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Three-Dimensional Flow Studies
on a Slotted Transonic Wind Tunnel Wall

J. M. Wu,* F. G. Collins,t and M. K. BhatJ
The University of Tennessee Space Institute, Tullahoma, Tennessee

Three-dimensional flowfield measurements were made near a transonic slotted wall. Field velocity vectors and
static pressure distributions have been obtained. The boundary-layer displacement thickness was found to vary
in the transverse plane with its maximum at the slot centerline but decreased with increasing suction rate through
the slot. The boundary-layer characteristics were sensitive to the mass transfer through the slot. The projection
of the flowfield velocity vectors on the transverse plane revealed a vortex-like flow formation. The center of this
secondary flow was located nearly at the edge of the wall shear layer and decreased in strength with applied
suction. The secondary vortex motion may be attributed to the mean flow skewing, inhomogeneous transverse
plane boundary layer, and the wall turbulence anisotropy. These sources produced rotation of opposite sense
and their contributions varied with the suction rate.
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;= dynamic pressure
= volume flow rate through slot (applied)
- freestream unit Reynolds number
= velocity at outer edge of shear layer
= freestream velocity
= velocity components in x,y,z directions,

respectively
= friction velocity
= turbulent fluctuation velocity components in

x,y,z directions, respectively
= z component of velocity at edge of boundary

layer above slot
= z component of velocity at entrance to slot
= Cartesian coordinate system with origin at

center of slot leading edge (see Fig. 2)
= angle of attack, or parameter in

velocity /temperature relationship for an
equilibrium turbulent boundary layer

= boundary-layer thickness
= displacement thickness
= ratio of specific heats
= density

= conditions at edge of boundary layer
= total condition
= conditions in freestream

I. Introduction

TRANSONIC wind tunnels employ slotted or porous walls
to relieve blockage and other interference effects. The

slotted wind tunnel walls are known to be more efficient than
porous walls in the subsonic speed range but neither type is
completely effective. The problem of wall interference is
further avoided by limiting the model size which reduces the
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blockage ratio. Under extreme conditions caused by testing
thicker models and testing models at large angles of attack,
etc., the wall interference can be significant even with slotted
or porous walls. In addition, it is not economical to limit the
blockage ratio to a very small value especially if large
Reynolds numbers are desired. Therefore, the tendency in
transonic wind tunnel testing is to increase the blockage ratio
and, in the meantime, to reduce the wall interference, thereby
improving the utility of a given wind tunnel. One of the
practical methods to accomplish this is to control the flow
near the wall so as to minimize the wall effect—the so-called
adaptive wall technique.

The numerical procedures1'2 used to estimate the wall
interference or to design improved test section walls require
conditions to be prescribed at the ventilated walls. These
boundary conditions specify the pressure, streamline cur-
vature, or flow velocity components, i.e., velocity vector,
near the walls and perhaps the flow angle in the slot.2 Hence,
a detailed knowledge of the flowfield near the slotted tunnel
wall is required. Although several studies have been per-
formed on some aspects of the flow over slotted walls, the
knowledge required for a complete understanding of the flow
is not available.

Neyberg,3 Berndt,4 and Berndt and Sorensen5 examined
the flow through slots to formulate a homogeneous wall
boundary condition for accurate numerical calculations of
inviscid transonic flows around models in slotted test sections.
The slot flow was examined with oil flow pictures of the flow
through the slots and with pressure measurements made in
and around the slots. Also, a special probe was used to
measure the slot flow angle in the plenum chamber. For their
experiments the test section pressure upstream of the model
was greater than the plenum pressure and, consequently, there
was an outflow from the test section into the plenum
chamber. The flow entered the plenum chamber by en-
trainment and deflection. Near the model, and for a short
distance downstream, the plenum pressure was greater than
the test section pressure, thus causing inflow into the test
section from the plenum chamber. The inflow into the test
section was reported to be a mixed flow, consisting in part of
fast air removed earlier (upstream) from the test section and
of low momentum air from the plenum. This low momentum
air formed a bubble which spread laterally and was driven
farther into the wall boundary layer.3 Based on the slot flow
velocity measurements, Berndt4 inferred that the viscous
effects caused a 15% reduction in effective slot width for
outflow from the test section. No measurements of the inflow
into the test section were carried out.
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Matyk and Kobayashi6 studied the boundary layer and
cross flow characteristics of the Ames 2x2 ft and 11 x 11 ft
transonic tunnel configurations. They reported that the
boundary-layer displacement thickness downstream of the
slots was approximately twice as large as that at the centerline
of the solid portion between the slots. This result was at-
tributed to the aspirating effect and was considered to be a
result of the natural development of the slot boundary layer.
The cross flow differential pressure drop across the slot was
found to be nonlinear with mass outflow and the fluctuating
component of the cross flow velocity was as large as 30%.
Their measurements were obtained with a traversing straight
pitot probe, and therefore, the complex three-dimensional
nature of flow was not detected.

