NASA TECHNICAL
MEMORANDUM

NASA TM X-3218

NASA TM X-3218

LOW-SPEED UPWASH INTERFERENCE ON
A TRANSPORT MODEL IN A RECTANGULAR
SLOTTED-WALL WIND TUNNEL

Michael J. Mann

Langley Research Center
Hampton, Va. 23665

\UTIO,
) Vo

‘)@A

cRICAY

-

2 S
a3

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION <+ WASHINGTON, D. C. - AUGUST 1975



~

. Report No. .2. Government Accession No. 3. Recipient’s Catalog No.

NASA TM X-3218

. Title and Subtitte 5. Report Date

LOW-SPEED UPWASH INTERFERENCE ON A TRANSPORT August 1975

MODEL IN A RECTANGULAR SLOTTED-WALL WIND TUNNEL | & Performing Organization Code

. Author(s) 8. Performing Organization Report No.
Michael J. Mann L-10042
10. Work Unit No.
. Performing Organization Name and Address 505-06-42-03
NASA Langley Research Center 11. Contract or Grant No.

Hampton, Va. 23665

13. Type of Report and Period Covered

. Sponsoring Agency Name and Address Technical Memorandum

National Aeronautics and Space Administration 14. Sponsoring Agency Code
Washington, D.C. 20546 '

15.

Supplementary Notes

16.

Abstract

A study has been made of the upwash interference caused by the wind-tunnel walls at a
Mach number of 0.20. The wind tunnel has slotted horizontal walls and solid vertical walls
and the wind-tunnel model is a wing-fuselage combination typical of a short take-off and
landing (STOL) transport. Measurements were made of the model forces and angle of attack,
The experimental results are compared to theoretical solutions for the upwash interference,
This comparison enabled an indirect determination of one of the constants in the slotted-wall
boundary condition, The magnitude of the experimental upwash interference is also compared
to the accuracy of the data. This comparison indicates that it is difficult to make definite .
conclusions based on the experimental data. Suggestions are made for future research which
could provide a practical means of accurately determining the wall-interference velocities in
wind tunnels with rigid slotted walls,

17. Key Words {Suggested by Author(s}) - 18. Distribution Statement

~ Lift interference

Wall interference Unclassified — Unlimited
Wind-tunnel wall interference

Upwash interference :
New Subject Category 02

19. Security Classif. {of this report} 20. Security Classif. {of this page) 21. No. of Pages 22. Price®

Unclassified Unclassified 25 $3.25

* For sale by the National Technical Information Service, Springfield, Virginia 22161




LOW-SPEED UPWASH INTERFERENCE ON A TRANSPORT MODEL
IN A RECTANGULAR SLOTTED-WALL WIND TUNNEL

Michael J. Mann
Langley Research Center

SUMMARY

A study has been made of the upwash interference caused by the wind-tunnel walls
at a Mach number of 0.20. The wind tunnel has slotted horizontal walls and solid verti-
cal walls and the wind-tunnel model is a wing-fuselage combination typical of a short
take-off and landing (STOL) transport. Measurements were made of the model forces
and angle of attack. The experimental results are compared to theoretical solutions for
the upwash interference. This comparison enabled an indirect determination of one of
the constants in the slotted-wall boundary condition, The magnitude of the experimental
upwash interference is also compared to the accuracy of the data. This comparison indi-
cates that it is difficult to make definite conclusions based on the experimental data.
Suggestions are made for future research which could provide a practical means of accu-
rately determining the wall-interference velocities in wind tunnels with rigid slotted walls.

INTRODUCTION

Wind-~tunnel testing generally requires a large model in order to maximize the
Reynolds number and to increase the accuracy of the model dimensions. Evaluation of
airplane performance requires that wind-tunnel data be obtained with a high degree of
accuracy. These dual requirements, a large model and accurate data, are conflicting
because a large model is influenced by large wall-induced flow distortions. Accurate
data require that the effects of these flow distortions be eliminated in order to simulate
unconfined flight conditions. However, methods of eliminating wall-induced flow dis-
tortions are not yet well understood, especially in the case of ventilated walls. (See
refs. 1 (p. 21), 2, and 3 (pp. 24-26).)

