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Experimental Verification of a Wall Interference Correction
Method with Interface Measurements

C. F. Lo* and N. Ulbrich¥
University of Tennessee Space Institute, Tullahoma, Tennessee 37388

A wall interference assessment and correction method for two-dimensional subsonic wind-tunnel testing is
presented. Pressure coefficient and angle-of-attack correction are calculated using velocity measurements on
interfaces inside the wind tunnel. A mathematical representation of the test article and tunnel wall boundary
conditions is not required. Available experimental data of an NACA 0012 airfoil tested at a Mach number of
0.70 and at two different angle of attack in a solid wall wind tunnel are applied to the method. Blockage
corrections are computed and corrected surface pressure coefficients compare favorably to free-air flowfield
data if the tunnel flowfield is subsonic. The present wall interference correction method can determine blockage
corrections in transonic wind-tunnel flowfields with restrictions. The computed angle-of-attack correction is

negligible for the given experimental data.

Nomenclature
c = chord length
ch = critical pressure coefficient
¢, (x,0) = pressure coefficient correction
Ac,. = error of pressure coefficient correction
cpT(x, 0) = pressure coefficient on the centerline of the
wind tunnel
¢,(x, h;) = pressure coefficient on first interface
¢, (x,0) = pressure coefficient in unconfined flow

= tunnel semiheight
y coordinate of first interface
h, = y coordinate of second interface

>
Il

I, L = measurement interval boundaries
M = Mach number
u,(x,y) = antisymmetric axial velocity component
uf{x,0) = axial interference velocity
ulx,y) = symmetric axial velocity component
ur(x,y) = axial velocity component in tunnel flowfield
v(x,y) = antisymmetric vertical velocity component
v{x,0) = vertical interference velocity
v(x,y) = symmetric vertical velocity component
v{x,y) = measured vertical velocity component in the

wind tunnel
X = x coordinate
y = y coordinate
Q; = angle-of-attack correction
ar = angle of attack in wind-tunnel flowfield
a., = angle of attack in unconfined flow
B = V1 - M?

Introduction

RESSURE coefficient and angle-of-attack correction in

subsonic wind-tunnel testing can be obtained by a wall
interference assessment and correction (WIAC) method which
uses interference functions'—? in combination with velocity
measurements on interfaces.

This method does not require the mathematical modeling
of the tunnel wall configuration and the representation of the
test article which would be necessary if classical wall inter-
ference correction methods are applied.
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Wall interference assessment and correction methods based
on interference functions were successfully investigated in the
past using limited experimental data and numerical flowfield
simulations.'* Interference functions appear in the form of
one- and two-interface method equations. These equations
are based upon velocity measurements on one or two inter-
faces, respectively. An experimental verification of the sug-
gested WIAC method is urgently needed to gain confidence
of the method.

A specific form of interference function based on a two-
interface method equation is presented in this article. This
function is applicable in solid wall wind tunnels and requires
only axial velocity measurements on one interface.

Experimental data* of an NACA 0012 airfoil tested at a
Mach number of 0.70 and angle-of-attack of 0 and 2 deg are
supplied by Harbin Aerodynamic Research Institute, Harbin,
China, through the NASA/CAE Wind Tunnel Interference
Cooperative Program. Pressure coefficient and angle-of-at-
tack correction are calculated using interface measurements
recorded during the wind-tunnel experiment. The pressure
coefficient correction is applied to pressure measurements on
the test article surface and compared to experimental results
in the near free-air flow condition of Amick® and Vidal et al.®

Interference Prediction

Interference functions in the form of one- and two-interface
method equations' ~? use velocity measurements on interfaces
to calculate a wall interference correction on the test article
at the centerline of a two-dimensional wind tunnel. Different
types of two-interface method equations are conceivable and
were investigated in the past. A new type of two-interface
method equation is presented which uses measurements of
axial velocity components on the first interface and vertical
velocity components on the second interface. Figure 1 shows
the location of the test article and interfaces inside a wind
tunnel.

