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Summary

An experimental study has been conducted in the
Langley 8-Foot Transonic Pressure Tunnel to mea-
sure the forces and moments on a generic store in and
near rectangular box cavities in a flat-plate configura-
tion at subsonic and transonic speeds. Surface pres-
sure measurements were obtained inside the cavities
and on the flat plate. The measurements were ob-
tained for the store near a flat-plate surface, and in-
side and near two shallow cavities and two deep cav-
ities. The shallow cavities had a depth h of 2.40 in.
and lengths [ of 26.00 in. and 30.00 in. with corre-
sponding values of {/h of 10.83 and 12.50. The deep
cavities had a depth of 4.80 in., lengths of 26.00 in.
and 30.00 in., and corresponding values of [ /h of 5.42
and 6.25. All cavities had a width of 9.60 in. Mea-
surements were obtained with the store located in
a plane perpendicular to the cavity floor that con-
tained the cavity longitudinal centerline (centerline
plane) and in a parallel plane 2.50 in. to the right of
the centerline plane (off-centerline plane). The tests
were conducted over a free-stream Mach number M
range of 0.20 to 0.95.

For these tests, surface pressure measurements
inside the cavities indicated that, through the test
range of My, the flow fields for the shallow cav-
ities were either closed or transitional near the
transitional/closed boundary, and the flow fields for
the deep cavities were either open or transitional near
the open/transitional boundary. The installations of
the store assembly inside the cavity and the position
of the store after installation did not change the type
of cavity flow field and had only small effects on the
cavity and flat-plate pressure distributions. The ef-
fects of My, on the store forces and moments were
primarily results of the effect of M on the type of
cavity flow field rather than a direct effect of M on
the store loads. For the shallow cavities with closed
cavity flow fields, varying M had only small effects
on the cavity and flat-plate pressure distributions
and on the store forces and moments. When the flow
fields for the shallow cavities were transitional near
the transitional/closed boundary, increasing Mo re-
sulted in large reductions in pitching-moment co-
efficient Cp,. Varying the length of the shallow cav-
ities from 26.00 in. to 30.00 in. (=15 percent) had a
large effect on Cp,, normal-force coefficient Cp, and
axial-force coefficient C' 4. Lateral positioning of the
store in the cavity had only small effects on the cav-
ity and flat-plate pressure distributions and on the
store forces and moments. Cavity depth had large
effects on Cy, and Cy for all cavity configurations
and on Cy for the longer cavities (! = 30.00 in.).
These large effects resulted from the effect of cav-

ity depth on the type of cavity flow field. Values of
Cm, were always much greater for the shallow cavities
with closed cavity flow than for the deep cavities with
open flow. This result is similar to trends previously
observed at supersonic speeds.

Introduction

The internal carriage of stores on an aircraft, com-
pared with external store carriage, results in reduced
drag and lower radar cross section for the parent
aircraft at all flight speeds. There are, however,
some undesirable features of internal carriage, such
as increased aircraft volume requirements, more con-
straints on store geometry and size, and large dy-
namic loadings on weapons-bay components when
the bay is open. Also, it has been established (e.g.,
refs. 1 to 4) that adverse store-separation character-
istics can exist for certain weapons-bay geometries
at supersonic speeds. The main purpose of the in-
vestigation reported in this paper was to determine
whether adverse store-separation characteristics also
occurred at subsonic and transonic speeds for similar
weapons-bay geometries. An additional purpose was
to investigate the effects of varying the cavity length
on the store forces and moments from a typical length
that accommodates just the store to a typical length
that would accommodate the store with a conven-
tional offset sting arrangement. Store forces and mo-
ments for the shorter cavity length could be obtained
in the present tests, since the store model was sup-
ported by a blade-strut assembly that extended from
the cavity floor.

The investigation reported in this paper was part
of an overall program that was conducted at NASA
Langley to investigate cavity flow fields at subsonic
and transonic flight speeds. Tests were conducted
over a wide range of cavity parameters. Results from
a test conducted to investigate the effects of cavity
geometry on cavity flow fields are given in reference 5.
The different types of flow fields that occur in the
subsonic and transonic speed range are catalogued
in reference 5, and the range of cavity variables asso-
ciated with the different types of cavity flow fields
is defined. A brief review of these findings is in-
cluded in the present paper. A test was also con-
ducted to investigate the effects of Reynolds number
and yaw angle on the steady (ref. 6) and unsteady
(refs. 7 and 8) pressure distributions inside cavities
at transonic speeds. Results from tests to investigate
the effects of passive venting on cavity flow fields at
subsonic and transonic speeds are presented in refer-
ence 9. These tests were also conducted as part of
the Langley cavity program.



Cavity models in the present investigation con-
sisted of both deep (cavity length-to-height ratio,
l/h=542 and 6.25) and shallow cavities
(I/h =10.83 and 12.50) that were installed in a flat-
plate configuration. The store model consisted of
a body of revolution with an ogive nose and cylin-
drical afterbody that had a length-to-diameter ratio
of 20.10. The store model was attached to a remote-
controlled, blade-strut assembly that could be used
to position the store from inside the cavity to approx-
imately 2 store diameters outside the cavity. The
strut assembly protruded through the cavity floor.
Static pressure measurements on the cavity and flat-
plate surfaces and force and moment measurements
from a six-component balance inside the store model
were obtained at Mach numbers from 0.20 to 0.95.

Symbols

The store moment reference center was located
13.27 in. aft of the nose.

A cross-sectional area of store body,
1.131 in?
Cy axial-force coefficient of store,
Axial force
dooA
Cap axial-force coeflicient of store base,
—CPB
Cm pitching-moment coefficient of store,
Pitching moment
JooAd
Cn normal-force coefficient of store,
Normal force
docA
Cr yawing-moment coefficient of store,
Yawing moment
JooAd
Cp pressure coefficient, P~ Peo
/[
Cpg pressure coefficient of store base,
PB — Px
doc
(Cp)arit critical pressure coefficient
CPxxx pressure coefficients for orifice
number xxx (see tables 2-30)
Cy side-force coefficient of store,
Side force
dooA

FPL

PB
DPt,0

Ys

store diameter, 1.20 in.

fluctuating pressure level,

20 log 2, dB

o0
cavity depth or height, in.

height of strut housing above cavity
floor, in. (see fig. 4(c))

cavity length, in.

free-stream Mach number

measured surface static pressure, psi
fluctuating pressure, psi

measured pressure on store base, psi
free-stream total pressure, psi
free-stream static pressure, psi
free-stream dynamic pressure, psi

free-stream unit Reynolds number,
per foot

store model nose radius, 0.032 in.
free-stream total temperature, °F
velocity, ft/sec

free-stream velocity, ft/sec

cavity width, 9.60 in. for present
test

distance in streamwise direction
relative to cavity leading edge, in.
(see fig. 3)

lateral or spanwise distance from
longitudinal centerline of cavity to
centerline of store, in. (positive di-
rection to right of cavity centerline
looking upstream, see fig. 4(b))

distance in lateral or spanwise di-
rection relative to cavity centerline,
in. (positive direction to left of cav-
ity centerline looking upstream, see
fig. 3)

vertical distance from flat-plate
surface to centerline of store, in.
(positive direction away from cavity,
see fig. 4(b))

distance normal to flat plate rela-
tive to plate surface, in. (positive
direction into cavity, see fig. 3)

boundary-layer thickness
(U/Usx = 0.99), in.



Experimental Methods
Models

Figure 1 is a photograph of the cavity-plate as-
sembly installed in the test section of the wind tun-
nel. The flat-plate surface was located approximately
on the longitudinal centerline of the test section. Ver-
tical loads on the plate assembly were carried by six
legs that were attached to the tunnel floor structure,
and lateral loads were carried by four cables that were
attached to the tunnel sidewall. The forward and
middle pairs of legs were swept forward to improve
the longitudinal cross-sectional area distribution of
the plate assembly for blockage considerations. Fair-
ings were mounted around the cavity on the lower
side of the flat plate.

Photographs of the store model attached to the
remotely controlled blade-strut assembly and in-
stalled in the cavity are shown in figure 2. The cavity
configuration shown in these photographs is a shallow
cavity with a depth of 2.40 in., a length of 26.00 in.,
and a width of 9.60 in. Both photographs show the
store assembly installed 2.40 in. to the right of the
cavity longitudinal centerline. The store is shown
at two vertical positions in the photographs. Fig-
ure 2(a) shows the store in a retracted position inside
the cavity with the store centerline located 0.90 in.
below the flat-plate surface. Figure 2(b) shows the
store in an extended position with the store center-
line located 2.37 in. above the plate surface.

Sketches that show the basic dimensions of the
cavity-plate assembly are presented in figure 3. The
flat plate had a length of 111.00 in., a width of
48.00 in., and a nominal thickness of 1.00 in. The
leading-edge cross section of the flat plate was half
of a 12:1 ellipse. Tests were conducted with and
without the store model installed in the cavity for
cavity lengths of 26.00 in. and 30.00 in. and depths
of 2.40 in. and 4.80 in. Limited tests were also
conducted with the cavity floor positioned flush with
the flat plate (h = 0.00 in.). Cavity length was varied
by installing block inserts in the rear of the cavity,
and cavity depth was varied by changing the length
of the cavity-floor-assembly support struts (fig. 3).
The cavity leading edge for all cavity configurations
was located 36.00 in. downstream of the plate leading
edge. The origin of the coordinate system that was
used to define the locations of the pressure orifices
in the cavity and on the flat plate was located on
the longitudinal centerline of the flat-plate surface
and at the cavity leading edge. (See fig. 3.) A
turbulent boundary layer on the plate surface ahead
of the cavity was obtained by installing a 0.10-in-wide

strip of No. 60 carborundum grit 1.00 in. downstream
from the plate leading edge. The size and location of
the grit were determined from references 10 and 11.
Boundary-layer profiles measured during the tests of
reference 5 with a similar cavity-plate assembly and
at test conditions similar to the present test indicated
that the boundary layer was turbulent at the cavity
entrance for all Mach numbers.

Sketches of the assembly and basic dimensions
of the store model and the blade-strut assembly
are shown in figure 4. The store model is repre-
sentative of a generic missile model with an ogive
nose and a cylindrical afterbody. The installation
of the store model and strut assembly in a typical
shallow-cavity configuration is shown in figure 4(a).
The store model was attached to an aft-facing six-
component force-and-moment balance, which in turn
was attached to the movable strut. The strut passed
through a slot on the cavity side of the store model
with a clearance between the strut and store model
shell of 0.060 in. Vertical travel of the strut was
provided by an internal strut-drive screw that was
powered by an externally mounted strut-drive mo-
tor. The maximum vertical travel of the strut was
3.30 in. An encoder was mounted on the end of the
strut-drive screw and was used to determine the strut
position. The strut moved inside and was supported
by a strut housing that was secured by the strut-
housing support. The strut housing could be posi-
tioned at two vertical locations in the strut-housing
support such that the height of the strut housing
above the cavity floor hg, was either 0.450 in. or
2.850 in. For all the shallow-cavity configurations
and the flat-plate configuration, only the lower po-
sition was used, and it provided a range of Z; from
—0.90 in. to 2.36 in. for the shallow-cavity config-
urations and from 1.75 in. to 4.98 in. for the flat-
plate configuration. For the deep-cavity configura-
tions, both the upper and lower positions were used
and provided a range of Zs from —3.00 in. to 2.31 in.
When the movable strut was fully extended, the
blunt section of the strut extended 0.47 in. into the
flow.

