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Relatively little research has been done on cavities
that opon 1n£o the flow, 1In the research that has been

conducted, resonance in the cavity has beer a major problem,

This report describes my effort to reduce the level of the
- resonance and to provide a means of predicting the pressure

fgains and resonant frequencies associated with one svch

forward facing cavity system.
Many people provided valuable advice and assistance

toward the conduct of this research. Most helpful were

- Dro. James T. Van Kuren of the Flight Dynamics Laboratory

and ny faculty adviser Dr, VWilliam C. Elred, who togethes
have rmotivated and advised ny efforts. I would also liks
to thank Professor llilton Franke for his guidance in the
transmission liae theory area, Capt. Villiam R. Conner and
HMr, Danlel J. McDermott of the Flight DynamicsiLaboratory
deserve special notice for their assistance throughout the
expérimental and data reduction portions of the study.
Finally, I'd like to thank my mother, whose love I could

not do without, and whose upbringing has made this study

even possible,

Kenneth Vaccaro
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:xﬁfhiévatﬁdy is a préliminary effort to reduce the level
léf'the fesoﬁance and to provide a means of predicting the
. pressure gains and resonant frequencies ascociated with a
-‘forwardwfacing cylindrical cavity in high subsonic.flqw.
The basic hodel was an ogive cylinder fitted with an
off-axis longitudinal cavity., Eleven different suppression
devices were investigated. |
Transmissiocn line fheory was used very effectively to
predict the pressure gains and résonant frequency when the
flow was stagnated in the cavity and to predict the resonant
frequency in flbw situations., The resonant frequency
occurred at or near the fundamental mode frequency of a
right circular cavity.
The most effective anti=resonance device, a side
relief hole, reduced the RMS pressure in the cavity by
: a factor as great as 23, Helmholtz ;ésonators placed in
the cavity were also shown to be effective, reducing the

RMS pressure by a factor as great as 6.
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AN EXPERIMENTAL INVESTIGATION OF HIGH -
SUBSONIC FLOW OVER AN OFF AXIS LONGITUDINAT
CAVITY WITH ANTIRESONANCE DEVICES

I. Introduction

[T

Background

Several applications exist . ithin the Air Force for the
use of optical equipment on aircraft during flight. In most
cases it is desirable to have minimum losses along a light
path from the aircraft to an external point, Often an open
port is used to minimize the surface reflections, scattering,
and absorption associated with a window nmaterial. The open
cavity can act as an acoustic resonator and amplify internal
pressure fluctuations. These pressure fluctuations may
affect internal optical components,

Previous studies of open cavities in aerodynamic flows
have almost exclusively been directed toward cavities which
are normal to the free stream (Ref 2). Recently, however,

a need has developed to look at cavities that open into the
flow, An investigation of transonic flow around an ogive
cylinder with a forward facing cylindrical cavity has shown
that at deep cavity positions clearly unacceptable resonance

levels (P___/q greater than 1.,1) were present (Ref 5),

rms




- A means of predicting and controlling the resonance level is
' 'needed 1n order to use the 1ongitudina1 cavity configuration
e 'f;:m adrerafty | |

i

Electric Analogy /
~ One means of predicting the pressure gains and resonant

freQuensies'of an open cavity i1s through the use of a pneumatic=

'eledtric analogye. The cavity can be nmodeled using existing

‘electrical transmission 1lire theory,.

Numerous theoretical and experimental studies have been
conducted using transmission line theory to accurately predict
the dynamic characteristics of fluid lines. The basic theory
can be found in an article by Nichols (Retf 7). Krishnaiyer

and Lechner (Ref 6) found good agreement between their

~ experimental data on blocked pneumatic lines, and calculations

based on a modification of Nichol's theory. Franke,

. Malanowski, and Martin (Ref 3) experimented with more

complicated pneumatic lines that were neither of uniform cross
section along the length of the line nor necessarily blocked
at the end., In this study they considered the effects of

line branching in parallel and mean laminar or turbulent flow,
Bird (Ref 1) formulated a computer program to calculate the
pressure transfer function for an arbitrary line network where
the lines were of circular cross section and cach line segment
was of constant radius. The program was based on Nichol's

theory as modified by Krishnalyer and Lechner, Agre:ment
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between the theoretlically based program, and experiments
performed by Bird was very good. Franke, Karam, and
Lynburner (Ref 4) éhowed that for lines of non=-circular
cross sectlions hydraulic diameters can be used with good

agreement between experiment and theory.