For a small disturbance subsonic flowfield, c,, due to wall
interference on the tunnel centerline can be calculated. The
pressure coefficient on the test article surface in unconfined
flow c,_(x, 0) is obtained if the measured pressure coefficient

P

¢,,{x, 0) is corrected as follows:

C,,(x,0) = ¢,,(x,0) — ¢,(x,0) (1a)
where

c,(x,0) = —2-u/x, 0) (1b)
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Fig. 1 Location of test article and interfaces in two-dimensional wind
tunnel.

The component u,(x, 0) is given by a corresponding two-
interface method equation. This equation is obtained similarly
to previous derivations,? and has the following form:

mu,m::%{iggfmnw,myﬂxmdn
' fmwuin,ho‘fh(n)dn} (2a)
where
Vs("la hz) = {[VT("77 hz) - VT(n’ —hz)]/z} (2b)
w(m ) = lur(m, k) + ug(n, —hOVZ (20)
Hn) = 3 F, (2d)
Hy(n) = 21 F, (2e)
B (“1F(x = m)
b= e B + @k - vp, — i P
(1B, + @k — DB = k)],

2T~ )P+ (Bl + 2k — DB(h, — m)P

A solid wall tunnel is now considered and the wall is selected
as the second interface. Vertical velocity components on the
second interface are practically zero if the boundary layer is
uniformly distributed along the wall. The first interface is
located outside of the wall boundary layer. Interface location
h, equals /& and Egs. (2) are simplified as

wte, = 2 [ iy Hian  Ga)
where
us("l, hl) = [”7(’77 hl) + ”T(’?a hl)]/2 (3b)
Hn) = 3 F, (30)
(=1 [ph + @k = DB = k)]

T (- P+ [Bh + 2k — DB(h — h)P

An angle-of-attack correction «; can be calculated if v(x,
0) on the tunnel centerline is known. The unconfined flow
value of the angle-of-attack «., can be obtained based on the
given value of the angle-of-attack a; in the wind tunnel as
follows:

(4a)

WALL INTERFERENCE

where
~ 1_.fc vin, 0) dn 4b
i o i( i ( )

The vertical interference velocity component v(x, 0) can
be expressed similar to Eqs. (2). The corresponding two-
interface method equation is given as

vix, 0) = % I:J'io v(m, hy)-Li(n) dn

+B;Fwwoumnymdn] (52)
where

Va(”’l’ hy) = [VT(”’I’ hy) + ve(m, ~h2)]/2 (Sb)

u,(n, b)) =[ur(n, b)) — ur(n, —h)]2 (5¢)

L = 3 G, (5d)

L) = 3 G, (5¢)

DB ¢ k= DR )]
Yo(x = )+ [Bhy + 2k — DB, — B

(1" - ) -

O = G Wt B+ @k~ DB k)P

The vertical velocity v(x, 0) reduces for a solid wall tunnel

to
v 0 = 2" wm o) Lman ()
where
wn. 1) = [iern, h) = wrn, ~h)J2 (&)
Ln) = 3 G, (60
.. - (-1t — ) .

(x —m* + [Bh + 2k — DB — h)]?

The application of Egs. (3a) and (6a) to experimental data
requires the approximation of an improper integral using fi-
nite integration limits. In our case, experimental data were
taken in the interval (/,, /,), and so we get

12

w0 =2 [ uemy e o

e, ) =L [T omy L an ab)

The interference functions given by Eqs. (3a) and (6a) re-
quire only the measurement of axial velocity components on
the first interface. Axial velocity components can be measured
using a static pipe. This setup was installed in the wind tunnel
of Harbin Aerodynamic Research Institute.

Nonlifting Case

In the first part of the experimental study an NACA 0012
airfoil was tested at a Mach number of 0.70 and 0-deg angle
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Fig. 2 Geometry of wind tunnel at Harbin Aerodynamic Research
Institute.
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Fig. 3 Pressure coefficient measurement at interface location 4 (a;,
= 0 deg).

of attack in a wind tunnel of Harbin Aerodynamic Research
Institute. Figure 2 shows the geometry of test article and wind
tunnel. The model blockage, i.e., the ratio of projected model
cross-sectional area to wind-tunnel cross-sectional area, is 4.6%
so that substantial wall interference is expected. Pressure coef-
ficients on the surface of the test article are recorded. A static
pressure pipe with 41 orifices is installed at a distance of one
chord length parallel to the tunnel centerline. The static pipe
is located outside of the wall boundary layer, and measures
pressure coefficients on the selected interface location.

