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SwIOi I

Aircraft weapon bays exposed to free strea= flow generate an

intense aeroacouastic enviro.=enc in and around the bar. Exerience

has taught char the intensity of this enviro=nent can be severe enough
to result in da-ge to a store, its internal equipaene, or the struc-

ture of the weapons bay itself, in order to assure that a score and

its internal equiprent can eithsrand this hazardous eniron=-ent and

successfully ce--ilete their =ission, they =u-st be qua'fie to sound

pressure levels representative of chose excperienced in flie.t. If the

qualification rest levels are too high, the store and its internal

equip=ent will be overdesigned, resultIng in unnecessary costs. HEim-

ever, if the levels are below the flight levels, the store or its

internal equipo=ent =v catascrophicali Call during perfornance of

the mission. Thus, it is desirable that the actual flight levels

be knoun with acceptable accuracy-

Based on the above requiremert, the Air Force Weapons laboratory

(AFM.) requested the Air Force Flight Dy.a.-a=ics Laboratory (ArrL) to

determine the aeroacoustic environnenr encountered by a store carried

in the weapons bay of an F-111 a-ircra'. AFFDL established a flight

test program using an instru-ented BD-SIB (Bo-b Drop Unit) to define

this environment. rhe store was inscmrunnted with 21 -icrophones and

21 static presswe ports. Only the dyna=ic pressure results are

presented and discussed in this report. The instrunented store was

instaled in an F-il aircraft weapons bay and flight tesred by the



Arnent EDevelop=ct and Test Center, Fgiin Air Force Base, Florida.

rae flight rest consisted of sir Flirhts in which dat w-ere collected

at constant pressure altitudes of 3,030, 10,^0, and 3fl.0 feet.

Detailed descriptio=s of the test article, instrumentation, test

procedures, and data reduction proredures are given in Section I

Section 11 presents a detailed disctm-sin of the results- Included

In the discussion are effects of !rach cunher, longitudinal and circt -

ferential locatior , a7 altitude on the aeroacouesic press-es. In

a itlon, equal sound pressure level cntours deteried fro= Ie

nasure=ents over che store are presented and discuss.ed- Finally,

coc-zriso-s of ceas-re and; predicted levels are preseted . Section

V offers a prediction -cbod 'ich ena bles th deteraina -o of the

o pressure distrbution over a store in an aircraft uvan-o-s baw

nra a length to depth ratio near 6 for any Mac tn.er or altitde-

11 'e results for 02m- enzire progra= are s-carze4 in eco -.

The results of thOe program, Soumd pressure level dist rbtions

on the surface of a store in a umea.ons bay,. can be utilized to define
the aeroacoustic eavircamnt for the required qualification tests.

These pressure distr-utions can be siUtlared in an acoustic test

fariiry b-. such =erhods as source locatione, ducring slehieldir,

-baffles, and absorptO. This slrnalario prov-ides a cost effee-

tve verhod for qual'fying the store for an intense aercacon-tic

environzent.
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IRIG B Time Code which was also recorded. The instrument power uas

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

3. Test Procedures

Flight data were obtained fcr constant pressure altitudes of

3,603 feat, 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

alritude 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 Reduction Procedures

Data reduction in the laboratory of the magnetic tapes recorded

in flight consisted of overall sound pressure levels, one-third octave

band spectra, and narrowband spectra. A General Radio Model 1921/26

Third Octabe Analyzer was used to calculate the sound pressure levels

which were then plotted with a Could 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.



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-1ll weapons bay was compared to the current

data.
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1. Introduct ion

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.

Tile measured levels are then compared to predicted levels where

cdoiiparisons 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-1ll weapons bay was compared to the current

adata.
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2. Mach Number Variation

Mach number variations in the one-third octave band spectra

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 12-14, 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 I

data occurs at a frequency less than 100 1Iz 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,

derived from Figures 4-9, are shown in Figure 10. The overall levels

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 16) to scale with the free stream dynamic pressure (q).

10

_ _'

-t-
f4-



KCI! 'R
150_- 0,i

0.9
1.0
1.1
1.2

140 - 1-3 0, 0 0 0 of

1301

u'S

es,

co

>1. 0 ..
---'\A \ ,- . .--..

L ,,._ .vp ,!,,-!/'

8j1

CD

o100

0

52 5 2 5 2 5
10 100 1000 10.000

FRE01UENCY -HZ

FIGURE 4 HACH! NUMBER VARIATION OF ONE-THIIRD OCTAVE BAND SPL. SPECTRA FROMI

MICROPHIONE I AT 30,000 FOOT ALTITUDE

115

Jg

. .... F _ ; F-



0.8

1.0

7130.

c'J

-S

uS \
Qz-- '=:p X.

