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This research was performed by the Structural Integrity Branch,
Structural Mechanics Division, Air Force Flight Dranamics lLaboratorw,
Wright-Patterson Air Force Base, Ohio. This effer: was conducted
under Work Unit 75007139 in support of the Air For«e Weapons Laboratory.

The work was performed by Messrs. L. L. Shaw and D. L. Swith of
the Structural Integrity Branch, and Mr. G. A. Pizak of the Field Test
and Evaluation Branch. This report presents only the asroacousti-
pressure results obtained from the microphones located over the surfac-e
of a store located in the bomb bay of an F-111 aircraft. The flight
tests were conducted by the Armament Development and Test Center,

Eglin Air Force Base, Florida.

The manuscript was released Ly the authors in November 1976 as

a technical report.
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SECTION I

INTROJVCTEOXR AXD BACEGROUTD

Airerafr weapon bays exposed %o free strea= flow generate an
intense zercacoustic environzent iz and around the bay. Experience
has taught thzt the inteasity of this environment can be severe enough
to resulc in da=age to a store, its internzl equipzent, or the struc-
ture of the weapons bay itself, Im order to assuvre that a2 store and

-

its intermal eguipzent can withsrand this hezardous enviroa—ent znd

successfully complete their mission, they cust be gua
pressure levels represeatative of those esperienced im fifighe. If che
gqualification test levels are too high, the store and its internal
equipzent will be overdesigned, resulting in unnecsssary costs. How-
ever, if the Isvels are below the flight levels, the store or its
internal equipzent =ay catascrophically fail during performance of

the mission. Thuys, it is desirzble that the actual flighr levels

m

ve known with acceptable accuracy.
Based on the above requirement, the Air Force Weapons Laboratory

(AF¥L) requested the Air Force Flight Bynanics iaboratory (AFFPL) to

-
-

deterziine the aeroacoustic enviren—ent encountered by 2 store carried
in the weapons bay of an F-111 aircrafr. AFFDL established a flight
test progra= using an instrusented BDU-8/B (Bo=bd Drop Init) to define
this environment. The store was instrusented with 21 microphones and
21 static pressuve ports. Only the dynanic pressure results are
presented snd discussed in this report. The iustrusenzed store was

installed in gn F-111 aircraft weapons bay and flight tested by che

=

ok




Armzwent Develop—ent aud Test Center, Eglin Air Foree Bszse, Florida.

The flight test consisted of sir flights in which data were collected
at coastant pressure altitedes of 3,000, 16,009, and 33,605 feet.

Detailed feseriptions of the test article, instruzentation, test

procedures, and dat= reduction pror~sdures are given i Section EI. .
Seccion IEI presents a detailed discussion of the results. Inciuded

in the discussion are effects of Machk cusher, Jongitwdinal a2nd circe-
Eerential locaricn, and zititude o the zeroscoustic pressures. In
gddiriorn, equzl sound pressure level contours determicmed from the
messureoents over the store are presented and discussed. Finmally,

ceomariscns of oeasered znd predicred Ievels are presected. Section

Y

¥ offers 2 predicricz = thod which emzdles the deterzinztion of the

seend pressure distriburion over 2 store in zn a2ircraft weagons bayw

vizh a length te depth ratio near 6 fe

l"1

any Mach aouzber or sltitwde.

Ihe resules for the entire progras are simmoarized in Sectien ¥

The results of the progran, sovns pressure level Siscribotfons

oz the surface of a stere in 2 weapons Bay, can be ctilized fo define

o

ke zeroacoustic eavireoment for the reguired gualification rests.
These pressure distribuotions can be simsiated in an acouscic test
facility by such methods as source lecatien, ducting, shicldicg

baffles, and abserprien. This simularion provides a cost effec-

tive method for qualifying the store for 2 intense aercaceounstic

o
|
|
!

i
1
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IRIG B Time Code which was also recorded. The instrument power was

provided by the F-111's 28 VDC power.