The boundary-layer displacement thickness has a strong
influence on the slot cross flow characteristics. This becomes
particularly significant due to the influence of the model-
induced pressure variation on the development of the wall
boundary layer. Furthermore, there are other slot flow
problems that remain unanswered. Among these are the
following: there are possibilities that the air returning to the
test section contains vorticity and that there may be
separation at the slot edges. The exact location of the surface
where the plenum pressure exists in the slot flow is unknown.
The cross flow may be too large for linearization, as is
frequently assumed in the theoretical treatment. In spite of
the vital role that the boundary layer on the slotted walls may
play in understanding the features of the transonic wind
tunnel wall flowfield, the experimental data on the flow near
slotted walls is scarce and incomplete,3'10 especially in view of
the semi-three-dimensional nature of the flowfield in the
presence of mass transfer across the slots.

In the present investigation a detailed study of the viscous
flow phenomenon over a slotted wind tunnel wall was made.
The experiments were carried out on a single slotted tunnel
wall. Zigzag baffles with 14-deg slant angle were used to
direct the flow in the slots. The tests were made with and
without auxiliary suction through the slot. Due to the fact that
the flow over a slotted wall is semi-three-dimensional in
nature, a five port cone probe was used to measure the flow
velocity through the wall boundary layer. The boundary-layer
traverses were made above the slot and at three equally spaced
transverse stations away from the slot. All the measurements
were made at one longitudinal station. In addition, detailed
pressure distributions in the neighborhood of the slot were
obtained. No turbulence measurements were made and only
mean quantities are reported in this study. A schematic of the
measurement plane and flowfield is given in Fig. 1.

II. Wind Tunnel Facility and Instrumentation
This experimental investigation was performed in the UTSI

transonic wind tunnel. The tunnel is of the blow down type
with a test section measuring 0.31-m widex0.28-m high and
2.66-m long. The test section is topped along its entire length
with a plenum chamber which is connected to the test section
through a porous plate having about a 30% open area. No
external suction or blowing was applied to the upper plenum.

A model of a section of a slotted wall test section, similar to
that which exists in the 11x11 ft transonic tunnel at the
NASA Ames Research Center, was constructed and mounted
on the test section floor (Fig. 2). The model contained three
slots, one on the tunnel centerline and one on each side,
separated from the centerline by 0.051 m. Inserts could be
placed in the slots to vary the number, length, and width of
the slots. The present experiments were performed on a single
slot of length 0.36 m and width 6.6 x 10~3 m (Fig. 3). Zigzag
shaped baffles, making a 14-deg angle to the vertical, were
placed in the slot.

A separate plenum chamber was provided below the slotted
wall model. Suction to the chamber was provided by two air-
operated ejector pumps. The suction rate was measured by a
sharp-edge orifice plate flowmeter that was placed in the pipe.

Transverse
plane

Lateral spreading
of suction effects

Inhomogenous
boundary layer

Region of u,v,w
change (region
of present study)

Fig. 1 Schematic of slot flow and measurement plane.

