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Wall Interference Assessment/Correction
for Transonic Airfoil Data

Lawrence L.. Green* and Raymond E. Mineckf
NASA Langley Research Center, Hampton, Virginia 23665

Two sets of transonic airfoil data were obtained from the same model tested in both porous, planar-wall and
solid, shaped-wall wind tunnels. The published data agree reasonably well with each other but differ signifi-
cantly from two-dimensional, free-air Navier-Stokes calculations for the same airfoil. An existing computational
wall interference assessment/correction (WIAC) procedure was applied to the porous- and shaped-wall data
sets. The WIAC corrections generally improve the correlation between the two data sets. Simultaneously, the
WIAC corrections also generally improve the correlation between the data and the Navier-Stokes calculations.

Nomenclature

= model chord

= section drag coefficient

section normal force coefficient

= pressure coefficient

= Mach number

Reynolds number based on model chord
chordwise distance from model leading edge
normal direction coordinate

angle of attack
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Introduction

IND-TUNNEL test section walls impose artificial con-

straints on the flow around a model. In the past, analyt-
ically derived corrections have been applied to test results to
account for these constraints. More recently, computational
wall interference assessment/correction techniques, based
upon potential flow theory, have been developed to account
for these constraints. Alternatively, the artificial constraints
can be reduced or possibly eliminated by modifying the flow at
the test section boundaries through the use of ventilated- or
adaptive-wall test sections. This paper compares the
aforementioned techniques for transonic CAST 10-2/DOA 2
airfoil data; this airfoil section was selected because published
results! indicate that its acrodynamic characteristics are sensi-
tive to small changes in the test conditions.

The model was first tested in the porous-wall National Aero-
nautical Establishment (NAE) Two-Dimensional High Reynolds
Number Facility. The results were corrected for top and bottom
wall interference using a classical analytical correction tech-
nique. The same model was subsequently tested in the NASA
Langley Research Center 0.3-m Transonic Cryogenic Tunnel
(TCT) adaptive-wall test section. Both data sets were then cor-
rected with a unified, four-wall, post-test, transonic wall inter-
ference assessment/correction (WIAC) technique. Compari-
sons of the published and WIAC corrected data were made
with two-dimensional, free-air Navier-Stokes calculations.

Presented as Paper 90-1406 at the AIAA 16th Aerodynamic Ground
Testing Conference, Seattle, WA, June 18-20, 1990; received Nov. 8,
1990; revision received April 5, 1991; accepted for publication April 5,
1991. Copyright © 1990 by thé American Institute of Aeronautics and
Astronautics, Inc. No copyright is asserted under Title 17, U.S. Code.
The U.S. Government has a royalty-free license to exercise all rights
under the copyright claimed herein for Governmental purposes. All
other rights are reserved by the copyright owner.

*Research Engineer, CAB/FIAMD, M/S 128. Senior Member AIAA.

fTResearch Engineer, TAB/AAD, M/S 361.

Experiments
Description of the Model _

The NAE of Canada designed and fabricated a model with a
9-in. (22.86-cm) chord and a CAST 10-2/DOA 2 airfoil sec-
tion. The airfoil is nominally 12% thick and has a design sec-
tion normal force coefficient of 0.6 at the design Mach
number of 0.765. A sketch of the airfoil section and the upper
surface pressure orifice layout are presented in Fig. 1. The ori-
fices were staggered about the model centerline to minimize in-
terference among the neighboring orifices; smaller diameter
orifices were used over the forward portion of the model to
reduce any orifice size effects where the pressure gradients
could be large.
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Fig. 1 Sketch of the CAST 10-2/DOA 2 airfoil model and the
pressure orifice locations.
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Description of the NAE Wind Tunnel

The model was first tested in the NAE Two-Dimensional
High Reynolds Number Facility®? to obtain the porous-wall
test results? reported herein; these data were then corrected’
for top and bottom wall interference effects, as described in a
later section of this paper. A sketch of the NAE Two-
Dimensional High Reynolds Number Facility test section is
presented in Fig. 2. The test section is 15 in. (38.10 cm) wide
and 60 in. (152.40 cm) high with no wall divergence. The
sidewalls are solid; the top and bottom walls are porous and
covered with a 30 mesh, 40% open screen to reduce the edge-
tone noise. The resulting overall porosity of the walls is 8.4%.