The arrangement of the store model in the cavity
is shown in figure 4(b). The store model was tested
on the cavity centerline (Y; = 0.00 in.) and 2.40 in.
to the right of the cavity centerline (Y; = 2.40 in.).
For both lateral positions, the store nose was located
1.20 in. downstream of the cavity leading edge. As
shown in the side view of the model, the store vertical
position Zs; was measured relative to the flat-plate
surface. The moment reference center for the balance
data was located 13.27 in. aft of the model nose,
or 55 percent of the store model length. Basic
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dimensions of the store model and strut assembly
are given in figure 4(c). A 0.10-in-wide transition
strip of No. 80 carborundum grit was applied to the
nose of the store model 1.00 in. downstream of the
nose tip, measured along the store surface. The
size and location of the grit were determined from
references 10 and 11.

A summary of descriptive information for all con-
figurations tested is given in table 1.

Wind-Tunnel and Test Conditions

The tests were conducted in the Langley
8-Foot Transonic Pressure Tunnel. This facility is
a continuous-flow, transonic wind tunnel capable
of operating over a Mach number range from 0.2
to 1.3. The tunnel can obtain Reynolds numbers
from 0.5%x 106 to 6x108 ft~1 and stagnation pressures
from 3.7 to 29.5 psia. A description of the facility is
given in reference 12.

Tests were conducted with the flat-plate surface
at an angle of attack of 0° relative to the test-section
centerline for the nominal test conditions shown in
the following table. The second set of test condi-
tions, for Mo, > 0.60, are for the configurations that
included the store model installed in the deep cav-
ities (h = 4.80 in.). For these deep-cavity configu-
rations at M > 0.60, excessive lateral vibrations
of the store model occurred and required the tun-
nel to be operated at reduced pressures to prevent
overloading the balance side-force beam. At these
reduced pressures, the boundary-layer trips should
still be effective in inducing turbulent flow based on
the estimates of references 10 and 11. Also, these
reductions in pressure should result in less than a
10-percent increase in the boundary-layer thickness
at the cavity leading edge, based on estimates from
equation (27.66a) of reference 13. Therefore, these
reductions in pressure did not have any significant
effects on the trends shown by the results of this
investigation. Values of boundary-layer thickness
presented in this table are from reference 5 and were
36.00 in. from the plate leading edge. Forward of
z = 42 in., the plate in reference 5 was a duplicate of
the plate used in this investigation. Values of § were
obtained at approximately the same free-stream con-
ditions as the present tests.

Instrumentation and Measurements
Pressures

The cavity floor and sidewalls and the flat-plate
surface were instrumented with a total of 121 pres-
sure orifices. Not all the pressure orifices in the cavi-
ties were used for all configurations; some of the floor
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Procy | Trocs Ry, 6, Goos

Configuration | Mx lb/in2 °F ft—1 in. lb/in2
118 0.20] 23.61 | 100 [2.0x 105]0.45[ 0.65
1-18 40 | 22.22 3.6 48] 2.23
1-10 60 | 20.83 4.7 AT| 412
11-18 60 | 12.50 2.8 2.47
1-10 80| 14.18 3.8 50| 4.17
11-18 80| 9.44 2.5 2.78
1-10 90 | 12.47 3.5 52| 4.18
11-18 90| 8.34 2.3 2.80
1-10 95| 11.81 3.4 55| 4.17
11-18 95| 834 1 |24 2.94

and sidewall orifices were covered by the rear-block
insert for the shorter cavities, and some of the side-
wall orifices were covered for the shallow cavities.
The orifices had inside diameters of 0.020 in. De-
tailed information on the locations of all the orifices
in the cavity and on the flat plate are given in figure 5.
A base pressure orifice was located at the center of
the base of the store model.

All the surface pressure measurements on the
models were obtained by using electronically scanned
pressure (ESP) transducers referenced to tunnel
static pressure. The pressure measurements are the
average values of 10 data samples taken over a time
period of 1 sec. The transducers had a range of
+5 psid and a quoted accuracy of £0.01 psi. This
increment in pressure corresponds to the following
increments in pressure coefficient:

My Ptcos lb/in2 AC, |
0.20 23.61 +0.015
.40 22.22 +.004
.60 20.83 +.002
.60 12.50 +.004
.80 14.18 +.002
.80 9.44 +.004
.90 12.47 +.002
.90 8.34 +.004
.95 11.81 +.002
.95 8.34 +.003

As discussed in reference 5, local Mach numbers
on the flat-plate surface (h = 0.00 in.) in the region
of the cavity installation could vary by as much as
0.03 from the nominal free-stream values shown in
the table above as a result of a large ratio of model
to tunnel blockage. However, because of the rela-
tive insensitivity of the cavity pressure distributions



to a Mach number variation of this magnitude at
subsonic and transonic speeds, nominal free-stream
values were used for reducing and reporting all data.
Tunnel free-stream static and stagnation pressures
were measured with sonar-sensed mercury mano-
meters, which have an accuracy of £0.0035 psi.

Forces and Moments

Aerodynamic forces and moments on the store
were measured with a six-component strain-gage bal-
ance. Store base pressures were measured with a sin-
gle static pressure orifice located at the center of the
store base. The force and moment measurements
were not corrected by the base pressure measure-
ments because the base of the model was not dis-
torted as would normally be required for a conven-
tional sting installation. Therefore, the uncorrected
measurements are believed to be representative of the
actual drag of the store during an unpowered separa-
tion. However, the base pressures were used to com-
pute a base axial-force coefficient (Cy, = —Cpp),
which is presented for all test conditions. Positive
directions of the store forces and moments are shown
in figure 4(b). The quoted accuracy of the strain-
gage balance used is 0.5 percent of full-scale values.
The full-scale values are as follows: Normal force =
150 1b, Axial force = 30 lb, Pitching moment =
200 in-1b, Side force = 75 1b, and Yawing moment =
100 in-1b. The accuracies correspond to the following
increments in the force and moment coefficients.

Pt,cos
My | Ib/in? | ACxy | AC4 | ACr | ACy | ACh

0.20 | 23.61 | £1.02 | £0.204 | £1.13 | £0.510 | +0.567
40 | 22.22 | £30 | £.059 | £33 | +.149 | =£.165
.60 | 20.83 | £.16 | £.032 | +£.18 | +.080 | =£.089
.60 |'12.50 | £.27 | £.054 | £.30 | =+.134 | =£.149
.80 | 14.18 | £.16 | £.032 | +.18 | +.080 | =£.088
.80 944 | +.24 | £.048 | £.27| £.119 | =£.133
.90 | 1247 | £.16 | £.032 | .18 | *x.079 | =+.088
90| 834 | £.24 | £.047 | £.26 | £.118 | +£.132
.95 | 11.81 +.16 | £.032 | +.18 | +.080 | £.088

.95 834 | +£.23 | £.045| £.25| £.113| £.125

The store model did not have any canards, wings,
or fins, so the rolling-moment measurements were
near zero. Therefore, rolling-moment data are not
presented.

Presentation of Data

Selected pressure data are tabulated in tables 2—
18, and a complete set of force and moment data

from the store model is tabulated in tables 19-30.
Figures 6, 7, and 8, which are discussed subsequently,
present previously published information on cavity
flow fields. Selected pressure data and force and
moment data from the present test are presented
graphically in the following figures.

Cavity Pressure Distributions

Figure
Shallow-cavity configurations (h = 2.40 in.):
Effect of Mach number on cavity floor
pressure distributions . . . ... 9
Effect of store vertical position on cav1ty
floor pressure distributions . . . . . . . 10
Effect of cavity length on cavity floor
pressure distributions . . . . . . . . . 11

Deep-cavity configurations (h = 4.80 in.):
Effect of Mach number on cavity floor
pressure distributions . . . .. 12
Effect of store vertical position on cav1ty
floor pressure distributions . . . . . . . 13
Effect of cavity length on cavity ﬁoor
pressure distributions . . . . . . . . . 14

Flat-Plate Pressure Distributions

Shallow-cavity configurations (h = 2.40 in.):
Effect of empty shallow cavities on
flat-plate pressure distributions . . . . . 15
Effect of store vertical position on
flat-plate pressure distributions . . . . . 16

Deep-cavity configurations (h = 4.80 in.):
Effect of empty deep cavities on
flat-plate pressure distributions . . . . . 17
Effect of store vertical position on
flat-plate pressure distributions . . . . . 18

Store Forces and Moments

Shallow-cavity configurations (h = 2.40 in.):
Effect of Mach number on store
load characteristics . . . F . ¢
Effect of cavity length on store
load characteristics . . . . ... . .20
Effect of lateral position on store
load characteristics . . . . . . . . . . 21

Deep-cavity configurations (h = 4.80 in.):
Effect of Mach number on store
load characteristics . . . ... 22
Effect of cavity length on store
load characteristics . . . ... .. 23
Effect of lateral position on store
load characteristics . . . . . . . . . . 24



Deep- and shallow-cavity configurations
(h = 4.80 in. and 2.40 in.):
Effect of cavity depth on store load

characteristics, Moc =040 . . . . . . . 25
Effect of cavity depth on store load
characteristics, Moc =0.95 . . . . . . . 26

Flat-plate configuration (k = 0.00 in.):
Effect of Mach number on store
load characteristics . . . . . . . . . . 27

Results and Discussion
A Review of Cavity Flow Fields

Only limited experimental data are available in
the literature detailing cavity flow fields at subsonic
and transonic speeds. However, at supersonic speeds
numerous studies have been conducted that provide
considerable insight into the structure of such flow
fields, partly because at supersonic speeds the shock-
wave structure associated with a change in flow direc-
tion is readily apparent from schlieren photographs.
At subsonic and transonic speeds, however, schlieren
and vapor-screen flow-visualization techniques have

not revealed any useful information on the type of
flow field.

A comparison of measured cavity pressure distri-
butions obtained at subsonic and transonic speeds
with data obtained at supersonic speeds indicates
that for many cavity configurations the cavity flow
fields over these speed ranges are similar (ref. 5).
Therefore, in the present review of cavity flow fields,
flow-field models are presented from the literature
that are representative of supersonic speeds as well
as subsonic and transonic speeds.