Fig. 2

1. Wind tunnel test
section.

2. Slotted model wall.
3. Auxiliary suction/

plenum chamber.
4. Ejector (suction)

system.
Schematic of mounting of model wall on the tunnel floor.

r
0.0066

1.016

Fig. 3 Details of slotted model wall; all dimensions in meters.

The meter discharge coefficient was taken from Ref. 11. The
suction rate was varied by controlling the pumping media
pressure with a dome controller. The flow rate was varied
from 3.54X10-2 to l.lSxlO-1 standard mVs (75 to 250
SCFM). Four rows of static pressure orifices facing the test
section were installed on the plenum chamber plate. They ran
longitudinally at the center of the solid portion between the
slots and outside the slots, each at a distance of 2.54 cm from
a slot centerline.

The purpose of this study (see Fig. 1) was to measure the
three-dimensional velocity field that exists above a slot with
suction. A five hole cone probe was used for this purpose.
From each reading of the probe the local Mach number, static
pressure, stagnation pressure, and flow direction were
determined. Then, using an assumed form of the velocity-
temperature relation for an equilibrium turbulent boundary
layer, the flow velocity components were determined.

The small perturbation transonic analysis of Wu and
Lock12 and supersonic small perturbation theory13 were
applied to the cone-cylinder configuration to estimate its
expected performance. Based on this calculation, it was
decided to use a cone of 20-deg half-angle to have a suf-
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ficiently large pressure difference across opposite sides and to
place the surface orifices at 0.65 times the cone length from
the tip, where the pressure was relatively constant. In general,
it is desirable to have a probe with a constant but large sen-
sitivity to be able to accurately measure small angular
deflections [S=d(Ap/pt)/da per degree]. In the Mach
number range of current interest (0.6-0.9) the sensitivity was
predicted to be in the range of -0.008 to -0.011/deg. The
method for using a five port cone to determine the local Mach
number and flow angle is detailed in Refs. 14 and 15. The
transonic small perturbation analysis of Wu and Lock,12

which is known to have good agreement with experimental
data, was used to numerically obtain the required cone probe
calibration data.

To be able to determine the local velocity, either the local
temperature has to be measured or a velocity-temperature
relation for a turbulent shear layer has to be used. For the
present measurements the latter technique was used in lieu of
temperature measurements, even though the result should
only be approximate because the viscous layer was not an
equilibrium turbulent boundary layer. The velocity ratio is
given by

MV_ = M / T\*
V~M' \TJ

where the subscript e indicates the condition at the edge of the
boundary layer. Then, the relationship between T/Te and
V/Ve from Ref. 16 was solved iteratively with the preceding
expression to obtain the local velocity. The mixed Prandtl
number was assumed to be 0.88, the parameter a. was taken to
be 25, and the wall was assumed to be adiabatic. The velocity
components u, v, w then were obtained from the total velocity

V, and the flow angles 6 and 0. The presence of the baffle
contributes to the asymmetry of the flowfield on either side of
the slot.

The technique just described yields flow angles and velocity
components relative to the axis of the cone probe. However,
there were always misalignments in the mounting of the cone
probe such that the cone coordinate system did not coincide
with the tunnel coordinate system. For each probe mounting a
test run, with a traverse made on a flat plate on the lower wall
(all slots plugged), was made to determine the alignment
error. Then a transformation was made from the cone axis to
the tunnel axis.

The cone probe holder was fastened on a longitudinal
traverse mechanism that was mounted inside the lower
plenum chamber. It could be positioned at any longitudinal
location by means of a lead screw; all the present
measurements were made at a longitudinal station x= 19 cm
measured from the slot beginning. The probe holder was
positioned under one of the closed slots and could be moved
vertically with an electrical motor through a fitting on the
slot. Using extension pieces, the cone probe could traverse
over one of the open slots or 1.3, 2.5, or 3.8 cm transversely
away from the slot.

All pressure and temperature measurements were digitized
and stored in a microcomputer for later analysis. During one
vertical scan of the cone probe away from the wall 96
measurements were made.