The model is mounted on a turntable within an 18-in.
(45.72-cm) x 24-in. (60.96-cm) porous panel covered with a
woven wire sheet. This porous panel has only a moderate level
of suction, intended to control the adverse growth of the
boundary layer from the pressure signature imposed on the
sidewalls by the model. Normal force coefficients reported
herein were deduced from the pressure coefficient measure-
ments, whereas the drag data were computed using the meas-
urements from the total head probe mounted 1.78 chords
downstream of the model trailing edge on the test section’s
centerline,

Description of the NASA Wind Tunnel

The model was subsequently tested in the NASA Langley
0.3-m TCT® with the two-dimensional adaptive-wall test sec-
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tion’ insert. A sketch of the adaptive-wall test section with the
plenum sidewall removed is presented in Fig. 3. Although the
tunnel includes capability for sidewall boundary-layer control,
this capability was not used in the present tests.® The test sec-
tion is 13 in. (33.02 cm) tall x 13 in. (33.02 cm) wide at the en-
trance. All four walls are solid. The sidewalls are rigid and
parallel; the top and bottom walls are flexible and movable
with the shape of each wall determined® by 21 independent
jacks. Pressure orifices are located at each jack position on the
centerline of the top and bottom walls. The model is sup-
ported between sidewall turntables. Normal force coefficients
reported herein were deduced from the pressure coefficient
measurements, whereas the drag data were computed using
the measurements from the total head probe 1.2 chords behind
the model trailing edge on the test section’s centerline.

Test Program

Test conditions were selected to emphasize the high sub-
sonic and transonic Mach numbers and the high Reynolds
numbers that are possible in the two wind tunnels. The pri-
mary goal of these tests was to compare correction techniques
for wall interference and not to measure airfoil performance.
To eliminate different transition effects between the two data
sets, both tests were conducted with transition strips placed on
both surfaces of the model. The grit size was determined!® for
a Reynolds number of 10 x 10%. Carborundum grit no. 320
with an average grit size of 0.0011 in. (0.03 ¢cm) was used for
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Fig. 2 Sketch of the NAE 15 x 60-in. Two-Dimensional High Reynolds Number Facility.
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Fig. 6 Comparison of results, Re,~10 x 105 and M=0.765.

both tests. The transition strip was located at the 5% chord
location and was nominally 0.1 in. (0.25 ¢m) wide.

The model was tested over a wide range of Mach numbers
and Reynolds numbers; this paper will focus on those tests at
Mach numbers from 0.700 to 0.765 and at a chord Reynolds
number of 10 x 10%. The angle of attack was varied from
about —2 deg through the stall angle. The angles of attack
were chosen for the shaped-wall tests to obtain data at the
same normal force coefficients as were obtained in the porous-
wall tests.

Wall Interference Correction Techniques

Three types of wall interference correction techniques have
been used. First, the potential flow technique was used to cor-
rect the porous-wall data for top and bottom wall inter-
ference. Second, the adaptive-wall technique was used to
reduce the top and bottom wall interference in the shaped-wall
tests by positioning the flexible walls. Third, the unified, four-
wall, post-test transonic WIAC technique was used to correct
the results from both tests. All of these techniques use
measured data at or near the test section walls to determine the
necessary corrections. The different correction techniques are
summarized below.

Two-Wall Correction Technigque

The porous-wall data* were corrected for top and bottom
wall interference with the analytical technique of Mokry and
Ohman.’ This correction technique assumes that the flowfield
near the test section boundaries can be represented by poten-
tial flow theory with linearized compressibility effects. The
wall-induced streamwise disturbance velocity satisfies La-
place’s equation within a rectangular control surface. The
streamwise disturbance velocity on the control surface can be
determined from the pressure distribution on the control sur-
face, the model lift, and the model thickness; pressures along
the upstream and downstream faces of the control surface are
determined by interpolation. The resulting Dirichlet problem
is solved using Fourier transform methods. Corrections to the
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model angle of attack and Mach number are computed at the
quarter chord point of the model.