Objectives

- This study has.two major objectives: first, to predict
the pressure gains and rescnant frequencies of a forward
facing cylindrical cavity offset from the axislof an ogive
cylinder using existing electrical transmission line theory;
and second; tc determine the effectiveness of various
experinental cavity suppression devices in reduciag the

resonance in the cavity by a wind tunnel investigation,
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II, Description of Apparatus

An investigation of the dynamic characteristics of a
forvard facing cavity and the effect of various resonance
suppression devices on the RMS pressure fluctuatioﬂs vas
conducted in the U, S, Alr Force Flight Dynamics Laboratory
Trisonic Gasdynamics Facility (Ref 10). The :odel used
in the test was basically the same one that was used in
Icardi's experiment (Ref 5).

Two types of measurements were taken during the test;
the RMS pressure in thé cavity, and the temperature in the
cavitye The equipnent used in the investigation consisted of
2 baseline model, 11 cavity suppression devices, 35 dynamic
pressure transducers, and a thermocouple,

The outputs of the pressure transducers vere processed

by RMS meters and converted from analog to digital form with '

a Hewlett=Paclkard Model 9810 Desk Calculator. The calculator
also plotted dynamic pressure versus depﬁh on an attached
digital control plotter, The outputs of the pressure
transducers were then passed through an auto=correlator that
was used to conmpute and display the auto=correlation function
of the pressure data on a cathode-ray tube. A frequency
analyzer was used to perform the discrete Fourier transform
of the auto-correlation function display and present the
results on its own storage cathode-ray tube. The outputs

of the transducers wvere also recorded on magnetic tape.
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The temporature recorded from the the"mocouple vas

¥eoavnw%td from analog to digital forn throngh the use cf
"¥he Bbwla»tpfnckard-9810 Caloulator. A schematic diagram

o f, ol thbftpst_instrumentation is presented in Fig 1.

itk Skt

INTEORC A

L Bl G ko5,

Mgge;g
____;;.gg_ lodel (lodel 0)s The haselina model ahown in

Fig 2¢ WaS an ogive cylinder with a forebody f*nenass ratio

Lo

TP DR DTN I

of‘four. The oglive cylinder was fitted with an off-axis

longitudinal c¢ylindrical cavity. In Icardi?s original
experiment the diameter of the cavity was varied through the

bl g,

e "'WTE”;?"?W*E‘WKFHE'?@

use of inserts of various diameters, In tals investigation

only a 0¢5625=in.-ID insert was used,
The cavity depth vias varied through the use of a

AL 0 e o (st 7L i

moveable plston that was remotely positioned by a 27 VDC
The position of the piston was

R

motor mounted in the model,

ek e e e gt

sensed by a linear potentiometer mechanically linked to

g e e e .

%' the piston, The piston was sealed with a rubbder O-ring
to prevent leakage. Three Kulite pressure transducers and %
one thermocouple were riounted on the face of the piston, '

Cavity Suppression Devices., Eleven suppression type

devices were tested to determine the influence of each on

the RMS pressure fluctuations in the cavity. !Models 1,2, ?g

3, and 4 were all Helmholtz resonators with various geometries,

intended to not only reduce the resonance, but to facilitate
liodel 1 was a

jx packaging into an aircraft nose section,

conventional Helmholtz resonator with a cylindrical volune,
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Model 2 had a ¢cylindricalegegment volume, lNodels 3 and 4
had a conbined cylindrical annular and cylindricalesegrent
vOluuue loueds 5,6, t_1 7 consisted of the baseline model
with side relief holes of various diameters. The diameters .
vere reSpeétively 1/8 ine, 1/4 in., and 3/8 in, lodel &
consisted of the baseline model, a side relief hole of

3/8 in., and a scoop attachnent to the side relief hole,
Model 9 consisted of the baseline model with a 1/4 in.