III. Results
The results to be reported here were obtained from a single

slot, located on the tunnel centerline, at various test con-
ditions. The tests were performed at Mach numbers of ap-
proximately 0.6, 0.76, and 0.9. The unit Reynolds number
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Fig. 4 Velocity component distribution on the single slotted wall model at M^ - 0.81, Re/m - 2.67 x 107, Q = 1.65 m3 /miri, Y= -1.27 cm.

Fig. 5 Three-dimensional representation of the velocity vector
distribution in the transverse plane of measurement for flow over the
single slotted wall model at M^ =0.76 and /te/m=3.4xl07 (no
applied suction, i.e., natural ventilation only).
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Fig. 6 Boundary-layer thickness distribution in the transverse plane
for flow over the single slotted model wall.
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varied from 1.6 to 3.1 X lOVm. The applied suction through
the slot varied from zero (lower plenum valve closed), to
moderate (3.54x i.O.-2 mVs or 75 SCFM) and to high (0.118
mVs or 250 SCFM). For all the tests the cone probe was
traversed in the z direction at a fixed x station of 19 cm and at
four y stations (0, 1.3, 2.5, and 3.8 cm) (see Fig. 2).

The velocity component u, v, w in the x, y, z directions,
respectively, were obtained from the cone probe
measurements. A typical result for one cone probe traverse is
shown in Fig. 4. The nature of the wall shear layer and the
near region external to the shear layej was analyzed using
these measured velocity components. It should be noted that
in the immediate neighborhood of the wall (approximately
1.5-probe diameters) the cone probe results become spurious
due to the probe-wall interference.

An example of the three-dimensional velocity profiles that
were measured at the four transverse stations for one test
condition is given in Fig. 5. The results were from four in-
dependent test runs but the test conditions were ap-
proximately the same. These plots exhibit the three-
dimensional nature of the flowfield oil the single slotted
model wall in a qualitative sense. From these results it can be
seen that the transverse arid normal velocity components were
skewed toward the slot for measurement stations away from
the slot. The extent of the skewness decreased with distance
away from the slot. The just described nature of the velocity
vector distribution was observed over the entire experimental
Mach number range (Mw =0.6-0.9). Due to relatively small
magnitude of v and w velocity components compared to the
principal flow direction u velocity component and also
because of the mode of presentation, the v and w velocity
components are not explicitly revealed in Fig. 5. There was
flow outward from the test section through the slot to the
plenufn chamber at this longitudinal measuring station for all
the present measurements, even without applied suction (i.e.,
natural ventilation only). At the slot itself the flow was
directed into the slot by the baffles. The baffle angle was 14
deg and the measured flow angle on the slot was slightly
greater than 14 deg. The details of determining the velocity
vectors using the cone probe measurements are outlined in
Ref. 17.

The boundary-layer thickness was defined as the z location
where the u component of the velocity was equal to 0.99 Ue,
where Ue is the u component of the velocity at the edge of the
boundary layer. The displacement thickness was defined as

This is only an approximation to the actual displacement
thickness for the three-dimensional flow.18 It is estimated that
the neglect of the v and w components led to a slightly
overestimated value of 6*.

The distribution of the boundary-layer thickness in the
transverse (measurement) plane is shown in Fig. 6 for flow at
two Mach numbers. The boundary-layer thickness remained
relatively constant with no applied suction through the slot
but decreased in the vicinity of the slot with applied suction
and almost disappeared above the slot at the highest suction
rate. The displacement thickness over the slot also decreased
significantly with increase in applied suction rate.