Elimination of the effects of these flow distortions or "wall-induced interference
velocities" from the wind-tunnel data can be accomplished by two methods. One merthod,
currently under development, is to alter the shape of the wind-tunnel walls during each
experiment so that interference-free conditions exist. This approach is especially
attractive for cases in which the flow is nonlinear, such as the transonic regime and



low-speed vertical and short take-off and landing (V/STOL) flight. (See ref. 4.) Low-
speed V/STOL flight generally exhibits nonlinear effects when the wake undergoes large
flow deflections.

The second method, which is in general use today, requires that the wind-tunnel
data be "corrected" for the wall interference. This correction requires a knowledge of
both the wall-induced interference velocities and the effects of these velocity perturba-
tions on the aerodynamic data. In order to calculate the interference velocities, the
wind-tunnel wall boundary condition must be known. Ventilated-wall test sections have
been the subject of extensive theoretical study. It is generally recognized that an insuf-
ficient number of experimental wall-interference investigations have been made under
actual wind-tunnel operating conditions in order to establish the wall boundary condition.

Once the interference velocities are computed, the problem étill remains of deter-
mining their effects on the model. This problem is complicated, for example, by the
variation of the induced upwash in the direction of the tunnel axis and across the wing
span.

This study has been made in order to gain a better understanding of the slotted-wall
boundary condition at subsonic speeds in a rectangular wind tunnel. A secondary objec-
tive was to gain an improved understanding of the wall-induced upwash-interference cor-
rections which must be applied to the low-speed data obtained in the Langley high-speed
7- by 10-foot tunnel. Since the tunnel was restricted to low speed pending replacement
of the fan blades, the study was conducted at a Mach number of 0.2. The method of
replacing the exact slotted-wall boundary condition by an equivalent homogeneous bound-
ary condition is discussed. The basic theoretical results are presented along with a
discussion of the experimental methods used in determining the parameters in the bound-
ary condition. A comparison has been made of the experimental and theoretical upwash
interference for each of two slotted-wall configurations. The model consisted of a fuse-
lage with an uncambered and untwisted swept wing, Difficulties in the experimental deter-
mination of the upwash interference are discussed and suggestions are made for future
research.

SYMBOLS
Measurements and calculation_s were made in the U.S, Customary Units. They are
presented herein in the International System of Units (SI) with the equivalent values given
in the U.S, Customary Units,

a slot width, m (ft)

C wind-tunnel cross-sectional area, m2 (ft2)
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Model lift
q S

00
p-p

model lift coefficient,

o0

pressure coefficient,
o

distance between slot centers, m (ft)

semiheight of wind tunnel, m (ft)

geometric-slot parameter, m (ft) (eqs. (2) and (3))

free-stream Mach number

coordinate in the direction of the outward normal of the wall, m (ft)

slot parameter, IT%KW (eq. (9))

local static pressure, N/m2 (lbf/ftz)

free-stream static pressure, N/m2 (Ibf/ft2)

free-stream dynamic pressure, N/m?2 (lbf/ftz)

- porosity parameter, dimensionless

wing are;L, m2  (£t2)

perturbation velocity in x-direction, m/sec (ft/sec)

free-stream velocity, m/sec (ft/sec)

perturbation velocity in n-direction, m/sec (ft/sec)

upwash velocity, m/sec (ft/sec)

coordinate in direction of free stream, m (ft)

angle of attack measured between horizontal reference (determined by an

inclinometer) and fuselage reference line (see ref. 14) and corrected for
wind-tunnel flow angularity; positive direction is nose up, deg



8 =\1-M

A denotes a change in quantity which follows

) upwash-interference factor (eq. (7))

