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FOREWORD

This report was prepared by the Aeromechanics and Airframe Branch,
Aeromechanics Division, Air Force Flight Dynamics Laboratory, Wright-
Patterson Air Force Base, Ohio. The effort reported was conducted as a
joint Air Force Weapons Laboratory (AFWL) and Air Force Flight Dynamics
Laboratory (AFFDL) program. The objective of the program was to identify
and evaluate potential modifications to the F-111 weapon system which
would reduce the carriage loads imposed upon the B-43 weapon just prior
to release from the internal weapons bay of this aircraft. The effects
of the modifications on weapon separation characteristics were also
evaluated using both the 3-43 and B-57 weapons. Mr. John W. Doran was
the AFWL Project Engineer and participated actively in all phases of this
program.

This report presents the resulte of work performed under Work Unit
24041012 during the period from May 1976 to August 1978,

The author wishes to aclnowi.uge the technical assistance provided
by Mr. Grady Rarton of General Dynamics/FW; and Messrs Sam W. Brown and

Dale K. Smith of ARO, Inc.
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SECTION I

INTRODUCTION AND BACKGROUND

5 Flight experilence with aircraft equipped with internal weapons bays
‘ has shown that high speed flow over an open bay can produce a turbulent

environment within the bay that can damage the weapon(s) or aircraft

structure., Various studies have been conducted to define this environ-
ment and means to improve or suppress the aero~acoustic energy of this

; turbulent flow.

Dred LS eitrici

This investigation, conducted jointly by the AF Flight Dynamics and
the AF Weapons Laboraiories, has been directed toward the F-111/FB-111 3
family of aircraft. Specifically, the objective of this effort was to

identify and experimentally verify means of suppressing the internal

ST TR AR R T e s s enem s e

weapon bay aero-acoustic environment associated with the B-43 weapon
carried in the F-111 bay. This weapon has had structural failures

of the parachute tail-can to weapon body attachment which have resulted
; . in establishment of weapon bay delivery limits for this weapon signifi-
; cantly below the capabilities of the F-lll1 and FB-1ll aircraft.

| A candidate suppression device has been identified and wind tunnel

AL a1 L5 8 S a3 5 8, 159 LS

tested which shows significant potential for retrofit to the F-11l

family of aircraft. This device, a saw tooth spoiler, was derived from

3 a similar device evaluated during an earlier AFFDL/AFWL in-house research

program (Reference 1), The spoiler successfully suppresses the internal ]

! weapons bay aero-acoustic environment while improving the bay separation

characteristics of the B-43 weapon for all conditions tested. Similar

improvements were also observed with the smaller B-57 weapon. Figure 1
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i shows the wind tunnel model installed in the AEDC 16T wind tunnel
with the model scale saw tooth spoiler mounted at the bay leading

edge.

The first phase of thils program consisted of a preliminary design
i ’ study performed by General Dynamics-Fort Worth Division conducted under

contract F04606-D~0114 sponsored by the AFWL (Reference 2). The con-

g i OB

tractor evaluated the feasibility of modifications to the F-111 aircraft

required to incorporate each of nine candidate suppression devices and

:
E identified the most promising based upon preliminary estimates of the
1
i effects of these devices on the aircraft and weapon separation charac- 3
[ 3
! teristics. More details of this phase are presented in Section II. §
3
E
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SECTION II
PRELIMINARY DESIGN STUDY OF

CANDIDATE SUPPRESSION DEVICES

This section briefly discusses the design study performed under
contract by General Dynamics-Fort Worth Division (Reference 2). This
study assessed the feasibility of incorporating each of nine candidate
devices designed to suppress the turbulent enviromment in the internal
weapon bay of the F-111 dircraft. These devices were evaluated from the
structursl, aerodynamic, stability and control, and weapon separation
view points. Two of the devices were selected for more detailed analysis.
Table 1 ideantifies the nine conceprs. Figures 2 through 6 show the
aircraft installation drawings for these concepts.

All unine concepts were considered feasible for installation on an
F-111 aircraft for flight test evaluation. No significant structural,
aerodynamic, or handling quality problems were identified. All of the
devices were qualitatively evaluated relative to the effect of each on
weapon separation characteristics, Table 2 lists the nine devices in
order of preference based upon the contractor's assessment of the sep-
aration characteristics of each. The contractor was concerned that the
devices installed at or near the leading edge of the bay could have
undesirable effects on the weapon separation characteristics.

