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EFFECT OF THE TUNNEL-WALL BOUNDARY LAYER ON TEST RESULTS'
OF A WING PROTRUDING FROM A TUNMEL WALL

By Robert A, Mendelsohn and Josephine F. Polhamus

SUMMARY

Two-dimensional span-losding tests were made of a two-foot-
chord NACA 651—012 airfoil model in the 25-foot by 6-foot test
section of the Langley stability tunnel to determine tunnel-wall
boundary-layer effects. The tests indicated that a small loss-
(less than one percent of the lozd at the center) in average load
may be expected. At the tunnel wall the load may be as much as
10 percent lower than that at the center of the tunnel, and large
changes in the tunnel~wall boundary-layer thickness produce small
changes in load. At low angles of attack the tunnel-wall boundary
layer had little effect on the pitching moment, At high angles of
attack, the average pitching moment for the wing mey differ from the
pitching moment at the center of the tunnel because of nonuniform
stall,

INTRODUCTION

A large amount of work is being done with models that completely
span the tunnel test section and with semispan models that use the
tunnel wall as a reflection plane, Because of the possibility that
the tunnel-wall boundary layer affects the flow near the walls and
thus alters the airfoil characteristics in this region, it would be
desirable to have some knowledge of the magnitudes of the effects
and to find possible ways of correcting for them,

Estimation of tunnel-wall boundary-layer effects on a two-
dimensional model is based in reference 1 on the assumption that the
loading on the model will be decreased at each end in proportion
to the square of the local velocity through the tunnel-wall boundary
layer. Reference 1 also assumes that this change in loading will
produce induced effects over the whole model and will cause an
appreciable error in measured results for most ratios of model chord
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to model span, From comptations of the vortex strength in terms

of tumnel-wall boundary-iayer thickness, an estimate of the induced
angle-of-attack loading over the wing is made by a consideration of
tunnel width and model chord., large changes In loading are shown to
be possible from these calculations, and it is suggested that, for
two-dimensional tests, the model be mounted between a pair of dummy
ends that are shaped to the model contour and fasitened to the tunnel
wall, '

In most cases, the practice of the NACA for two-dlmensionasl
tests of models completely spauning the test section is to neglect
any correction for tumnel-wall boundary—layer effects. Instead of
mounting the model on balances, seversl NACA tunnels determine
model 1lift by pressure integration over a section of the tunnel
walls, and this method of determining 1ift minlmizes the error caused
by the tunnel-wall boundary layer.

The testes hereln described were run for the purpose of verifying
experimentally the supposition that although there would bs a
velocity gradient through the boundary layer, it would be caused by
& local change in total pressure and that the statlc pressure, and
consequently the airfoil 1ift, would remain essentially constant
across the modsl span., A quantitative determination of the change
in model loading near & tunnel wall was eslso considered valuable for
evaluating the accuracy with which semispan-model tests approximate
full-span model testis,

The pressure distribution about a two-dimensional wing was
determined for various angles of attack and for various distances
from a tumnel wall. Thesc measurements were made for both an erect—
and an inverted-model condition, and a mean was taken of integrated
forces and moments in order to eliminate possible errors caused
by local changes in tumnel stream angle. Tests were run with a
normal tunnel-wall boundary layer end with a tunnel-wall boundary
layer thickened by means of spollers on the tunnel wall,

SYMBOLS

The coefficients and symbols used in this report are defined as
follows:

cy  section 11ft coefficient

cy___ Mmaximum spanwise sectlon 11ft coefficient for a given angle of
attack
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cmc/h quarter-chord pitching~mament_coefficient

c alrfoll chord

P pressure coefficient 2.%}29)

P local statie preésure

Po free—-stream static pressure

q dynemic pressure

u local velocity in the boundary laysr

U velocityvat edée of boundary. layer

b tunnel width (30 inches) 4‘

X dlstance from léading edge of wing along chord line
y spanwise distance from tunnel wall

Z vertical dlstance above ailrfoll surface
a angle of attack

APPARATUS AND METHODS

Model.~ A two-foot~chord model of NACA 65,-012 airfoll sectlon
was mounted between the walls of the 2%~foot by 6-foot test section

of the Langley stabllity tunnel in such a manner that the model center
section conteining the pressure orifices could be located at various
distances from the tunnel wall by sliding the wing laterally. The
model was six feet in length and was sealed at the tunnel-wall
Juncture by felt pads clamped firmly against the surface. Changes

in angle of attack were accomplished by rotation of tunnel-wall end
disks into which the model fitted. (See figs. 1l and 2.)