3. Test Procedures

Flight data were obtained fcr constant pressure altitudes of
3,000 feet, 10,000 feet, and 30,000 feet during accelerated flight
and constant Mach numbers. The Mach number ranges for the accelerated
flights were approximately 0.75 to 0.97, 0.75 to 1.06, and 0.75 to 1.3
respectively. The constant Mach number runs were performed for each
alzirude at Mach numbers of 0.7, 0.8, 0.85, 0.9, and 0.95. All data
were obtained in six flights. The flight tests were performed at
Eglin Air Force Base, Florida. The data obtained in flight were
recorded on an FM magnetic tape recorder for later reduction and

analysis in the laboratory.

4. Data Reducticon Procedures

Data reduction in the laboratory of the magnetic tapes recorded
in £light consisted of overall sound pressure levels, one-third octave
bané spectra, and narrowband spectra. A General Radio Model 1921/26
Thiré Octabe Analyzer was used to calculate the sound pressure levels
whichk were then plotied with a Gould Model 4800 plotter. The narrow-
band spectra were generated digitally by a Raytheon 704 processor

using a bandwidth of 1.83 Hz and a data sample length of 7.7 seconds.
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SECTION III

DISCUSSION OF RESULTS

1. Introduction

In this section the results of the flight tests are presented
and discussed. The effect of Mach number on the data is presented
first. Variations over the entire surface of the BDU-8/B were deter-
mined but only those variations along the bottom of the store are
presented in this report. The variation of the fluctuating pressure
levels as a function of the longitudinal location are discussed next.
Circumferential variation at four longitudinal locations is the third
area discussed. The effects of flight altitude are the fourth area
presented and include data from three locations on the store for each
of the altitudes flown. Normalized equal sound pressure level contours
developed from the measured data are then presented. These contours
show the sound pressure level over the entire surface of the store
for any altitude or Mach number. Contours for the one-third octave
band modal frequencies as well as the overall levels are included.
The measured levels are then compared to predicted levels where
comparisons are made to data from the front, middle, and rear of
the store. Narrowband analysis was performed on data from every
microphone, however; only three typical spectra are presented. The
last topic in this section is a comparison to past data. Acoustic
data (Reference 15) obtained from the surface of a Pheonix missile

being carried in an F-1l1 weapons bay was compared to the current

data.
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SECTION 111

e DISCUSSITON OF RESULTS

I. Introduction
In this scction the results of the flight tests are presented

and discussed. The effect of Mach number on the data Is presented
first. Variatione over the entire surface of the BDU-8/B were deter-
‘mined but only those variations along the bottom of the store are
presented in this report. The variation of the fluctuating pressure
devels as a éunétion of the longitudinal location are discuééed next.
Circumferential variation at four longitudinal locations is the third
arca discussed. The effects of flight altitude are the fourth area
presented and include data from three locations on the store for each
of the altitudes flown. Normalized equal sound pressﬁre level contours
devceloped from the measured data are then presented. These contour;
show the sound pressure level over the entire surface of the store
for any altitude or Mach number. Contours for the one-~third octave
band modal freqﬁencies as well as the overall levels are included.
The measured levels are then compared to predicted levels where
comparisons are made to data from the front, middle; and rear of

the store. Narrowband analysis was performed on data from every
micrqphone, however; only three typical spectra are presented. The
1ast.£optc in-this section is a comparison to past data. Acoustic
data (Reference 15) obtained from the surface of a Pheonix missile
being carried in an F-111 weapons bay was compared to the current

data.
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2. Mach Number Variation

Mach number variations in the one-third cctave band spectra

i
.

from the six microphones located along the bottom of the BDU-8/B

are shown in Figures 4-9. The data are for a constant 30,000 foot

= altitude. One-third octave band levels increased by 10 to 15 dB
for most frequencies and locations on the bomb when the Mach number
increased from .8 to 1.3. Previous wind tunnel and flight test

results, References 2, 4, and 1Z-14, indicate comparable increases

for similar flight conditions and cavity geometry. The spectra at
the front of the bomb (microphone 1) are different than the spectra

of other locations. The peak broadband level for the microphone 1

e
i

data oceurs at a frequency less than 100 Hz while the spectra from
the other locations generally peak at a frequency well above 100 Hz.
A possible explanation for this difference lies in the fact that
microphone 1 was located on the nose of the bomb and remained well
out of the shear layer. The other locations along the botton of
the bomb were close enough to the shear layer that it could impinge
on the surface of the bomb and generate the high frequency energy
that is displayed in the spectra.