The saw tooth spoller (Device V) and the slanted rear camp deflector
(Device IX)were selected for more detailed analysis. Airloads were

estimated, and structural and actuator loads computed for each of these.
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Concept

Number

I
I1
I1I
v

v

VI
VII

VIII
IX

TABLE 1 CANDIDATE DEVICES

Description

Perforated Spoiler - 25 percent porosity

Perforated Spoiler - 14 percent porosity

Perforated Spoller - 50 percent porosity

Saw Tooth Spoiler - height = 1.3 boundary
layer height

Saw Tooth Spoiler - height - 1.0 boundary
layer height

¥ixed Vortex Generators

Notched Spoiler - height = 1.0 boundary
layer height

Island Deflector Step - Vortex geherator

Slanted Rear Ramp Deflector
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TABLE 2

CONTRACTOR QUALITATIVE RANKING OF 3
SEPARATION CHARACTERISTICS

Ovder of Concept
Preference Number
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Based upon these loads, a preliminary stress analysis was performed,
materials were selected, and thicknesses determined for the full scale
parts.

Based upon the contractor's recommendations and previous test
experience with a saw tooth spoiler (Reference 1), four devic.s were

selected for evaluation during a wind tunnel test program. - Jdavices

selected were Concepts V, VI, VIII, and IX. Section III cont:ins

details of the two phased test program and the .del parts. : E
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SECTION III

DESCRIPTION OF MODEL AND TEST PROGRAM

3.0 The test program consisted of two phases. The first, conducted in the
Arnold Engineering and Development Center Propulsion Wind Tunnel, Transonic
(16T), evaluated the effectiveness of the four candidate suppression devices
and the effect of the most effective device on weapon separations from the
bay. The second phase was conducted in the AEDC Aerodynamic Wind Tunnel (4T).
This phase was conducted to investigate the sensitivity of the most effective
suppression device from Phase 1 to changes in geometry and to angle of attack
and sideslip variations. See Reference 3 for detailed descriptions of the

above test facilities.

3.1 Model Description

The model used for both test phases was a 1/15 scale F-lll model origin-
ally manufactured for store drop tests from the bay and wing stations. The
model geometry is shown in Figure 7. The wings were positioned throughout
this program in the full sweep position as shown in Figure 7a. The weapon
bay in the model (Fig. 7b) was 12,1 inches in length. The model installation

in the PWT 16T tunnel is shown in Figure 1.

3.1.1 Model Instrumentation

The model bay instrumentation locations can be seen in Figure 8.
Fifteen (15) Kulite solid state pressure transducers were installed and
Table 3 1lists the location of each in non-dimensional units, referenced to
the bay length (L) = 12,1 inches. One transducer was installed in the nose

of the model, Three thermocouples were installed as shown in Figure 8.
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TABLE 3

FLUCTUATING PRESSURE TRANSDUCER NON-DIMENSIONAL LOCATIONS

Orifice No. X/L Y/L Z/L

RMS1 (Fuselage Nose) 0 -

RMS15 <0.10 0.06(L) 0

RMS2 0.05 0 -

RMS3 0.50 0 -

RMS4 0.80 Q -

RMS5 0.95 0 -

RMS6 1.00 0 0

RMS7 1.10 0 0.05

RMS13 1.00 0.10(Lt) 0.05

RMS14 1.00 -0.10(Rt) 0.05

RMS8 0.05 Left side 3
RMS9 0.35 Wall 3
RMS10 0.50
RMS11 0.80

RMS12 0.95

. — e o ——— J—— . —_ . —————— .-




Static pressure taps were installed at the locations listed in Table 4.

The left engine inlet was also instrumented with an array of twelve

total pressuras taps installed in three rakes located at the inlet face.

Orifice No,

PS15
PS2
PS3
PS4
PS5
PS6
PSl6
PS17
PS7
PS13
PS14

PS8
PS9
PS10
PS1l
PS12

X/L

-0.10
0.033
0.483
0.783
0.933
1.00
1.00
1.00
1.10
1.00
1.00

0.04

0.342
0.492
0.792
0.942

TABLE 4

Locations

Y/L

.052 (Left)
0
0
0
0
~-0.01(Rt}

Left Side Wall

Steady State Pressure Orifice Non-Dimensional

Z/L

[=R) [=Re]
OCOOO0QOI
v v gur

0.058
0.058
G.058
0.058
0.058
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3.1.2 Drop Models and Store Ejectlion System

Two store models were designed for the drop teet phase, The primary
weapon was the B-43, A much smaller B-57 weanon was included to determine
if the suppression devices affected the small sitore in any adverse or
different way than the B-43 was affected, These stores were designed using
the "heavy" scaling technique described in Reference 4. Figures 9 and 10
present the geometry details of these store models and Figures 11 and 12
show these weapons installed in the model bay. The black dots indicate
the location of the Kulite pressure tranducers relative to the stores,

Only the roof (centerline) and left sidewall transducers are shown.