For the porous-wall data, the correction to angle of attack
increases with normal force coefficient but is independent of
Mach number. The correction to the Mach number increases
with both the Mach number and the normal force coefficient.

Wall Adaptation Technique

The results® from the shaped-wall tests were ‘‘corrected’’
for top and bottom wall interference by the appropriate move-
ment of the flexible walls, using the adaptation technique of
Wolf and Goodyer.? This technique positions the top and bot-
tom walls along free-air streamlines so that they do not inter-
fere with the flow about the model. To accomplish this, the
flowfield is split into two regions: a ‘‘real’’ flowfield inside a
control surface and an ‘‘imaginary”’ flowfield extending from
the control surface to infinity. The control surface is the effec-
tive wall position, that is, the physical wall position adjusted
for the displacement thickness of the boundary layer. The wall
position and the wall pressures are measured to determine the
magnitude and direction of the real flowfield velocity. The
flow at the control surface is assumed to be irrotational, invis-
cid, and subsonic; therefore, potential flow theory with
linearized compressibility effects can be used to compute the
imaginary flowfield. The difference between the measured and
the computed flow magnitudes is used to compute several wall
streamlining criteria. If all of the criteria are satisfied, the wall
shape is considered to be a streamline. If they are not satisfied,
the velocity differences along the boundary are used to predict
a new wall position for another iteration.

Unified Wall Interference Correction Technique

The published results from each of the two tests, referred to
herein as the baseline results, should be free from any signifi-
cant top and bottom wall interference. Such interference in the
porous-wall results* was corrected by a classical analytical
technique.® The interference in the shaped-wall results® was
reduced to what was deemed an acceptable level by the move-
ment of the adaptive walls.® However, both sets of published
results contain interference from the test section sidewalls, and
the shaped-wall results could contain a small level of residual
interference from the top and bottom walls. Clearly, all of the
results should be as free as possible from any interference to
approach free-air results.

A unified, four-wall, post-test, transonic WIAC proce-
dure, "1 which can treat both shaped solid and porous planar
top and bottom walls, has been applied to both data sets. The
WIAC procedure involves a global iteration, each iteration or
“pass” of which involves three solutions of the two-
dimensional TSDE. In the first solution, the tunnel geometry
is modeled and the Mach number is adjusted according to the
Murthy sidewall boundary-layer approximation'4-'¢ while the
TSDE is solved in an inverse fashion using measured wall and
model pressures as boundary conditions. This step deduces an
effective inviscid body shape that approximates the model and
all of the viscous effects (even including separation and shock
interaction with the boundary layers) on the model and all of
the four tunnel walls. The second TSDE solution models free-
air flow around this effective inviscid body while the Mach
number and the angle of attack vary incrementally. This step
determines the freestream Mach number and angle of attack
for which the calculated free-air pressure coefficient distribu-
tion best matches the pressure coefficient distribution
measured on the model during the test (including Mach
number renormalization effects). The third TSDE solution
uses the freestream conditions determined from the second
solution and a source/vortex representation of the effective in-
viscid body from the first solution to determine the *‘classical-
like”’ interference field.

The Neumann boundary conditions used in the two-
dimensional TSDE solver require the upwash velocity compo-
nent (in the x-z plane of Fig. 1) to be specified at the inflow
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face of the test section to obtain a unique correction. In prac-
tice, the inflow upwash velocity component is rarely measured
during airfoil tests, and no such flow measurement was made
for the data considered in this paper. Thus, the upwash velo-
city component must be deduced iteratively, as previously
demonstrated.'?>-'5 Up to three global iterations or ‘““passes’’
of this procedure may be required to deduce the flow an-
gularity at the inflow face of the test section and establish a
unique boundary condition for the TSDE at the inflow face.
These passes simultaneously act to properly align the com-
puted effective inviscid body with the tested model.

