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ABSTRACT
"

This report presents the results of 1/15 scale model tests conducted
a) to verify the acoustical and cooling air pumping performance of a full-scale,
in aircraft, Hush House type of dry sound suppressor designed for the F-14
aircraft, and b) to provide additional design information usable for future
Hush Hous e suppressor designs. The model was fabricated and tested by
FluiDyne Engineering Corp") Minneapolis, Minngzgo»ta for the United
States Navy under Navy Contract N62467-74~C~490. . Testing took place in
FluiDyne's Medicine Lake laboratory, utilizing an arrangement of two rever-
berant rooms for sound power level, PWL, measurements; one representing
the Hush House interior, and the other representing the out-of-doors. The
design of the reverberant rooms, the design of the model scale sound absorbing
surfaces, and the measurement and analysis of noise data were carried out by
personnel from Bolt, Beranek and Newman, Waltham, Massachusetts. Coordina-
tion in putting together the final report was provided by Gustav Getter Asso-
ciates, P. C., New Rochelle, New York.

/>The test program was divided into four parts: a jet survey, aero-acoustic
testing, aero-thermal testing, and acoustic testing. "TD/ufing the jet survey,
the noise and free jet mixing characteristics of the 1/15 scale model F-14A
afterburning nozzle configuration were measured at nozzle pressure ratios of
2 and 3 and at jet stagnation temperatures of nominally 0, 2000 and 3000°F.
The prime purpose of the aero-acoustic testing was to obtain augmenter secon-
dary air pumping performance data with different augmenter diameters, as well
as information regarding aero-acoustic noise reduction in what is essentially
an ejector configuration. During the aero-thermal test program, the jet norzle
was moved and deflected laterally and vertically from the centerline of an
acoustically lined obround augmenter whose cross-secticn simulated at 1/15
scale the NAS Miramar sound suppressor. The principal measurements taken
were augmenter wall temperatures, as well as noise data from which the in-
fluence of nozzle position and deflection on noise reduction could be detar-
mined. The effect of the variables on augmenter pumping was also detarmired.
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The acoustic testing was mainly concerned with (1) the noise reduction
achievable for different lengths of lined augmenter with and without a 45°
absorptive exit ramp, (2) the noise reduction with different augmenter liner
designs, (3) the acoustic performance of a one-foot length of lined augmenter
at various axial locations in a length of hard-walled augmenter, and (4) the
acoustical performance of a configuration made up of a hard-walled obround
augmenter, subsonic diffuser, and stack with sound-absorbing baffles which
was tested for comparison with the Miramar suppressor configuration. Addi-
tional information was also obtained regarding pumping performance and wall

temperature.

Test results indicate that adequate cooling air pumping is not a problem,
per se, but an off-center, deflected jet corresponding to the F-14 configuration
results in high augmenter wall temperatures. Noise measurements on the full
length acoustically lined augmenter model indicate that, with the F-14A, the
full-scale NAS Miramar suppressor will meet 85 dBA at 250 feet from the engine
exhaust with the possible exception of a small region axially downstream of
the ramp. The noise reduction afforded by stack and baffles configuration
was poorer than that provided by the full length acoustically lined augmenter
especially at low frequencies.

In addition to the customary analysis of the test data, the basic data
have been correlated and condensed in a separate report section as a design
tool for future Hush Houses. The graphs associated with this section permit
augmenter sizing which will result in acceptable augmenter wall temperatures
and noise levels.

ii
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DEFINITION OF AERODYNAMIC/THERMODYNAMIC SYMBOLS
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(Symbols in parentheses correspond to computer printout
of data contained in the Data Appendix)

Area

Choked throat area (M =1.0)

Augmenter cross-sectional area

Primary burner air meter throat area

Subsonic diffuser exit area

Jet nozzle throat area

Pilot burner air meter throat area

Secondary air meter throat area

Aspect ratio of augmenter cross-section
Augmentation ratio parameter (see eqn. 6.2.2 page 109)
Diameter

