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Introduction

ECENT low-speed experiments with disk models in a two-
dimensionaladaptive flexible wall test section' have supported
the careful use of a two-dimensional wall adjustment strategy for
three-dimensionalflows, provided that specific model cross-stream
span and blockage restrictions are met. Specifically, large wake
flows were investigated using sharp-edged circular disks located
on the longitudinal centerline of the test section. Drag coefficient
data were in good agreement with the literature for solid blockage
ratios of 3% or less, in contrast with the fixed wall test section lim-
itation of 0.5% or less.! Additional testing constraints were found
to be related to the unavoidable fixed side-wall pressure distortion,
which limits the ratio of the model span to the width of the test sec-
tion to 20% or less for an adaptive wall test section with a flexible
roof and floor, compared with 10% for a fixed wall test section.?
This Note addresses and extends the useful spatial test enve-
lope of the University of Waterloo Flexible Wall Wind Tunnel
(UWFWWT).? The work confirms that three-dimensionalmodels,
such as a sphere, can be located asymmetrically to either side of the
test section centerlineand yet be satisfactorily examined using only
the roof and floor centerline static pressure data and the unmod-
ified two-dimensional wall adjustment strategy. The cross-stream
distance ¢ from the model center to the closer side wall is expressed
as the model position ratio ¢/ b, based on the overall test section
width between the fixed side walls, b.

Overview of Experiments

Preliminary experiments' with an instrumented sphere model
(127 mm in diameter) located on the test section centerline (Fig. 1)
have shown that flowfield symmetry can be maintained under con-
ditions of two-dimensionalwall adaptation, provided that the model
meets the span and blockagerestrictionsobtained in the disk studies.
Further experiments were then conductedto investigatethe onset of
flowfield asymmetry as the sphere was located away from the test
section centerline (toward one of the fixed test section side walls),
under straight wall and adapted roof and floor conditions.

The sphere model was tested at a Reynolds number of Re, =
1.69 4, 10° in the UWFWWT. Cross-stream measurement locations
included the test section centerline, correspondingto ¢/ b = 0.5, and
near the fixed test section side wall, at ¢/ b = 0.2. Intermediate posi-
tions of ¢/ b = 0.4 and 0.3 were tested, but only under the influence
of a straight roof and floor. Adapted wall solutions were computed
using the two-dimensional predictive wall adjustment strategy of
Wolf and Goodyer.* based solely on test section roof and floor cen-
terline static pressure distributions. No laterally positioned roof or
floor static pressure measurements were acquired regardless of the
model’s lateral position.

The experiment configuration represented a nominal solid block-
age ratio of 3.6% and a model diameter-to-test-sectionrspan ratio
of 21%. These two parameters were within the three-dimensional
model test constraints previously determined for models of bluff-
body configuration 2

Measurements of the mean surface static pressure distribution
C,(0) wereacquired from 17 pressuretaps on each side of the sphere
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(Fig. 1), defined by angular position @ (where @ = 0 deg corresponds
to the stagnation point). Surface static pressure information from
160 < 0 < 165 deg was compiled at roll angles of ¢ = 0, 445,
and 4 90deg{where ¢ = 0deg correspondsto verticalorientationof
the staticpressuretapsand ¢ = +90 deg is the horizontalorientation
toward the side wall). The total drag coefficient C,, was obtained
from a six-componentsting force balance (Fig. 1).

Flow Symmetry Results Under Straight Walls

Under the influence of straight walls with the sphere located on
the test section centerline (¢/b = 0.5), C,(0) measurements were
found to be independent of the roll angle, indicating a symmetric
flow pattern about the sphere. Flowfield symmetry was maintained
at ¢/ b = 0.4. The surface pressure distributionnoticeably departed
from symmetry only for ¢/b «0.3. In contrast, C , measurements
were found to be entirely independent of cross-stream position for
0.2 < ¢/ b «0.5and, by mirror image, to ¢/b « 0.8 (Table 1).

Flow Symmetry Results Under Adapted Walls

Two independentadapted wall solutions were obtained for ¢/ b =
0.5 and one for each of the cross-stream positions ¢/ b = 0.4, 0.3,
and 0.2. For ¢/b = 0.5, the symmetrical flow pattern about the
sphere was retained under adapted wall conditions, although the
magnitude of the pressure distributions changed to reflect the mini-
mization of wall interferenceeffects, primarily through a correction
to the base pressure (Fig. 2). This change was also reflected in a
decrease in Cp (Table 1). The adapted wall results were confirma-
tion of earlier work! and were consistent with previously published
experimentalwork, suchas that of Achenbach.® The favorableagree-
ment with Achenbach’s data also indicated that the interference of
the sting airfoil support (Fig. 1) was effectively compensated for
by roof and floor adaptation. Furthermore, an assessment of two-
dimensional wall interference, for the sphere at ¢/ b = 0.5, deter-
mined that the residual axial velocity perturbation along the test
section centerline was reduced to less than 0.25% of the freestream
velocity.! This value may be considered to be within the tolerated
range for a well-designed aerodynamic wind tunnel and to permit
comparison of results with reported reliable data.