 Although the model was equipped with a true-contour 0,20c plain
flep, the flap was in & neutral position for all tests. The alrfoll
contour at the flap gap was faired by means of "Scotch" cellulose tepe.

Tests.~ Pressure distributions about a section of the wing for
angles of attack of 3.1° and 12.3° were determined for a number of
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spanwligse locations from the tunnel wall, In addition, a more complete
range of angle of attack was used for the tunnel-center orifice
location. The dynamic pressure wage changed from 40O pounds per square
foot at high engles of attack to 100 pounds per sguare foot at low
angles of attack in order to obtaln large pressure readings for
better accuracy. These dynamic pregsures corraspond to Reynolds
numbers of 2.32 X 10° and 3.66 X 10°, respectively. In order to
eliminate possible errors caused by a spanwise varlation in tunnel
stream angle, tests were made with the model both erect and inverted,
and a mean of the two tesis taken. Because a low-drag airfoll was
used, and 1t was possible that a change in loading would be caused by
a nonuniform position of ¢ransition, some tests were made with a
transition tape at the lsading edge of the model. In order to check
the effects of the felt sesl, tests were made with a modeling-clay
seal at the tunnel wall.

Tests were nmade for three conditions of tunnel-wall boundary
layer, as obtalned by the use of marrow wire screens attached to
the tunnel wall at the entrance cone. These screens extended from
ceiling to floor and were pivoted a4t & point close to the tunnel
wall in order to obtain chenges in deflection. The outer edge of
the screen was deflected 2 inches for spoiler 1 and 3 inches for
spoller 2. Tests were also made with no spoiler,

Corrections .~ Tunnel-wall corrections were applied to the angle
of ettack, the 1ift coefficlent, and the pltching-moment coefficient.
(See reference 2,) No tunnel-wall corrections were applled to the
preossure distributions or the boundary-lsyer data. The equations
used 1n correcting the data are:

o = 1.0229ay
63 = 0.96Tloy,
omg /), = 0.99,(01,1’3 /QU + 0.0057cy,

where the subseript U designates ungorrected values. Correctiona
vere applied to the survey-reke tube heights for effective center .
location in a total-head pressure gradient as outlined in reference 3.

RESULTS AND DISCUSSION

Tunnel~wall velocity profiles .- Figure 3 presents the profiles
of the velogity through the tumnnel-wall boundary layer for a position
81x inches ahead of the location of the model leading edge for the
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cenditions with no tunnel-wall spoiler, with spoller 1, and with
spoiler 2, With no spoiler, the tunnel-wall boundary layer 1s
considerably smaller in this tunnel than in most tunnels of this
gize because of the high contraction ratio and relatively short
distance from entrance comne to test section. The tumnel-wall
boundary-layer thicknesses corresponding to the three spoller
deflections . probably include most cf the tunnel-wall boundary-
layer conditlons likely to be encountered in practice.

Pressure distributions.~ For the condition with spoiler 2,
section pressure distributions at o = 3.1° and o = 12.3° for an
erect— and an inverted-model configuration and for several spanwise
tunnel positions are presented in figure 4., The tests indicate a
higher loading with the model inverted than with the model erect.
This result may be caused by misalinement of the wing template, by
a tunnel stream angle, by a small flap deflection, or by any combine—
tion of these effects. Sirnce a mean of the erect and inverted
"tests was teken for the span—loading and pitching-moment results,
most of these effects arve averaged out.

A% o = 3.2° witl epuiler 2, figure 4(a) shows that the peak
pressure on the upper surface decreases in magnitude as the tunnel-
vall position 1s approached. At a = 12,3° (fig. 4(b)) no definite
decrease through the tunrel-wall boundary layer is shown. The
flat peaks on the pressure distributions indicate that, for
a = 12,3°, extensive reglons of laminar separation exist near the
leading edge of the upper surface for spanwise positions outside of
the boundary layer. The large adverse pressure gradient necegsary
to cause the laminar separation was not in all cases messured by the
static~pressure orifices,and consequently the curves are shown
dotted. Within the boundary layer, the magnitude of the flat regions
becomes smaller because of turbulent mixing. Because of the change
in total pressure through the boundary layer, full free—stream
stagnation pressure was not reached by any of the pressure orifices.

Figure 5 presents a comparison of pressure distributions for
no tunnsel-wall spoller and for spoller 2. Because of the smaller
tunnel-wall boundary layer for the no-tunnel-wall spoiler condition,
a closer approach to stagnation pressure 1s reached for the stations
close to the tunmel wall. (See fig. 5(b.) In general, np large
conslstent dlifferences in pressure distribution are shown by
Increasing the boundary-layer thickness.