thick polystyrene foam lininge. liodel 10 consisted of the

3 ‘ baseline model with a porous fence of approximately 0,30
porosity lined around the opening of the cavity. Moiel 11

s Gt i S it

consisted of a combination of models 3 and 7, Diagrams of

each of the devices are presented in Appendix: A,

Bt i

Pressure Transducers

Three Kulite model ACQL=14-093=-25 high response, variable

R A LR et G
p

reference, pressure transducers were used to ueasure the

LR e

pressure variations on the base of the cavity., The
transducers have a frequency response of at least 20 klz and

§ are self conpensating for teunperature.
3
3

RMS Meters

Three Hewlett-Packard model 3400A RIS volt meters were
used to process the pressure data., Their output is the
root~mean-~square of the variations in the input signal with

an integration time of two seconds,

;
o e e
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Jare Recorder

The pressure data was recorded on macnetic tape with
an Anpex nodel CP100, 14 channel, Fii, tape recorder, It
has a maximum input of 1.4 volts/channel and a frequency
response good to 10 kliz, A standard i time code generator
using Irig B was used to mark the tape for later data
correlation. The outputs of the transducers were visually
nonitered on an oscilloscove to insure that they remalned

within the range ol the recorder,

Auto~Correlator

The auto~correlation of the pressure data was performed
by the Hewlett=Paci:ard Model 3721A Correlator, The correlator
features the sinultaneous coupntation and display of 100
points of the function selected, The correlator has an input
amplifier bandwidth of 0 to 250 kiz, The input range is
LO nV, to 4 V RIS,

Freauency Analyzer
The Fcurier transforu of the auto-~correlation function

was performed by a 3720A Spectrum Display, a special purpose
analyzer for use with the 3721A Correlator, The frequency
range of the display is 0.005 iz to 250 kHz, The ratio of
full scale signal to noise level, for any fixed gain, is

better than 50 d3,

B
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IIX. Experimantal Procedurse

In ordsr to establish a basis for comparing the
effectiveness of the suppression devices extensive testing
was first conducted on the baseline model. For each Mach
number the nodel was first positioned at O degrees angle of
attack. The piston was driven from the lip of the cavity to
its maximum depth at & rate of 1 inch/minute. As the piston

noved, the RMS pressure varlations in the cavity were plotted

’ versus the cavity depth., The piston was then repositioned at

; the 1lip of the cavity, Next, the piston position was varied

4 ) and at each interval of 0.125 in. the RIS pressure was recorded
from the RMS meters and the temperature was noted. Also, at
each position a power-spectral-~density was obtained by
photographing the display on & CRT. The pressure data was then

recorded on tape., The outputs of the transducers were moaitored

; on an osclilloscope to insure that the AC and DC levels

S remained within the range of the tape recorder. The AC levels
wexz controlled by varying the transducer gains and the

DC levels adjusted by changing the transducer reference

Prescures,

The nodel was then tested using the same procedure but
| at angles of attack of 6 ana -6 degrees. The model was
tested at lMach numbers of both 0.85 and 0,70,

The 11 suppressicn devices were tested using the same

procedure as outlined above for the baseline model.
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- IV. Application of Iransmission Lige
Theory to the Study

Transmisslon line theory was used to predict the pressure
goins and the resonant frequencies of the forward facing '
cévity naking use of a computer program written by Bird for
circular lines {(Raf 15. The theory assumes that the diameters
of the lines are small in comparison to the lengths of the
lines and the wavelength of the sound. This assumption
assures that only plane wave oscillations are present in the
cavity., The theory also assumes that there is no mean flow

in the system., Even with the no mean flow assumption, the

theory has been shovn to be effective in predicting the pressure

gains and resorant frequencies when {low was present in the
system (Ref 4). |
To apply the theory, the cylindrical cavity, which was

truncated at one end, was flrst appro:drated as a right cylindrical

cavity by maling a length correction to the overall cavity
length. The approxinated model was then used in the

transmission line analysis.

Cylindrilcal Cavity Avproximation
When an air colunn is set into resonant vibration by
blewing, stationary waves are set up in the column due to the

conbined effects of the direct and end reflected waves.
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A circular tube open at one end and closed at the other (Fig 3)
. has a natural resonant frequency of (Ref 8:2) i .
Fy 2,37 H(C/UL)  L=1,3,5 (1) ;
'*.'lhere C is the sonié' veioéity, L is the length of the tube,
and F1 is the fundamental frequency, F2 is the second harmonic,
F3 is the third harmonic, etc, : _ . i
[
b

INPUT

Fige 3. Circular Tube of Length L |

The model used in the study had a cylindrical ravacy

with a skewed opening at the forward end (Fig 4).