Cavity Flow Fields at Supersonic Speeds

At supersonic speeds, four types of cavity flow
were defined in references 2, 3, and 14. The four
flow types—open, closed, transitional-closed, and
transitional-open, are briefly discussed. The first
flow type generally occurs when the cavity is “deep,”
as found in bomb bays, and is termed open cav-
ity flow. Sketches of a hypothetical two-dimensional
open cavity flow field and typical pressure distribu-
tions are shown in figure 6(a). Open cavity flow gen-
erally occurs for I/h < 10 at supersonic speeds, and
for this case, the flow essentially bridges the cavity
with a shear layer forming over the cavity. When
the cavity flow is open, a nearly uniform longitudi-
nal static pressure distribution is produced, which
is desirable for safe store separation; however, high-
intensity acoustic tones can develop, as indicated in
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figure 6(a). These tones can induce vibrations in the
surrounding structure, including the store, and can
lead to structural fatigue.

The second type of cavity flow is for “shallow”
cavities and is termed closed cavity flow. The cavity
configurations typical of missile bays on fighter air-
craft are likely to be shallow cavities. Figure 6(a) also
provides a sketch of a hypothetical two-dimensional
flow field and typical pressure distributions for closed
cavity flow. At supersonic speeds, closed cavity flow
generally occurs for I/h 2, 13. In closed cavity flow,
the flow separates at the forward face of the cav-
ity, reattaches at some point along the cavity floor,
and separates again before reaching the rear cavity
face. This creates two distinct separation regions—
one downstream of the forward face and one up-
stream of the rear face. For shallow cavities, where
the flow is of the closed type, acoustic tones are not
present; however, the flow produces an adverse static
pressure gradient that can cause the store to experi-
ence large nose-into-the-cavity pitching moments.

The third and fourth mean cavity flow types
(transitional-closed and transitional-open) occur for
cavities that have values of I/h that fall between
closed cavity flow and open cavity flow (i.e., I/h
between 10 and 13). Transitional-closed cavity flow is
the type of flow that occurs at the lower [ /A boundary
of closed cavity flow. For this case, the impingement
shock and exit shock that normally occur for closed
cavity flow coincide and produce a single shock, as
shown in figure 6(b). As with closed cavity flow,
large longitudinal pressure gradients occur in the
cavity that can contribute to large nose-into-the-
cavity pitching moments of the store.

With a very small reduction in //h from a value
corresponding to transitional-closed cavity flow, the
impingement-exit shock wave abruptly changes to a
series of compression wavelets, indicating that the
shear layer still turns into the cavity; however, it no
longer impinges on the cavity floor. This type of
flow field is referred to as transitional-open cavity
flow. For this type of flow field, as also indicated
in figure 6(b), longitudinal pressure gradients in the
cavity are not as large as shown for transitional-
closed cavity flow; consequently, the problem of store
nose-into-the-cavity pitching moment is not as severe
as can occur for closed cavity flows (ref. 2).

The determinations of transitional-closed and
transitional-open cavity flows, as well as open and
closed cavity flows, were made by observation of
the static pressure distribution in the cavity and
schlieren photographs of the cavity flow field (ref. 15).
Figures 6(a) and 6(b) provide typical static pressure



distributions for each flow type, which can be used
as guidelines for determining the type of cavity flow.
Figure 6(a) also provides typical dynamic pressure
distributions for open and closed cavity flows. Typi-
cal dynamic pressure distributions for transitional-
closed and transitional-open cavity flows have not
been determined.

Cavity flow types are generally defined in terms
of the length-to-height ratio of the cavity. How-
ever, other parameters can affect the exact value of
l/h where the flow transitions from closed to open.
Some of these other parameters include Mach num-
ber (ref. 16), the ratio of cavity width to cavity depth
(ref. 15), the ratio of boundary-layer height to cavity
depth (ref. 17), and the location of stores inside the
cavity (ref. 2). Care should be taken to match cavity
parameters and free-stream conditions when making
data comparisons.

Cavity Flow Fields at Subsonic and Transonic
Speeds

Cavity pressure distributions measured at sub-
sonic and transonic speeds are presented in refer-
ence 5 for a wide range of cavity variables and are
used to identify the different types of cavity flow
fields in this speed range by comparisons with simi-
lar supersonic pressure distributions. These results
show that in the subsonic-transonic speed range,
three general cavity flow types—open, closed, and
transitional—can be identified from the cavity floor
pressure distributions. Pressure distributions for the
open and closed types of flow fields were shown to
be similar to the respective open and closed flows
at supersonic speeds. The transitional type of flow
field for subsonic and transonic speeds occurs over
the range of I/h between open flow and closed flow.
For subsonic-transonic speeds, sketches of the char-
acteristic pressure distributions for each of the types
of cavity flow and flow at the boundaries are shown in
figure 7. These characteristic pressure distributions
and flow-field types for subsonic-transonic speeds
that are illustrated in figure 7 are summarized as
follows (from ref. 5):

Open flow (fig. 7(a)):

e Value of pressure (Cp =~ 0) for z/I S 0.6 is
uniform.

e At z/12 0.6, the pressures increase with
increasing z/l and the distribution has a
concave-up shape.

Open/transitional flow boundary (fig. 7(b)):

e An inflection point occurs in the pressure dis-
tribution at z/l = 0.5; over the rear portion of
the cavity floor (z/l 2 0.6), the pressure dis-
tribution changes from a concave-up shape to
a concave-down shape.

e The pressure coefficients over the forward por-
tion of cavity are close to 0.

Transitional flow (fig. 7(c)):

e Pressure distributions over the rear portion of
the cavity floor (z/I 2 0.6) have a concave-
down shape.

e As l/h increases, the Cp distribution along
the cavity floor gradually varies from the

- shape at the open/transitional flow boundary
to that shown at the transitional/closed flow
boundary.

Transitional /closed flow boundary (fig. 7(d)):

e Pressure coefficients increase uniformly from
negative values in the vicinity of the front face
to large positive values ahead of the rear face.
The minimum values in the vicinity of the
front face and maximum values ahead of the
rear face are approximately of the same magni-
tudes that are measured for closed cavity flow.

Closed flow (figs. 7(e) and 7(f)):

e The flow becomes closed when the first inflec-
tion point moves forward and when a second
inflection point occurs in the pressure distri-
bution at z/l = 0.5 as a result of increasing
l/h.

e With a further increase in I/h, a plateaued
region occurs in the pressure distribution in
the vicinity of the second inflection point.

e A still further increase in I/h causes a de-
crease in pressure to occur downstream of the
plateaued region, followed by an increase in
pressure to the maximum value ahead of the
rear face.

e The maximum pressure ahead of the rear face
remains at approximately the same value that
was measured at the boundary with transi-
tional flow.

It should be noted that the boundaries presented
in reference 5 (and used in this report) were consid-
ered approximate and are not absolute. As at super-
sonic speeds, other parameters can affect the exact
values of [/h at which the flow transitions from one
type to the other. Care should be taken to match
cavity parameters and free-stream conditions when
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making data comparisons. To determine the bound-
aries of the transitional flow type from the pressure
distribution at subsonic and transonic speeds, pres-
sure distributions over the full range of flow types,
open to closed, are required.

Shown in figure 8 are I/h boundaries from ref-
erence 5 for the three general flow types at sub-
sonic and transonic Mach numbers. These regimes
are shown for several cavity width and cavity depth
configurations. :

Cavity Pressure Distributions
Shallow-Cavity Configurations, h = 2.40 in.

Effects of Ms,. The effects of Mach number on
cavity floor pressure distributions for the shallow-
cavity configurations are presented in figure 9. Re-
sults are presented for cavity lengths of 26.00 and
30.00 in. The store is at various vertical locations
in a plane that is perpendicular to the cavity floor
and contains the cavity longitudinal centerline (cen-
terline plane, Y5 = 0.00 in.) and in a parallel plane
2.40 in. to the right of the centerline plane (off-
centerline plane, Yy = 2.40 in.). Data are also pre-
sented with the store assembly removed from the
cavity (empty-cavity configuration) for comparison
purposes. The pressure distributions presented in
figure 9(a) are for the store located in the center-
line plane of the 26.00-in-long cavity. A comparison
of these pressure distributions with the representa-
tive cavity floor pressure distributions for the dif-
ferent types of cavity flow fields shown in figure 7
indicates that increasing M resulted in the cav-
ity flow fields changing from a closed type of flow
to a transitional type of flow. The boundary be-
tween closed and transitional flow appeared to occur
at My = 0.80 for the test range of the store ver-
tical locations as well as for the empty cavity. The
results also show that when the flow field is closed, a
change in M has only a small effect on the pressure
distributions. When the flow field becomes transi-
tional, increasing M causes the pressure distribu-
tions on the cavity floor to change in the direction of
the open/transitional flow boundary; however, they
remain more representative of the transitional/closed
boundary than the open/transitional boundary. A
comparison of the results presented in the differ-
ent plots of figure 9(a) indicates that the cavity
floor pressure distributions are not significantly af-
fected by Zs. Also, these results show that the
pressure distributions for the empty cavity are ap-
proximately the same as for the cavity with the
store assembly installed. This trend is more clearly
shown in figure 10, where results from the empty

8

cavity and the cavity with the store installed at
various values of Z; are presented on the same plot.

Cavity floor pressure distributions obtained with
the store located in the centerline plane of the
30-in-long cavity are shown in figure 9(b). As with
the results obtained from the shorter cavity pre-
sented in figure 9(a), the pressure distributions for
the empty cavity and for the cavity with the store
installed show that the addition of the store assem-
bly to the cavity had only small effects on the cav-
ity pressure distributions for the test ranges of Z;
and M. A comparison of data presented in fig-
ures 9(a) and 9(b) at My < 0.60 shows that for
the longer cavity, the cavity [/h has increased suffi-
ciently to cause a reduction in the pressures immedi-
ately downstream of the plateau region. As described
in the discussion of figure 7(e) in the section “Cav-
ity Flow Fields at Subsonic and Transonic Speeds,”
this reduction occurs for the larger values of I/h in
the closed flow regime. For M, < 0.60, varying M
had only small effects on the cavity floor pressure dis-
tributions. Increasing My for My, > 0.60 resulted
in the pressure distribution varying in the direction
of the transitional/closed boundary; at the maximum
test Mach numbers of 0.90 and 0.95, the pressure dis-
tributions are representative of flow at or near this
boundary.

Cavity floor pressure distributions are presented
in figures 9(c) and 9(d) with the store located in
the off-centerline plane (Z; = 2.40 in.) for the
26.00-in-long and 30.00-in-long cavities. The pres-
sure distributions for the empty cavity and the cav-
ity with the store installed show that the addition
of an off-centerline store assembly had only small ef-
fects on Cp for the range of Z; and M tested. A
comparison of the results with the data presented in
figures 9(a) and 9(b) shows that changing the store
lateral position by 2.40 in. off the cavity centerline
did not have any significant effect on the cavity floor
pressure distribution at the location of the pressure
instrumentation.