Figure 13 contains details of the model store ejection system. The
ejection force 1s provided by a nitrogen pressure system acting on a
piston. The ejection velocity required is obtained by adjusting the pres-
sure level. The pitch rate applied to the model is determined by the
geometry of the ejector foot relative to the store center of gravity. The
proper values of these variables were determined prior to the test by the
coutractor during calibration drops using specially fabricated calibration
bodies representing each store. The ejection sequence is initiated by
supplying an electrical current to the "burn bolt." The fusible section
of the bolt is melted, releasing the retaining spring which, in turn, re-
tracts the two slide feet which hold the store in the bay. The piston/ejec~
tor foot then propels the model store out of the bay. High speed

cameras record the ejection sequence.
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The model separation trajectory and the equivalent full scale trajec-

tory are then determined in accordance with the procedures described

in Reference 4., These procedures consist of frame by frame plotting

of the location of the nose and tail positions of the model store over-

laid on a grid photographically obtained and caiibrated prior to the

actual drops with no airflow through the test section.

3.1.3 Model Suppression Devices

The four model suppression devices evaluated during the first test

phase are depicted in Figures 14 through 17. These are scaled directly

from the full scale devices identified in these figures from Section II.
This geometric scaling results in dJevices which are aerodynamically smaller

than if scaled to the local boundary layer height. The local boundary

layer height at the bay forward lip is 3.5 inches full scale. Geometric

scaling of this height using the 1/15 scale factor results in a dimension

of .23 inches. The actual model boundary layer at this location was

calculated to be between .313 and .331 inches for the wind tunnel test

conditions. Therefore, the height of Suppressioun Device A 1s approxi-

mately 70 percent of the local boundary layer. Figures 18 through 21

show the devices installed on the model in the wind tunnel, Figure 22

shows the combination of A and D.
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3.2 Test Conditions

During Phase 1, a Mach range of .7 to 1.5 was investigated; however,
the major portion of the test program was limited to Mach 1.3 and below
by the tunnel installed equipment required for the drop test phase. 3
Reynolds number (RN) was not a primary variable, Limited data was %

1 acquired over a RN range of 2.0 to 4.4 million per foot with 2.5 to ;

i 3.5 million being the primary tegt range. Three drop conditions were
investigated, and Table 5 lists the associated wind tunnel test conditions.
Table 6 lists the ejection parameters applicable to each weapon. The :

simulated altitude (H) listed in Table 5 is obtained by use of the dynamic

pressure ratio where tunnel dynamic pressure is related to the full

T

scale flight dynamic pressure as discussed in Reference 4.
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Table 6 lists the ejection parameters applicable to each weapon,

TABLE 5

DROP TEST CONDITIONS

Mach Reynolds Tunnel Dynamic Total Pressure; Simulated Altitude;
Number/Ft Pressure; Q (psf) PT (psf) H (ft)

95 2.5 x 100 439 1242 1000

1.20 3.5 x 106 700 1683 1000

1.30 2.8x 10 586 1370 10,000

TABLE 6
WEAPON EJECTION PARAMETERS
WEAPON Vertical Ejection Velocity Pitch Rate (deg/sec, nose down)
Model (in/sec)/Full Scale (ft/sec) Model/Full Scale _

B-43 32.53 / 10.5 64.36 / 16.6

B-57 51.43 / 16.6 359.4 / 92.8

Phase 2 testing was conducted over a Mach range of .7 to 1.3 at a constant

Reynold's number of 3 million per foot, Model angle of attack (alpha)

sweeps were conducted over the range of -1 to +8 degrees. Sideslip (beta)

sweeps were conducted from -8 to +8 degrees; however, some of the configurations

were only investigated over a beta range of M 4 degrees.
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SECTION IV

DISCUSSION OF RESULTS

4,]1 Baseline F-111 Weapon Bay Data

The following presents data in terms of the ratio of Prms/Q for the
basic bay empty and loaded configurations investigated during Phase 1. Prms
is the root mean square of the non-steady dynamic pressure component measured
uging the Kulite pressure transducers, This data has been normalized by
dividing by the tunnel free stream dynamic pressure (Q). This provides a
non-dimensional ratio easily scaled to other conditions by using apprbpriate
values of dynamic pressure (Q). These data represent the acoustic energy
or turbulence at each transducer location and the data can be converted to

decibels referenced to Q by using the following equation:

18 =
¢ ref to Q 20 LOG (Prms/Q)

Figure 23 compares the empty bay with data for several weapon loadings
at Mach .,95. The data is plotted against non-dimensional (X/L) location
where "X" is measured from the forward bay lip and "L" is the bay length
(12,1 inches). Figure 23a presents the centerline bay distribution which
is markedly different in character from the l:ft wall distribution presented
in Figure 23b. The centerline instrumentation shows the PRMS/Q levels
increasing from front to rear. The centerlire dats also suggests that the
acoustic enerzy in the bay increases as the volume of the weapons load
decreasegs. No similar trends are observed on the left wall with the single
B-43 producing the highest level at the mid-bay position while the empty

bay produces next to the lowest overall level.
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Similar results for Mach 1.3 are presented in Figures 24a. and 24b.
At the X/L .95 station on the left wall, the levels observed for the
empty bay and the single B-57 weapon are essentially the same. This
location is well aft of the base of the store,which is possibly the

reason for this result.
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4,2 Suppressor Evaluation in PWT-16T

Based upon the above results, the single B-43 left bay installation
was determined to be the most severe loading configuration and was used
for the following evaluation of candidate suppression devices. The left
wall mid-bay position was measured to have the highest levels of acoustic
energy for this loading; therefore, this location was selected for present-

ing a comparison of the various suppression devices.

Figure 25 compares the four suppression devices over the Mach range
to the baseline configuration. Suppressor A (saw tooth spoiler) is clearly
the most effective device across the complete Mach range investigated.
Suppressor D (rear ramp deflector) is the second most effective device;
however, this device is more effective at the transonic Mach numbers than
at the supersonic conditions. Suppressor C (rear facing step)
generally has an adverse effect while Suppressor B (vortex generators)

has only a slight beneficial effect transonically and no effect supersonically.

Figure 26 compares each of the three forward mounted suppression
devices installed with the rear mounted suppression device. In all instances,
the combination is superior to the single device; however, the combination
of the saw tooth and the rear ramp deflector is observed to be significantly
more effective than the other two combinations. The combination of B and D

(vortex generators and rear ramp deflector) is the second most effective

combination.

The two most promising suppression configurations, Suppressor A and
the combination of A and D, are now compared to the baseline in more detail.
Both centerline and left sidewall distributions are compared. Figure 27
compares data at Mach .85 and Figure 28 presents data at Mach 1.3. Except
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for the X/L .95 station on the left side wall, the combination of A and

D is superior to Suppressor A alone. The transducer at the X/L .95
location on the left wall is partially covered by the rear ramp forming

a corner. This may be responsible for the increase in Prms/Q at this
location; however, this location is sufficiently aft of the store base

as to minimize the turbulence effects on the store. Very similar results
were observed at each Mach number.

Figure 29 compares the bay environment at Mach .95 with and without
Suppressor A and a single B-37 weapon installed on the left side of the
bay. Figure 29a presents data along the centerline which shows a small
reduction in turbulence {evel in the aft region of the bay., Figure 29b

presents data from the left wall adjacent to the store. Aft of the store

at the X/L .95 station, the saw tooth spoiler increases the Prms/Q level.

Figure 30 presents directly comparable data from the left wall at Mach 1.3.

At this condition, the spoiler clearly iwproves the bay environment.
Based upon the abave results, the saw tooth spoiler was selected as
the prime suppression device for testing during the drop test phase.

Results of this phase are presented in paragraph 4.3.
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4,3 Drop Test Results
Before serious consideration could be given to actual application of

a suppression device on an F~11ll aircraft, the effect of the device on

weapons separation had to be determined. Three drop conditions were

selected based upon the presently approved flight limits and the desired

expanded envelope. (See paragraphs 3,1.2 and 3.2, and Tables 5 and 6

D - R s el

for the model ejection system description, test conditions, and store

ejection parameters.)

yadind Gl

P AR

Figure 31 compares the critical pitch attitude of the B-43 store

arn il s

s with and without the saw tooth . joiler. The maximum nose up pitech

e

R

attitude is a measure of the risk of the store striking the launch air-
craft, Transonically the B-43 generates a lift equal to the store weight

at an angle of attack of approximately 15 degrees; therefore, for safe ‘ b

L - At ek il et o 2o i T

B-43 store separations, the store maximum pitch attitude must remain
] below this angle, 1In this figure, for the Mach .95 condition, the spoiler é
produced a favorable initial pitch down effect and delayed the onset of