L3
“n - ’

; Ca“r}tbr P.Laton :
Skewed — / =
t Opening - X —— v
! -
il
!
§
E.
| ) Fig. Lo Daseline lodel with Skewed Opening
4 |
!
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" Fig. 5. Baseline Model with Corrected Length

observed experimental resonant frequencies and the resonant
frequencies calculated using the corrected cavity length L=X+1,026 in.
in Eq 1. Fig 6 showus a‘comparison of observed versus calculated
resonance frequencies for various cavity depths at a Mach
number of 0,85 and angle of attack of O degrees. Throughout
the entire test the corrected lenzth L varied at most by
0.03 in. from the value ui X+1,026 in.

In the sxperiment only the fundamental mode was excited
to a significant level. The second harmonic was present
but at a RS pressure level 30 to 40 dB lowar than the

fundamental mode RIS pressure level,

Transnission Line Theory

The transmiscion line theory usel in the analysls vas

Lt denfd
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 »épplied through the use of a computer program written by

To apply the theory, the cavity length was first

separated into a series of line sectionse A simplified

© Bird for circular lines (Ref 1).- The corrected caVity

’léﬁgﬁh L was used as the overall systen lengthginrthe program,

pneunatic line system is shown in Fig 7. For use in Bird's

'prqgram this simplified line systen would be broken into

T T AT

Line L;.& Open

Line 3

Line 1

A \

R

Input

S P'3

Iine, 2

[

!
1,

5 line sections.

Fige 7o Pneumatic Line System

points B and A,

If the inmpedance Zr at the end of a line i is known, the

The computation which is needed to
compare the experimental results with the line theory is the

vressure transfer function or the pressure gain between
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input inmpedance of line i of length L is given by

(Zr+zc) + (2,.-Z,)exp(~27L)
® ¢ (zwz) - (2.~ )exp(-27L)

(2)

vhere the characteristic line impedance Zc and the
propagation constant > are calculated using the equations
for the shunt admittance Y and the series impgdance Z
given by Krishnaiyer and Lechner., The impedance Z,. at
the end of an open line is calculated using orifice Eq 6
which is discussed in the next section, Ia Bird's progran
an open end is treated as a line section of zero length
with a diameter equal to the diameter of the line leading
to the open end., The impedance Zr at the end of a closed
line is equal to « and is treated as a line section of zerc
diameter and zero length.

On each line section the input impedance ZS(Li+1)
of line it+1 is the output impedance Zr(Li) of the preceding
line i. In order to calculate the impedance at a junctiocn
the precsure is assumed to be uniform at the junction. Thus,

the impedance Zr is given by
1

= (3)

2 s3

~
i
4

Then, with the impedance known anywhere along the line network,

the pressure gain can be calculated for each individual line

using
P

P 2% .7 exp(-yL)
Py

5 = Zc(Zr+Zc)+(Zr-Zc)Zcexp(—27L)

(4)
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Finally, the magnitude of the transfer function 'PB/PAI

can be calculated from the product of the individual line

transfer functions using

Py

P

S

P

:)

s

-
-

hand
-
»

&S

1Pl (5)

where the product is taken across all line sections between

points B and A.

Orifice Equation

The impedance of an orifice is based on the steady flow
orifice resistance. It is aséumed that the DC flow characteristics
of the orifice can be used to predict the AC flow characteristics
and that the load impedance is purely a resistance which
does not vary with frequency. The resulting impedance cf the

orifice is assuned to be given by

- 2pAP
2= [EER (6)
0
where APm is the change in pressure across the orifice, AO is
the cross-gectional area of the orifice, and K is an experimentally
deternined flow coefficient (0.6 is vsed in this investigation).