Navier-Stokes Free-Air Calculations

The two-dimensional, free-air Navier-Stokes calculations
presented in this paper were obtained from a code developed
by Swanson and Turkel,!” based on the explicit, finite-
volume, multistage Runge-Kutta scheme for solving the Euler
equations developed by Jameson et al.'® The algorithm is for-
mally second-order accurate except near shock waves where
the controlled addition of dissipation!® permits shock captur-
ing without oscillations. This scheme has the highly desirable
property that the steady-state solution is independent of the
time step. The efficiency and robustness of this scheme has
been successfully demonstrated.!® Numerical efficiency is
achieved by employing multigrid, local time stepping and im-
plicit residual smoothing techniques to accelerate the conver-
gence to a steady state. Computational efficiency is achieved
through considerable vectorization of the computer code.!
The turbulence model is a modified Baldwin-Lomax model.?°
All of the solutions were performed on a 320 X 64 C-mesh
(128 points on the airfoil), with transition fixed at 5% of the
airfoil chord.

The Navier-Stokes solutions provide an alternative assess-
ment of the model pressure coefficient, normal- and drag-
force coefficients for specified flow conditions. This assess-
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ment is independent of any wind-tunnel measurements and
represents the current state of the art for computation of two-
dimensional free-air flows at given flow conditions. When the
Navier-Stokes solutions are compared to the wind-tunnel
data, any differences between the two types of data should be
attributable to correctable two-dimensional wall interference,
to three dimensionality of the wind-tunnel flowfield, or to tur-
bulence modeling, since other relevant flow physics are ac-
curately modeled by the Navier-Stokes solution.

Aside from an independent assessment of the flowfield, the
Navier-Stokes solutions also provide a set of fixed reference
curves in the figures, which may aid in the assessment of the
corrections that are applied to the wind-tunnel data. An argu-
ment can be made that comparisons between data and theory
should be made only at the corrected flow conditions, but this
necessarily complicates the presentation and assessment of the
corrections, since each data point would then have a specific
and unique Navier-Stokes curve for comparison. Also, since
the data corrections are usually large relative to the effects of
Mach number changes in the Navier-Stokes solution, im-
proved data correlation is generally apparent with calculations
performed at the nominal tunnel flow conditions. If the wall
interference is sufficiently great, comparisons between the cor-
rected wind-tunnel data and two-dimensional calculations,
even at the corrected conditions, will not resolve all of the dif-
ferences between these data sets, so the extra expense and ef-
fort required to make such comparisons may not be justified.

Discussion of Results

Three types of figures with given Mach number, Reynolds
number, and/or nominal normal force coefficient are pre-
sented. First are model chordwise pressure coefficient plots.
Second are normal force coefficient vs angle of attack curves.
Third are drag coefficient vs Mach number curves. The nor-
mal force coefficients have been deduced from the pressure
coefficient, whereas the drag coefficients were obtained from
wake-rake measurements taken behind the airfoil model.

The pressure coefficient plots reveal the structure of the
flowfield on the model surface, including the placement of the
shock, which strongly influences the correction procedure.
The normal and drag force coefficient curves reveal more
global characteristics of the flowfield, including the lift break
and increased drag that accompany flow separation. Speci-
fically, the normal force coefficient curves are intended to
highlight the effects of angle of attack corrections, whereas
the drag force coefficient curves are intended to highlight the
effects of Mach corrections. These effects appear as horizon-
tal translation of the data points in the respective curves;
renormalization effects, which allow for proper comparison
of the data at the corrected Mach number, appear as vertical
translation of the data points in the curves. Another effect of
the Mach correction is observed in the normal force coeffi-
cient curves, as the slope of the curve first increases, then
decreases, with Mach number for the transonic flows con-
sidered here.

All results presented herein are at a Reynolds number of 10
x 10° based on the model chord of 9 in. (22.86 cm) and with
transition fixed at the 5% chord location. The baseline
shaped-wall results were used as inputs to the transonic WIAC
technique. Uncorrected porous-wall results, that is, without
the corrections of Mokry and Ohman, also were used as inputs
to the transonic WIAC technique. Note in Figs. 4-8 that the
symbol shape and symbol fill are used to distinguish the
various data types. (On plots, BSLN refers to baseline data,
UNC to uncorrected data.)

