg, v Al Algel o
o] ANEA e 3

5
T
;

=

3
=
0%
ofl o
=
>
n
o o
o
P

fd
32,
=
fd

s

p

rE
o

AgFel A A AFEHRs NACA0012
Ay ¢ WAL FF 2 IR fed e sdsd
AR du g digh dge Aysiit 54 whel 5
Fo] Hi gk AAZoR Q3 HAIL Arror
AL Aoz AEFE= G FEdelA 2 AFer A
Fohe A49E stk At 2AE ARF wEke
03, HolEz & 48102 Ui §EGANA BFwezt
3160, MEzp 459°0) 1 ZHFIE 0081008 4 (T3}
2ol A A= Aotk ol WRIE dF
(turbulent airfoil)o]zt &k A|@H ol oy A |

el A 4ul7bx] WskE o} ARE s

Free-air

R hic=4
N - hic=3
— - hic=2

hic=1.5

a5k I S 1 SN B

a) lift coefficient vs. angle of attack

Free-air

05 T L
90 180 270 360

o(°)

b) lift coefficient vs. phase angle
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Fig. 14 Power spectrum of wall pressure coefficient on the test
section with the laminar airfoil installed (h/c=2)
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