pitch up, although both trajectories are satisfactory. Figure 32 presents . 3

more details of the separation with and without Suppressor A. The store

CACRDEMOG S AN A D
S

displacewments from the carriage position are presented along with the

el

1

pitech and yaw angles of the store, all as a function of time. All values

have been converted to full scale. In Figurce 32b, the spoiler suppression

b

device does induce a small yaw oscillation.
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Figures 33 and 34 present detailed trajectory data with and without {
the suppressor at Mach 1.2 and 1.3 conditions, Without a suppression
device, the pitch oscillations are significantly greater and exceed the
critical 15 degree nose up éttitude discussed above. Mach 1.3 is the
worst case with a peak pitch angle of approximately 21 degrees. With
the saw tooth spoiler installed, these trajectories are significantly
improved with the maximum pitch attitude reduced to approximactely
12 degrees. 1In Figure 34a, the store after rotating through the maxi- ;:
mum pitch attitude can be seen to float briefly approximately seven
feet below the release position at Mach 1.3, 4

All of the above trajectories were initiated with the model F-111
at a body angle of attack of 2 degrees. Figure 35 presents data with
the model at a 5 degree (6 degree wing) angle of attacl:. No significant

changes are noted due to the higher angle of attack.
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Figure 36 presents the trajectory of the B-43 store with both the
forward mounted saw tooth and the rear mounted ramp deflector suppressors
ingtalled. This tigure can be compared to the baseline trajectory at
Mach 1.3 (Fig. 34a) and the trajectory with only the saw tooth suppressor
(Fig. 34b). These comparisons show a significant improvement over the
baseline trajectory in terms of the maximum pitch attitude of the store
but no significant improvement over the saw tooth (Suppressor A) alone

configuration.

Separation results with two B-43 stores loaded in the bay were
very similar to the above single B-43 loadings. The trajectories were
slightly improved relative to the comparable single weapon loadings. It
should be noted that only the left weapon station was equipped with an

ejector system,

Two additional aircraft configurations were ilnvestigated with and
without a suppression device. Both included installations of a gun on
the right hand side of the bay. The second configuration had an ECM pod
added to the external surface of the gun pod. Figure 37 shows the instal-
lation of the gun, ECM pod, and suppression device along with a B-43 drop
store. The saw tooth spoiler was modified as shown to accommodate the gun
installation, Figure 38 presents data for the gun pod configuration at

Mach 1.3 with and without the spoiler. Figure 39 presents comparable data

with the ECM pod added, The ECM pod produces a lateral displacement of

the store for both suppressor on or off. The suppressor has a beneficial
effect on both configurations by reducing the maximum pitch attitude of

the B=43 store to levels below the critical 15 degree range.
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Figures 40 and 41 present separation data for the single B-57 bay
loading. Mach .95 and 1.2 data are presented. Addition of the saw tooth

suppracsion device has 1ittle or no effect at Mach .95 on the maximum

pitch attitude of the store. The vertical separation velocity is increased

reducing the risk of striking the launch aircraft. At the higher Mach
number, the tendency of the B-57 to float in the region from six to eight

feet below the aircraft is completely eliminated by the suppressor.
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4.4 Phase 2 Investigation of Saw Tooth Suppression Device in PWT-4T

The saw tooth suppression device (Suppressor A) from the Phase 1
test program was clearly the most promising candidate for further inves-
tigation, Therefore, Phase 2 was planned to obtain additional data on
the sensitivicy of the device to angle of attack (alpha) and sideslip
(beta) variations, Also, additional suppressors were fabricated and

tested to isolate the effects of height and width.

The first question to be answered during Phase 2 concerned the
correlation of data from the two wind tunnels. With a tour to one ratio
of tunnel size, there was a large change in the tunnel blockage produced
by the model. Figures 42 and 43 compare data for the baseline, single
B-43 configuration. Data were compared at both Mach ,95 and 1,3 condi-
tions and excellent correlation was observed. The Prms/Q data were gen-
erally slightly higher from the larger 16T tunnel. The model instrumen-
tation was unchanged for the two phases; however, the Rulite at the X/L .5, .1 't
centerline location was not functioning during Thase 2. Similar results
were observed for other bay loadings. Data presented from the left side
wall in these and some oI the following figures includes data at an X/L
value of 1.0, The data presented is rfrom the Kulite transducer (RMS 13)
located on the left side of the rear bulkhead aft of the left stora

position.
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4.4,1 Investigation of Suppressor Geometry
Four versions of the saw tooth spoiler were tested and the dimen-

sions of each are included in Figure 44. These can be grouped as follows:

Suppressors A and AII were the same height with AII increased in width.
Al and AIII were both increased in height to be approximately equal to

the model boundary layer height. A and AI are the narrow width suppres=-

sors, and AIT and AILI were increased in width relative to the A and AI

by approximately 17 percent.