The boundary-layer displacement thickness distributions in
the transverse plane are shown for various Mach numbers and
suction rates in Fig. 7. For no auxiliary suction 6* decreased
monotonically with increase in distance away from the slot
axis except at the lowest Mach number. At AfM=0.6 the
natural suction velocity (Q = 0.0) is larger than at higher Mach
numbers because the wall boundary layer is thicker than at the
higher Mach numbers and this results in a lower downstream
test section pressure with a consequently larger outflow from
the test section into the plenum upstream on the slot at the
measuring station. Matyk and Kobayashi6 measured 6* on the
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Fig. 7a Boundary-layer displacement thickness distribution in the
transverse plane for flow over the single slotted wall model at
M^ « 0.6 and Re/tn ^ 2.1 X107.
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Fig. 7b Boundary-layer displacement thickness distribution in the
transverse plane for flow over the single slotted wall model.
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Fig. 8 Projected velocity vector distribution onto the transverse
plane for flow over the single slotted wall model at M^ =*0.6,
Re/m-2.4xlO7 with no applied suction (g^O.O m3/min). The x
component of velocity is directed out of the plane of paper.

slat between two slots and downstream of a slot and found
that 6* downstream of the slot was twice that of the value
between the slots. The same type of variation of 6* is observed
in the present measurements but at one longitudinal location.

The reason for the increase in 6* in the vicinity of the slot
can be explained as follows. The boundary layer on a slotted
wall is similar to the boundary-layer flow on a solid plate
which contains a long, deep cavity. For no applied suction
(with only natural ventilation) the flow entering into the
plenum chamber is mostly drawn from the low momentum
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-3.81 -2,54 -1.27 0.0 -1.27 0.0

Fig. 9 Projected velocity distribution onto the transverse plane for
flow over the single slotted wall model at M^ =0.6,
/te/m = 1.89x 107 with moderate applied suction (Q = 2.01 m3/min).
The x component of velocity is directed out of the plane of paper.

y = -3.81
(cm.)

-2.54 -1.27 0.0

Fig. 10 Streamline pattern and the projected velocity vector
distribution onto the transverse plane for flow over the single slotted
wall model at M^ =0.6, /te/m = 1.78xl07, Q-l.l m3/min. The x
component of velocity is directed out of the plane of paper.

slotted wall boundary layer and very little comes in from the
outer stream. This view is supported by the fact that d varied
only slightly away from the slot for g = 0 (Fig. 6). The
drawing of mass from the boundary layer together with only a
slight change in d for zero to a moderate amount of applied
suction through the slot results in an increased velocity defect
in the shear layer and, consequently, an increase in d*. With
applied suction the displacement thickness above the slot is
reduced and the influence of the suction spreads laterally as
the suction rate is increased.

The behavior of the flowfield is better visualized by con-
sidering the projection of the resultant of the v and w velocity
components onto the transverse plane (Figs. 8-10). In these
figures the main flow direction is out of the plane of the
paper. The indicated velocities closest to the solid wall are in

Edge of wall
boundary layer

Fig. 11 Schematic of the secondary motion superimposed on the
projected velocity vector distribution on the transverse plane of flow
over the single slotted wall model at Mx =0.6, /?e/m = 2.4x 107 with
no applied suction (£> —0.0). The x component of velocity is directed
out the plane of paper.

Fig. 12 Rotational sense of skew and stress induced vortex motion in
transverse plane.

error due to the wall interference effect upon the cone probe.
Nevertheless, significant secondary velocities were clearly
observed away from the wall as a function of applied suction
rates.

For test runs on a flat plate at Mach numbers 0.61 and 0.72
the measured magnitudes of vl U^ and w/ U^ were less than
0.015 when the probe was free of wall interference. The
maximum error in the measurement of cone probe pressures
was estimated to be 1%. The corresponding changes in-
troduced into the reduced velocity components due to these
errors were not large enough to produce any discernable
changes in the magnitude and orientation of the plotted
velocity vectors in Figs. 8-10.

The flow pattern in the transverse plane exhibited in Figs. 8-
10 indicates the existence of a vortex-like secondary flow. On
close examination it is seen that, for no applied suction (only
with natural ventilation), the vortex-like flow is strong and
spread to the outer regions of the measurement plane which
are outside the wall shear layer (Fig. 11). Close to the slotted
wall the flow is directed toward and into the slot. At moderate
suction the vortex-like tendency of the outer flow is rather
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Fig. 13 Comparison of measured normal velocity at slot and at the
edge of the boundary layer (at y—0.0 station in transverse plane) for
the flow over a single-slotted wall model.

decreased (Fig. 9) and at high suction this phenomenon has
almost disappeared (Fig. 10). As mentioned earlier, at the
highest suction rate the boundary layer almost disappeared
over the slot. Therefore, it can be inferred that this secondary
vortex flow can be attributed to an irregularity of the
boundary-layer induced flow.