The results for a Mach number of 0.700 are presented in
Figs. 4a and 4b. The three chordwise pressure distributions of
Fig. 4a are in reasonably good agreement, although some dif-
ferences exist, particularly on the upper surface of the airfoil.
The baseline porous-wall data are shown at M=0.701,
a=0.580 deg, and ¢, =0.366; the baseline shaped-wall data
are shown at M=0.704, «=0.800 deg, and ¢, =0.424; the
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Navier-Stokes results are shown for the nominal tunnel condi-
tions of M= 0.700, o= 0.700 deg, with ¢, =0.477. The normal
force coefficient vs angle of attack behavior is shown in Fig.
4b. As expected, the uncorrected porous-wall data and the
baseline shaped-wall data differ considerably. The Mokry-
Ohman correction that is used to obtain the baseline porous-
wall results dramatically improves the correlation with the
shaped-wall data, but the slopes and zero intercepts of the two
baseline data sets still differ somewhat. Also, both baseline
data sets differ noticeably from the Navier-Stokes free-air
results. The WIAC corrections also shown in Fig. 4b improve
the agreement between theory and experiment considerably.
The slopes of all three data sets over the linear portion of the
curve are in excellent agreement, although the curves are still
displaced from one another. The WIAC correction moves the
shaped-wall baseline data and the porous-wall uncorrected
data to the left, which improves the correlation with the
Navier-Stokes results.

The results at a Mach number of 0.750 are presented in Figs.
5a and 5b. The measured pressure coefficient distributions in
Fig. 5a are in good agreement with each other but not with the
Navier-Stokes results, especially on the upper surface. The
baseline porous-wall data are shown at M=0.751, «=0.573
deg, and ¢, =0.387; the baseline shaped-wall data are shown
at M=0.750, «=0.493 deg, and c, =0.391; the Navier-Stokes
results are shown for the nominal tunnel conditions of
M=0.750, «=0.500 deg, and c,=0.509. The disagreement
between the computed and measured pressure coefficient dis-
tributions can be attributed to at least three causes. First, the
Navier-Stokes calculations are performed at the baseline
nominal tunnel Mach number and angle of attack, not the
WIAC corrected Mach number and angle of attack. Second,
the Navier-Stokes calculations were performed to simulate
two-dimensional, free-air test conditions and the experimental
measurements suggest that there were three-dimensional ef-
fects present in the experiment. Third, the turbulence model
used in the Navier-Stokes calculations underpredicts the sepa-
ration region of the flow, which allows the shock to move too
far downstream. The agreement between the lower surface
pressure coefficient is a good measure of how well the flow
conditions have been matched for this sensitive airfoil.?!-22
The differences suggest that a residual correction to the Mach
number and the angle of attack is needed. The agreement of
the baseline section normal force coefficient data, shown in
Fig. Sb, with each other is quite good. Again, the improve-
ment in correlation of the porous-wall data with the Mokry-
Ohman correction is quite noticeable, but the two baseline
data sets differ considerably from the Navier-Stokes results.
The WIAC corrections also shown in Fig. 5b again improve
the correlation of the two data sets with the Navier-Stokes
theory; over the linear portion of the curves, the agreement be-
tween the section normal force curve slopes is excellent; how-
ever, the curves are still displaced from ecach other. One
shaped-wall data point at the highest ¢, appears to have
received too large of a correction; a similar phenomenon oc-
curs as the Mach number is increased, and more discussion of
this problem follows. '

The results at a Mach number of 0.765 are presented in Figs.
6a and 6b. The chordwise pressure distributions are presented
in Fig. 6a. As was found at a Mach number of 0.750, the base-
line experimental pressure distributions are in good agreement
with each other but not with the Navier-Stokes results. The
baseline porous-wall data are shown at M=0.766, a=0.550
deg, and ¢, =0.394; the baseline shaped-wall data are shown
at M=0.766, o =0.489 deg, and ¢, =0.412; the Navier-Stokes
results are shown for the nominal tunnel conditions of
M=0.765, «=0.500 deg, and c, =0.504. Although not
shown, the differences in the pressure distributions increase as
the Mach number or angle of attack increases. The agreement
of the slopes of the section normal force curves, shown in Fig.
6b, is better between the two baseline results than between
either one and the Navier-Stokes free-air results. The WIAC
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corrected results are also presented in Fig. 6b. As was the case
at the lower Mach numbers, the slopes of the WIAC corrected
results and the Navier-Stokes results are in excellent agreement
at the low section normal force coefficients.