Augmenter cross-sectional diameter

Effective diameter of obround augmenter = /4 AA/n
Jet nozzle exit diameter

Jet nozzle throat diameter

Length

Augmenter Length

Subsonic diffuser length

Molecular weight

Molecular weight of air

Jet exhaust molecular weight

Absolute pressure

(PA) Static pressure outside of Hush House

(BARO) local barometric pressure during model tests
(PSEC) Burner enclosure interior pressure during model tests
corresponding to Hush House interior pressure

(PAMB) Exhaust enclosure pressure during model tests
corresponding to Hush House outside ambient pressure
Hush House air inlet static pressure

Hush House interior static pressure
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Jet nozzle base pressure

Jet nozzle base pressure parameter (see eqn. 6.3.3 and 6.3 .4, page 111)
Pressure parameter (see eqn. 6.3.2,page 111)

Augmenter shell static pressure

(PSSM) Secondary air meter throat static pressure

Augmenter wall static pressure

Total Pressure (absolute pressure)
(PTAM) Primary burner air meter total pressure

Augmenter plus ramp or augmenter plus diffuser exit total pressure

)

Hush House interior flow total pressure

{usually equal to pambient

(PTN) Jet nozzle inlet total pressure

(PTPM) Pilot burner air meter inlet total pressure
Ramp exit total pressure

(PSEC) Secondary (pumped) air flow total pressure

(PTSM) Secondary air meter inlet total pressure

Radius

Jet nozzle throat radius

Absolute temperature

Hush House external ambient temperature

(TAMB) Burner enclosure air temperature during model tests
corresponding to Hush House external ambient temperature
Exhaust enclosure air temperature during model tests

(used in the analysis of acoustical data)

Average mixed temperature of jet and pumped flows

Average mixed temperature parameter
Ramp surface temperature
Augmenter wall temperature

Augmenter wall temperature parameter (see eqn. 6.4.4.page 112)
Total temperature
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TTAM (TTAM) Primary burner air meter inlet total temperature

TTN (TTN) TJet nozzle total temperature

TTPM Pilot burner air meter inlet total temperature

TTSM (TTSM) Secondary air meter inlet total temperature

Vv Velocity

Vjet Ideal jet velocity expanded from pTN to Pamb

Vmix avg Average mixed velocity in augmenter

v,mix max Maximum measured core velocity some distance from jet nozzle exit

W Mass flow rate

V:vaircraft Aircraft engine exhaust mass flow rate

v_vair meters Sum of primary and pilot air meter mass flow rates during model tests

V,vfuel Fuel mass flow rate during model tests

V,Vinlet Total Hush House irlet mass flow rate

WN (WN) Jet nozzle mass flow rate from model tests corresponding to
aircraft engine exhaust mass flow rate

wpumped (WS) Secordary (pumped) air mass flow rate

X Axial location

XA Axial location in augmenter

XN Axial distance between jet nozzle exit and augmenter entrance

Y Lateral distance from jet nozzle centerline at nozzle exit to nearest
augmenter wall

YCTR Lateral distance from augmentar center to augmenter wall

YP Nozzle centerline lateral position parameter = Y- 'NT

YoTR™INT

Z Vertical distance from jet no-zle centerline at noczle exit to
nearest augmentsr wall

ZCTR Vertical distance from augmenter center to augmenter wall

Zp Nozzle centerline vertical position parameter = Z - 'NT

ZCTR™INT

a Angle

ag Angle of lateral (sidewise) jet deflection

ay Angle of vertical jet deflection

)‘N Jet nozzle pressure ratio (see eqr 6.1.1, page 105)




i1 oty 2R . > 2 1
e e L e el

FourDyneE ENGINEERING CORPORATION

{.:




R o S o T AN 1 e/ < e . e

DEFINITION OF ACOUSTIC SYMBOLS

A et

a Sound absorption coefficient

VR

Density of jeof exhaust ras =t eoxit plane

A et
O R P

0o Density of ambient temperature alir
Al

8 Boundary layer thickness

s Decibel

dRA A-weir-hted sound level

ectivity correction in &% for sound rropz-trion
allel to the mround

T3

Froauency of sound
Full-scale frequency
b model-scale frequency

o - -~ - P T} M ; . . PR
{ Freguen A% which a srectrum of scund rower

ney o
level peaks

ot e S Lt

iz Eerto, unit cf freguency

Aliym No-flow attenuation of lined aurmentver »oas vl
o with loudeweaker excitation