U)N

c o __ \..*N0.*

000

10 10 1000
FREQUIENlCY - HZ

FIGURlE 5 MACH 1% MBE VARIATION O ONE-ThPIRD OCTAE BAND SPL SPECTR FO
.ICROPHOGE 4 AT 30,000 FOOT. ALTITUDE

12



0.Mi N3

1601_ -

------- o o O

01404

' ° , / / " N"\-., .\

-

-J10
10-

90 = - I

5 2 5 2 5 2 5

r EECY - HZ

rtC.-E 6 .ACh SUM3E VARIATION 37F ON --THIRD OCTAVE BAND SPL SPECTRA
FROM MICROPHONE S AT 30.000 FOOT ALTITUDE

13

MWv~- -



170-

190

50 
A

-% -fe ATD



16.1

-EUEC - R

RZ MA-1 VAIX-10. OF --- N--TIR CIAV- -U P P~
MOMMN-E.~~~~~ 15A 000 OLA-ILDI ____/ L5



170-

0.3

160-

LU-

-CN-

i0

10 ]GOi 13j) _

FIREfQJEI;Y HZ

FIC'RE 9 Y-&OJ NLM~ER VARIATIMN 'IF WO-E-TIRp OGTAVE BAND SPL SPECR FON{cOH~E 19 AT 30,00 FFMO ATT-Dr-



- i C-ET

-0~ 0

o 0

o - i

+ +

-IZ7 8C 013RWIII FU.OiRLr

- 17



Forr a ccnstant alrittde, one predicts an imncrease of- evzer 8 lB1 for

the each nuzber r-ge izrceatigared.

3S. Lon-gitudi-a Variation

Tkhe overall levels sh~rc in rignre 10 increase by approirarelr

2d3 from thc front to the rear of the store. This increase is

ilustrated in Figure fl for the eznira spettrsn. The spectr.a shomin

± in thre figare are for an altitude of 13,W3l feet andc a Xacn nzber

of L.2. Otr-chirld octave band levels increase by. as ncras35d.

ncreases on the order of Y) d_5av been reportc-d (RoFercce IA)

irlmnd =--~ c el rOdel a'd flight: tests- A possible elnte for

tis ciference is the current easarenentzs '.-ere r-de on the smurfaace

ofr the store u tIle =ost earlier data were obtained fr,=- crrazsc'-ucers:

noucted In the cavity walls. This could haea skziflcazt 4ilkemce

02- the dfffercnces being observed. A fart-her er--iio for this

anfference is that the F-il _11 apocs bay cnes nor have clean snth

wzails as did the rind t=_nel and fflght- testC niidels a3d4 Inmr~lr

tire front =rail Of the ureaNons bayw is not a urel1l eff~mo -eeczh=-g

plant.. Finally, relative cavity dhrcsien-s ca-zIc nave efffec

on the variation fro= the front to the rear.. At presenm t is not

known 'wtzethemr the cavwity scale size has a significant efffect on- the

flew iniduced pressuire oscillations The co-enrs: abbeve tend ra

explain them lower so-znd Pressure levgels observed at the tront or

the bay iaich this explain the larger !--crease fro tre fren t

rear of t.e boenS.

Iii
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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. Figure 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 1z) 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 bowmb, 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.

4
5. Altitude Effects

Investigators in the past (References 4, 16) have shown that in
-JI

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.

Figure& 16 through 18 present spectra for the three test altitudes

25
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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 feet data is approximately 10 dB. This showzs

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 :1ach number. Thus it can now be concluded that for

any altitude or Mach number the levels will scale reasonably well

with q. Data from all of the other microphone locations also scaled

weei with the free stream dynauic pressure.

6. Equal Sound Pressure Level Contours

In order to more fcuy define the fluctuating pressure environ-

ment over the surface of the store, equal SPL contours were developed

for various flight conditions. Figures 19 through 22 present the

overall SPL contours for Mach numbers 0.8, 0.95, 1.1, and 1.3 for

the 30,000 foot altitude. The longitudinal centerline in the figures

represents the top of the bomb while the sidelines represent the

bottom of the bomb; thus, the entire surface of the bomb 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 comparing the
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four figures, it appears that there are no significant variations in

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

(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-ll 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 locacion 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
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levels. The comparisons ace 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 well with the measured

ones falling only about 6 6o 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 lower 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 crend uf d crcasine 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 fdll 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

38
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to 5000 11z but only dat:!: - to 120 lz are presented since there was

no significant energy above that frequency.

Figures 29, 30, and 31 present the narrowband spectra for micro-

phones 1, 8, and 20 respectively. These data are typical for most of

that analyzed. Most of the energy is located in the low frequencies,

the nodal frequencies of the cavity. These frequencies are predicted

by the modified Rossiter equation

V n - 0.25
- H )1-+ 1.75

(1 r .zx52)+

where V is the freestrean velocity, L is the cavity length, H is the

freestrea- XYwh nur-ber and n is the modal frequency number. The pre-

dicted first three modal frequencies show very good agreenent with

this equation.

9. ConParison to Past Data

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

a Phoenix missile installed in the weapons bay. Limited acoustic

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

the test are docu=ated in Reference 15.

The acoustic data were acquired from two microphones. One

microphone was located on the forward section of the missile in about

the sane location as microphone 8 on the store used in this test.
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are two independent flight tests with different stores, the data

show good agreement.
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SECTION IV

ENVIRONMENT SIMULATION

It is desirable to simulate the in-flight fluctuating pressure

environment of a store in an acoustic test chamber. This would per-

=it the performance of vibration qualification tests on the store's

sensitive internal equipment. In order to conduct such tests, the

fluctuating pressure distribution over the surface of the store is

needed for any given flight conditions. This section offers a method

co obtain these distributions.

Figures 19 through 25 presented equal sound pressure level

contours over the surface of the bomb for various flight conditions.

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 to the overall level. This spectrum

shape is recommended for the entire surface of the bomb.

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 qualification tests

can be performed.
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SECTION V

SUNMARY 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 lach

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 bomL 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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