With the sphere positionednearthe test sectionside wall, at ¢/ b =
0.2, two-dimensionalwalladaptationstillresulted in changesto both

Table1 Drag coefficient data® (total combined uncertainty
of Cp  0.02) for the sphere at Re; =1.69 10°

clb Wall setting Cp

0.5 Straight walls 0.58
0.4 Straight walls 0.58
0.3 Straight walls 0.57
0.2 Straight walls 0.58
0.5 Adapted walls 0.54
0.2 Adapted walls 0.53

Published data,> Re, from 1 % 10°to 2 % 10° 0.51-0.53

4The data remain independent of the cross-stream position and do not
reflect the asymmetrical nature of the flowfield.
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Fig.1 Experiment configuration.
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Fig. 2 Sphere surface static pressure distributions (¢ = 0 deg) with
the sphere positioned on the test section centerline (c¢/b = 0.5), at Rey
=1.69 y, 10°, illustrating the effectiveness of the two-dimensional wall
adaptation in removing the effects of wall interference. The total com-
bined uncertainty is estimated at C, 4 0.03.
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Fig. 3 Mean static pressure distributions at ¢/b = 0.2 and Re; =
1.69 . 10° for adapted walls. Two-dimensional wall adaptation pro-
videf%a correction to the base pressure region but could not correct
the asymmetrical nature of the flowfield about the sphere at this cross-
stream position (total combined uncertainty of C, 4 0.03).

the C,(0) distributionand C p, (Table 1). The flow pattern, however,
remained asymmetric (Fig 3).

Permissible Range for Cross-Stream Position

The permissible range for cross-stream position of the center of
the sphere extends from the test section longitudinal centerline to
a distance of 0.2b (121.9 mm) toward either side wall. Since the
sphere has a radius of 63.5 mm (0.105), the permissible range for
model lateral position extends 40.3b from the centerline. Since a
similar extension of the permissible working zone can also be ac-
commodatedin the verticaldirection, through adjustmentofthe roof
and floor contours,® a conservativeestimate is placed on the permis-
sible zone in which three-dimensionalmodels such as a sphere can
be located: it is assumed that the model must be located within a
circle of radius 0.3b, centered on the test section centerline. Thus the
permissible test zone in which a sphere of 3.6% solid blockage can
be placed is the central 28% of the test section cross-sectionalarea.

Conclusions

The experimental results lend further support to the careful use
of a two-dimensionalwall adjustment strategy for low-speed, three-
dimensional flows under specific conditions for solid blockage of
less than 4% for semiaerodynamic shapes, model span in the cross-
stream directionof up to 20%, and model proximity to the side walls
ofc/b > 0.3. This result yields a permissible test zone comprising
28% ofthe test section area. The experiments also demonstrate
that three-dimensional models such as a sphere can be tested in
an environment of minimum wall interference without the need
to employ a more computationally intensive and instrumentation-
demanding three-dimensional wall adjustment strategy.
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Near-Field Experiments
on Tip Vortices at Mach 3.1
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Introduction

IMITED experimental investigations of the supersonic flow-

field behind low aspect ratio, unswept wings were conducted
over four decades ago by Davis! and Adamson and Boatright.
Recently, pitot measurements of supersonic tip vortices from dif-
ferent unswept wings were made by Kalkhoran et al.,> Wang and
Sforza,* and Wang.> Most recently, Smart et al.® made additional
measurements in such flows using pitot and cone probes. This lim-
ited database prompted the present Note, which expands upon the
key features of the previous findings. The tip vortex generator used
is a straight half-wing with a modified double wedge airfoil and a
45-deg chamfer at the tip. It has a chord of 76.2 mm, a thickness of
7.9 mm, a span of 118.75 mm, and a half-wedge angle of 8.3 deg.
The tests were made in a Mach 3.1 stream (25.4 \,26.2 cm tunnel
cross section) at a Reynolds number of 7.08 X 10¢ based on the
chord for two angles of attack.

Results and Discussion

Previous experience indicates that the diameter of the vortex core
(defined as the distance between the swirl velocity peaks) is well
represented by the size of the darker band trailing off the wingtip
in shadowgraphs> Core diameters, thus, were measured off shad-
owgraphs taken during the study,* resulting in values of 6.4 0.8
and 8.5 4 0.8 mm for ov= 5 and 10 deg, respectively. These shad-
owgraphis show virtually no change in the size of the core within the
near-field viewing area. This suggests that the radial velocity com-
ponent is small compared to the axial component and the effect of
diffusionis minor, analogousto features found in the incompressible
counterpart. Vortex locations were determined using a traversable
pitot rake positioned horizontally across the tunnel centerline. Pitot
pressure measurements (uncertainty of 1.86 kPa) were made at
2.3 chords downstream of the trailing edge for oo = 5 and 10 deg.
This survey location was well within the region free of reflections
of the wing’s shock-expansionpatterns. Pitot pressure results were
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