) Spanwise surveys.- Figure 6 illustrates the method used in
averaging test results, From a falred curve for ersct-model results
and a faired curve for inverted-model results ap average curve was
drawn. The ordinate values of thls average curve were then divided
by the meximum value, and the resulting parsmeter cz/czmax is shown
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plotted in figure 7. This maximum value was used in place of the
value corresponding to a tunnel having no wall boundary layer

because an estimate of the load-loss induced effects showed that at
the center of the tunnel the effect was negligible. Figure 7

presents nondimensional span-—loading curves for angles of atitack

of 3.1° and 12.3° and for three conditions of the tunnel-wall
boundary laysr. In addition, a theoretical curve computed by the
methods of reference 1 1s presented. This curve represents results
for a model that was assumed to operate at unit 1ift coefficient
before taking into account the reduction in loading corrsesponding

to the spoiler 2 condition. It appears that the theory of reference 1
strongly over—estimates the effect of the boundary layer. Although
for the model investigated a small loss in average load occurs in

the region of the turmel wall for all spoller conditions, the loss is
small enough (less than one percent of load at center) to be neglected
in most force tests. For pressure investigations on semispan models
such as span loading or internal-balence pressure measurements,
however,. local errors as high as 10 percent may result at the tunnel
wall, As a check on the pcssibility that the felt seals were leaking,
repeat tests at o = 3.1° were run with modeling clsy to form a

seal at the tunnel wall. Figure T shows that little change occurred.
Transition tepes placed at the leading edge to simulate a rough—
model condition produced a small loss in average load. For

a = 12.3°9, the load is shown to decrease near the center of the

tunnel because of nonunifoxrm stall characteristics.

Curves of section quarter-chord pitching-moment coefficient
for the same test conditions as those of figure 7 are presented in
figure 8, The spanwise change in pitching moment is negligible for
o = 3.1°. For a = 12.39, because of the nonuniform stall
characteristics, a spanwise change in pitching moment is noted.
Flap section hinge-moment coefficients were determined for & simulated
0.,20¢ plain flap by integration of the pressure distributions for
the reglon frem the hinge line to the tralling edge. These results
indicated that for an angle of attack of 3.10, the spanwise variation
of flap section hinge—-moment coefficlent was Just as great outside
the tumnel~wall boundary layer as inside., At an angle of attack of
12,39, the flap section hinge-mcment coefficient became slightly
more positive in the region of the tunnel wall.

Force and moment coefficients.- Figure 9 presents the variation
of 1ift coefficlient and quarter-chord pitching-moment coéfficient with
angle of attack as averaged from pressure distributions measured in
the center of the tunnel for both erect— and inverted-model
configurations. Indicated on the curves are the average values for
the complete span., These values represent the resuilts which would
be obtalned if the model were fastened to balances. For angles of
attack of both 3,1° and 12.3°, the balance lift-coefficient estimates
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checked very well with the tummel-center results, At an asngle of
attack of 3.19, the difference was very small in terms of the 1ift
coefficient and at an arngle of attack of 12,3 because of nonuniform
span loading caused by stalled flow, the close check indicated by
figure 9 is probably accidental. The average pitching moment for the
wving was slightly more negative then the tunnel-center value at an
angle of attack of 3.1° but at an angle of attack of 12.3° the
.average value over the span was less negative than the tunnel-
center value because of npnuniforym stall.

CONCLUDING EKEMARKS

Tests of a two—-foot-chord model in the 2% —~foot by 6~foot test

section of the Langley stability tumnel to determine tunnel~wall
boundary-layer effects on wings protruding from a tunnel wall show that
a small loss in average load may be expected (less than one percent of
load at center). At stations very closs to the wall, the local load
may be as much as 10 percent lower than that at the center of the
tunnel, and large changes in the tunmel-wall boundary—layer thickmess
produce small changes in load. Also, at low angles of attack a
tunnel-wall boundary layer has little effect on the pitching moment,
At high angles of attack the average pitching moment for the wing

may be different from the value at the center of the tumnel because

of nonuniform stall.

langley Memorial Aeronautical Laboratory
Natioral Advisory Committee for Aeronautics
Langley Field, Va. Januery 2, 1947
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At high angles of attack, everage pltching moment for wing may differ from pitehing

-moment at center of tunnel because of nonuniform stall.
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