The density is assumed constant across the orifice.,

Rt



5 oy e 3 ST e T R R e e I S e TR T
R A S A A R TR e R o

",_nggaﬁisgiog Lire Theory Limitatlons

Two rajor limitations exdst in the app;ication_of

~ tranouission line theory to this study. First, the theory
fis dependent only on line gepmetry, mean input pressure,

atmozpheric pressure, and temperature, Therefore, there

is no way at present of adding in angle of attack effects .
‘and liach number changes. Second, the theory can only be D B

used to analyze the resonance devices that consisted of

ﬁodificatibns to the line geometry itself, As a result,
- model 8 (scoop attachment), model 9 (foam insert), and

model 10 (porous fence) could not be nodeled using a

transmission line approach.

o
:
Y
:

]
]
3

%
|
i
i
|
3
k-t




TR TR P

TR T

e e E e

L
e
3
KN
£

B A, !‘ Ei F * ._.{“ﬂ! x_rr-‘“..m:.‘_ -‘:\“'.lhfi"i .4 bl .f'f:'r," T D Y T T e e T .. § e >
N R AT R RSP PRIt Bttt | 3 sl B el
- . e M . - [ N .. e A -'_'4:'1 Rt o

TR U RTT R T

b I S b T~ S

V. Results=--Discussion and Interpretation

The results presénted in this chapter are grouped'into'
two sections, The first section cdeals vith predicting the
frequency response of the cavity. The secbnd section deals
with thé effectiveness of the varlous suppression devices

in reducing the RIS pressure fluctuations.

Predicting the Freguency Response of the Cavity

Transnission line theory was used to predict
the frequency response of the baseline model, models 1 thru 7,
and model 11, The corrected cavity length, L=X+1,026 in.,
vas used in all cases as the overall lecngth of the cavitye

Apnlicaticn of Theory to the 3aseline Models The

baseline model was separated into two line sections as chown

tn Fig 8.

L1=X+1.026 ine D1=. 525 in,

L,=0 D=0

Tise Oe Saseline lodel Pnewiatic Line Configuration

o~
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:::Comparisons between theory an¢ experiment for diffgren%

| test conditions in the form of gain, (PB/PA)’ versus

- frequency curves are shown in Figs 9 thru 12, The X's
represent the experimental points and the curves represent
‘the theory. Since the input RMS pressure at ﬁoint A was
not measured, an approximate method had to be used to plot
therexperimental points on the figures. This was
accompiished by first making one experimental point fall
on the theoretical cufve and then normalizing all other
points with respect to the first point, Figure 9 shows
very good correlation between theory and experiment.
Figures 10 and 11, when compared with Fig 9, show that
angles of aftack of 6 and -6 degrees had little or no
effect on the pressure gains and resonant frequency of the
cavity., Similarly, comparing Fig 12 with Fig 9, shows that
changing the Mach number from 0«85 to 0.70 had little
effect on the frequency response of the cavity.

Application of Theory to Anti-Resonance Devices, Models

1 thru 7 and model 11 were examined in a similar manner as
the baseline model. The same approximate method used to

plot the experimental points for the baseline model was

t s I . N ey
ol i SIELEE ALk g v i el g i s S iR s 0 3 A T R LS

used for the anti-resonance devices. Hydraulic diameters

were used when the lines were of non=circular cross section.
The internal breakdown of each model into line sections is
shown in Appendix B.

Figures 13,14,15, and 16 show a comparison between

theory and experiment for the four Helmholtz resonators,

e 5 AT T R, A Y P TT S

DA el

20

B e s R R LN 1 f S wie Tt e A

a L .M-u-.ﬂill-.m»:l Lol



Oy= \mﬁﬁ €G9G* 1=X “GQ°0=uoey
f{apof surfased Joy ('J/°J) sured Tedf3sJosYy pue TejusutIadxy *6 *3STJ

(ZH)D3¥4
00¥2 0002 0091 0021 008 00¥ 0

-01

s
(90)N149
21

-0€ t

8 ” , .

W eAIN) 03 poyolel B\ ]

R qusurredsg X . . . -0¥ W

& J08YJ, !

.MWmﬂ :
X}

PO} AT I T T



e e e vn o ——————— ST VRTINS S ST 1o (o5 o —— e : e Lo I ST

o#= UdTY €595°1=x ‘6Q°0=ude:
?movo_m sutreseg JoF (°d/°d) suren TeoFeq0eyy pue Tejusursedxy °Ql *ITd

(ZH)D3Y4
00¥2 0002 0091 0021 008 00y 0

X -0t

22

S
(80)INIE9

-0€

oAy 03 PoUdITH @

- quemTIedxXd X _.o y

Kxoaug,




== UdTY “49G6°1=X *43°0=yoey

$Topol euUTIoSeg J0OF n¢.. d) suTes TeosT4eJ09YT pue TejuouTIsd:g *Li *ITd

oAIn) 03 paudIeH @

JuourtIadyy X

W
I

m (ZH)D3Y4

& 00¥2 0002 0091 0021 008 oo¥ 0

ﬁ t ! 1 1 1 1 o
r -0t

(80)NIUI

-0y

Huntnizen; s Andabhat I, 2.

