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Abstract

Experiments have been conducted on the separated and reattached flows of tunnel wall cavities
along with relatively thick approaching boundary layers in incompressible flows. For very
shallow cavities, approaching boundary layer thickness affects the base pressure whereas for
deep cavities, its effect is minimal. In shallow cavities, the maximum pressure occurs slightly
below the shoulder of downstream wall. In deep cavities the vortical flow will have sharp
curvature of streamlines at the rear shoulder showing a higher static pressure.
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Nomenclature

Uα = free air stream velocity

L = Length
D = Height 
Cpstatic = Coefficient of static pressure

Introduction

Grooves, gaps, cutouts, recesses and surface depres-
sions are sometimes inevitable on the aerodynamic sur-
faces such as cockpits, bomb bays; escape hatches etc. of
the airborne vehicles. These discontinuities have a pre-
dominant effect on different parameters, as for example
increase in skin friction, pressure drag, heat transfer and
turbulence fluctuations in the velocities and pressures. The
flow over cavities is also important in many non-aeronau-
tical fields such as cavity flows in street canyons.

Extensive experimental and theoretical studies have
been carried out in both supersonic and subsonic cavity
flows by a host of researchers. Work on separation in
compressible flows includes that of Nash [3] and Mcdon-
ald [2]. Studies about incompressible flow were made by
Tani et al. [5].They found out that the demarcating value
of  L/D ratio between shallow and deep groove as 1.4.
They also presented some data of the turbulence charac-
teristics of the flow within the cavities. Further different
types of flow visualization techniques like shadow graph
pictures, of two axisymmetric, annular cavities (L/D = 0.5
and L/D =1.0) were presented by Thomke [4] at M= 2.00

and 3.90 both for rectangular cavities and with rounded
rear shoulder type of cavities.

Rossiter [10] carried out an extensive survey of fluc-
tuating pressures of the cavity at subsonic and transonic
speeds. He found that fluctuating pressures were of ran-
dom nature for deeper cavities (L/D < 4) and showed
periodicity for shallower cavities (L/D > 4).

Fox [1] made experimental study of the turbulent flows
on the rectangular cavities (0.25 ≤ L/D ≤ 1.75), which were
made in the surface of bodies placed in the middle of the
wind tunnel stream at velocities ranging from 50 m/s to
180 m/s at  relatively thin approaching boundary layers.
He studied the mean velocities and surface pressures.

Chung [8, 9] performed experiments to study the effect
of cavity geometry and Mach number on the acoustic
characteristics of the compressible rectangular cavity
flows. The study indicates that the corresponding length-
to-depth ratio for the open- and transitional-type cavities
increased with higher free stream Mach number.

Present investigation has been carried out to study the
upstream and downstream influence of rectangular cavi-
ties on aerodynamic surfaces for incompressible flow.

Experimental Apparatus and Procedure

An open circuit, 30 cm × 30 cm suction type wind
tunnel equipped with two contra rotating fans driven by
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TECHNICAL NOTE



two  constant  speed,  three  phase,  induction motors of
3.6 H.P each, was used in the present study (Fig. 1). The
maximum air speed obtained in the test section was 38.1
m/s with no model in the tunnel. The speed of air in the
wind tunnel was controlled by means of a butterfly damper
arrangement situated just downstream of the fans. For
maintaining constant speed in the wind tunnel, which was
likely to change due to fluctuation in the supply voltage,
power factor etc., an inclined leg type of manometer was
fitted near the fans, which registered the pressure drop
across the fans. This pressure drop was kept constant
which ensured constant speed in the experiment. Any
variation in this was controlled by means of the butterfly
valve.

To cut down the atmospheric turbulence and unsteadi-
ness in the flow, four stainless steel screens of 24 S.W.G.
mesh were provided and air flow was accelerated to test
section by means of the contraction cone of contraction
ratio 9.0.The test section length of wind tunnel was made
long enough i.e., 5.5 m. As study of cavity flow field at
relatively thick approaching boundary layers was main
concern, therefore a two dimensional cavity having a cross
section of 30 cm × 30 cm with variable depth from zero to
60 cm was positioned at a distance of 1.45 m from the start

of the test section so as to grow the boundary layer in that
region. The rectangular cavity floor was raised or lowered
down by means of an accurately machined lead screw
having a pitch of 2.5 mm for setting any desired L/D ratio.

Total and static pressure measurements were made
using two separate probes fabricated out of 1.25 mm outer
diameter stainless steel hypodermic needles. The total
head probe was formed with a blunt face. It was hand
polished and tested with a high-powered microscope to
ensure freedom from burrs, irregularities etc. The internal
to external diameter ratio of this probe was 0.67.The static
pressure probe had a solid nose, which was formed as
streamlined shape of approximately ellipsoidal type. At a
distance of about 8 diameters from the nose three equally
spaced holes of 0.25 mm diameter were drilled radically
into the probe. These opened in the common central por-
tion of the tube. The stem of the probe was formed at a
distance of 20 diameters from the top. This was done to
nullify the positive head effect and negative stem effect
error of the probe. The probes were mounted on the
micrometer traversing mechanism having a least count of
1.25 mm. The micrometer screw was moved in one direc-
tion during one set of observations to avoid the small
backlash error. To obtain the total head and static pressure

Fig. 1 Subsonic Wind Tunnel
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at any point in the rectangular cavities, the probes were
inserted from the top wall of the tunnel through a slot,
which was covered, with a sliding flexible strap of foam
leather to avoid the atmospheric air rushing into the tunnel
due to pressure differential. The pressures were measured
by means of the Betz projection manometer having the
least count of 0.10 mm of water.