AT, Total attenuation of jetv nois
aurmenter, dr

m
[¢7]
-

«
ot
o3
W
-
b
p
{

P ——

Al Jet nossle croessure ratice

I I I N T -
Pull-sonle Gl eosion OMAC L= DT

n Scale factor (
dimension)

) Directivity an-lo: TC iy Adluwnstresr Iiroct lon aion e
centerlire of extaus: 70X

NR LNolse reduction Tor osound 1 ocoamavins fron oone oo
into an adjacont room, I

xx1i

[T,

b
v




Al
.
[ ~
ffreoe
T
D,
e
i
'
Lot
S
. v
;
T
Ot g
™
[ SN
N

AFL

APWLO

colig poaWe o eV Dy s e

Attenuatea sonrel power Teve |l of thee et

Tt tenus el counet rower loevel of the Tred Ted
Sound pow.r vel of fuli-oenle et

Leasur i i reoweyr level of g omodel let
orta lioc Do d o rowner ayel of o full-scale jet
tiorrall 1 sound vower level of a medel jet

“rom downstreazn end of

-menerated no
nerated by flow

“leasured difference tetween =wotal free jet sound
power level Pwaree and sound vower level at the
au-menter exit PUL a=

outlet’
“aseline APWL in db for the condivion ....=& in.;
nozzle av F-14 pesitio Yy T2=1in, N lined
ovround ausmentoer witnh lired <35° exit ramr; effentiv
obround aurmenter 4diagm AT Inay T o=8200 2370,

and 3307°R; and ».

Shift of sound vower level svectrum as derived
in Eq. 2.3.1

Correction to APWL in d7¥ for lenrth of lined
aurmenter different from 77 in. (model-scale)

Correction to APVWL in dB for effective diaretver of

obround auymenter different from 12 in. (model-scale)

Zorrection to APWL in d¥ for center position of Jet
nozzle

Correction to APWL in 4P for radial or lateral
position of the nozzle different from the F-14
position (Yp=0.45, or model-scale nozzle 3.6 in.
ripht of the centerline)

xx1ii




APy g

96}

2]

47]
3
o

|

n
o
—

EXH

Correction to APWL In dix for angular ali.-nments

Distance from aurmenter exit, ft

Strouhal number = Trﬁ
" orop,
Peak Strouhal number = —%;;i
B

Sound pressure level, d% re 0.00C2 dyne/cm?
Room-averape SPL

Room-averaye SPL produced by the reference scund
source

Toval jet nozzle temperature in © Rankine

¢

Reverberation time; time in seconds for 3FL in &
room to dec~y 60 dB

Effective ramp flow velocity

Jet exit velocity

Velocity

Arbitrary reference velocity

Velocity of flow from augmenter exit
Maximum velocity of mixed jet flow at exit
Jet velocity

Room volume, m3

Acoustic power, watts

Acoustic power of attenuated jet noise at augmenter
exit

? 2 ter i = W +
Acoustic power at augmenter exit “AJ WSN

Acoustic power of self-rmenerated nolse at augmenter
exit

xxiv




FouriDYNE ENGINEERING CORPORATION

1.0 INTRODUCTION

1.1 Historical Background

In the United States, ground run-up sound suppressor installations for
jet aircraft or isolated engines having afterburners have been primarily of the
wet-cooling type and mostly jet engine (out-of-airframe) test cells and portable
sound suppressors or semi-enclosures for in-airframe run-up (for an early
example of a dry-cooled semi-enclosure, see Reference A/T-1). These
approaches have a number of disadvantages. With wet-ccoling, the sup-
pressor exhaust includes water vapor, raw fuel and free carbon when the
afterburner is fired, because the water spray quenches the flame. Thus,
an unsightly vapor cloud is presented and pollutants may deposit on parked
cars and buildings. This sooty vapor has a deleterious effect on some types

of acoustical treatment.