¢ perturbation-velocity potential, mz/sec (ft2/sec)
Subscript:

cor corrected for upwash interference

THEORETICAL BACKGROUND

The exact inviscid boundary conditions for a wall with slots parallel to the flow are

8¢ _
0

at the slats, and

%};ﬁ =0~ ¢=0

at the slots, where ¢ is the perturbation potential, x is the streamwise coordinate,
and n is the coordinate in the direction of the outward normal to the wall. (See refs. 5,
6, and 7.) The actual slotted walls can be replaced by homogeneous walls which have the
effect of the slots uniformly distributed over their surface. The effect at the model loca-
tion of the homogeneous wall is assumed to approximate closely the effect of the actual

wall. By assuming the slot flow to be inviscid, the boundary condition of the homogeneous
wall (ref. 5) is

2
LI B )
where K depends on the slot width and the number of slots. For a given wing span and
tunnel cross section, the homogeneous wall concept permits calculation of the wall inter-
ference in terms of the single parameter K, However, the exact boundary conditions
require a separate calculation for each combination of slot width and number of slots.
(See refs. T and 8.)

The geometric-slot parameter K is theoretically defined in terms of the slotted-
wall geometry. Davis and Moore (ref. 5) derive the following expression for K
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-d . Ta )
K=ZIn (csc 5 d) (2

where the wall is assumed to have zero thickness. Chen and Mears (ref. 6) derive an
alternate expression for K which accounts for wall thickness. For a wall of zero thick-
ness, their result is

K = d—';:tan[%(l -gﬂ | (3)

In both equations (2) and (3), d is the distance between slot centers and a is the slot
width. Since equations (1), (2), and (3) are based on a two-dimensional cross-flow model,
the slots are assumed to be infinitely long. It is also assumed that the flow in adjacent
slots is the same; therefore, the results apply to tunnels with several slots. The predic-
tions of equations (2) and (3) are examined in the "Results and Discussion' section in
order to determine how well each correlates with experimental data.

When the analysis leading to equation (1) is generalized to include the effects of the
shearing stresses in the slot flow, thé homogeneous boundary condition becomes

2
3¢ . % | B 3¢ _
5% ax8n+f_{8n—o (4)

where the porosity parameter R is an empirical constant intended to account for viscous
effects. (See refs. 9 and 10.) The parameter B =|/1 - ME, accounts for compressibility.

Holder (ref. 10) has calculated the upwash interference in a rectangular wind tunnel
using equation (4) as a boundary condition. Holder's results show that viscosity reduces
the effective slot width so that the interference is shifted in the direction of the closed
wall interference. His results are used in the "Results and Discussion'' section of this
paper in order to examine the experimental results.

Keller (ref, 11) has developed a numerical method of calculating wall interference
which utilizes equation (4). Keller's method permits finite-length slots with varying width.
Since the model can be located anywhere in the test section, .this method also permits
movement of the model off the wind-tunnel center line,

Writing equation (4) in terms of the velocity components gives
+ k2, B g (5)
The quantity v,/V, is the flow angle and the u/VOo term is related to the pressure

difference across the wall, Assuming that the pressure outside the wall (plenum pres-
sure) equals the free-stream static pressure, small-perturbation theory yields the result



= -2 4.
Cp= -2¢- | (6)

where Cp is the pressure coefficient at a point inside the tunnel at the wall. (See

ref. 5.) The term in equation (5) K % “’,_n_ represents the momentum flux across the

equivalent homogeneous wall. (See refs. s and 12 (p. 48).)

Binion (ref. 13) has made an experimental study of the slotted-wall boundary
condition for a wind tunnel with slotted horizontal and solid vertical walls. Indirect
measurements, that is, measurements which were made at the model rather than at
the wall itself, were used for studying the wall boundary condition. The measurements
made at the model were measurements of forces and angle of attack. In order to obtain
interference-free data, measurements were also made in a wind tunnel whose dimen-
sions were large when compared to the model. By use of equation (1) as the slotted-
wall boundary condition, it was found that equation (3) correlated better with the exper-
imental results than equation (2).

