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"OyO K}[wD
|OOa Cq=}U l}t=v}O 'u=U; |UQDUO w q=@ CaQU 'sm |xv} Ry x@ xHwD =@
CiQW}B �� s�=OQ}e u=} QH |R=Ux}@W xrtHR= �� =yxv}tR |xty QO |O=} R ?=DW =@
p} wiQ}= pwL s�=OQ}e u=} QH u=tR=U=@ |xm@W R= xO=iDU= =@ u}kkLt "CU= xOQm
|=Q@ =yu; [6�4]"Ov=xOQm |R=Ux}@W s�=OQ}e Qr} w= CqO=at pL =@ =Q |v=Uwv p=@ w
xOQm xO=iDU= |RmQt hqDN= OwOLt sHL VwQ R= CqO=at |v=mt |R=UxDUUo
"OvO=O s=Hv= |}xrLQtQ=yJ |=Dwm� nv=Q K} QY VwQ =@ =Q |v=tR |Q}op=QoDv= w

=[i=wyCavY QO 'lQLDt s=UH= pwL s�=O Q}e u=} QH ẁvDt |=yOQ@ Q=m x@ xHwD =@
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|Ov@xm@W ẁv "OwW|Ov@xm@Wu=} QHu=O}t,q@k O}=@ 'u=} QH|OOa|R=Ux}@W|=Q@
OQ=Po@ |OOa VwQ |Q=O}=B w |}=Qoty CaQU Q@ |O=} R Q}F-=D Ov=wD|t u; |xR=Ov= w
QO =yMU=B uOW ?wr]t=v Ea=@ Ov=wD|t R}v ?U=vt=v |xm@W R= xO=iDU= |y=o w

"OwW pL u=O}t
w p} wiQ}= l}ORv QO xm xOW xO=iDU= |FrFt u=tR=U|@ xm@W R= j}kLD u}= QO
x}yD xm@W R= |}xvwtv "CU= |RQt x}q s_vt xm@W ẁv R= O=@ pvwD |=yQ=w}O RQt
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Abstract
Implementing wind tunnel tests is still required for bet-
ter understanding of the 
ow characteristics of aerody-
namic shapes. The �nite scales of wind tunnels usually
lead to models smaller than their prototypes. Thus, in
order to match the Reynolds Number, wind tunnel ve-
locity should be increased. However, engineers prefer
large models because increasing speed is not always pos-
sible. Enlarging models, compared to test section scales,
may introduce higher experimental error. Di�erent ap-
proaches for estimating these errors are given. But, in
the range of oscillatory airfoils, there is not any well
known method. The purpose of this study is to provide
a numerical method for estimation of wind tunnel wall
errors in the case of oscillating airfoil tests.
In this study, wall e�ects on the aerodynamic charac-
teristics of a pitching airfoil have been numerically in-
vestigated. The unstructured mesh is used to discretize
the 
ow �eld. In the vicinity of the airfoil surface, and
up/down walls, boundary layer grids are used. By main-
taining the quality of the grid, the grid moves with
the movement of the airfoil. An edge-base data struc-
ture is used, in which 
uxes are also calculated in an
edge-by-edge manner. The governing equations are two-
dimensional compressible Navier-Stokes equations.

115

Finite-volume spatial discretization based on central dif-
ferences is used. To avoid unwanted spurious oscilla-
tions, arti�cial dissipation terms are applied. A dual-
time implicit method is applied for time discretization
of equations. In order to model the turbulent terms,
a two-equation turbulence model (k-") is used. The
wall function approach is applied to investigate near wall
treatment. To optimize and gain the best grid, a grid
sensitivity test is applied. Several test cases are applied
and the results are compared with experimental data.
Results show that the presence of wind tunnel walls not
only increases the lift and drag coe�cients of the air-
foil, but also a�ects 
ow separation on the surface of the
airfoil. Flow inside the wind tunnel, in both steady and
unsteady regimes, has been numerically simulated. Also,
the sensitivity of the numerical results to the distance of
wind tunnel walls, for a spatial case, is obtained. Wall
e�ects on lift, drag and pressure coe�cients are investi-
gated separately. Finally, the corrections are presented
and the results are compared with free-stream results.

Key Words: wind tunnel wall e�ects, numerical solution,
turbulent compressible 
ow, oscillating airfoils.