Effects of Zs. The effect of adding the store as-
sembly to the cavity and the effect of the store verti-
cal position on the cavity floor pressure distributions
are presented in figure 10. These results generally
show that for both cavity lengths and both store lat-
eral positions (figs. 10(a)-10(d)), the addition of the
store or the position of the store in the cavity had
only small effects on the cavity floor pressure dis-
tributions if the flow fields were of the closed type.
These data also show that for cavity flow fields near
the transitional/closed boundary (Ms > 0.80), the
addition or position of the store in the cavity only



slightly changed the level of the pressure and did not
change the type of flow field.

Effects of I. The effect of cavity length on cav-
ity floor pressure distributions is shown in figure 11
for the shallow-cavity configuration with the store
located at"Z; = 0.00 in. and Y; = 0.00 in. The
trends indicated by these data are applicable for
the test range of Zs; and Y; and for the empty-
cavity configurations, since the addition of the store
assembly to the cavity or its position in the cav-
ity had only small effects on the cavity floor pres-
sure distributions (fig. 10). For all Mach numbers,
the pressure coefficients for the 30.00-in. cavity are
less than those for the 26.00-in. cavity in the region
downstream of the front face of the cavity, where
the flow is expanding into the cavity (z < 8 in.).
This difference is probably a result of the flow field
for the longer cavity being farther away from the
transitional/closed flow boundary. For all Mach
numbers, the peak pressures at the end of the cav-
ity are greater for the 30.00-in. cavity than for the
26.00-in. cavity. For My < 0.60, the pressure dis-
tributions for the two cavity lengths in the region of
increasing pressure downstream of the flow expan-
sion region (z > 8 in.) are essentially the same up to
the approximate location of the plateau pressures for
the 30-in. cavity (z = 15 in.). For greater values of z,
the pressures for the 26.00-in. cavity are greater than
for the 30.00-in. cavity. The greater pressures in this
region for the shorter cavity are believed to be asso-
ciated with the flow exiting the cavity, which occurs
at smaller values of = for the shorter cavity. Since
the store position in the cavity is fixed at the same
location for both cavity lengths (1.20 < z < 25.33),
the greater pressures and flow turning angles for the
shorter cavity at > 15 in. occur over the approxi-
mate 40-percent rear length of the store and would
be expected to result in greater pitching moments
for the shorter cavity. This trend was shown to be
true and is discussed in the section “Store Forces and
Moments.”

Deep-Cavity Configurations, h = 4.80 in.

Effects of M. The effects of Mach number on
cavity floor pressure distributions for the deep-cavity
configurations are presented in figure 12. Results
are again presented for cavity lengths of 26.00 in.
and 30.00 in.; the store is in the centerline plane
and in the off-centerline plane (figs. 12(a)-12(d)).
Data are also shown in these figures for the empty-
cavity configuration. Results are presented in fig-
ure 12(a) for the store located in the centerline plane
of the 26.00-in. cavity. A comparison of these pres-
sure distributions with the representative distribu-

tions shown in figure 7 suggests that for M < 0.40,
the cavity flow fields are of the open type for the
empty-cavity configuration and for the store-cavity
configurations. The pressure orifices for the present
data at £ = 25 in. are closer to the rear face of the
cavity than are the data from reference 5 that were
used to determine the representative distributions of
figure 7. Therefore, the rapid increase in pressure
that occurs immediately ahead of the rear face as
shown by the present data is not reflected in the dis-
tributions of figure 7. The distributions shown in fig-
ure 12(a) for M, > 0.60 are indicative of flow near
the open/transitional boundary. Although there are
some small effects of Mach number for My, > 0.60,
the flow-field type remains the same. The some-
what flat dip in pressure observed in figure 12(a) for
Zs =0.00 in. and 2.31 in. for 17 in. < £ < 23 in. is
unusual compared with the curves for the empty cav-
ity and for the case with Z; = —3.00 in. The pressure
distribution shape may be caused by interference of
the store model wake with the cavity lip shear layer.

Presented in figure 12(b) are pressure distribu-
tions on the cavity floor for the store located in the
centerline plane of the 30.00-in. cavity. For this cav-
ity, with or without the store assembly installed, the
cavity flow field is of the open type for My = 0.20.
At Mach numbers of 0.40 and 0.60, the flow-field type
appears to be near the open/transitional boundary
for all configurations. At M = 0.80, the increased
pressure levels over the rear half of the cavity floor
suggest that the flow field is transitional. Further
increases in M, result in a decrease in the pres-
sure levels in this region, and the pressure distribu-
tions again become representative of flow near the
open/transitional boundary. This change in the type
of cavity flow field with increasing M, was also ob-
served in reference 5 for cavity configurations similar
to those in figure 8 for w = 9.60 in. and A = 2.40 in.

Pressure distributions are shown in figures 12(c)
and 12(d) for the store located in the off-centerline
plane of the 24.00-in. and 30.00-in. cavities. These
data are similar to the data presented in figures 12(a)
and 12(b) for the store located in the centerline plane.
Therefore, these results indicate that lateral position
of the store for the range of spacing tested had little
effect on the cavity floor pressure distributions. As
shown in figure 9, this trend was also observed for
the shallow cavity.

Effects of Zs. The effects of the store vertical
position on the cavity floor pressure are shown in
figure 13 for the deep cavity. These pressure distri-
butions can be directly compared with the empty-
cavity pressure distributions that are presented on
each plot. Results are presented in figure 13(a)
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for the store located in the centerline plane of the
26.00-in. cavity. These data show that, although at
some Mach numbers there were small effects of store
position, the cavity flow field generally remained of
the same type with or without the store in the cav-
ity and for the test range of Z;. Similar trends
were obtained with the store located in the center-
line plane of the 30-in. cavity (fig. 13(b)) and with
the store located in the off-centerline plane of the
26.00-in. and 30.00-in. cavities (figs. 13(c) and 13(d)).

Effects of l. Presented in figure 14 are the effects
of cavity length on the floor pressure distributions
of the deep-cavity configurations with the store lo-
cated at Zs; = 0.00 in. and Ys; = 0.00 in. Since the
presence of the store or its position in the cavity had
only small effects on the cavity floor pressure distri-
butions, the trends shown in figure 14 should also be
applicable when the store is located at other posi-
tions in the deep cavity or for the deep cavity with-
out the store assembly installed (empty cavity). The
data presented in figure 14 show that, for ¢ <24 in.,
the pressure distributions for both cavity lengths are
approximately the same for most of the test Mach
numbers. This agreement would indicate that the
effect of cavity length on the store separation char-
acteristics for the deep cavities would not be as great
as for the shallow cavities (fig. 11). The effects of cav-
ity length on the store separation characteristics are
discussed in more detail in the section “Store Forces
and Moments.”

Flat-Plate Pressure Distributions
Shallow-Cavity Configurations, h = 2.40 in.

Effects of . Pressure distributions obtained on
the flat-plate surface for the empty shallow-cavity
configurations are shown in figure 15. Data are also
shown for the flat-plate configuration (h = 0.00 in.)
so that the effects of the cavities can be determined.
Results are presented only at Mach numbers of 0.40
and 0.95; however, similar effects of the cavities on
the flat-plate pressure distributions were observed at
the other test Mach numbers. The pressure orifices
ahead of and downstream of the cavity cutout in the
plate assembly (z < 0in. and z > 43 in.) are located
on the flat-plate longitudinal centerline. Pressure
orifices for 0 in. < £ < 43 in. are located to the
side of the cavity installation at y = 7.80 in. (3.00 in.
from the side edge of the cavities).

The results presented in figure 15 at Moo = 0.95
show that the local flow over the plate leading edge
became supersonic and that a normal shock occurred
at z ~ —28 in. The local Mach number ahead of
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the normal shock based on the static pressure mea-
surements was approximately 1.17. Because the lo-
cal Mach number preceding the shock wave was low,
the shock wave probably induced a localized sepa-
ration of the boundary layer. This separation does
not have a significant effect on the pressure distri-
butions in the region of the cavity because of the
large distance from the location of the shock wave to
the cavity (=28 in.). Similar results were obtained
at Moo = 0.90. At My < 0.80, the pressure mea-
surements indicate that the local flow on the plate
leading edge remained subsonic.

The data in figure 15 show that, in addition to the
large effect of the cavity on the plate pressure distri-
butions to the side of the cavity, the cavity affects
the pressures upstream and downstream of the cav-
ity. The effect upstream of the cavity is associated
with the flow expanding into the cavity and results
in a reduction in the plate pressures that extends ap-
proximately 10 in. ahead of the cavity at M = 0.40.
At My = 0.95, this effect only extends upstream
about 5 in. The pressure distributions to the side
of the shallow-cavity configurations at My = 0.40
show trends that are similar to those that occur on
the floor of a shallow cavity; the low pressure is in
the forward region of the cavity, and the maximum
pressure is toward the rear face. The exception is a
rapid decrease in pressure with increasing = on the
plate surface as the value of  that corresponds to the
rear face of the cavity is approached. This decrease
in pressure on the flat-plate surface is probably asso-
ciated with the flow exiting the cavity and expanding
over the outer edge of the rear face. The low pres-
sure associated with this expansion could propagate
on the flat-plate surface to the side and upstream
of the outer edge of the cavity rear face as shown
by the pressure data. At My = 0.95, the pressures
to the side of the cavities are similar to the results
obtained at My = 0.40, except that the maximum
pressures are greater and the minimum pressures are
smaller. With increasing values of x downstream of
the rear face of the cavity, the pressures increase and
approach the undisturbed plate values at approxi-
mately 24 in. aft of the rear face for M = 0.40 and
approximately 16 in. downstream of the rear face for
Moo = 0.95. At My = 0.95, the decrease in pressure
at = 2 45 in. for all configurations is probably caused
by plate blockage.

When the store assembly is installed in the cavity,
the base of the store is located at z = 25.33 in.; at this
station (fig. 15) there is a large difference in the level
of pressure for the two cavity lengths. If this trend
of the variation of pressures with cavity length also
occurs in the flow field over the cavity when the store



assembly is installed, then base drag, and hence the
overall drag of the store when it is outside the cavity,
will be greater for the shorter cavity. This trend is
discussed further in the section “Store Forces and
Moments.”

Effects 'of Zs. Presented in figure 16 are the ef-
fects of store vertical position on the flat-plate pres-
sure distributions for the case of the store assembly
installed in the shallow cavities. Plate pressure dis-
tributions are also shown for the empty-cavity con-
figuration for comparison purposes. Pressure distri-
butions presented in figure 16(a) are for the store
located in the centerline plane of the 26.00-in. cav-
ity. Results are shown for Mach numbers of 0.40 and
0.95 and are representative of data for the test Mach
number range. The data show that the presence of
the store, regardless of the store vertical position,
had little effect on the plate pressure distributions.
Similar trends are shown for the store located in the
centerline plane of the 30-in. cavity in figure 16(b).
For both cavity lengths, the maximum effects of the
store occur in the elevated pressure regions to the
sides of the cavity and the minimum pressure regions
immediately downstream of the cavity trailing edge.
At both of these locations, the effects were greatest
when the store was at Z; = 0.00 in. A comparison of
the results presented in figures 16(a) and 16(b) with
the results presented in figures 16(c) and 16(d) shows
that lateral spacing of the store assembly had little
effect on the plate pressure distributions.