A i i ] i MRS D et e it e




...... e

Oy= BUATV €696°L=X ‘0l°0=udey
$Tepo}] auyleseg J0J ( d) suten TeoT3aI00yy pue Tejusuitredxy °Zl *ITJg

(ZH)D3¥4
00¥2 000¢ 0091 0021 008 (]} 4 0

| - [} L H —t L. —P Q
] X
___m, @
| D
: 02 <
1 O
@
m o
1 g
w, oAIn) 03 peyolell B
: : juantzxadxy X Loy
W ; Laoayy

S htls o 1 i AL o e e e L i b o i s




GAE/AE/?!,D=26

v, Q.= Tudty f6oc° =% 4p°o=yory e art
.-ﬁovoznounmvmnﬁmuaaoﬂ»mgooxa@gmampqwaﬂumpw.m—uﬁm

(ZH)D3¥4
00¥2 0002 0091 0021 008 00¥ 0
t i 1 - A - | ﬁ\
-L
X
X - L0
-L32
aAIM) 03 poydlell @
uontaedxy X

Raoayy,

(9CINIUI

e s v ittt i I i i 5

hrabdan F20. Lin il ndon s i Lt A e e i e,

R a




GAE/AR/74D=26

e e e — A

0 = Bydly €G96°1=X ‘Ggeo=uden -
- €2 Tepojl I07 Awm\rmv SuTey TeOT}oI09l] pue TejuUdwrIadxzE °*¥l *°>Td

00¥¢ Oﬁmw

- (ZH)03Y4

oomw

ooW~

o@w

a0¥
1

aAIN) 03 payodxel!

quanTIadxy X

Lxosyq]——

-81

(8CINIUID

-82

-g¢

26

R i, S e e

rharlails

PRTING]

icimiae b it ns eldis ae

s,

ABLELE el .




- .xﬁ)..ﬂ.ﬁ.fﬂl.y\m".«ﬂﬂ e

= eydTV “49G° =X ‘&g°0=udel . .
¢¢ Topol: J0F Adm J) SuTen TeOT3}91091 Pue TelUoUTIaaXET *4GL *S1d

(ZH)D3Y4
00¥2 0002. 0091 0021 008 00¥ 0

= o
4 -ST =
3 )
(B Y
-S4
sAIny 03 payoIE ®
- . quowTxadxy X )
O
5 L300
2 o
o~ -GE.
3
~N .Hv
R |
~
N T T T T T




e e R o G i i sk T T e R

T T YT Y T P TS I T, I e L T Ty e ——

v, Q.= BUATY f696° L=x “Gg*o=uoen ) R
.J._”mﬁozhomﬁmmvmd.mmw.m.mo..mum.uooaamﬁm.ﬂmpmmﬁﬁnmcmm.m—.t..

. | (ZH)D3Y4 |
00¥2 0002 0091 0021 008 0¥ 0

NI.
g
§
a <
D -
— ol
gl <
O
oy)
- 82
b aAan) 03 peydledl ®
— -
. uswtIadxs
W qusutaodxy X -
3| Lxoayy,
<
S
<3
i &

AR T s el B A e I e




GURONRG S HROTLAE - ST T T e e —————

T s

| GAE/AR/7,D-26

}models,i,2,3, and 4 respectively. The theory and experimental
data,ras in the case of the baseline model, showed very

good correlation. The relief hole models (models 5,6, and 7)
and nmodel 11, a combination of a relief hole and a Helmholtz

resonator, were nouv siriulated as well by theory as the other

5 models. This is quiﬁe evident when the figures for models

5,657, and 11 (Figs 17,18,19, and 20) are comnpared with the
figures already preseﬁted for the other models., The resonant
frequencyAwas still predicted very accurately, but there