Portable in-airframe run-up sound suppressors or semi-enclosures have
problems apart from those created by wet-cooling, and the noise reduction
affordable by such installations is limited. These suppresscors are designed
to seal around one aircraft type and are not adaptable. rhe requirement for
acoustical sealing creates a requirement for accurate positioning of the aircraft
relative to the suppressor. Even with careful positioning, some of the jet
noise and inlet noise leaks thrcugh the seals between the aircraft and th-
exhaust sound suppressor and inlet sound suppressor. Furthermor=, a large
portion of the aircraft is not enclosed, so casing noise is usually unattenuatad.

In about 196€ the Swedish firy, Ciranges Nyby, designad a complets ali-
craft acoustical enclosure, or Hush House, for the SAAB Draken aircraft. Th:s
enclosure employed an acoustically-treated augmenter tube which was siced so
that the momentum flux of the aircraft's exhaust jet would pump enough cutside
air through the enclosure to cool the exhaust gases and eliminate the need for
water spray. More recently, this same firm has provided similar Hush Hous«s
for the SAAB Viggen and F-4K Phantom airplanes. These enclosures or Hush
Houses have had good acceptance by their users. Pcsitioring of the aircraft
is not difficult; both outside and inside sound levels are acceptable: the aircraft
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enclosures provide a lighted, all-weather, 24 hour-a-day place to work on

the aircraft; and the installations have exhibited a good service life. Further-
more, this dry-cooled Hush House concept can be designed so as to be adaptable
to several aircraft types. This comes about because there is no need for close
alignment, close axial spacing or sealing between the nozzle exit and the much
larger augmenter entrance. Consequently, if one designs a Hush House for

the largest in a series of aircraft, simple mechanical contrivances (nose wheel
elevator, for example) can be used to adapt to smaller aircraft which will fit in

the enclosure.

The Hush House approach is not inexpensive. However, if one adds up
the advantages of adaptability, usefulness as an all-weather, 24 hour-a-day
enclosure for the aircraft for secondary tasks other than run-up, acceptability
of the interior environment for making adjustments to the engines while operating
in the aircraft, potential low maintenance, etc., these enclosures may be more
cost effective than less expensive sound suppressor concepts. The substitution
of dry-cooling for water spray cooling ameliorates a growing confrontation in
the area of pollution control and is certainly more cost effective than the more
sophisticated wet-cooled systems having scrubbers and their associated water
treatment facilities. The United States Navy has recognized these Hush House
advantages (see Reference A/T-2) and for several years has shown an interest
in pursuing this approach by on-site inspection and evaluation of the European
Hush Houses and by support of cost studies such as the one by Gustav Getter
Associates reported in Reference A/T-3. That study provided cost estimates
for portable in-aircraft sound suppressors and semi-enclosures, as well as .
complete aircraft enclosures both dry and wet. TFor complete Hush House
enclosures, the results indicated a lower long-term cost for the dry suppressor
approach. In addition, a dry suppressor using an acoustically lined augmenter
appeared to be less expensive than one which employ ed a hard-walled augmenter
with sound absorptive baffles in a vertical exhaust stack. The Gustav Getter
Assoclates study report also recommended that a model study be performed to
provide acoustical and aerodynamic/thermodynamic data usable in designing
Hush Houses and their sound suppressors.
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1.2 Parallel Model Test and Full-Scale Hush House Construction Programs

Subsequent to the publication of the Gustav Getter Associates study
report, two things have transpired: 1) a full-scale Hush House for the F-14
has been designed by Gustav Getter Associates and constructed at NAS Miramar,
California, with checkout taking place during August and September, 1975 (see
Figure 1.2-1). This Hush House was designed with no model test results or
in-house experience for guidance. 2) A 1/15 scale model test program has
been funded by the United States Navy and carried out by FluiDyne Engineering
Corporation, Minneapolis, Minnesota, with support from Bolt, Beranek and
Newman, Waltham, Massachusetts, and Gustav Getter Associates P.C., New
Rochelle, New York. The results of the model study are the principal subject
of this report. Both the full-scale F-14 Hush House and the related mode! test
program envisioned the following Hush House attributes:

1. convenience of use (aircraft easily installed and completely {
protected from the weather; adequately lighted working area);

2. multi-aircraft use capability (including the F~14 having nine
feet between engine exhaust centerlines and a one degree
lateral inclination of each engine's thrust axis; yp =0.45,
a, = 1°);

3. all air-cooled (even with an engine operating in maximum
afterb.' ning mode);

4. low maintenance (structural and acoustical material out of
the direct jet blast and, as much as possible, out of the
hot mixed core flow);

5. significant outdoor noise reduction (85 dBA pcrmitted
at 250 ft. from the aircraft exhaust);
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6. interior noise acceptable for working around the aircraft
during run-up with only normal ear protection (interior
noise level no greater than 2 dBA above the corresponding
aircraft free field noise).

The model test program reported herein was not a general research program,
but was designed to provide data directly correlatable with the full-scale NAS
Miramar Hush House. Enough variables were run, however, so that information
is available not only for correlation with the performance of the Miramar Hush
House, but also for more effective design of future Hush Houses and for guiding
modifications to the present Miramar F-14A design, which might be required to
bring its performance up to specification.

In addition to the FluiDyne employees who ran the tests and Mr. Douglas
Andersen of Bolt, Beranek & Newman who set up, calibrated and operated the
sound pressure level recording apparatus during the entire test program, the
following people connected with this program or the Miramar Hush House project

were among those who observed the test equipment and witnessed one or more runs.

Mr. Robert E. Foster, United States Navy, Charleston,
South Carolina (Project Design Engineer)

Mr. Mevyer Lepor, United States Navy, San Diego, Califcrnia
Dr. Wayne Sule, United States Navy, Lakehurst, New Jersey

Dr. Istvdn L. Vér of Bolt, Beranek & Newman, Waltham,
Massachusetts  (Chief Acoustician)

Mr. Gustav Getter of Gustav Getter Associates, P. C.
New Rochelle, New York (Report and Data Coordinator)
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2.0 BRIEF TEST PROGRAM DESCRIPTION, DESIGN DATA SUMMARY
AND PREDICTION OF FULL SCALE HUSH HOUSE PERFORMANCE

For the test program, the aircraft jet exhaust was simulated by a propane
air burner with 3000°F maximum combustion temperature and a jet nozzle having
and exit diameter, D, sized at 1/15 of the after-
NT = 2.50", Dy =2 .74" on the model).
The testing was carried out using two reverberant rooms separated by a sound

throat diameter, DNT ,
burning F-14A nozzle configuration (D

insulating wall, as shown in Figure 2.0-1 below, to facilitate sound power level

measurements . One room, referred to here

[ le——— burner enclosure

f—
pumped /

air meter

L —"" burner

‘/L/’ jet nozzle
Vi

dividing wall ™\

~+~—— exhaust enclosure
augmenter —]

' \— microphone traverses
l \_____
exhaust opening

Figure 2.0-1. Arrangement of the Reverberant Rooms
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as the burner end osure, corresponds to the Hush House interior. The other
room, the exhaust enclosure, corresponds to the out-of-doors. Space-time-
average sound pressure level data were recorded in both enclosures for essen-
tially every test run in the program using traversing microphones. With the
rooms suitably calibrated acoustically using a standard noise source, the space-
average sound pressure level data were converted into sound power levels. The
burner enclosure is equipped with a venturi meter air inlet to measure the pumped
air flow and the exhaust enclosure is provided with suitable ports for the flow

to exit.

The test program was designed to provide information in three principal
areas which are interrelated and have direct applicability to dry sound suppressor
design, namely: augmenter pumping (augmentation ratio); jet impingement and
augmenter wall temperature; and sound absorptive augmenter noise reduction
performance. Consequently, the test program was divided into four parts,
each with its own primary emphasis:

1. jet survey testing,

2. aero-acoustic testing,

3. aero-thermal testing, and
4. acoustic testing.