Deep-Cavity Configurations, h = 4.80 in.

Effects of I. Presented in figure 17 are the ef-
fects of the empty deep-cavity configurations on the
flat-plate pressure distributions. Results are shown
only for M = 0.40 and 0.95; however, similar ef-
fects were observed at the other test Mach numbers.
The plate pressure distributions for the deep cavities
are somewhat similar to the distributions shown for
the shallow cavities in figure 15, with the following
exceptions: (1) there is no decrease in pressure on
the flat plate near the forward wall of the deep cavi-
ties, and (2) the pressure coefficient levels on the flat
plate immediately downstream of the deep cavities
are generally less negative than for the shallow cav-
ities. The pressure for the 26.00-in. deep cavity at
the location of the store base (z = 25.33 in.) is less
than the pressure at this location for the 30.00-in.
deep cavity. This difference is somewhat less for the
deep cavities than for the shallow cavities, as shown
in figure 15.

Effects of Zs. Shown in figure 18 are pressure
distributions on the flat-plate surface with the store

assembly installed in the deep-cavity configurations
at Mo = 0.40 and 0.95. The effects of the store on
the flat-plate pressure distributions at these Mach
numbers are similar to the results obtained at the
other test Mach numbers. Results are presented in
figure 18(a) for the store located in the centerline
plane of the 26.00-in. cavity. At Mo = 0.95, the
addition of the store to the cavity resulted in a
small decrease in the maximum pressures to the side
of the cavity and a small increase in the minimum
pressures immediately downstream of the cavity rear
face. Changing the store vertical position had little
effect on the plate pressure distributions. Similar
trends are shown in figure 18(b) for the store located
in the centerline plane of the 30.00-in. cavity. A
comparison of the pressure distributions presented
in figures 18(a) and 18(b) with the results presented
in figures 18(c) and 18(d) shows that changing the
lateral position of the store by 2.50 in. had little
effect on the pressure distributions when the store
was positioned inside the cavity (Zs = —0.90 in.) or
outside the cavity (Zs; = 2.40 in.). However, when
the store was positioned at Zs = 0.00 in., changing
the store lateral position resulted in a slight reduction
in the peak pressures to the side of the cavity and a
slight increase in the minimum pressure downstream
of the cavity.

Store Forces and Moments
Shallow-Cavity Configurations, h = 2.40 in.

Effects of M. Shown in figure 19 are the ef-
fects of Mach number on the forces and moments
of the store as it separates from the shallow cavi-
ties (h = 2.40 in.). Data are presented for cavity
lengths of 26.00 in. and 30.00 in. with the store lo-
cated in a plane perpendicular to the cavity floor on
the cavity longitudinal centerline (centerline plane,
figs. 19(a) and 19(b)), respectively, and with the store
located in a parallel plane 2.40 in. to the right of
the centerline plane (off-centerline plane, figs. 19(c)
and 19(d)), respectively. The axial-force coefficients
presented are uncorrected for base pressure; however,
the base axial-force coefficients (Cqp, = —Cpy) are
also shown. The axial-force coefficients are presented
uncorrected, because the base of the model was not
distorted as would normally be required for a conven-
tional sting installation; therefore, the uncorrected
measurements are believed to be more representative
of the true missile drag during an unpowered sepa-
ration than values corrected for base pressure. Also,
since the missile model did not have any fins and
since the rolling moment was therefore always ap-
proximately zero, rolling-moment measurements are
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not presented. If fins were present on the model, it
is likely that all the moments would be considerably
larger in magnitude.

The variations of the store pitching moment C,,
with Zs for the shallow cavity (fig. 19) are similar to
the trends previously obtained at supersonic speeds
for shallow cavities (e.g., see refs. 1-4). For increas-
ing store distances from the shallow cavity, the pitch-
ing moments increase (positive Cp, is with the nose
into the cavity) as a result of: (1) the flow expand-
ing into the cavity, which forces the store nose into
the cavity, and (2) the flow exiting at the rear of
the cavity, which forces the rear of the store out of
the cavity. This combination of loadings can result
in large pitching moments, even though the overall
normal force Cpy can be near zero. With increas-
ing distance from the cavity, the effects of the cavity
flow field on the store forces and moments generally
begin to decrease; this decrease results in a reduc-
tion in Cp,. For example, the results presented in
figure 19(a) show that maximum pitching moments
occur when the store is approximately one store di-
ameter (d = 1.20 in.) away from the cavity.

The results presented in figure 19(a) (! = 26.00in.,
Ys = 0.00 in.) show that pitching moments are
much more sensitive to the variation in My than
the other force and moment measurements. For
0.2 £ My £ 0.6, increasing Moo results in a small
decrease in Cp,. As previously discussed, the pres-
sure data (fig. 9) indicate that for this range of
My (0.2 < Ms <0.6), the cavity flow field for
this configuration was of the closed type. For
0.6 < My < 0.95, increasing M results in a large
decrease in the level of Cy,. The pressure data for
this cavity configuration and My range indicated
that the flow field was of the transitional type and
that increasing Mo caused it to change in the di-
rection of the open/transitional boundary. At super-
sonic speeds, a change in the cavity flow field toward
open cavity flow generally results in a reduction in
peak pitching moment (refs. 1-4), and the present
results indicate that similar trends occur at subsonic
and transonic speeds. Therefore, the effect of M on
Crm shown in figure 19(a) is probably a result of the
effect of M, on the type of cavity flow field, rather
than a direct effect of My on the store loads. The
present results show that while the flow field remains
of the closed flow type, increasing M results in only
a small decrease in Cp,.

As shown in figure 19(a), values of C for this
cavity configuration remained between —1 and 0 for
the range of separation distances and Mach numbers.
When the flow field was of the closed type, the values
of Cpy were essentially invariant with M,; when the
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flow field was of the transitional type, C shifted
toward a value of 0 as Mach number increased.
Similar to the previous discussion for Cp,, the effect
of M on Cp is probably a result of the effect of
M on the cavity flow field.

Axial-force coefficients for the cavity with
[ =26.00 in. and h = 2.40 in. (fig. 19(a)) vary from
negative values (thrust) with the store inside the cav-
ity to peak values ranging from approximately 0.6
to 0.8 with the store outside the cavity. The peak
values of Cy4 tend to decrease with increasing My
and appear to be less sensitive to flow-field type than
Cpm and Cpy. Although these peak values are not very
sensitive to flow-field type, they are still influenced
by the cavity flow field, because they are consider-
ably greater than C'y measurements obtained with
the store near a flat surface (h = 0.00, fig. 27). A
comparison of Cy4 and Cy, (fig. 19(a)) shows that
for this configuration, essentially all the store drag
with the store inside the cavity is base drag, and
outside the cavity base drag is roughly 70 percent of
the total drag.

Since the results presented in figure 19(a) are for
Y; = 0.00 in., the lateral parameters Cy and C, are
approximately 0.00 throughout the test range of Z;
and M.

Shown in figure 19(b) are the effects of My on
the forces and moments of the store as it separates
in the centerline plane (Y; = 0.00) of the 30.00-in.
shallow cavity. A comparison of the Cy, data in this
figure with the data in figure 19(a) shows that the
magnitudes of the pitching moments are lower for the
longer cavity. The results presented in figure 19(b)
show that the trend of the variation of C,, with
M is similar to that shown in figure 19(a) for the
shorter cavity. As determined previously from the
cavity pressure distributions, a reduction occurs in
the magnitude of Cp, with increasing My, at the
larger values of M, where the flow field is of the
transitional type. There was little effect of My on
Cr, at the lower Mach numbers when the flow field
was of the closed flow type. There was essentially no
effect of M on C)y for this configuration throughout
the test Mach number range. Increasing Mo resulted
in a slight reduction in C4 and C4,. A comparison
of the variation of C'4 with Zs shows that for the
longer cavity (fig. 19(b)), the increase of C4 with Z;
is much less than for the shorter cavity (fig. 19(a)).
A similar trend is shown for C4 ;. The effects of  on
both Cp, and C,4 are further discussed in the next
section “Effects of [.”

A comparison of the data shown in figures 19(c)
and 19(d) with the data in figures 19(a) and 19(b)



shows that the effects of My on Cp,, Cp, Cy4, and
Cap with the store in the off-centerline plane are
nearly the same as with the store in the centerline
plane. In fact, the magnitudes of these parameters
at similar values of Z; are essentially the same at
the two lateral stations. This trend can be more
clearly seen in figure 21, which shows the force and
moment measurements at the two lateral stations on
the same plot. The effects of Mach number on Cp,
when the store is located in the off-centerline plane
are similar to the effects of My on Cp,; these effects
consist of small reductions in C;, with increasing Moo
when the flow field is closed and larger reductions in
Cp, with increasing M, when the flow field becomes
transitional. The positive values of C,, indicate that
the cavity flow field is trying to rotate the nose of the
store toward the cavity centerline (fig. 4(b)) for the
test Mach number range.

Effects of |. Presented in figure 20 are the effects
of cavity length on the forces and moments of the
store in and near the shallow cavities. Results are
shown with the store located in the centerline plane
and the off-centerline plane at Mach numbers of 0.40
and 0.95. The trends of the variation of the store
forces and moments with cavity length at these Mach
numbers are representative of the data over the range
of M tested. The data presented in figure 20(a)
show that, with the store located in the centerline
plane of the shallow cavity at Ms = 0.40, cavity
length has large effects on Cp,, C, Cy, and Cy,.
The variation in Cp, with [ is probably associated
with the variation of the location of the flow exiting
the cavity relative to the rear half of the store model.
As previously noted in the discussion of the pressure
data shown in figure 11, the pressure measurements
for the shorter cavity (I = 26.00 in.) at M = 0.40
indicate that the cavity flow field is of the closed
flow type and that approximately 40 percent of the
rear length of the store is exposed to flow exiting the
cavity. For the 30.00-in. cavity, the pressure data of
figure 11 also indicate that the flow field is of the
closed flow type but that only about 20 percent of
the rear length of the store is exposed to flow exiting
the cavity. Also, the flow angularity that is present
over the aft portion of the store for this case is likely
to have a smaller average value. Since the flow in
this region tends to force the rear of the store from
the cavity, a decrease in the extent of the store, aft of
the moment center, that is exposed to this (perhaps
weaker) flow would be expected to result in a decrease
in pitching moment, which is the trend shown in
figure 20(a). Similarly, it would be expected that
Cy would be less negative for the longer cavity. This
trend is also shown by the data in figure 20(a).