vere significant deviations between the theoretical and
experimentally determined gains. The rcason the pressure
gains were not predicted accur .c¢ly in thesé last four models
was that two assunptions of the theory were violated. TIirst,
the constant dénsity assw:ption of the theory was violated due
to high speed flow that was introduced into the cavity at free
strean lMach numbers of 0.85 and 0.,70. Second, the theory and

experiment did not agree closely because of inaccuracies in the

nean input pressure value which was not neasured but was assumed

to be equal to the tunnel stagnation pressure. This approximation

is good when the flow in the cavity is stagnated, which was the
case in nodels O thru 4. But, because there was cavity flow
in models 5,6,7, and 11, the stagnation pressure was not a good

approximation of the mean input pressure,

29
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- Effectiveness of Anti-Resonance Devices

The measurement that was used to determine the effectiveness
of the various models in reducing the resonance level was the
RS pressure measured at the rear of the cavity. The
temperature, measured at the rear of the cavity, 1s also
presented in this section,

Root kean Square Pressure Fluctuations., The results

of the pressure neasurenents are presented as plots of the

/q)

RS pressure divided by the tunnel dynawic pressure (Prms
versus the nondimensionalized cavity depth (X/D). The
curves for a Mach number of 0,85 and angle of attack of . i
0 degrees are typical of the data talken throughout the test
and are presented in Figs 21 thru 24. In all cases the
RiiS pressure increased with cavity depth, this being attributed
to the fact that the flow mechanism that excited the fundamental
mode of the cavity was coupled nore strongly to the cavity
at the deeper positions,

Figure 21 shows the effect of the various lelmholtz

resonators on the RMS pressure level., All of the resonators

reduced the level by reflecting back part of the incident

vave. Models 3 and 4, the Helmholtz resonators with combined 2
cylindrical=-segment and cylindrical annular volumes were the
most effective, reducing the RIS pressure by a factor as great
as 6 at the deepest cavity position.

Figure 22 shows the effzct of side relief holes of various

diameters on the resonance level, The side relief holes, due i
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to the combined effects of channeling flow across the

resonant wave and reflecting back part of the incident

vave, reduced the RilS pressure. lodel 7, the side relief

hole with the preatest diameter (4375 in.) reduced the Prs

level by a factor as great as 23 at the deepest cavity depth;
Figure 23 shows the effect of rodels 8,9, and 10 on

the P, - level, The porous fence insert (liodel 10) was not

effective and at some cavity depths even amplified the RIS

pressure level, Iiodel 8 (scoop attachnent) and lModel §

(foam lining) reduced the RIS pressure signifizantly (by

factors of 6 and 3 respectively at the deepest cavity position).

From Figs 21 thru 23 it can be seen that the Helmholtz
resonatops with the coubined cylindrical annular and
cylindrical=-segment volumes (Models 3 and 4) and the side
relief hole with the largest dianeter {liodel 7) were the
nost effective in reducing the resonance level, 1lModel 11,

a conmbination of the most effective side relief hole (Hodel

7) and the most effective Helnholtz rescnator (lodel 3), also
reduced the resonance level significantly (factor of 13 at the
deepest cavity position). A comparison of the most effective
models (lodels 3,7, and 11) is given in Fig 24. For every
test condition, lodel 7 (the side relicf hole with the
greatest diameter) was determined to be the nost effective

in reducing the RMS pressure fluctuations in the rcavity. A
couplete set of figures for all test conditions, excluding

the figures that were presented in this section, is‘siven in

Appendix C.
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'

Temperature Hecasurement, '.ie results of the temperature

measurementsvatlthe réar.of the cavity are summarized in

Fig 25. As the RIS pressure increased, the temperature also

increased, This can be explaincd by the fact that at any

resonant condition some of thé accustic energy contained in

“the standing waves present in the cavity was dissipated as

heat due to viscosity effects, As the RIS pressure increased
the amplitude of fhe aténding vaves increased and as a result
a greater amount of acoustic energy was dissipated as heat,
Whén this increasé_in heat was combined with the stagnated

cavity the temperature increased as is shown in Fig 25.
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: D
" VI. Conclusions ;sﬁ
-
- In the study the pressure gains and the resonant P
frequencies of 2 forward facing cylindrical cavity offset »
from the axis of an ogive cylinder were investigated, In §
\mﬁﬁy addition the effectiveness of various anti-resonance devices . ' ,3
in reducing the resonance level in the cavity was determined, ?
The major conclusions of the investigation are as follows: f
'+ The airflow around the nose of the ogive cylinder g
. 3

excited the fundamental resonant frequency of the cavity.