Result and Discussion

The free air stream velocity U∞ ahead of the cavity was

36 m/sec and the boundary layer thickness was 25 mm.
The boundary layer was turbulent and followed the 1/7th

power law.

Upstream Influences of the Cavities

To ascertain the effect of cavity, both static and the
total pressures at the wind tunnel floor at a point 12.5 mm
ahead  of  the  cavity were studied by the use of probes.
The surface pressure coefficient vs. L/D ratio, have been
shown in the Figs. 2 and 3 and, for the static and total
pressure  respectively.   The  static pressure coefficient
(Fig. 2) showed a continuous decline from L/D=16 to
L/D=3 and then increase upto L/D=1.5. Below this, oscil-
lation in the surface pressure was observed in the L/D
range 0.8 to 1.30.The total pressure coefficient curve also
showed a similar type of trend as in the Fig. 3.

Downstream Influences of the Cavities

The cavity influences in the immediate vicinity of the
downstream corner were studied (Fig. 4). The value of Cp
increased with the increase of L/D ratio till L/D was equal
to 4.80.After that the value of Cp dropped till L/D = 4
indicating three dimensional flow and some of the energy
is observed in the third dimension, showing thereby a
decrease in Cp in the x-direction. After L/D=4,the value
of Cp increases till L/D=3 as the randomness decreases.
At L/D=3, The value of Cp decreases because the recom-
pression region becomes small and the mass from the
separation wake mixes with shear layer thus retarding it
and resulting in the lowering of Cp. At L/D=1.5, the value
of Cp suddenly shot up by 0.42.This means that the main
stream bridges the cut out. The flow in the cavity is the
completely separation wake and recompression region is
just near shoulder itself. The separation wake consists of
the vortical flow which is independent of the main flow
except for the periodic mass discharge near the front
shoulder and capturing mass from the shear layer (near
recompression region) near the rear shoulder which recir-

culates in the cavity. Coats et.al [6]has also found out same
type of flow in his experimental research. Xavier
et.al[7]has also experimented in the same line.

There is a sharp demarcation between the shallow and
deep cavity i.e. (L/D = 1.5) as the Cp value in the down-
stream cavity influence suddenly shoots up by 0.42.This
is in reasonable agreement with Tani et Al. Value of L/D
i.e. (L/D)exit =1.428 which was determined on the basis
that in shallow cavities, the maximum pressure occurs

Fig. 2 Static Pressure Coefficient Upstream of the Cavity

Fig. 3 Total Pressure Coefficient Upstream of the Cavity

Fig 4 L/D vs Cp in the Down Stream of the Cavity 
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slightly below the shoulder of downstream wall. This
criterion is reasonable as it implies that in deep cavities
the vortical flow will have sharp curvature of streamlines
at the rear shoulder thereby registering a higher static
pressure slightly below the rear shoulder. However, the
slight disparity in critical values of L/D may be due to the
secondary effects like approaching boundary layer thick-
ness, free stream turbulence. Xavier et.al [7] has also done
same experimental investigation in same line.

Conclusions

1. Three dimensionality and randomness of the flow in
the L/D range of 4 to 5 in two dimensional cavities
exists.

2. Cavities have significant upstream influences. The
static pressure, total pressure just upstream is af-
fected.

3. The increase of approaching boundary layer thick-
ness ahead of the cavity is seen. The maximum
increase occurs at L/D = 1.5.

4. The upstream influences are limited to a small dis-
tance ahead of the cavities.

References

1. Fox, J., "Flow Regims in Transfers Rectangle Cavi-
ties"-Proc.of the 1965 Heat Transfer and Fluid Me-
chanics. Instt., pp.230-247, Standford Uni. Press,
1965.

2. McDonald, H., "Turbulent Shear Layer Reattach-
ment with Special Emphasis on the Base Pressure
Problem", Aero-Quat. Vol. XV, pp.247-280, 1964.

3. Nash, J.F., "An Analysis of Two Dimensional Tur-
bulent Bass Flows including the Effect of Approach-

ing Boundary Layers", Aero. Res. Council, R&M
No. 3344, 1963.

4. Thomke, G.J., "Separation and Reattachment of Su-
personic Turbulent Boundary Layers behind Down-
stream Facing Steps and Cavities", Rep. No.SM
43062-Doughlas Aircraft Company, Calf, 1964.

5. Tani I. Iunchi M. and Komoda H., "Experimental
Investigation of Flow Separation with a Step or
Groove", Rep.No.364, Aero Res. Instt.-Tokyo, 1964.

6. Coates, M.J. and Patterson, J.C., "Unsteady Natural
Convection in a Cavity with Non-Uniform Absorp-
tion of Radiation",. Journal of Fluid Mechanics",
256: 133-161, ed. 579, 1993.

7. Xavier, A,  Pascal, H.  and  Clotilde,  R., "Study of
the Acoustic Oscillations by Flows over Cavities.
Part 1.Internal Flows", Proceedings of IMECE2002,
ASME International Mechanical Engineering Con-
gress and Exposition,Noveember 17-22, New Or-
leans, Louisiana, 2002.

8. Chung, K., "Characteristics of Compressible Rectan-
gular Cavity-Flows", Journal of Aircraft ,40 (1): 137-
142, 2003.

9. Chung, K.M., "Pressure Fluctuations in Rectangular
Cavity Flows" Chinese Journal of Mechanics-Series
A, 15 (3): 97-102, 1999.

10. Roshiter, J.E., "Wind Tunnel Experiments on the
Flow over Rectangular Cavities at Subsonic and
Transonic Speeds", Aero. Res. Council, R&M-3488-
HMSO, 1966.

158 JOURNAL OF AEROSPACE SCIENCES & TECHNOLOGIES VOL. 58, No. 2