Values of C4 presented in figure 20(a) are much
less for the 30.00-in. cavity than for the 26.00-in.
cavity after the store leaves the cavity. Most of
this difference is a result of the difference in base
pressure, as shown by the variation of C,, with
Zs in figure 20(a). Although flow-field pressure
measurements are not available that could explain
the difference in base pressure measurements for
the two cavity lengths, a possible explanation may
be obtained by examining the flat-plate pressures
shown in figure 15. The rapid decrease in pressure
that occurs to the side of the cavities immediately
upstream of the z-location of the cavity rear face
could, as previously discussed, be caused by the
decrease in pressure that results from propagation of
the flow expansion over the outer edge of the cavity
rear face to the side and upstream of the rear face.
If this pressure decrease also propagates upstream
over the cavity, then it would be expected to have a
greater effect on the base of the store when the store
is outside the shorter cavity than when outside the
longer cavity because of the closer proximity of the
cavity rear face to the store base.

Because the force and moment measurements
shown in figure 20(a) are with the store located in
the centerline plane, Cy and C), are near zero and
are invariant with cavity length.

Results presented in figure 20(b) with the store
located in the off-centerline plane of the shallow
cavity at My = 0.40 show variations in Cp,, Cy,
Cy, and Cy4, with [ that are similar to those shown
in figure 20&) with the store located in centerline
plane. These data show that increasing ! results in a
reduction in Cy, and a slight increase in Cy.

The effects of cavity length on the forces and
moments of the store in the centerline plane of the
shallow cavity at Mo = 0.95 are shown in fig-
ure 20(c). At this Mach number, the pressure data
presented in figure 11 indicate that the cavity flow
fields for both cavity lengths are transitional. The
data presented in figure 20(c) show that increasing
cavity length resulted in a reduction in Cp,, even
though the cavity floor pressure distributions for the
two cavity lengths as shown in figure 11 are similar
at this Mach number. The values of Cy, are larger
for the shorter cavity than for the longer cavity be-
cause the rear of the store is closer to the cavity rear
face and is therefore in a region of larger flow angles.
The larger flow angles over the rear of the store in
the shorter cavity would also cause the values of Cy
to be more negative as indicated by the data. The
effects of cavity length on Cy and Cy, at Mo =
0.95 (fig. 20(c)) are similar to the effects shown in
figure 20(a) for M = 0.40 and consist of large
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reductions in drag with increasing values of I. Since
the pressure distributions to the side of the cavities
shown in figure 15 for these cavity configurations at
My = 0.95 show the same trends that are shown at
My = 0.40, the reasoning that is used to explain the
variation of C'4 and C4, with [ in figure 20(a) would
also apply for the M = 0.95 data in figure 20(c).

Results presented in figure 20(d) with the store
located in the off-centerline plane of the shallow
cavity at Mo = 0.95 show effects of ! on the store
force and moment coefficients that are similar to
those shown in figure 20(c) for the store located in
the centerline plane.

The data in figure 20 clearly show the impor-
tance of simulating the length of shallow cavities, for
the range of I/h of the present investigation, to ob-
tain realistic store-separation measurements in wind-
tunnel experiments. These data show that differences
in cavity length of only about 15 percent can result in
significant differences in the force and moment data.
Therefore, results from models with rear-mounted
sting support assemblies that require extended cav-
ity lengths should be used with great caution since
the results are likely to be nonconservative.

Effects of Ys. Presented in figure 21 are the effects
of lateral position on the forces and moments of the
store in and near the shallow cavities. Results are
shown for both cavity lengths at Mach numbers of
0.40 and 0.95 and are representative of data for the
test range of Mach number. The data presented in
figure 21(a) show that lateral position had little effect
on Cm, Cp, Cy, and Cyy with the store in and
near the 26.00-in. cavity at Mo = 0.40. Lateral
position did have an effect on Cj, and Cy; the data
show that, with the store in the centerline plane,
the values of these parameters were approximately
zero. With the store in the off-centerline plane,
positive values of Cy, and negative values of Cy were
measured. This trend could possibly result from the
flow exiting toward the rear and side of the cavity
with a velocity component directed toward the side of
the cavity. When impacting the rear of the store, this
component would create negative values of Cy and
positive values of Cp,. (See fig. 4(b).) The velocity
component near the shear layer as it enters the cavity
at the front lip may also contribute to this trend.

Results presented in figure 21(b) also show that,
similar to the results shown in figure 22(a), store
lateral position had little effect on values of Cp,, Cp,
Cy, and Cy, for the store in and near the 30.00-in.
cavity. The data presented in figure 21(b) show that
positive values of C), were measured with the store
in the off-centerline plane; however, the magnitude
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was less than for the store in the off-centerline plane
of the shorter cavity shown in figure 21(a). Also, the
results presented in figure 21(b) show that lateral
position had little effect on Cy. The values of Cp
and Cy for the longer cavity could be smaller because
the position of the rear of the store is farther from
the cavity rear face and could therefore be exposed
to reduced values of the velocity component that
is directed toward the side of the cavity that was
hypothesized in the preceding paragraph.

The effects of lateral position on the store in
the shallow cavity at My = 0.95 are shown in
figures 21(c) and 21(d) for the 26.00-in. and 30.00-in.
cavities, respectively. The trend of the effects of
lateral position on the store forces and moments at
this Mach number is similar to the trends that were
shown at the lower Mach numbers for the respective
cavities, but the magnitude of the effects at the
higher Mach number was smaller.

Deep-Cavity Configurations, h = 4.80 in.

As discussed in the section “Wind-Tunnel and
Test Conditions,” large lateral vibrations of the store
model occurred inside the deep-cavity configurations.
Because of these large vibrations, the tunnel was op-
erated at reduced pressures for Mo > 0.60 to prevent
overloading the balance side-force beam. At these
reduced pressures, the boundary-layer trips should
still be effective based on the estimates of refer-
ences 10 and 11. Also, these reductions in pressure
should result in less than a 10-percent increase in the
boundary-layer thickness at the cavity leading edge
based on estimates from equation (27.66a) of refer-
ence 13. Therefore, these reductions in pressure did
not have any significant effects on the trends shown
by the results of this investigation. The balance dy-
namic measurements were not recorded in this in-
vestigation; therefore, only static measurements are
presented.

Because of the limited vertical travel of the strut
component of the store separation assembly, it was
necessary to conduct tests with the strut housing
in two different positions (figs. 4(a) and 4(c)) to
obtain the desired range of Z; for the deep-cavity
configurations. With the strut housing in the lower
position (hg, = 0.45 in.), Z; was varied from —3.0 in.
t0 0.0 in.; with the strut housing in the upper position
(hsp, = 2.851n.), Z; was varied from —0.9 in. t0 2.4 in.
This variation results in an overlap region of 0.9 in.
for the two strut-housing positions. Since there is
a slight difference in the geometry of the separation
assembly for the two strut-housing positions, data are
presented for both positions in the overlap regions to
determine whether the differences in geometry had



any significant effects on the force and moment data.
As can be seen in figures 22-26, the data in the
overlap regions for the two strut-housing positions
are generally in good agreement; this agreement
indicates that the differences in the strut-housing
geometry did not significantly affect the data.

Effects of M. Shown in figure 22 are the ef-
fects of M on the forces and moments of the store
in and near the deep-cavity configurations. As dis-
cussed previously, the pressure data for these deep-
cavity configurations indicate that the cavity flow
fields were either open or near the open/transitional
boundary through the test Mach number range. Re-
sults are presented in figures 22(a) and 22(b) for
the store in the centerline plane of the 26.00-in.
and 30.00-in. cavities; results are presented in fig-
ures 22(c) and 22(d) for the store in the off-centerline
plane of the 26.00-in. and 30.00-in. cavities. The re-
sults presented in figure 22(a) for the store in the
centerline plane of the 26.00-in. cavity show that Mo
has only small effects on all the force and moment
measurements except Cp,. At the lower test Mach
numbers of 0.20 and 0.40, the pressure data indicate
that the cavity flow fields were open, and figure 22(a)
shows negative or near-zero values of Cy, for the test
range of Z at these Mach numbers. At greater Mach
numbers, the pressure data indicate that the cavity
flow field was near the open/transitional boundary;
the results presented in figure 22(a) show that for
this case, negative values of Cp, still occur when the
store is inside the cavity, but they become positive
when the store is outside the cavity. The maximum
values of Cp, are much less than those obtained for
the shallow cavities with closed or transitional/closed
flow, which is consistent with results obtained at su-
personic speeds.

Mach number had only small effects on the force
and moment measurements obtained with the store
in the center plane of the 30.00-in. deep cavity. (See
fig. 22(b).) The pressure data for this cavity config-
uration indicated that the cavity flow field was open
at My = 0.2, was transitional/open at My = 0.40
and 0.60, was transitional at My = 0.80, and was
transitional/open at Mo, = 0.90 and 0.95. Even with
the range of flow-field types that occurred with vary-
ing Mach numbers, only small variations occurred in
the force and moment measurements, including Cp,.
For this cavity configuration, Cp, was relatively in-
sensitive to Zs and to M. The smaller variations in
Cp with both M, and Z for the 30-in. cavity are
probably due in part to the greater distance from the
rear of the store to the cavity rear face.

The effects of Moo on Cr, Cpy, Cy4, and Cyy
with the store in the off-centerline plane of the 26.00-

in-long deep cavity (fig. 22(c)) are similar to the
effects shown in figure 22(a) with the store in the
centerline plane. The results presented in figure 22(c)
show that My had only small effects on Cy with
the store in the off-centerline plane. There was an
effect of My on Cp, however, with the store in the
off-centerline plane when the store was inside the
cavity. The greatest effects occurred with the store
located at Z; = —3.0 in. For 0.20 < M, < 0.80, Cp,
increased with increasing Mo. A slight reduction
in Cyp, occurred for My > 0.80. At Z; = —3.0 in.,
minimum values of C,, were measured when the flow
field was open, and maximum values were measured
when the flow field was transitional. When the flow
field was at or near the open/transitional boundary,
intermediate levels of C,, were measured. When the
store was located outside the cavity, the effects of
M on C,, were minimal.

The effects of My on the force and moment
measurements with the store in the off-centerline
plane of the 30.00-in. cavity (fig. 22(d)) are similar
to those shown in figure 22(c) for the 26.00-in. cavity
except for C,. For the 30.00-in. cavity, the effects
of M on Cy, are greatest at intermediate values of
Zs, —2.0 < Zs < 0.5, and consist of a decrease in C,
with increasing M. This effect of M, is opposite
to the effect of Mo, on Cy, inside the cavity that was
observed for the shorter cavity (fig. 22(c)).

Effects of l. Presented in figure 23 are the effects
of I on the forces and moments of the store in the
centerline and off-centerline planes at My, = 0.40
and 0.95. These data are representative of the test
range of M. Results are presented in figure 23(a)
for the store in the centerline plane of the deep
cavities at M = 0.40. These data show that Cy,
Cy, and C, were approximately zero through the
range of Zs for both cavity lengths. Although the
variations of Cy,, C4, and Cy 5 With Z; were affected
by cavity length, the magnitudes of these parameters
for the two cavity lengths were not greatly different
from the shallow-cavity data shown in figure 20.
With the exception of Cp, the trends shown for the
store in the off-centerline plane of the deep cavity are
similar to those shown in figure 23(b). The values of
Cy, were either positive or near zero for the range of
Z for the 26.00-in. cavity; for the 30-in. cavity, values
of Cy, were negative for most of the range of Z;.