2.0.1 Jet Survey Testing (Test Series 1 through 3)

The jet survey tests emphasized noise measurements on the free model
scale exhaust jet. The resulting model scale noise corresponded to the frece-

field aircraft exhaust noise. Total pressure and temperature survoys of the

mixing free jet were also made, as illustrated in Figure 2.0-2 below.
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] microphone
| dividing wall TRy
s D =2.50"
NT l\\)\\\\\l’l\)hlll‘”\\”
»)111"\""‘\\
< \nnnl""f‘r’e’é’jet
- Y, vy, )
\_ ’ ,""1),,,,)')”)‘ S
:)r)).,,,,,)))
burner : jet nozzle =
enclosure t” | exhaust enclosure total pressure & total temperature
(s survey rakes
Figure 2.0- Experimental Arrangement for the Jet Survey Tests

2.0.2 Aero-Acoustic Testing (Test Series 4 through 12)

The aero-acoustic tests, as illustrated in Figure 2.0-3, primarily
emphasized augmenter pumping performance and secondarily, noise reduction
for round hard~walled ejector environments. Variables included augmenter
diameter (from 8" to 17.5"), augmenter length (from 36" to 120"), jet nozzle
exit to augmenter entrance spacing and a subsonic diffuser. Different augmenter
entrance configurations were also tested.

microphone
Merse
burner exhaust enclosure hardwalled
enclosure g / augmenter
« P E— LA LD
N

o / /ID

entrance

' Y ERTRALAR
‘\_-))l“"“PA, AR)))' p—— :
Yoy 'y p—
L J vy, l”!,,l’}"—j')’,.” — —teStedWithan
conicd - sk without subsonlic
entrance ] b | j diffuser
static pressure tér ps
rounded !
@ entrance . total pressure & total
P temperature survey rakes
@ sharp-edged

Figure 2.0-3. Experimental Arrangement for the Aero-Acoustic Tests




FeurDYNE ENGINEERING CORPORATION

2.0.3 Aero-Thermal Testing (Test Series

13 through 16)

The aero-thermal testing, Figure 2.0-4, concentrated on jot impingement

and resulting wall temperatures when the jet axis was translated or deflected

either vertically or horizontally from the ¢

entered, aligned position in a sound

absorbing obround augmenter modelling the Miramar configuration at 1/15 scale.

An important secondary requirement was the determination of the effect of jet

offset and inclination on the noise reduction afforded by the sound absorbing

liner. lLateral jet position, Yp , vertic
and lateral jet deflection, °‘v

The definitions of Yp and Zpare

and as

tests.

Y--rNT

P thr_rNT p

exhaust enclosure

e |
A CITIT

I f:;i} ;1;1* 1/%

—— sound absorbent

al jet position, Zp , and vertical

were the geometric variables in these

given with Figure 2.0-4 below.

Z - rNT
Zetr” TNT

microphone
traverse

~augmenter lining

— 17.5" 1.D,
! / nozzle

focation

ps 15.5|l

21 shell pf}s{re ta
augmenter surface

pressure and temperatures

Figure 2.0-4.

e — [T

total preséure and
total temperature

survey rakes

Experimental Arrangement for Aero~-Thermal Testing




FruiDyNE ENGINEERING CORPORATION

2.0.4 Acoustic Testing (Test Series 17 through 26)

The aim of the acoustic testing was to obtain the reduction in sound power
level of various lined augmenter configurations, as illustrated in Figure 2.0-5.
The reduction in sound power level, APWL, is defined as the difference in sound
power level in the exhaust enclosure measured with the free jet and with the
lined augmenter configuration, respectively. The exhaust configurations
investigated included:

1. the two different absorbing lirer designs of Figure 2.0-5,
one of them simulating the full-scale Miramar augmenter
liner and the other an alternative design;

2. different lengths of lined augmenter up to 96 in. with
and without a sound absorbing 45° deflector ramp;

3. a one-foot length of absorptive augmenter placed at
different downstream positicns in an ctherwise hard-

walled augmenter tube; and

4, the hard-walled augmenter with subsornic diffuser, turning
vanes and stack filled with parallel sound absorbing
baffles configuration, as shown in Figure 2.0~6. This
configuration represented an alternative concept to the

lined augmenter configuration.