Figure 45 compares the four suppressors at Mach .95. Little dif-

ference is noted between these devices on the left sidewall. Figure 46

compares the left side wall data at Mach 1.3. Here a significant dif-
ference is noted with the taller fencas being more effective at most
locations. The bay environment achieved with the devices is essentially
the same at the X/L=.8 location. This location is adjacent to the store
fins and is therefore considered to be the most critical location. The
fluctuating pressures or turbulence at this location are assumed to feed
loads directly into the reglon of parachute tail-can to store body attach-
ment that has failed during flight tests,

Based upon the above, the vffectiveness of the saw tooth suppression
device is more sensitive to height than to width increases, Little dif-
ference is noted between the performance of the devices of the same height
for the model at zero degrees of sideslip (beta). The data is generally
bounded by the A and AIII suppressors which represent the smallest and

largest suppressor devices, respectively; therefore, data in the follow-

ing paragraphs will be presented for these devices only.
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4.4.2 Angle of Attack Test Results
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Angle of attack effects were investigated and Figures 47 and 48

present baseline data for the suppressor off case at Mach numbers .95

and 1.3. The data at 2 degrees alpha (body angle, 3 degrees wing angle

of attack) is representative of the flight angle of attack. The level of

s abaddy

turbulence at the mid wall position reaches a maximum at the 2 degree
cruise alpha for both Mach numbers.

Angle of attack data at these same Mach numbers are presented in é %

R T

Figures 49 through 52 with Suppressors A and AIII. The bay turbulence

levels (Prms/Q) are significantly reduced relative to the suppressor

off data, The levels increase slowly as alpha increases up to 6 degrees.

At Mach 1.3 with Suppressor A, there is still evidence of peaking of the

levels at the X/L .5 location on the left wall, This tendency is not

observed with AIII installed.
In general, the bay environment is not strongly affected by angle
! of attack changes over the range from -1 to +8 degrees, and the suppressor

effectiveness is unchanged by alphs variations.
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4.4,3 Sideslip Test Resvlts

The next variable to be evaluated was sideslip, The data from the
fnlet rakes installed in the left flow through inlet will be discusaed
in paragraph 4.4.4, and as expected this data is very sensitive to side-
slip (beta) angle variations. Note: Model nose left corresponds to
positive beta angles,

Baseline data at Mach .95 and 1.3 are presented in Figures 53 and
54 over a beta range of %4 degrees. Only the data from the left wall
and left side of the rear bulkhead are presented because these locations
are the most sensitive to sideslip. Referring back to Figure 7b, the
taper in bay width should be kept in wind, At two degrees of sideslip,
the curbulence level in the bay is increased at all locations relative
to the zero heta condition. This may be due to the geometry of the side
wall (taper) which aligns the wall more closely with the free stream
direction. The data at both Mach numbers is similar; however, the Mach 1.3
data in the aft half of the bay is generally decreased in level relative
to the Mach ,95 dara.

With Suppressor A installed, very little efiect of sideslip is
observed, Figures 55 through 57 present data at Mach numbers of .8, .95,
and 1,3, Only at Mach 1.3 is the tendency to peak at the mid bay side
wall location still evident.

Similar data at Mach .95 and 1.3 is presented in Figures 58 and 59
with Suppressor AILII. The bay environment achieved with both suppression
devices is easentially the same except at the X/L .5 and 1.0 locations.

Both suppression devices produced dramatic improvements in the bay
environment at all sideslip angles, and AIIl was only moderately more

effective than the substantially smaller device A.
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4,4,4 Inlet Pressure Recovery Results

One of the primary questions to be answered concerns the effect of the
installation of the spoiler type suppressor on the engine inlec flow., With
the spoiler raised into position while the bay doors are open, airflow may
be diverted around to the sides of the aircraft where the inlets are located.
Sideslip will increase the effect of the spoiler on the lee inlet. Figures
60 and 61 show the physical relationships of the bay, spoiler, aud inlets.
The inlet geometry 1is representative of the Triple Plow II Configuration;
however, no attempt was made to match the correct mass flow.

Inlet total pressure data was acquired for all configurations tested.
The dataare reduced to a ratio of total pressure at the rake tap location to
the freestream total pressure, Interpolated constant pressure recovery
contours are then plotted as shown in the scries of figures starting with
Figure 62. The contours are plotted at increments of ,01 between .90
and 1.0. Values of pressure recovery less than .9 are not plotted. The
locations of the twelve presgure tapes are indicated by the small circle
symbols shown in these plots.