In the present study, the viscous term of the slotted-wall boundary condition has
been indirectly determined. Measurements were made of the forces and angle of attack
of 2 model mounted in both closed and slotted test sections. The closed-wall data were
corrected for wall interference and regarded as interference free. These interference-
free data were then used to determine experimental upwash-interference corrections for
the slotted test sections,

Alternately, it is possible to determine directly the slotted-wall boundary condi -
tion by measurement of the pressure and flow angle inside the tunnel in the vicinity of the
wall. By use of equations (5) and (6), these measurements would permit determination
of K and R.

EXPERIMENTAL EQUIPMENT AND TEST CONDITIONS

The wind-tunnel model was a wing-fuselage combination typical of a STOL transport,
(See fig. 1.) The model had a high wing with a quarter-chord sweep of 20° and zero twist.
The wing area was 0.483 m2 (5.202 ft2) and the wing span was 1,902 m (6.24 ft). The air-
foil section varied from an NACA 65A 015 at the wing root to an NACA 65A 010 at the wing
tip. Transition strips of carborundum grit number 60 were 0.15 cm (0.06 in.) wide and
were placed 2.54 cm (1 in.) aft of the wing and fuselage leading edges. The maximum
fuselage diameter was 23.9 cm (9.4 in.) and the fuselage length was 207.26 cm (81.60 in,).
The same model, with an empennage added, is configuration 0 of reference 14, which may
be consulted for additional details.

The tests were conducted in the Langley high-speed - by 10-foot tunnel. This is
a continuous-flow, atmospheric wind tunnel with solid vertical walls and slotted horizon-
tal walls. The test-section dimensions are 292.1 cm (115 in.) wide by 200.7 cm (79 in.)
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high. The horizontal walls were run closed and slotted at 6.4- and 18.8-percent open
ratio.l The slot spacing was equal to one-fourth of the test-section width. The wind-
tunnel slot arrangement and model location are shown in figure 1,

The model was mounted on a sting attached to a vertical strut. The angle-of-attack
mechanism produced an approximate rotation of the model about a point located 45.5 cm
(17.9 in.) aft of the quarter-chord point of the wing mean aerodynamic chord. Thus, the
displacement of the wing from the tunnel center line with changes in angle of attack was
restricted to small values. This experimental arrangement more nearly duplicated the
theoretical models investigated in this study, since these models assume the lifting sur-
face to be on the tunnel center line,

The average flow conditions in the test section resulted in a total temperature of
9.9° C (49.9° F) and a dynamic pressure of 2789.0 N/m2 (58.25 1bf/ft?). These condi-
tions gave a Reynolds number of 4.66 X 106/m (1.42 x 106/ft) and a Mach number of 0.20.

The data were corrected for flow angularity. The model was tested both upright
and inverted for each horizontal wall configuration. The flow angularity was determined
by a comparison of the lift curves (CL plotted against a) for the upright and inverted
positions. For the horizontal walls closed and slotted at 6.4- and 18.8-percent open ratio,
the magnitudes of the flow angle corrections were 0.030, 0.0650, and 00, respectively.

Herriot's method (ref. 15) was used to make a blockage correction to the data
obtained with the closed-wall configuration; over the lift-coefficient range, lAq,,ol /qoo
va,ried2 from 0.0099 to 0.0107, The solid blockage of the slotted-wall configurations was
estimated by using the boundary condition of equation (1) and by assuming K to lie
between the values given by equations (2) and (3). For this range of values of K, ref-
erence 16 showed that the solid blockage interference of the slotted-wall configurations
can be neglected.