- 10 -
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microphone
traverse
burner exhaust enclosure

enclosure

s R ST T

E” e v

sound
- absorbent

CEETN LT T

j ) s (deflector baffle)

sound absorbent liner

——1——

lightweight fiberglass lining corresponding

,Ato 3 psf full-scale density
1T ~_ T
seF L l \'.'.\.{—J':fiﬁ-l"i J.

0.4" 0.8"

dense ‘1berg1ass lining corresponding to

6 psf full-scale density ___ |
ey void
simulated Miramar alternative liner
liner design
Figure 2.0-5. Experimental Arrangement for tka Acoustic Tests

with the Lined Augmernt=r Tube

The majority of the test variables are shown schematically in FTigure 2.0-5
above. It should be noted that all of the acoustical tests were run with tha
obround augmenter and the jet in the F~14A la%aral peeliticr (Lo, Yp = (.45}
but undeflected .

-11 -




FrusDyNE ENGINEERING CORPORATION

microphone
traverse parallel axially
oriented sound

absorbing baffles

P stack DN
burner A S
enclosure j

turning vanes —--

subsonic diffuser

Figure 2.0-6. Experimental Arrangement for the Acoustic Tests
on the Stack with Sound Absorbing Baffles

Water manometers, bourdon tube pressure gages, iron-constantan thermo-
couple and venturi flow meters were used to measure the aerodynamic/thermo-
dynamic information required from the tests (pressure, temperature and flow).
The microphone traverse yielded the space~time~average sound pressure
generated in the exhaust room by the sound power existing from the augmenter
and the stack. A complete summary of the test program, including th= test
series designation and run numbers which correspond to those on the data
sheets provided in the separate Data Appendix is ircluded ir Tabie Z.0-i .
For definition of the symbols used in this table and in the rest of the report,
see the list of symbols and Figures 3.0-1, 4.2-1, 4.3~1 and 4.4-1.

-12 -
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TABLE 2.0-1 ({(continued)

Nozzle Nozzie Nozzle Subsonic Noise Data
MMoHM ) meﬂ. wwwﬂ_o: Nozzle Nozzle Augm. ”,n.m“.n« .w.mm%nr mu%pﬂwzo Acoustic mma:nw—ﬂ Ex{t AM””_% Mm.

Test A ﬂ-. °R X.. in. lateral Umn,wnao: Inlet D.-tn. -in. Location wMning -n. Acoustic P, T&Flow P,T&Flow
Series  Type of Test N N N Position a° config. A b Design b _Jreatment Run No. [ ted
8 Aero-Acoustic 2 3300 4 center 0 comical 12.25 72 None None None 52 (2.42)

) | e

O 8 ' 2 500 4 center 0 conjcal 72 S1 (3.05)

- A with

= . throttle

q 9 | 2 3300 4 0 conical 48 35 (2.33)

M 9 i 2 500 4 0 48 None 34 (2.77)

o 9 * 2 3300 4 0 48 20 71 (3.41)

w 9 : 2 500 4 0 48 20 70 (3.86)

0 3 _ 2 3300 4 0 96 None 38 (2.61)

o 9 | 2 s00 4 0 96 None 40 (3.30)

0] 9 ! 2 3300 4 0 96 20 68 (3.67)

2 9 * 2 500 4 0 96 20 67 (4.49)

x g U_ 2 2300 4 0 conical 96 20 69 (3.97)

w 10 _ 2 3300 4 0 round 72 None 54 (2.51)

w 10 | 2 500 4 0 round 72 53 (3.43)

m 10 i 2 3300 4 0 sharp 72 56 (2.34)

o edged

2 10 _ 2 500 L1 ] sharp 12.25 72 S5 (3.02)

w edged
11 : 2 3300 4 0 contcal 8 36 22 (1.34)

“ 11 i 2 500 4 ] 36 None 21 (1.84)

> 11 _ 2 3300 4 0 36 24 33 (2.00)

D 11 [ 2 500 4 0 36 24 32 (2.33)

- 11 2 3300 4 0 48 None 24 (1.35)

-~ u 2 500 4 0 48 None 23 (1.97)

ﬁ 11 2 3300 4 0 48 24 30 (1.84)
11 2 500 4 ] 0 : \ 48 4_ 24 1 29 (2.48)
11+ Aero-Acoustic 2 2300 4 center Q conical 8 48 None 24 None 31 (2.14)
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2.0.5 Design-Related Conclusions

Careful study of the aerodynamic/thermodynamic and acoustic test data

yvielded the following design~related conclusions.