The second harmonic was present but at a level 30 to 40
dB lower than the fundamental mode frequency.

2. By adding a length correction to account for the

skewed opening at the open end of the cavity, transmission
line theory was applied to predict the pressure gains and ]
resonant frequency when the flow was stagnated in the cavity

and to predict at least the resonant frequency when there

(DG TR e

wvas flow in the cavity.

R 3

3. The RIS pressure in the cavity was reduced

effectively with the anti-resonance devices., A relief

3

4

g
hole, due to the combined effects of channeling flow across :
the resonant wave and reflecting back part of the incident

vave, reduced the IIIS pressure by a factor as great as 23.

A Helmholtz resonrator with combined cylindrical annular j

and cylindricale-segnent voluues reflected back part of 3

42

PTG T e i
S S




B GAE/AE/749526 e
i S ,?:
g.: thé incideht”ane and.réduced the RiS pressure level by a § 
Eff' factor as great as 6. |

. 4, The deeper the cavity depth the higher was thé RMS

§‘  pressure level, For the baseline model, at the deeper

; cavity positions the RNS pressure was consistantly on the

éq order of the tunrel QynaQic,pressure Qe

g% 5. As the RS pressure increased the temperature in |
.?? the cavity increased significantly (as much as 20 degrees %
%,i at the deepest position).

é | 6., The nmost desirable configuration tested was the |
; side relief hole due to the simplicitﬁ of the confi_nration and j
5‘5 the model's extreme effectiveness in reducing the RMS pressure

in the cavity.
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VII. Reconmendations

T T

Apnlications

iy Transnission line theory is a very sowerful tool and

the fact that it does predict £he frequency reSponsg ot
the cavity is of jmmeasurable importance. The theory can
; be used to predict wvhat effect a particular configuration
7| will have on the resonance, and more importantly, a

! preliﬁinary investigation of this type can be done before

any construction of materials is started,

Further Investigations

The side relief hole was shown to be very effective and
the construction of such a device seens to be quite easy. The
aerodynamics of such a relief hole needs to be investigated
to deternine what effect, if any, the relief hole would
have on the overall aerodynamics of the airplane. In

addition, transmission line theory does not predict the

pressure gains of a side relief hole due to the high speed

flow in the cavity. An attenpt should be made to model the

flow so that the theory could be applied accurately to this

type of device., Finally, alternative methods of reducing the
resonant pressure oscillations in the cavity should be considered,

The use of mass injection has been shown to be successful
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in reducing the resonance level in similar forward facing
cavities (Ref 9). A study should be conducted to consider o
its application to this particular configuration. |
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Appendix 3B

Transnuicssion Line Models
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L1:.‘.1 .11.5 ino D1‘=05625 in.

; Lo=41 ine D,=43125 in.
! L5=}:.".1+25 in. IJ:"=.5625 in.
:, - 3 — q .

3 oo L%~.35 ine D4—.c9 ine

: '- : Lg=0 Dg=0 ;
¢=0 D=0 |

™. 3lte lfodel 1 Pnewaatic Line Configuration i
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Ly=1.85 in,
L2=.075 in,.
L3=X—.?3 in,
L4=.218 in,
L5=O

L6=O

L7=.435 in.

L8=O

29

Figze 3%5. MNodel 3 Pncuuatic Line Confisuration
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L1=1.4 in,
L2=.125 in.

L3=:c" ° 67 j.n )

D5= .125 in.
D‘=.125 in.

Fige 50, liodel 5 Preunatic Line Configuration
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tl:—.1.3 in,
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[
£
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D5= .375 1n.
D6= »375 in.

Fige 40, licdel 7 Pnewnatic Line Configuration
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L1=1.63 in.
L2=.2?5 in.
LB-'= 0075 ino
L4=0218 in,
L5= .1 in.

L7=0435 in.
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De=4¢5025 in.
Dé=0
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D8=O
D9=.375 in.

D10='3?5 in,

D11=.5€25 in,

D, 4=0
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