Model forces were measured with a six-component strain-gage balance. Measure-
ments were made of the balance chamber pressure in order to correct the axial-force
data to a condition of free-stream static pressure acting on the fuselage base. The angle
of attack was measured by two pendulous, inertial, single-axis accelerometers (closed-
loop type). Since the accelerometers had differences in their method of damping, material
of construction, and electronics, their results provided a means of corroboration,

Table I summarizes the accuracy of the instrumentation used in measuring lift and
angle of attack. The balance accuracy was obtained by static multicomponent load tests

! percent open ratio is the total percent of the horizontal walls which are open.
Since each horizontal wall has four slots spaced .at one-fourth of the tunnel width, percent
open ratio equals 100 (a/d).

2 An estimate of the change in Cy, caused by a change in q, canbe obtained
from IACL| = (IAqu/qoo)CL.



on the balance. The accelerometer plus data-acquisition system accuracy was determined
by making four angle-of-attack calibrations using an inclinometer, Two calibrations were
made with the model in the upright position and two in the inverted position; both acceler-
ometers were calibrated on each calibration. By assuming the same output signal from
the data-acquisition system, the maximum spread in the indicated angle of attack for a
given accelerometer was taken as the accuracy of that accelerometer. The accuracy of
the inclinometer was determined by the use of a precision level and a dividing head.

RESULTS AND DISCUSSION

Results for accelerometer A are shown in figures 2 to 4. Figure 2 shows the lift
curves for each wall configuration without an upwash-interference correction.

Figure 3 shows the lift curves for each configuration where only the closed-wall
data have been corrected for upwash interference. The method of reference 17 was used
to determine the closed-wall correction., This method assumes an elliptic-spanwise load
distribution and includes the effects of streamline curvature and corrections to lifting-
line theory obtained from lifting-surface theory. The closed-wall correction of refer-
ence 17 was the same within the accuracy of the angle-of-attack data as the corrections of
references 18, 19, and 20, which have slightly different assumptions. Calculations based
on the method of reference 20 indicated that the spanwise variation of the upwash inter- \
ference (between the 10- and 90-percent semispan stations) was about 27 percent of the
average value of the upwash interference. All the theoretical values of the upwash-
interference corrections (closed and slotted walls) presented in this study are mean
values obtained by integrating the interference across the wing span.

Since the closed-wall boundary condition is known, the corrected closed-wall data
are assumed to be interference free. Therefore, an experimental upwash-interference
correction for both of the slotted-wall experiments can be determined from figure 3. The
upwash-interference factor & is defined as

= U

(o]
fll
O|l>

R
(@}

L

where C is the w1nd-tunne1 cross-sectional area and S is the wing area. The quantity
Awx (in degrees) is given by

_ w 18
Aa = o~ ==
where w is the upwash velocity and V., is the free-stream velocity. For a given

value of Cp, the Aa is the increment in the angle of attack between the slotted-wall



data and the interference-free data. Hence, Aa becomes the experimental upwash-
interference correction to the lift curve.

From figure 3, it can be seen that in the case of the 6.4-percent open ratio the
value of Aa/CL (and therefore of &) is a function of angle of attack. Since the slope of
the lift curve decrea,ses3 at the higher angles of attack, and a loss of accuracy in Acq
occurs at the lower angles of attack, the Aa/C 1. was determined at several points
between a Cyp, of 0.22 and 0.34. These values of Aoz/CL were averaged, and the cor-
rected angle of attack was computed by

_ Ay
acor— o+ qCL (8)

where o is the measured angle of attack shown in figure 3.

The results of this procedure are shown in figure 4 where the corrected slotted-
wall data are compared to the interference-free data, It is seen that the single Aa/CL
determined for each slotted wall brings the data for that wall into relatively good agree-
ment with the interference-free data over the angle-of-attack range,

Since the transformation from the measured normal- and axial-force components
to the lift- and drag-force components requires a knowledge of ¢, the angle correction
of equation (8) causes a slight change in Cy,. However, this change in Cy, is within
the accuracy of the balance and has therefore been ignored.

