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Introduction

WO-DIMENSIONAL wind-tunnel wall interference is

important in the testing of airfoils, particularly at tran-
sonic speeds. The complex flow features at the ventilated
test section boundaries introduce uncertainties in the bound-
ary conditions. Therefore, modern wall interference calcula-
tion methods, in lieu of the classical boundary conditions, use
experimentally measured values of the pressure and/or flow
inclination at the wall to correct the test data. =

Reference 1 gives a comprehensive review of different
methods to calculate two-dimensional wall interference. Most
of the methods?? are based on subsonic flow theory and still
give useful results in the low transonic regime as long as the
flow is subcritical at the walls. Methods developed by Mur-
man* and Kemp® employ transonic analysis. Kemp’s method,
based on the solution of the transonic small-disturbance equa-
tion, represents the state-of-the-art in transonic wall inter-
ference calculations. The method is useful as a benchmark for
validating other simpler methods.

Reference 1 gives a comparison of the results of the various
methods for a test case of the Bauer-Garabedian-Korn (BGK-
1) airfoil tested in the National Aeronautical Establishment
(Canada) wind-tunnel two-dimensional test section. It is in-
teresting to note that the results for Mach number and angle-
of-attack corrections predicted by methods based on simple
model representation and wall pressure measurements agree
with Kemp’s method. Hence, for routine interference calcula-
tion in airfoil tests, the simpler methods offer a quick ap-
proach to estimate wall interference effects.

One of the main features of Kemp’s method is the repetitive
application® of the procedure until a satisfactory match be-
tween measured and calculated pressure distributions is ob-
tained. The repetitive application is often found to change
only the angle-of-attack correction without affecting the Mach
number correction significantly. For the test case reported in
Ref. 1, all of the simple approaches give a Mach number cor-
rection of —0.015 and an angle-of-attack correction of —0.67
deg. However, a second application of Kemp’s method yields
an angle-of-attack correction of —0.89 deg. '

The change in the angle-of-attack correction in the second
and subsequent applications in Kemp’s method arises because
of the uncertainty in estimating the upstream flow inclination,
which is not accounted for in the simple approaches. The
upstream flow inclination is often difficult to measure in
wind-tunnel tests. Kemp’s method uses a technique of match-
ing the airfoil camber line with the local flow angle to estimate
the upstream flow inclination. The purpose of this Note is to
examine two approximate methods to estimate the correction
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due to upstream flow inclination effects considered in Kemp’s
method. '

Analysis

The first method uses the well-known method of images. It
is assumed that the top and bottom wall effects are properly
accounted for in the simpler approaches and the ventilated test
section permits proper deflection of the streamlines down-
stream. Hence, the only effect that needs to be considered is
the change in the upstream condition due to the airfoil model.
At the entry of the test section, it is reasonable to presume that
the strong effect of the wind-tunnel contraction persists in
keeping the flow along the axis of the tunnel. ‘

The model lift, which can be represented by a point vortex,
requires the streamline shapes to vary logarithmically
upstream in the free air. This effect is suppressed by the wind-
tunnel contraction. Hence, the effect of the contraction in the
wind tunnel can be represented by a single image vortex
located upstream of the test section entry. The strength and
direction of rotation of the image vortex will be the same as
the vortex representing the airfoil circulation, as shown in
Fig. 1. '

The image vortex induces correction to the downwash velo-
city along the test section centerline. The induced velocity »
due to the image vortex is given by

v = —(/27) [Bx/(x* + B2y*)] M

where T is the airfoil circulation and 8 is the compressibility
factor. The distances x and y are measured from the image
vortex. At the airfoil quarter chord location corresponding to
x = 2L and y = 0, Eq. (1) can be simplified to give

v/ Ug = —(CICB/ 8wL) 2)

where c is the airfoil chord, C, is the airfoil lift coefficient,
and U, is the freestream velocity. The angle-of-attack correc-
tion at the airfoil quarter chord location can be easily esti-
mated from Eq. (2) for the airfoil lift and the test Mach
number. :

The second approach.is much simpler. As shown in Fig. 2,
instead of the image vortex, it is assumed that the streamlines
passing through the upstream end of the test section are
rotated to correspond to the free air streamline slope. The
slope of the streamlines in free air at the upstream end, due to
airfoil lift, is given by

ay = Ccf/ 4L ' 3)
However, if the streamlines are rotated by oy, the airfoil lift

will change, due to change in angle of attack. Assuming the
rotation required is «,,, it can be written that

@ = oy — (AC,cB / 4xL) @

where AC, is the change in the lift coefficient. Assuming a lift
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'Fig. 1 Image vortex method.
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Fig. 2 - Rotation of streamlines passing through the test section
upstream end.

curve slope of 24/ 3, the rotation of the streamlines required at
the upstream end is given by

o, =a;/ (1 +c/2L) . 5)

The correspending correction to airfoil angle of attack will
be — o,

Results and Dlscusswn

For the test case considered in Ref. 1, the test Mach number
is 0.784, lift coefficient 0.764, airfoil chord 25 cm, and the dis-
tance from the entry of the test section to the airfoil quarter
chord location 206 cm. Substituting these values i in Eq. (2), the
first approach gives an angle- of-attack correction of —0.13
deg. Combining this with the top and bottom wall angle-of-
attack correction of —0.67 deg gives a total correction to.an-
gle of attack of —0.80 deg, which is close to the result of
Kemp’s method with a second pass. The agreement suggests
that the simple well-known image vortex method accounts to a
large extent for the upstream flow inclination effect.

Applying Eq. (5), the second approach gives a correction of
~0.25 deg: With this, the total correction for the angle of at-
tack becomes — 0.92 deg, which fortuitously gives a much bet-
ter agreement with Kemp’s method. The two approaches ac-
count for  upstream. effects; but the magnitude of the
corrections is different due to different flow models con-
sidered. Both the approaches give the same flow conditions at
the test section entry. However, the flow boundaries upstream
of the test section entry are not properly simulated. Good
agreement of results by the second method for the test case is
encouraging. More detailed comparisons for different test
cases will help in determining the extent of corrections re-
quired for a particular test section.
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The present analy51s suggests that the correctlon increases
linearly with lift coefficient, as noted in the extensive study of
Kemp’s method in Ref. 6.. The correction tends to become
smaller with an increase in test Mach number due to reduced
upstream effect. The present results with the results of the top
and bottom wall interference calculation methods will be
useful in making a quick estimate of the interference effects.

Conclusnon

The correction to angle of attack due to upstream flow in-
clmatlon is estimated using two different approaches. The
methods are an image vortex in the contraction and rotation
of streamlines passing through the test section upstream end,
respectively. The magnitude of the corrections predicted by
the two methods is different; the method based on the rotation
of streamlines is found to be in closer agreement with the
results of the more refined calculations. Since the physical
flow upstream of the test section entrance is not properly
represented in both methods, it appears that the results of the
two methods give bounds of corrections for the angle of at-
tack. Detailed calculation for a specific test section will be nec-
essary to determine the extent of correction needed.
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