The effects of | shown in figures 23(c) and 23(d)
for the store in the centerline and off-centerline
planes of the deep cavity at M = 0.95 are simi-
lar to the results shown in figures 23(a) and 23(b) at
My = 0.40. The major difference is that at the
higher Mach number, the effect of [ on C, is greater
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with the store in the off-centerline plane (fig. 23(d))
than at M = 0.40 (fig. 23(b)).

Effects of Y;. Presented in figure 24 are the
effects of the lateral position of the store-separation
plane on the forces and moments of the store in
and near the deep cavities at Mach numbers of
0.40 and 0.95. These data are representative of the
test Mach number range. Results are presented in
figures 24(a) and 24(b) for the 26.00-in. and 30.00-in.
cavities at Mo = 0.40 and in figures 24(c) and 24(d)
for the same two cavity lengths at Mo = 0.95. These
data show that in general, the greatest effect of Y is
on Ch, and this effect is the greatest for the 30.00-in.
cavity at M = 0.95. The values of Cy and Cj for
the store in the off-centerline plane of the 30.00-in.
cavity at Mo = 0.95 (fig. 24(d)) show that the side
force is positive and is therefore directed toward the
centerline of the cavity. Since Cj is negative, the
resultant side force is acting through a point located
aft of the moment-center location. Also, the peak
side forces and yawing moments occur near the cavity
opening (Zs = 0.0 in.), which suggests that flow is
directed into the cavity in the region of the rear half
of the store. This flow direction is opposite to what is
generally assumed to occur in this region over closed
cavity flow and over shallow cavities. Comparison of
figure 21 (h = 2.40 in.) with figure 24 (h = 4.80 in.)
shows that for the shallow cavity (fig. 21), Cp is
always positive; this shows that the flow is directed
out of the cavity in the region over the rear half of
the store. For the deep cavity (fig. 24), the flow
appears to be directed only into the cavity over
the rear portion of the store (negative value of Cy)
for | = 30.00 in. (I/h = 6.25). (See figs. 24(b)
and 24(d).) In reference 5, it is shown that for
subsonic-transonic flows, it would be possible for a
cavity with I/h = 6.25 to be in the transitional
cavity flow regime. Unpublished colored-water flow-
visualization photographs of surface flow patterns
show that a transitional cavity flow would have some
flow directed into the rear portion of the cavity, which
could result in a negative value of Cy,. An open cavity
flow would span the length of the cavity, and the
value of C,, would be near zero; a closed cavity flow
would exit from the rear corners of the cavity and
would result in a positive value of Cp,. The cavity
with [/h = 5.42, which would be expected to be in
an open flow regime, shows a positive value of C,
when the store is positioned in the cavity and off the
centerline (figs. 24(a) and 24(c)); the reason for the
positive value is unknown.

Effects of h. Shown in figures 25 and 26 are the

effects of cavity depth on the forces and moments of
the store in the centerline and off-centerline planes
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of the 26.00-in. and 30.00-in. cavities at My = 0.40
and 0.95, respectively. These data are representa-
tive of the test range of M. As previously dis-
cussed, the pressure data from the present test in-
dicate that for the shallow cavities (h = 2.40in.),
the cavity flow fields are either closed or near the
transitional/closed boundary; for the deep cavities
(h = 4.80in.), the cavity flow fields are either open or
near the open/transitional boundary. Therefore, for
the present tests, the effects of varying cavity depth
from 2.40 in. to 4.80 in. would be expected to have
a large effect on some of the forces and moments, es-
pecially Cy,. The data presented in figure 25 clearly
show the expected large effects of A on Cp, for the
range of [ and Y, at My = 0.40. The effects of h
on Cp, are greater when ! = 26.00 in. than when
I = 30.00 in., probably because the aft section of the
store is closer to the rear face of the cavities for the
shorter cavities than for the longer cavities. The re-
sults presented in figure 25 also show that negative
values of Cy occur for the shallow cavities through
most of the range of variables; for the deep cavity, Cpy
remains approximately zero. The effects of h on Cy
and C 4, were greater for the cavity with [ = 30.00 in.
than for the cavity with [ = 26.00 in.; for the cavity
with [ = 30.00 in., the drag level was consistently
greater for the cavity with A = 4.80 in. With the
store in the off-centerline plane, C,, was always pos-
itive for the shallow cavity; however, for the deep
cavity, C, was either negative or near zero for most
of the range of Z;.

Shown in figure 26 are the effects of cavity depth
on the forces and moments of the store in the
centerline and off-centerline planes of the 26.00-in.
and 30.00-in. cavities at My, = 0.95. The trends of
the effects of h on the store forces and moments at
My = 0.95 are similar to the results shown in fig-
ure 25 at My = 0.40.

The results presented in figures 25 and 26 show
that the most significant difference between the forces
and moments of the store in and near the shallow
and deep cavities is that the store pitching moment is
much greater for the shallow cavities. If the store has
insufficient aerodynamic control to neutralize these
pitching moments, the store angle of attack (nose
into the cavity) tends to increase as distance from
the cavity increases. This increase in angle of attack
results in an increase in normal force in the direction
back into the cavity.

Flat-Plate Configuration, h = 0.00 in.
Presented in figure 27 are the effects of M

on the forces and moments of the store near the
flat-plate surface. These data show that for the



range of test variables, all the forces and moments
presented, with the exception of Cy,, are essentially
invariant with both My and Z;. Values of Cp,
vary slightly with Z; for Zs; < 2.5 in.; this varia-
tion may be partly caused by the strut housing.
For Z; > 2.5 in., Cp, remains approximately constant
with Z; and decreases slightly with increasing M.
Because of the small variations of the force and mo-
ment parameters with Zgs, and because the magni-
tudes of Cy and C,, were small, the strut support
assembly used in the present tests did not have any
significant effect on the force and moment data.

Conclusions

An experimental study has been conducted to
measure the force and moment characteristics of a
generic store in and near rectangular box cavities in-
stalled in a flat-plate configuration at subsonic and
transonic speeds. Surface pressure measurements
were also obtained inside the cavity and on the flat
plate. The measurements were obtained for the store
near a flat-plate surface, and in and near two shallow
cavities and two deep cavities. The shallow cavities
had a depth h of 2.40 in. and lengths ! of 26.00 in.
and 30.00 in. with corresponding values of I/h of
10.83 and 12.50. The deep cavities had depths of
4.80 in., lengths of 26.00 in. and 30.00 in., and corre-
sponding values of [/h of 5.42 and 6.25. All cavities
had a width of 9.60 in. Measurements were obtained
with the store in a plane perpendicular to the cavity
floor and containing the cavity longitudinal center-
line (centerline plane) and in a parallel plane 2.50 in.
to the right of the centerline plane (off-centerline
plane). The tests were conducted over a free-stream
Mach number M, range of 0.20 to 0.95. Results
from these tests lead to the following conclusions:

1. Surface pressure measurements inside the cavities
indicated that through the test range of M,
the flow fields for the shallow cavities were either
closed or transitional near the transitional/closed
boundary, and the flow fields for the deep cavities
were either open or near the open/transitional
boundary.

2. The installations of the store assembly inside
the cavity and the position of the store after
installation did not change the type of cavity flow
field and had only small effects on the cavity and
flat-plate pressure distributions.

3. The effects of M on the store forces and mo-
ments were primarily results of the effect of M
on the type of cavity flow field, rather than a di-
rect effect of M on the store loads.

4. For the shallow cavities with closed cavity flow
fields, varying M had only small effects on the
cavity and flat-plate pressure distributions and on
the store forces and moments. When the flow
fields for the shallow cavities were transitional
near the transitional/closed boundary, increas-
ing M resulted in large reductions in pitching-
moment coefficient Ciy,.

5. Varying the length of the shallow cavities from
26.00 in. to 30.00 in. (=15 percent) had a large
effect on Cp,, normal-force coefficient (Cy), and
axial force coefficient (C4). Therefore, results
from models with rear-mounted sting support
assemblies that require extended cavity lengths
should be used with great caution since the results
are likely to be nonconservative.

6. Lateral positioning of the store in the cavity had
only small effects on the cavity and flat-plate
pressure distributions and on Cp,, Cpy, and Cy4.

7. Cavity depth had large effects on Cp;, and Cpy
for all cavity configurations and on C4 for the
longer cavities (! = 30.00 in.). These large effects
resulted from the effect of cavity depth on the
type of cavity flow field. Values of Cy,, were always
much greater for the shallow cavities with closed
cavity flow than for the deep cavities with open
flow. This result is similar to trends previously
observed at supersonic speeds.

NASA Langley Research Center
Hampton, VA 23681-0001
February 14, 1995
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[Pressure data not presented for all values of Z; ]

Table 1. Configuration Identification

Type
test Pressure | Force
Configuration | h,in. | hg,,in. | I,in. | Y, in. | Store Zs, in. (a) table table

1 0.00 No P 2

2 2.40 26.00 P 3

3 2.40 30.00 P 4

4 4.80 26.00 P 5

5 4.80 30.00 + P 6

6 .00 0.70 0.00 Yes 1.75 to 4.98 P, F

7 2.40 26.00 .00 —.90 to 2.36 P, F 7 19

8 26.00 2.40 —.90 to 2.37 P, F 8 20

9 30.00 .00 —.90 to 2.37 P, F 9 21
10 < 30.00 2.40 —.90 to 2.37 P, F 10 22
11 4.80 26.00 .00 —3.00 to 0.00 P, F 11 23
12 3.10 .00 —.90 to 2.31 P, F 12 24
13 .70 2.40 —3.00 to 0.00 P, F 13 25
14 3.10 1 2.40 —.90 to 2.31 P, F 14 26
15 .70 30.00 .00 —3.00 to 0.00 P, F 15 27
16 3.10 .00 —.90 to 2.31 P F 16 28
17 .70 2.40 —3.00 to 0.00 P, F 17 29
18 3.10 2.40 —.90 to 2.31 P, F 18 30

-

%P indicates pressure tests; F indicates force and moment tests.
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1-92-1502

Figure 1. Cavity-plate assembly installed in test section of Langley 8-Foot Transonic Pressure Tunnel. (Vie
looking downstream.)
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L-92-01063

(a) Zs = —0.90 in.

con e

I

1-92-01062
(b) Zs = 2.37 in.

Figure 2. Store model assembly installed in cavity. A = 2.40 in.; [ = 26.00 in.; Y; = 2.40 in.
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111.00
‘ 36.00 42.00
=1 6.00 |~ =—1 = 26.00 or 30.00 —=] .
| — Leading-edge
assembly
Cavity
______ ——‘: II/_ TTe-s -
Fow | _f=-7" -2.001L _x - - ol 48.00
y
\ —r
Flatplate vty floor h = 0.00, 2.40, or 4.80 :
x 7 1- Block insert

\Cavity~ﬂoor-assemb]y support struts

Figure 3. Cavity-plate assembly. (All dimensions in inches.)