Figures 5 to 7 present the corresponding results for accelerometer B. Since sev-
eral calibrations were made for both accelerometers and differing types of accelerometers
were used, the results for accelerometers A and B provide a means of corroboration,

Figures 8 and 9 show a comparison between the theoretical and experimental upwash-
interference factors, and also provide a direct comparison of the results of accelerom-
eters A and B, The slot parameter P is defined by

_ 1
P = 9)

where h is the wind-tunnel semiheight., A closed wall correspondsto P = 0, and a
completely open horizontal wall corresponds to P =1 (and R/B = ©). The theoretical
curves are the same in both figures, but the experimental results differ because of dif-
ferent methods of computing K from the wind-tunnel geometry.

3 Since the wing had zero twist, the decrease in slope of the lift curve may have
been caused by wing-tip stall, In addition, the spanwise variation in. Aa was calculated
for the closed-wall case and was found to have been a possible factor in promoting wing-
tip stall at the higher lift coefficients,



The theoretical results were obtained by Holder (ref. 10) using equation (4) for the
slotted-wall boundary condition, Holder's results have been extrapolated to the present .
ratio of wing span to tunnel width, A lifting line with a uniform-load distribution has been
used to represent the model. The upwash-interference factor 6 has been integrated
across the span to obtain an average value, Kraft (ref. 18) has made calculations for
R/B == (inviscid flow) which are in good agreement with the corresponding results shown
in figures 8 and 9.

Since the porosity parameter R is a constant which must be determined experi-
mentally, theoretical results using equation (4) are semiempirical, As shown in figures 8
and 9, the viscous effects are assumed to vary from zero R/B= ©)toa magnitude which
prevents any flow through the slot (R/8 = 0).

The experimental values of 0 in figures 8 and 9 were determined from figures 3
and 6 as previously discussed. Interms of angle of attack, the results for the two accel-
erometers agree within 0.06° at the highest lift coefficient. In order to calculate the
value of P for the experimental results, a method of relating K to the experimental
arrangement must be chosen. Figure 8 shows the results when the method of Davis and
Moore is used. (See eq. (2).) Figure 9 shows the results when the method of Chen and
Mears is used. (See eq. (3).)

From figures 8 and 9 it is seen that only the method of Davis and Moore permits a
correlation between the theory and the experiment for both slot conditions.4 Figure 8
indicates that the 6.4-percent open ratio (smaller value of P) has significant viscous
effects; however, the 18.8—percent open ratio does not, This is a reasonable result, since
it is expected that the effect of the boundary layer would be more pronounced in the more
narrow slot. Figure 8 prbvides an indirect determination of R for each of the slotted-
wall configurations, Therefore, the slotted-wall boundary condition can be completely
defined by use of equations (2) and (4).

Comparison of the present results with unpublished data obtained previously on a
smaller model at a Mach number of 0.6 in the Langley high-speed 7- by 10-foot tunnel
indicates that the upwash interference (and therefore K and/or R) depends on the geom-
etry of the model and/or the Mach number, The present results also show that R
depends on slot width and apparently on the ratio of boundary-layer thickness to slot

4Subsequent to the present analysis, Richard W. Barnwell of the Langley Research
Center found that the surface streamline of the slat in the Chen and Mears theory pro-
duces a slot width which is smaller than the doublet rod spacing, whereas Chen and Mears
assumed these distances to be equal. Calculations by Barnwell showed that for the 6.4-
and 18.8-percent open ratios, P assumes values of 0.47 and 0.67, respectively (com-
pared with 0.23 and 0.51 in fig. 9). This considerably reduces the disagreement indicated
in figures 8 and 9 between the two theories, and in terms of & in figure 10, the differ-
ence is r%dgszed to a maximum of 0.04 for R/B= = (which translates into 0.1%in «
at Cyg, = 0.6).
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width. The upwash interference was found to depend on angle of attack for the 6.4-percent
open ratio. Furthermore, the survey article of Vayssaire (ref. 2) indicates that R
depends on Mach number, angle of attack, model size, boundary-layer properties, slot
geometry, and so forth. Hence, it would not seem that the results shown in figures 8

and 9 would apply to every test in the Langley high-speed 7- by 10-foot tunnel with the
same wall configurations. Indeed, a great deal of experimental research needs to be
carried out in order to define the effect of the foregoing parameters.