The point previously mentioned in Fig. 5b and the three
shaped-wall data points in Fig. 6b with the highest ¢, received
large corrections and are moved to the left side of the Navier-
Stokes curve. A similar problem was noted? for this CAST-10
data and also with NACA 0012 airfoil data'* from the same
facility at high lift coefficients and Mach numbers. The source
of the correction problem, however, may well be physical
rather than numerical. The correction problem coincides with
the possible onset of three-dimensional flow in the test section
at supercritical Mach numbers. A large spanwise gradient in
the wake-rake drag coefficient for the shaped-wall data at
these conditions suggests that three-dimensional flow is pres-
ent in the test section. Similar analysis of the porous-wall
wake-rake drag coefficient data at the same conditions showed
much less of a spanwise gradient, probably due to the benefits
of sidewall suction near the airfoil in the prone-wall tunnel.
Moreover, for these high lift, transonic cases, the supersonic
region begins near the leading edge where the sidewall bound-
ary layer is thinning rapidly as the flow is expanding super-
sonically. The supersonic region terminates in a strong shock
on the aft part of the airfoil, which may cause separation of
the model and sidewall boundary layers. The characteristics
for this supersonic region extend across the test section, nearly
normal to the side walls; the characteristics are then reflected
off a highly-shaped sidewall boundary layer to influence the
flow at the midspan station, virtually independently of the
tunnel width. The Murthy sidewall boundary-layer approx-
imation used in the WIAC corrections assumed strictly sub-
sonic flow at the wall and that the disturbances die off quickly
in the spanwise direction as the tunnel width is increased. More-
over, the separation and three-dimensional flow described
earlier can only be properly accounted for by a three-
dimensional Navier-Stokes analysis.?*> The onset of three-
dimensional flow cannot, however, be conclusively proven
since no flow visualization is available in the 0.3-m TCT.

Additional normal force coefficient results®* for Mach
numbers of 0.78, 0.79, and 0.80 exhibit features similar to
those of the Mach 0.765 case. The region of two-dimensional
flow becomes smaller or nonexistent, and agreement with the
Navier-Stokes results deterioriates as the Mach number and
the normal force coefficient increase. These results, however,
along with those of Figs. 4-6, were interpolated to determine
the drag rise characteristics of the airfoil. The drag rise as a
function of Mach number is presented in Figs. 7a and 7b for

, =0.2 and 0.4, respectively. The level of drag measured in
the two wind tunnels differed from each other and from the
Navier-Stokes calculations. Also, the drag rise Mach numbers
for the uncorrected and baseline experimental data are higher
than for the Navier-Stokes data. Correlation is poor even be-
tween the baseline data sets above the drag rise Mach number.
The WIAC corrections improve the correlation between the
two measured data sets into the drag rise region and improve
the correlation of the drag rise Mach number among all of the
data sets. The WIAC corrections presented in Fig. 7, however,
also include a buoyancy correction based on the streamwise
pressure gradient through the tunnel.?*> The buoyancy correc-
tion increased with the Mach number and ranged from about 3
to 7 counts for the shaped-wall data and up to 2 counts for the
porous-wall data. This significantly improved the correlation
of the two measured data sets. :