The influence of the side wall boundary layers on the pres-
sure coefficient measurements is negligible as measurements
on the test article surface, and on the interface location are
taken close to the plane defined by the middle span of the
airfoil as shown in Fig. 2. Top and bottom wall boundary
layers seem to be uniformly distributed in the neighborhood
of the middle span of the test article location. The velocity
component normal to the boundary layer is assumed to be
practically zero.

Figure 3 shows recorded pressure coefficients ¢, (x, h;) on
the first interface which are related to axial velocities ur(x,

hy) as follows:

ur(x, *h) = c,(x, xh)/ -2 (8a)

The angle-of-attack a; equals zero, and the symmetric air-
foil is mounted at the tunnel centerline. Therefore, we can
assume that

ur(x, hy) = ur(x, —hy) (8b)
Combining Egs. (3b) and (8b), we get

un, hy) = ur(n, hy) (8¢c)

Combining Eqs. (6b) and (8b), we get
un, h) = 0.0 (8d)

¢, (x, 0} is calculated based on Eqs. (1b), (3c), (3d), (7a),
(8a), and (8c). Table 1 shows results of this calculation.

Cor (x, 0) on the airfoil surface were recorded as well during
testing of a NACA 0012 airfoil at Harbin Aerodynamlc Re-
search Institute. Values of ¢, (x, 0) are depicted using the
diamond symbol in Fig. 4. The calculated ¢, (x, 0) is applied
to these measurements using Eq (1a). Corrected surface pres-
sures ¢,,(x, 0) are depicted using the star symbol in Fig. 4.
These values compare favorably to data of Amick® (circle
symbol) and Vidal et al.® (square symbol). Amick conducted
tests in a wind tunnel where model blockage is 3.3% compared
to 4.6% of the tunnel at Harbin Aerodynamic Research In-
stitute. Therefore, less wall interference is expected. Vidal et
al.* obtained pressure measurements with minimum wall in-
terference effects testing a 6-in. chord NACA 0012 section in
the Calspan 8-ft transonic wind tunnel. In this case the model
blockage is 0.8%.

Two major sources of error have to be considered if Egs.
(1b) and (3a) are applied to experimental data: 1) errors due
to inaccurate velocity measurement on interfaces, and 2) er-
rors due to the approximation of an improper integral using
finite integration limits.

An analysis’ of the present experimental conditions in the
vicinity of the test article location has shown that the upper
bound of these errors is in the order of the error of pressure
coctficient measurement, i.e., Ac, *0.005, on interfaces.

Combmmg Eqgs. (4b), (6¢), (6d) (7b), and (8d) we see that
v/(x, 0) is zero anywhere on the tunnel centerline. Therefore,
no angle-of-attack correction is necessary.

Table 1 Twe-interface
method, a; = 0 deg

xlc (%, 0)
0.0 -0.0377
0.1 —0.0404
0.2 —0.0429
0.3 —0.0451
0.4 —0.0469
0.5 —-0.0484
0.6 —0.0494
0.7 —0.0502
0.8 —0.0505
0.9 —0.0506
1.0 —0.0502
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Fig. 4 Comparison of surface pressure measurements ¢,,{x, 0) and
corrected surface pressure measurements ¢,.(x, 0) with free-air mea-
surements of Amick® and Vidal et al.¢ (@; = 0 deg).
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Lifting Case

In the second part of the experimental study an NACA
0012 airfoil was tested at a Mach number of 0.70 and an angle
of attack of 2 deg. Model blockage is approximately 6.0% for
the given experimental condition.

A single static pressure pipe is used to measure pressure
coefficients at the interface location + 4, above the airfoil.
Pressure measurements at the interfaces for +2-deg and —2-
deg angle of attack are utilized in the following analysis. The
interface pressure distribution above the airfoil at +#, for
~2-deg angle of attack is equivalent to the pressure distri-
bution below the airfoil at —#, for +2-deg angle-of-attack,
since the airfoil is symmetric and mounted at the tunnel cen-
terline.

Figure 5 shows recorded pressure coefficients ¢, (x, *h,)
on interfaces above and below the airfoil.