The inlet pressure recovery contours for the basic configuration are
contained in Figure 62. The bay doors are open and one B-4” is loaded in
the bay. Mach 1.3 data is shown for sideslip angles of zero (Figure 62a)
and two degrees (figure 62b). This Mach number produces the greatest
loss and the small positive sideslip has an additional effect on the
lee inlet. A significant area in the lower inboard portion of the inlet
has a pressure recovery of less than 90X. Figures 63 through 66 present
the inlet data at the same conditions for each of the saw tooth suppression

devices.
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A more detailed comparigon of the data from rhe rake located in this
corner of the inlet are presented in Figure 67, The rake taps are
numbered from the inlet center body down with Tap #3 located closest
to the lower inboard corner. At zero beta, Suppressor A produces
approximately 2X reduction in pressure recovery relative to the basic
configuration across the Mach range. With only two degrees of
sideslip, this reduction increases to 4 to 5 percent except at Mach 1.1
for Tap #3 vwhere a reduction of 8 percent is noted relative to the
suppressor off configuration. All of the other devices produced larger
increments with AIII producing the lowest pressure recovery at all Mach
numbers., Larger positivz sideslip angles produced even larger areas of
low pressure recovery at the inlet plane.

The height of the saw tooth suppression device again is the
most significant geometry variable with respect to the effect on the
inlet at all Mach numbers. It is apparent that the smallest device (A)
produces the least installation problem from the inlet standpoint and

that the two tall fences (Al and AIII) produced the greatest inlet losses.
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4,5 Static Pressure Data

The following figures summarize the static pressure data acquired
with a single B-43 store installed on the left side of the bay. These
data may be useful in estimating the airload changes resulting from in-
stallation of a suppression device. The data are presented in terms of
the static pressure doefficient, Cp. Figure 68 compares the static pres-
sure data at Mach .95 acquired with the baseline configuration from the
AEDC 16T and 4T wind tunnels, The centerline distributions show excel-
lent agreewent; however, the left wall distribution (Figure 68b) can be
seen to differ significantly in the aft region near the rear bulkhead.

With Suppressor A installed (Figure 69), the data agreement between the

tunnels is excellent for both the centerline and left wall distributions.

The effects of sideslip on the basic configuration are presented
in Figure 70 at Mach .95, The centerline distributions, presented in
Figure 70a, show that the 2 and 4 degree sideslip angles produce a
relatively linear increase in Cp from front to rear. For the other
sideslip conditions, the levels initially decrease then rise aft of the
mid-bay tap. The pressure distribution along the left wall adjacent to

the store reveals a much greater sensitivity to sideslip (Figure 70b).

The addition of Suppressor A (Figure 71) reduces the Cp levels along

both the centerline and the left wall. The left wall distribution

(Figure 71b) ahows a dramatically reduced sensitivity to sideslip.
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Figure 72 presents sideslip data at Mach 1.3 with Suppressor A
installed, Sideslip produces an insignificant effect on the centerline

and relatively small changes along the left wall, Due to the relatively

small effects of sideslip, the following comparisons of the four sup-

pression devices will be made at the zero sideslip condition.

The pressure distributions with and without the suppression
devices at Mach .95 and 1.3 are presented in Figures 73 and 74. The
shorter devices A and AII generally reduce the static pressure levels
less than the two taller devices. At Mach 1.3, the distributions
along the left wall clearly show the effects of spoiler height. These
data represent only an indirect airloads distribution on the store;
therefore, no definitive conclusions can be stated relative to the
significance of the changes in steady pressures to the store

structural loads.
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4,6 Final Assessment and Selection of Suppression Device

Prior to selecting a suppression device for further study and eval-
uation, criteria were required for the suppressed weapon bay environment
in terms of the acoustic energy (Prms/Q). The Mach .95 low altitude
separation limit represents the limit environment for the B-43 weapon in
the F=111 weapon bay. Therefore, the peak Prms/Q levels determined
during this program corresponding to Mach .95 and 1000 ft altitude have
been defined as the target levels for the suppressed environment at the
more severe higher Mach conditions. The left wall adjacent to the store
was selected as most representative of the critical store loading because
the peak Prms/Q levels were observed along this wall, The store extends
to approximately 937 of the bay length; therefore, while higher levels
were observed on the aft bulkhead, these are not the critical values

affecting the store structure,

Figure 75 presents the comparison of the bay environment achieved
wi Suppressor A to the above criteria scaled to the Mach 1.2, 1000 ft
altitude condition. The solid line represeants the Prms/Q values at
Mach .95, 1000 ft reduced by a factor of 37%, which results from the full
scale ratic of the dynamic pressure at these two test conditions. The
suppressor does achieve a satisfactory environment at all locations for-
ward of aprroximately the 907 X/L location. A small area of the left
~::k adj. ~ent to the extreme aft portion of the store (Figure 11) exceeds
the criteria; however, the average loading in the critical region between
the .5 and .95 instrumentation locations is significantly lower than

the above ¢ . pression criteria.