In the present experiments slots with rectangular ends were
used. It is plausible that the vortices were generated from the
slot lip as a consequence of the flow into the slot and that they
then propagated outward from the wall while traveling
downstream. However, such vortices should become stronger
with increased suction rate through the slot but this was not
the case for the present observations.

Secondary flow can arise in turbulent flows from mean
flow skewing (secondary flow of the first kind) and from
anistropy of the wall turbulence in the presence of a boundary
layer which is nonuniform in the transverse direction
(secondary flow of the second kind). Per kins19 used the time-
averaged streamwise vorticity equation for steady in-
compressible constant-property flow to examine the sources
of streamwise vorticity in turbulent flow. Following the
analysis of Perkins it is possible to explain the formation and
the subsequent attenuation with increased applied suction of
the secondary vortex flow observed in the present ex-
periments.

The streamwise vorticity production rate due to mean flow
skewing, labeled term P7 by Perkins,19 is given by

_ du. 61; _ du dw
7 ~ dz dx~ dy dx

For the present problem dv/dx and dw/dx are of the same
order of magnitude while du/dz>du/dy over most of the
shear layer at moderate applied suction. While du/dy in-
creases with increased applied suction there is a corresponding
increase in du/dz due to a decrease in 6. Flow is always
removed from the slot at the longitudinal station examined,
even for no applied suction. This produces a lateral con-
vergency of the streamlines toward the slot and nonzero
values of dv/dx exist which have opposite signs on opposite
sides of the slot. The generation of streamwise vorticity by
this mean flow skewing leads to a pair of vortices which expel
fluid from the shear layer out into the mean flow. This
mechanism of streamwise vorticity generation is explained in
more physical terms in Fig. 11. With no applied suction the
mean flow skewing source is dominant. The flow moves
downward and toward the slot, except near the wall where it
must move parallel to the wall. Because of the low momentum
in the wall shear layer, the influence of the slot suction is
greatest near the wall. However, since the amount of removed
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Fig. 14 Normalized static pressure distribution across the boundary
layer on a single-slotted wall model.

air is very small with no applied suction, only that portion of
the flow near the wall is removed and that above it meets the
air coming from the other side of the slot and moves upward,
forming the secondary flow pattern shown. Note that the
center of the secondary motion is far removed from the region
of the boundary layer as it was defined previously.

The only significant stress induced streamwise vorticity
production rate, labeled P3 by Perkins,19 is given by

~72-~^1~2\
dydz (v'2-w'2)

where v' and w' are fluctuating velocity components. Based
on measurements in several nonuniform, nominally two-
dimensional viscous layers, Perkins showed that the dif-
ference of the Reynolds stresses in the transverse plane can be
represented by the correlation

(V'2_w>2)

which applies in the present geometry. Using this correlation
the P3 term becomes

3 ~ d L UT dy 6 dy

Although the preceding correlation was developed for in-
compressible flows, compressibility should not change the
direction of the secondary motion. Consider the viscous layer
over the slotted wall model which is inhomogeneous in the
transverse plane, as shown in Fig. 12. In planes such as B-B',
duT/dy = dd/dy = 0 which means that P3 is zero. In planes such
as A-A', duT/dy>0 and dd/dy <0 which means that P3 is less
than zero for negative y. Likewise, P3 is positive for positive
y. This leads to a secondary motion in a sense opposite to that
produced by mean flow skewing.

Another plausible explanation for the disappearance of
secondary motion with moderate suction (Fig. 9) is that the
upward movement along the centerline from the secondary
motion caused by mean flow skewing (Fig. 11) was balanced
by the downward movement toward the slot caused by the
increased suction. Only further experimentation can
unambiguously determine the source of the streamwise
vorticity that is observed and its change with amount of
applied suction.