The Mach number effects on the overall sound pressure level,
g | derived from Figures 4-9, are shown in Figure 10. The overall levels
g are seen to increase at each location about 10 dB with a change in
' Mach number from 0.8 to 1.3. Increases in the overall levels of

approximately 10 dB were anticipated since the levels are reported

(Reference i6) to scale with the free stream dynamic pressure Q.
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The highest pressure does not occur on the rear of the bomb; it
occurs at some location shortly ahead of the rear. This is illus-
trated in Figure 11 where the spectrum from microphone 15, located
approximately three feet from the rear of the store, is 2 to 10 dB

higher than the spectrum from microphone 19, located six inches from

: the rear of the store. Previous results (Reference 3) indicated the
same tendency. The results for the other Mach numbers and altitudes

tested displayed similar trends to those discussed above.

4. Circumferential Variation
There were four locations on the BDU-8/B where microphones were

- located on each side, top and bottom at a given longitudinal location.

, Data obtained from these locations permitted an estimation of the
circumferential variation of the SPL on the surface of the store.
As shown in Figure 2, these locations were at stations (inches _rom
the nose) 29, 51, 120, and 154. Figures 12 through 15 illustrate the

. circumferential variations for the various locations on the bomb.
Several trends are apparent in the data. Tigure 12 shows the vari-

. ations between microphones 2, 3, 4, and 5 for an altitude of 30,000
feet and Mach number of 0.95. The narrowband energy at the cavity

. ' modal frequencies as defined by the Modified Rossiter equation (see

; section 8) is quite evident and is the highest on the side of the

< ‘ store towards the center of the weapons bay. The modal frequency

amplitudes are lowest on the bottom of the store. At somewhat higher

frequencies (above approximately 100 Hz) the sound pressure level on
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the bottom side of the store increases above the other three locations;
this may be caused by the shear layer impingement on the store.

The increased amplitude at the higher frequencies on the bottom
of the bomb are even more evident in Figure 13 for microphone array
6, 7, 8, and 9 at station 15. The side of the store towards the
center of the weapons bay still displays the highest level at the
lower frequencies. Further back on the bomb at station 120, micro-
phone array 13, 14, 15, and 16, the bottom of the store still shows
the highest amplitude at the higher frequencies (Figure 14). However,
the amplitude at the cavity modal frequencies appears to be the highest
on the side of the bomb nearest the wall. This is the opposite of
what was measured at the front of the bomb. No reason for this change
is readily apparent. The array (microphones 17, 18, 19, and 20) near
the rear of the bomk., station 154, displayed similar trends as those
at station 120. That is, for the higher frequencies, the bottom of
the bomb displayed the highest sound pressure levels and for the

lower frequencies, the left side of the bomb displayed higher levels.

5. Altitude Effects

Investigators in the past (References 4, 16) have shown that in
general the fluctuating pressure amplitudes for a fixed Mach number
in an open cavity vary with the free stream dynamic pressure "q."
However, it was shown in Reference 13 that there may be locations
in the weapons bay (or cavity) which do not scale very well with q.

Figures 16 through 18 present spectra for the three test altitudes
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of 3,000, 10,000, and 30,000 feet from microphone locations 8, 14,
and 19. The difference between the 3,000 feet and 10,000 feet data,
for all three cases, is 2 to 3 dB. Also the difference between the
3,000 feet and 30,000 feer data is approximately 10 dB. This shous
good scaling with altitude because the predicted differences are
2.3 dB and 9.6 dB respectively. It was concluded in Paragraph 3 of
this section that the sound pressure levels, for a fixed altitude,
scale well with Mach nucher. Thus it carn now be concluded that for
any zivitude or Mach nucber the levels will scale reasonably well
e

rith 3. Data from zll of the other microphone locations also scaled

well with the free strean dyranic pressure.