LEncoder

Vi

L Strut-drive motor

View looking upstream

—> 1.20 |-

A

A

Filler

42.00

Y

1=26.00 or 30.00 ~|

Six-component balance

Store 370 |_—Movable strut +

= - Block insert

Cavity floor Y

h =0.00, 2.40, or 4.80

Side view

(a) General assembly.

Flow

—_—— = e

A

Y =0.00 or 2.40

P Cavity longitudinal centerline

Top view

13.27

Side view

(b) General arrangement of store model in cavity.

Figure 4. Sketches of store model and cavity assembly. (All dimensions in inches.)
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Point of tangency
/ "y *

- -\ - - - - - - - - - - -
+ .
Top view
hy, Configuration
0.450 6-11, 13, 15,17
2.850 12, 14, 16, 18
=l 24.125 >
~—3.508—>|
/
S :
[ 8.183——— >
>11.480
.760—> -~ €—760 *
Cavity floor ;
N
1.370 <—3.760 1.370
hsh
Side view

(c) Dimensions of store modei and strut assembly.

Figure 4. Concluded.
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111.00 {

T
2N
13 40 45
Flow @ \ - - / - -
1 247
e o o secscccce
® *y 29, 39
Yy
Orifice Orifice location
number z, in. y, in. z, in. on plate
1 -36.0 0.00 0.500 Leading-edge assembly
2 -35.0 224
3 -34.0 127
4 -33.0 067
5 -32.0 .029
6 -31.0 .007
7 -30.0 .000 RS
8 —29.0 Forward of cavity
9 —28.0
10 -27.0
11 -26.0
12 —25.0
13 —24.0
14 -22.0
15 —20.0
16 —18.0
17 —16.0
18 —14.0
19 -12.0
20 -10.0
21 - 8.0
22 —6.0
23 —4.0
24 -2.0 <+ +
25 -3.0 7.80 Left of cavity
26 3.0
27 9.0
28 15.0
29 21.0
30 27.0
31 29.0
32 31.0
33 33.0
34 35.0
35 37.0
36 39.0
37 41.0
38 43.0
39 45.0 4 4
40 44.0 0.00 Aft of cavity
41 46.0
42 48.0
43 50.0
44 52.0
45 54.0 4 4
46 -3.0 —7.80 Right of cavity
47 10.0
48 21.0
49 32.0
50 45.0 d N 4

(a) Flat plate.

Figure 5. Pressure orifice locations on flat plate and cavity surfaces. (All dimensions in inches.)
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€ 42.00 P -
x + 240
4 / e o o o o o , 0000000000 -1'20 3A60
4.80 70 73—e PY 71\.-—. N
.22& * 76— 63 ° 74\.—-——!

.

Orifice

number z, in. Y, in. z, in.
51 1.0 4.80 1.200
52 2.0
53 3.0
54 4.0
55 5.0
56 6.0
57 7.0
58 8.0
59 9.0
60 10.0
61 11.0
62 12.0
63 14.0
64 16.0
65 18.0
66 20.0
67 22.0
68 24.0
69 26.0
70 28.0 <
71 2.0 2.400
72 6.0
73 18.0
74 2.0 3.600
75 6.0
76 18.0 1

Orifice

number z, in. y, in. z, in.
7 3.0 —4.80 1.200
78 6.0
79 12.0
80 18.0
81 24.0

(c) Cavity right sidewall.
Figure 5. Continued.
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9.6
Flow l
—

- 30.00 >
- 26.00 >|
Oy x
1 — — —_ — —
2.40
—— OO0 000 00000000 OCOEOGCEOGCEOSEOS OCNOSSNOO p oo PoOoe csoeooe oo o
A \82 106/' 110/. 121/
Y,
Orifice
number z, in. y, in. z, in.
82 1.0 2.40 Variable
83 2.0
84 3.0
85 4.0
86 5.0
87 6.0
88 7.0
89 8.0
90 9.0
91 10.0
92 11.0
93 12.0
94 13.0
95 14.0
96 15.0
97 16.0
98 17.0
99 18.0
100 19.0
101 20.0
102 21.0
103 22.0
104 23.0
105 24.0
106 25.0
107 26.0
108 27.0
109 28.0
110 29.0
111 30.0
112 31.0
113 32.0
114 33.0
115 34.0
116 35.0
117 36.0
118 37.0
119 38.0
120 39.0
121 40.0 A 1

(d) Cavity floor.

Figure 5. Concluded.
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Impingement shock Exit shock

TI7) 7777
Z 7
T 777

//////////////////////S;;;//

+ / +
Cp 0 Cp 0 ——
Tones
FPL FPL
] ]
Frequency

Frequency

Open cavity flow Closed cavity flow
(a) Basic cavity flow-field models.

Figure 6. Sketches of cavity flow-field models for supersonic speeds.
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4 7
/]
S S S T

_—

)

+
+

Transitional closed flow Transitional open flow

(b) Transitional cavity flow-field models.

Figure 6. Concluded.

111



(a) Open flow (c) Transitional flow (e) Closed flow (f) Closed flow

+ + + +
CpO‘_d—/ S o S o Co

P U—~ P U~
- j - | - I - I
0 X/l 1 0 %l 1 0 X/l 1 0 %l 1
{(b) Open/transitional flow boundary  (d) Transitional/closed flow boundary '
) 1 1 ]
1 1 1 ]
) 1 1 ]
: ‘ ' , :
: + / ' + . :
e d—"—1] | & : :
' - ] 1 - ] : :
' 0 x/l ! ! 0 x/l ! ' !
: ! ' ' , '
' : ! : ' l : -
0

I/h increasing
-—— Open )‘( Transitional )l( Closed ———

Figure 7. Representative cavity floor pressure distributions for different types of cavity flow at subsonic and
transonic speeds (ref. 5).
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Flow-field regime
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Open
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Closed
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My
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lih

0

2.40; h = 2.40.

(a) w

O O0OO0O00O

O O O0OO0OO0O

|

!

Uh

(b) w = 9.60; h = 2.40.

OOOOO 0T

COOOO O
0 Ooo00
00goooo

0o B <© O
0 o0 ogld o

0000004
O0O0O000 A
_um_OOOOI
O
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1

.95
90
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40
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M,

18
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(¢) w=9.60; h = 1.20.

.95

.90
.80

Mo 60

.40
.20

18

16

14

12

10

Ih

(d) w = 9.60; k = 0.60.

Figure 8. Boundaries of cavity flow regimes for a range of cavity variables and Mach numbers (ref. 5). Units

of w and h are in inches.
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(a) I = 26.00 in.; I/h = 10.83; Y; = 0.00 in.

2]
O 020
O 40
<O 60
A 80
N 90
D 95
Empty cavity Z s = —0.90 in.
A
A
)
Z,=000in. J\. 2, =236in.
S
XB ~ /kK
/LA
N SN
/L
N
12 18 24 24

Figure 9. Effect of Mach number on cavity floor pressure distributions. h = 2.40 in.




O 0.20
0O .40
<O 60
A 80
N 90
D 95
.6
Empty cavity Z,= -0.90 in.
4 A
Cp 2 X
0
et
-2
.6 . .
ZS =0.00 in. Zs =2.37in.
4 7
N
P
F7 :
18 24 30 0 6 12 18 24 30
X, in. X, in.

(b) I = 30.00 in.; I/k = 12.50; Y; = 0.00 in.

Figure 9. Continued.
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116

Empty cavity
A
A
))*
Z,=0.00in. Z =237in.
LA
™D
12 18 24 30 O 6 12 18 24
x, in. X, in.

(c) 1=26.00in.; I[/h = 10.83; Y; = 2.40 in.

Figure 9. Continued.
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Empty cavity

.6
Z;=0.00 in. Z,=237in.
4
P
¢, 2
. s
=Ry
-2
0 6 12 18 24 30 0 6 12 18 24

X, in. X, in.
(d) { = 30.00 in.; l/h = 12.50; Y = 2.40 in.

Figure 9. Concluded.
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Position
O Empty cavity

Oz = -0.90 in.
& Z s =0.00in.
A Z = 2.37in.
.8
M, =020 M =040 M =0.60
4
CP
0
-4
8
M, =080 M, =0.90 M_ =095
4
CP
0 3
-4
0 10 20 30 0 10 20 30 0 10 20
X, in. X, in. x, in.

(a) I = 26.00 in.; I/h = 10.83; Y; = 0.00 in.

Figure 10. Effect of store vertical position on cavity floor pressure distributions. h = 2.40 in.
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Position
O Empty cavity

O Z,=-090in.
O Z,=0.00in.
A Z =237in.
8
M, =020 M, =0.40 M, =0.60
4
“p
0
-4
8
M, =0.80 M, =090 M, =095
4
c
P
0
-4
0 10 20 30 0. 10 20 30 0 10 20 30

X, in. X, in. X, in.
(b) I = 30.00 in.; I/h = 12.50; Y = 0.00 in.

Figure 10. Continued.

119



Position
O Empty cavity

O Z,=-0.90in.
O Z,=0.00in.
A Z =237
8
M, =020 M, =0.40 M =0.60
4
“p
0
-4
8
M, =080 M, =0.90 M, =095
4
p
O g
-4
0 10 20 30 0 10 20 3 0 10 20

X, in. X, in. X, in.
(c) 1 =26.00 in.; [/h = 10.83; Y = 2.40 in.

Figure 10. Continued.
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Position
O Empty cavity

O Z,=-090in.
O Z,=0.00in.
A Z =237in.
8 =0.20
M, =0. M, =040 M, =0.60
4
“p
0
-4
8
M, =080 M, =0.90 M, =095
4
p
0
-4
0 10 20 30 0 10 20 30 0 10 20 30

x, in. X, in. X, in.
(d) 1 =30.00 in.; l/h = 12.50; Ys = 2.40 in.

Figure 10. Concluded.
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L, in. I/h
O 26.00 10.83
O 30.00 12.50

M, =020 M, =0.40 M, =0.60

. Fi P Pk
C uEFF[ ,aﬂﬁ‘i'iioﬂuc;

-4
8
M, =0.80 M, =0.90 M =0.95
o DG 18]
4 7 ]
ﬁ)
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Figure 24. Effect of lateral position on store load characteristics (open and plus-filled symbols are for strut
housing extending 0.45 in. and 2.85 in., respectively, above cavity floor). h = 4.80 in.
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Figure 25. Effect of cavity depth on store load characteristics (open and plus-filled symbols are for strut housing
extending 0.45 in. and 2.85 in., respectively, above cavity floor). My = 0.40.
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Figure 26. Effect of cavity depth on store load characteristics (open and plus-filled symbols are for strut housing
extending 0.45 in. and 2.85 in., respectively, above cavity floor). My = 0.95.
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