JULY 1983 FLOW STUDIES ON A SLOTTED TRANSONIC WIND TUNNEL WALL 1005

The conclusion is that the two sources of streamwise
vorticity generate secondary motion of the opposite rotation
sense, for the present geometry, which tend to counterbalance
each other. At no applied suction, since there is only a slight
variation of 6 with y, the contribution to the secondary flow is
mainly from the mean flow skewing (Fig. 11). With moderate
applied suction the influence of the inhomogeneous boundary
layer is strong and the two secondary flow sources tend to
cancel one another. Then no secondary pattern is discernable
(Fig. 9). At the highest applied suction rate the suction effect
overrides the secondary motion and the velocity vectors are
directed toward the slot (Fig .10).

A comparison of the measured normal velocity component
above the slot, wslot, with that at the edge of the boundary
layer above the slot, wz=6, is shown in Fig. 13. As the suction
was increased the w velocity component at the edge of the
boundary layer reduced monotonically. In the layer close to
the slot it was negative, i.e., the flow was directed into the
slot, but w was still positive at the outer part of the boundary
layer until wslot was increased to a certain value. Then the
entire shear layer was directed into the slot at the measured
longitudinal location. At large suction the boundary layer
almost disappeared.

The static pressure distributions through the viscous layer
were measured at the same four locations where the velocity
was measured. Typical results are given in Fig. 14 where
p=p/(y2yp00M2

00). Above the slot the pressure always in-
creased into the freestream but the measurements at the three
other transverse locations did not show a definite trend at all
Mach numbers.

IV. Conclusions
The following conclusions can be drawn from the present

measurements made in a transverse plane of the turbulent
flow over a flat single-slotted wall model, with and without
applied suction, over the Mach number range 0.6-0.9 and a
unit Reynolds number range 1.6 to 3.1 x lOVm.

1) The flowfield was found to be three-dimensional in
nature with the flow velocity component inclined with the
mainstream well beyond the conventionally defined boundary
layer.

2) The flow pattern in the transverse plane indicated the
existence of a vortex-like secondary flow that contained
streamwise vorticity. It is plausible that the streamwise
vorticity was created by mean flow skewing and by stress
induction. For the present geometry the two sources created
streamwise vorticity of opposite rotational sense. At low
applied suction rates the mean flow skewing source
dominated and created streamwise vorticity that was external
to the normally-defined boundary layer. At moderate applied
suction rates the two sources balanced each other and the
secondary motion disappeared. At high applied suction rates
the suction effect diminished the secondary motions and the
velocity vectors were directed toward the slot.

3) The natural ventilation through the slot (no applied
suction) was found to have an important influence upon the
displacement thickness and the character of the three-
dimensional flowfield above the slot. Both the boundary-layer
and displacement thickness distributions in the direction
transverse to the slot were very sensitive to the applied suction
rate through the slot. The boundary-layer thickness was
relatively constant in the transverse direction for no applied
suction but decreased in the region of the slot with increased
applied suction. The displacement thickness initially was
considerably greater over the slot than away from it because
of the natural suction at the transverse plane examined (see
Fig. 7), but diminished rapidly with increased applied suction
rate. The boundary layer was almost removed over the slot at
high suction rates.

4) The ratio of the normal flow component (w) at the slot
and at the edge of the boundary layer above the slot showed a
nonlinear variation (Fig. 13). wz=5 can be either positive or
negative depending on the rate of suction. An accurate

knowledge of this relationship is required for determining the
wall boundary conditions for the numerical calculations. It
appears that the streamwise variation of this relationship may
be very complicated due to the three dimensionality of the
flowfield.

5) Additional experiments need to be performed before the
wall boundary condition, which is appropriate for
calculations of flows about models in transonic tunnels with
slotted walls, can be determined. These include measurements
at additional transverse planes, with blowing rather than
suction through the slot and with a multiple-slot wall. In
addition, although several plausible explanations have been
given for the observed secondary motion, measurements of
the turbulent structure are required before the actual source of
the motion will be known.
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