6. Equal Scund Pressure Level Contours

In order to more fully define the fluctuating pressure environ-—
=ent over the surface of the store, equal SPL contours were developed
for various flight conditions. Figures 19 chrough 22 present the
overall SPL contours for Mach nucbers 0.3, 0.95, 1.1, and 1.3 for
the 30,000 foot altitude. The longitudinal centerline in the figures
represents the top of the borb while the sidelines represent the
botton of the bocb; thus, the entire surface of the boomb can be
viewed. Contours are shown for every 4 dB change in the SPL with
the tics pointing in the direction of decreasing levels. The figures
reveal that the intensity increases fairly unifornly for the first
one-third of the store. At this point the levels become elss uniform

and tend to display maximum and minimum regions. By cooparing the

29
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. four figures, it appears that there are no significant variations in
i the contour patterns with Mach number.

Equal sound pressure level contours were also determined for the
first three modal frequency amplitudes determined from the Modified
Rossiter equation (see section 8). The results are shown in Figures
23 through 25 for modes 1, 2, and 3 respectively. In general there
is little difference in the contour patterns for the three modal
frequencies. References 3, 4, and 12-16 have shown that each modal
frequency amplitude prefers a specific longitudinal mode shape, i.e.,
mode one displays one node, mode two displays two nodes, etc. These

mode shapes were very predominate for cavities with length-to-depth

Y
" -

(L/D) ratios of 2 to 4 but much less predominate for L/D ratios
greater than 4. Since the L/D ratio of the F-11l weapons bay is
greater than 7, only low amplitude mode shapes were anticipated.
Since there is little difference in the contour patterns of the three
modal frequencies, it is concluded that essentially no longitudinal

modes existed on the surface of the store.

- 7. Comparison to Predicted Levels
Methods are presented in Reference 16 to predict the fluctuating
pressure environment in rectangular cavities with various length-to-

depth ratios for any longitudinal location in the cavities. These

)
..

- equations also account for variations in Mach number, altitude and
modal frequency. They were used to predict the environment on the

BDU~-8/B and this predicted environment was compared to the measured

—_— - O e e —— g Ay T T R = ==
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levels. The comparisons ave shown in Figures 26-28 for microphones
20, 12, and 1 respectively. Figure 26 shows that the predicted
levels at the rear of the bomb agree fairly weil with the measured
ones falling only about 6 60 8 dB above them for most frequencies.
The data presented in Figure 27 are from the midpoint of the bomb
and reveal that the predicted levels are about 15 to 20 dB too high
at the lowver frequencies (below 500 Hz). Figure 28 displays the
data from the front of the bomb. A 20 to 25 dB difference between
the measured and predicted levels exists at this location. These
figures indicate a trend ui Jecrcasing agreement between the predicted
and measured levels from the rear to the front of the bomb. An
explanation for this trend was given in section 2, "Mach Number
Variation" where it was shown that the full scale flight data tends
to show larger decreases in the SPL from the rear to the front than
the predicted ones possibly because (1) the scaling effects of the
cavity influence the variation in levels, and (2) the full scale
cavity is normally cluttered as compared to the research cavities.
Also, the predictions were based on data obtained from the wall of

the cavities while the present data were obtained from the surface

to the store.

8. Narrowband Spectra
Narrowband analysis was performed on selected data from every
microphone. Spectra were obtained over the Mach number range of the

test at each of the three altitudes. The analysis was performed up
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to 5000 iz but only dat= -y to 120 Hz are presented since there was
no significant energy above that frequency.

Figures 29, 30, and 31 preseat the narrowband spectra for micro-
phones 1, 8, and 20 respectively. These data are typical for cost of
that analyzed. Most of the energr is located in the low fraquencies,

the modal frequencies of the cavity. These frequencies are predicted

by the modified Rossiter equation

v o - 0.25

M + 1.75
A+ .24

L}
I

2)32

where V is the freestream velocity, L is the cavity length, M is cthe

freestreac Mach nutber and = is the modal frequency number. The pre-

L4

dicted first three —odal frequencies show very good agreecent with

this equation.