Point-by-point comparisons of the Navier-Stokes calcula-
tions at the corrected conditions, with the WIAC corrected
data, improve the correlation between the data sets over the
comparisons at the nominal conditions. One such comparison
of the shaped-wall baseline and the Navier-Stokes computa-
tion chordwise pressure distribution (taken from Fig. 6a) is
presented in Fig. 8a. As before, the baseline shaped-wall data
are shown at M=0.766, o=0.489 deg, and c,=0.412; the
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Navier-Stokes results are shown for the nominal tunnel condi-
tions of M=0.765, «=0.500 deg, and c,=0.504. As noted
previously, the Navier-Stokes solution is not in good agree-
ment with the baseline results. Since the WIAC corrections
suggested that the test conditions are different for the shaped-
wall data, the Navier-Stokes solution? was computed at the
corrected test conditions, as shown in Fig. 8b. The baseline
shaped-wall data are again shown at M =0.766, « =0.489 deg,
and ¢, =0.412; the Navier-Stokes results, however, are shown
for the WIAC corrected tunnel - conditions of M=0.763,
a=0.174 deg, and ¢, =0.442. As expected, the results at the
corrected test conditions are in better agreement than the
results at the baseline test conditions. It is interesting to note
that the design point of this airfoil is at M=0.765, and ¢, =0.6,
conditions well into the regime where three-dimensional flow
effects may be observed.

The WIAC corrected angle of attack and Mach number
were compared to the baseline angle of attack and Mach
number. In general, the corrected angle of attack and Mach
number were less than the corresponding baseline values. The
difference between the corrected value and the baseline value
increased with Mach number and angle of attack. The incre-
ment between the shaped-wall baseline and corrected value
was from about 0 to about —0.6 deg for angle of attack and
from about 0 to about —0.020 for the Mach number. Simi-
larly, the increment between the porous-wall baseline and cor-
rected value was from about 0 to — 0.4 deg for angle of attack
and from 0 to about —0.009 for the Mach number. These
changes are slightly larger than those estimated® by a graphi-
cal technique involving the cross plotting of the mean and dif-
ferential pressure coefficients at the airfoil quarter chord for
various Mach numbers and angles of attack.

Concluding Remarks

A unified, four-wall interference assessment correction
(WIAC) technique has been applied to the results from tests of
a common airfoil model in two different types of test sections.
The comparison of the baseline experimental results, the cor-
rected experimental results, and the calculated Navier-Stokes
results indicated the following:

1) The baseline results from the two tests were in
reasonable agreement; however, some differences existed.
Shaped-wall results had a larger normal force curve slope, a
more negative angle of zero normal force, and a lower drag
coefficient at a constant normal force coefficient. The uncor-
rected data sets differed significantly.

2) The WIAC procedure improved the agreement between
the porous-wall and shaped-wall data with regard to the slopes
of the section normal force curves and the drag rise Mach
number.

3) The WIAC corrected data are in good agreement with
the Navier-Stokes calculations on the linear portion of the sec-
tion normal force curves at Mach numbers below the drag rise.

4) The WIAC corrected porous-wall data always corre-
lated better with the Navier-Stokes results than did the compa-
rable baseline data. The WIAC corrected porous-wall data
also correlated better with the Navier-Stokes results at high lift
and Mach number than did the WIAC corrected shaped-wall
data, which indicates the benefits of the moderate sidewall
suction used in the porous-wall facility to maintain two-
dimensional flow with small, but correctable, four-wall inter-
ference.

5) The WIAC corrected shaped-wall data only correlated
better with the Navier-Stokes results for lower lift levels and
Mach numbers. At higher lift levels and Mach numbers, the
corrections to the shaped-wall data were too large, due to ina-
dequate modeling of the sidewall boundary layer for the
supercritical three-dimensional flows. Presumably, only a
three-dimensional Navier-Stokes analysis can properly ac-
count for the separation and three-dimensional flow that may
exist in the adaptive-wall tunnel for high Mach numbers and
normal force coefficient.
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6) Mach number and angle of attack corrections predicted
by the WIAC code were generally larger than those predicted*
using the analysis of the quarter chord mean and differential
pressures; better agreement between these two corrections ex-
isted for the porous-wall data than for the shaped-wall data.

7) The buoyancy correction, based on the streamwise
pressure gradient through the tunnel, significantly improves
the correlation between the measured drag sets.
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