¢,(x, 0) is calculated applying Egs. (1b), (3b-3d), (7a) and
(8a) to interface measurements c, (x, +A,;). Results of this
calculation are given in Table 2.

Surface pressure coefficients c, (x, 0) are recorded during
the Harbin experiment. These values are depicted in Fig. 6
using the square symbol. Computed c,(x, 0) are applied to
these surface pressure measurements using Eq. (1a) to obtain
corrected values ¢, (x, 0) (star symbol in Fig. 6).

Vidal et al.6 tested an NACA 0012 airfoil at a Mach number
of 0.65 and an angle of attack of 1.88 deg. Surface pressure
coefficients were recorded and the model blockage was 1.0%
during their experiment. The Prandtl-Glauert rule is applied
to Vidal’s measurements to obtain corresponding surface
pressure coefficients for a Mach number of 0.70. These cor-
rected values can be used for comparison with the present
experimental data. Vidal’s data are plotted in Fig. 6 using the
circle symbol.

A comparison of pressure coefficients plotted in Fig. 6 shows
that corrected results of the Harbin experiment and Vidal’s
data agree favorably on those model surface locations where
the local Mach number is less than one. Small discrepancies
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Pressure coefficient ¢, (z, £h1)

epr (2, —h1)

0.+
-6.0 —40 -20 00 20 4.0 6.0

Dimensionless x—coordinate x/c¢

Fig. 5 Pressure coefficient measurement at interface location +h,(a,
= 2 deg).

Table 2 Two-interface method,

a; = 2 deg

xlc c,(x, 0) vix, 0)

0.0 —0.0390 —0.00310
0.1 —0.0419 —0.00254
02 -0.0443 —0.00191
0.3 —0.0467 —0.00127
0.4 —0.0485 —0.00062
0.5 —0.0502 +0.00004
0.6 -0.0512 +0.00067
0.7 -0.0522 +0.00130
0.8 —0.0525 +0.00187
0.9 —0.0528 +0.00244
1.0 -0.0526 +0.00292
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Fig. 6 Comparison of surface pressure measurements ¢, (x, 0) and
corrected surface pressure measurements ¢, (x, 0) with free-air mea-
surements of Vidal et al.® (e, = 2 deg).

between expected and corrected pressure coefficient distri-
bution originate from several different sources: the selected
angle of attack is not exactly the same in both experiments,
i.e., 2 deg compared to 1.88 deg; the circulation of the airfoil
inside of the wind tunnel and in free-air flow is assumed to
be identical; errors may be introduced by different manufac-
turing accuracy of the airfoil model.

c’ for aMach number of 0.70is —0.78. A supersonic pocket
obviously existed in the Harbin experiment, considering the
original pressure distribution on the upper surface given in
Fig. 6. Corrected and expected surface pressures do not agree
in this area. These discrepancies come from the fact that Egs.
(2) are derived assuming a subsonic and not a transonic flow-
field. The present correction method is obviously not appli-
cable if the local Mach number on the model surface is greater
than one. However, experimental results indicate that the
present correction technique can still be applied successfully
to parts of the model surface where the local Mach number
is less than one.

vi(x, 0) is calculated based on Egs. (6b—6d), (7b), and (8a)
considering only measurements in the interval (/,, 1,). Results
are given in Table 2.

An angle-of-attack correction «; can be obtained applying
Eq. (4b). Based on values given in Table 2, we get that o, is
equalto —1 x 107°,rad, or —6 x 10 *, deg, and is therefore
negligible under present conditions.

Conclusions

A two-dimensional subsonic wall interference assessment
and correction method is presented which uses interface mea-
surements of axial velocities. Experimental data were used to
calculate pressure coefficient and angle-of-attack corrections.
Corrected and predicted pressure coefficient on the surface
of a test article in subsonic flow compare favorably to verify
the method. Experimental results indicate that the present
method is applicable to transonic tunnel flowfields, with some
restrictions. Testing equipment in existing wind tunnels can
easily be modified if the present method is utilized. Only static
pipes parallel to the tunnel centerline have to be installed. In
the future, it will be necessary to study the lifting case again
if additional experimental data are available for the calcula-
tion of the angle-of-attack correction.
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