9. Cooparison to Fast Data

In 1967, a flight test was performed on an F-111 aircraft with

a Phoenix missile installed in che weapons bav. Limited acouscic

data were cbtained on the surface of the nissile. The results of

the test are decuzeated in Refereace 15.
The acoustic data were acquired from two microphones. One
cicrophone was located on the forward section of the sissile in about

the same locatien as microphone 3 on the store used in this test.
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The other —icrophone was located teswards the rear of the =issile near
the locatien of microphone 15 from this test. In this stody the siove

was instilled in the left side of the weapons bay while the Fhoenil

was located o the right side. The present <3tz indicated thar there
are variations in the goosstic enviroco—ent frex side teo sidz when the 1

store is zsyomeird

]

211y instziled. Thus, te elixinate this source of
difference, data from cicrophone 17, vhich was on the opposice side of

the srore, was co—gared te the Pooenix dava. Microphene locations arce
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cavity excited frequencies are clearly evidear for the EXU-8/B Bu:

are rach less abhviors for the FPhoenix nissile. AIso, the Thosmis

data appear te ke -5 éB highsr thaen the corrent dara for a3i] fre—
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Cozparisen of 2f s <+

he data ar the rear of the stores Is shown In Figure
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stores are very siz=ilar to that 2r the front. The cavity exci
frequencies arc seen to vary sozewhal for each stere. The variztio

is largest for the lowest fregusacy. However, coasidering that these
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are twe independent flight tests with different stores, the data

show good agreement.
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SECTION 1V

ENVIRONMENT STMULATION

It is desirable to simulate the in-flight fluctuating pressure
environment of a store in an acoustic test chamber. This would per-
rit the performance of vibration qualification tests on the store's
sensitive internal equipment. In order to conduct such tests, the
fluctuaving pressure distribution over the surface of the store is
nceded for any given flight conditions. This section offers a method
to obtain these distributions.

Figures 19 through 25 presented equal sound pressure level
contours over the surface of the bomb for various flight counditions.
For the purpose of simulation the trends in these figures are sum-
marized in Figure 34.

It should be kept in mind that the entire surface of the bomb is
shown in the figure, that is, the bomb was unwrapped. The centerline
represents the top of the bomb and the side lines are the bottom.

The major trends are an increase in the overall sound pressure level
from the nose back to about the one-third position on the bomb. From
that position the levels remain fairly constant along the top to the
rear of the bomb. However, the levels along the bottom decrease 10
dB and then increase the same amount towards the rear. The sound
pressure level at the nose varies with Mach number and altitude, that
is, the free-stream dynamic pressure. A normalized expression which

considers these variations was found to be
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. 10 log(P nose/q) = -35 dB

where q is the freestream dynamic pressure and P is the overall rms
sound pressure at the nose of the bomb. Using this expression and
the equal sound pressure contour, the absolute overall levels on

the entire surface of the bomb can be determined. For a complete
definition of the environment, the spectrum shape of the surface
pressures must be known. An average one-third octave band spectrum
shape was derived from the measured data and is shown in Figure 35
where the levels are references tc the overall level. This spectrum

shape is recommended for the entire surface of the bomb.
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-

With knowledge of the overall levels, surface distributions
and spectrum shape the complete environment can be simulated in an
acoustic test facility and reliable vibration gualification tests

can be performed.
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FIGURE 35 ONE-THIRD OCTAVE BAND SPI, SPECTRUM RECOMMENDED FOR ENVIRONMENT
SIMULATTON
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. SECTION V

SUMMARY OF RESULTS

The principle results determined from the flight tests are
summarized as follows:

= 1. The fluctuating pressure levels on the surface of the

bomb scale well with freestream dynamic pressure, that is, with Mach
number/altitude pressure.

2. The levels on the surface of the bomb increase from the

front to the rear by about 30 dB.

3. Predictions resulting from the methods in Reference 13

compare well to the measured levels on the rear of the bomi but vary
significantly towards the front.
4, There are significant circumferential variations in the

levels on the surface at severa. longitudinal locations.

5. The equal fluctuating pressure level contour for the

surface of the bomb vary only a small amount with changes in Mach

number or modal frequency.
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