" A difficulty exists in the interpretation of the results shown in figures 8 and 9. The
magnitude of the experimental Aa ranged from 0.07° to 0.17°. Comparison of these
values to the accuracy of the data as given in table I indicates that it is difficult to make
definite conclusions with regard to the correct values of K and R.

Since the wall geometry is more easily visualized in terms of percent open ratio
rather than slot parameter P, the results of figure 8 are presented in figure 10 in terms
of percent open rat_io.5 The dashed curve gives the best estimate of the variation of &
for this model at M., = 0.20, This curve was faired through the data and coincides with
the inviscid theory for open ratios greater than 18,8 percent; for open ratios less than
6.4 percent, the curve was faired through the closed wall solution, From this curve it is
possible to estimate the value of R for any slot width,

CONCLUDING REMARKS

A study has been made of the upwash interference in two slotted wind-tunnel config-

" urations. A homogeneous boundary condition containing the unknown constants K and R
was used for calculating the upwash interference. It was found that by the use of the Davis
and Moore method for calculating the geometric slot parameter K and by inclusion of
the effects of viscosity in the slot flow with the porosity parameter R, it is possible to
correlate the theoretical and experimental values of the upwash-interference factor 3.
This correlation resulted in an indirect determination of R, since the measurements were
made at the model rather than at the wall itself.

It has been noted that K and R apparently do not depend solely on the slotted-wall
geometry., These parameters may also depend on model geometry, model angle of attack,
Mach number, boundary-layer properties, and so forth,

A difficulty exists in the interpretation of the results of this study. The magnitude
of the experimental Aa caused by upwash interference ranged from 0.07° to 0.17°,

5A method of relating K to the experimental arrangement must be selected for
the theory in figure 10. In figures 8 and 9 it was necessary to make this selection for the
experimental results, '
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Comparison of these values to the accuracy of the data indicated that it is difficult to
make definite conclusions with regard to the correct values of K and R.

Experimental determination of the slotted-wall boundary condition by direct mea-
surements would provide an independent check on the indirect measurements. Direct
determination would involve measurement of the static pressure and flow angle inside
the tunnel in the vicinity of the slotted wall. Combining these measurements with the
slotted-wall boundary condition would permit determination of K and R. This method
of approach is presently under study by several investigators.

With additional research, it may be established that the slotted-wall boundary
condition depends on a variety of test conditions, varies substantially in the streamwise
direction, and differs between the upper and the lower walls. In this case, an array of
sensors near the slotted wall would be the only practical and accurate means of defining
the wall boundary condition for each experiment. The interference-free, adjustable-
wall wind-tunnel concept utilizes this direct method of evaluating wall interference. In
the interference-free tunnel, the measurements are employed to alter the shape of the
walls in order to eliminate the wall interference. In the fixed-wall tunnel, the measure-
ments would be used for determining what wall-interference effects were present at each
test point. A method such as Keller's numerical technique, which permits variation of
the boundary condition along the walls, could be used for a more realistic calculation of
the upwash interference,

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., April 16, 1975,
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TABLE I.- ACCURACY OF MEASURED VARIABLES

Measured variable

Instrument affecting measurement

Accelerometer plus

Balance data-acquisition Manometer | Inclinometer
system
Cy, 0.001 20.0000 0.004 0.0000
o, accelerometer A | ---- .015° -—— .01°
@, accelerometer B | ---- .03° - .01°

2 Effect of 0.03° error in angle-of-attack measurement when transforming
from normal and axial components of force to lift and drag components.
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