129

P . . e e AT o) o) S [ At b s L. —_— e TR Rt S P LT

ae

o

ek s % sk AL LK

e

a0 & b B

aivas,

L b e L b i ek bl (MR S BT 0] b

1
T .
" IR



i
e 4T ,«.:ﬁﬂﬁ_m, R 6 i ..{.a.\x.aw ru.fww

i
|
}

I TIPS

1’;&‘!: tlaten il Lo bbbt S U 8 IPHRRAT ™ oy e m
h i ¥ T TR L Laborcutibd st s b T L bl T AR r -
ks S 2 UL g o C Lt ot 4 v e ey
i g~ 1 W Tl P e Lol
- TN j
~ o
[

~ TR T T
ok
- ,
O 2 TV R U S

apnITITV 33 0001 PUB Z°1 YOBH I8 JUSWUOITAUY 3a38aey 01 ¥
z0s8saaddng YITM POAITYOIY JUSWUOITAUF Aeg jo uostaedwmo) °G/ 2an31j ﬁ :

“ VX

wear

j B 1 B0 9°B h'B A B a. _

: — + + + -+ -+ + + 4 B B

o

Aﬁ : Ju

f .

T 4

b1 ]

4 - oot

, | N
_ ﬂ

+2°8 i

‘Z°1 HJHW DL 43THD5 3¥NS53yd }
w_w IHENAG INITHAIAR3 773A37 SE° HOHW (1) ]
Eh-d 3ND 4 00 gz 21 X 1
: Eh-g INO  3INON 0O°O D’z (1Y - B / SWid
I

ON1{HO7 ¥ddNS B133 HHATH HOHW WAS

p e
}

g

i

by

b

uﬁ

r.,



B s et SN

Figure 76 presents similar regults at Mach 1.3 and 4000 ft altitude,
Here the required reduction factor is approximately 40X, Almost identical
regults are achieved indicating that the smallest suppressor does in
fact provide acceptable environmental conditions in the bay based upon
the criteria established.

Based upon the above results, the full scale flight test suppressor
would have the following dimensions:

38 inches

Width
2.45 inches (70X of full scale boundary layer height)

Height

This full scale device is considered the oprimum size to achieve
the desired environmental improvement in the open bay while producing the
minimum installation penalties. Full scale flight tests will be required

to verify and validate the wind tunnel test results presented.

4,6.1 Bay Mounted Gun Installation

Installation of the gun on the right side of the bay moderates the
environment in the bay based upon the results acquired during this pro-
gram, A modified Suppressor A was evaluated during Phase 1 with the gun
and with an ECM Pod. (The results of drop tests are discussed in para-
graph 4.3.) The modified suppression device (Figure 37) is reduced in
width tc eliminate gun blast effects or interferemce, Tha data in Fig-
ure 77 at Mach 1.3 shows a small improvement in the bay environment with
the suppressor. This improvement may not be significant f- ‘m the aero-
acoustic viewpoint; however, the beneficial effects on separation char-

acteristics of the B-43 reported above may be significant.
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SECTION V

CONCLUSIONS

5.1 Suppression of the turbulent environment within the open weapon bay

of the F-11ll aircraft has baen successfully demonstrated in the wind
tunnel by installation of a relatively small saw tooth type suppression

device.

T+ g e s e

5.2 1Installation of the suppression device »f the type deve'oped during
! this program can produce favorable effects on the separation character-

istics of weapons separated from the internal weapon bay of an F-1ll

aircraft.

swmclan il 4 \Rha bt

5.3 Flow into the engine inlets of the F-11l aivcraft may te adversel)

affaected by the suppression device during sideslip flight conditioms,

e e

5.4 Flight tests of the suppression device devecloped during this pro-

Sk s aa

gram will be required to confirm the effectiveness of the device and to

investigate the above adverse effects on inlet flow.

IRP

b 5.5 The available data from this and other research programs clearly

Lnitd

demonstrate that future internal weapon bay equipped aircraft must

k 3
f consider the aero-acoustic environment produced by the open cavity ?
' 1
during the design phase. 4
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