L.

By using the aircraft jet exhaust momentum flux
directed into an augmenter tube, sufficient secondary
air can be pumped to cool the exhaust of an after-
burning engine even without a subsonic diffuser on
the augmenter exit provided that the augmenter cross-
section is adequately large and the flow leaving the

augmenter is not restricted.

At afterburring jet t2mperature conditions, the augmenter
pumping performance (augmentation ratio) varied little
over the range of augmenter length~diameter ratios
tested (4 to 8), indicating that the augmenter length

can be chosen entirely on the basis of the required

noise reduction.

The augmenter pumping performance did not vary signifi-
cantly with jet noczle pressure ratio, the axial position
of the rorzle exit or with yugmanter entranca configura-
tion (the 45° conical chamfer type of augmenter irlet used
in the Miramar Hush Hous~ r-mains the recommerded

configuration) .

At afterburring jet temperatures changing from a hard-
walled round augmentar to ar absorptive obround augmer.ter
with the same cross-sectioral area results ina 10%

decrease in pumping.

-19 -
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with the obround augmenter, moving the jet nozzle

centerline laterally off the augmenter center or deflecting

it toward the wall results in decreased pumping and
elevated wall temperatures.

The addition of a 45° exit ramp (deflector baffle) causes
a small reduction in pumping performance.

As long as a reasonable distance is maintained between
the aircraft exhaust nozzle exit and the augmenter

2
entrance (XN/DAM 0.33), there will be no excess
pumpdown of the nozzle base pressure inside the
Hush House.

The acoustically absorptive augmenter configurations
provided greater noise reduction than the one specific
vertical stack with parallel baffles configuration
investigated.

Hush House interior noise levels due to jet exhaust
increase significantly if the distance between the jet
nozzle exit and augmenter inlet is increased above

XN/DNT
decrease as this distance increases.

= 2.0, while the exterior exhaust noise levels

Due to the large beneficial flow and temperature
gradients which "bend" the rays of sound toward the
lined augmenter wall, one can achieve much higher
insertion loss then one would predict from simple
silencer theory.

The exit flow, characterized by its speed and velocity,
generates aerodynamic nolse (self-noise) which places
an upper limit on the actual insertion loss achievable
by the exhaust system.

-20 -
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12. The presence of an acoustical lining in the upstream
end of the augmenter results in a significant reduction

in Hush House interior noise due to jet exhaust.

The primary aim of this report section is to provide information extracted
from the model test data in a form which makes it useful for the design of
future Hush Houses or makes it possible to predict the performance of an
existing Hush House with different aircraft installed. The following parts
of this section deal with each aspect of the test results and present graphs
which can be used for design. The results are then applied to predict the
performance of the NAS Miramar Hush House with the F-14A aircraft. Some
simplifications have been made in the form of presentation to reduce the

amount of difficult calculation necessary to apply the results.

2.1 Augmenter Pumping Performance

The augmenter pumping performance will be of prime interast in two
related areas: predicting maximum augmenter wall temperature with a given
combination of aircraft and augmenter cross-section and determining the total
Hush House inlet air flow for sizing the air inlet. In Section 7.1, the pumpinrg
performance was presented in the form of an augmentation ratio parameter, ARP,

(equation 6.2.2)

Wgumged X —

ARP - amb. X N
W T mw._ .
N TN air

.

WN being the jet nozzle flow rate which corresponds, in full scale, to the

T 1 i 2}
W ircraft 304 "Ty and mwy being the jot exhaust

total temperature and molecular weight. This paramatn- was chosen because

aircraft exhaust flow rate,

the pressure rise sustain: ble by an ejector is rclated to the relative momantum
fluxes, mv, of the driving and secondary flows at the entrance to the mixing

section (augmenter). For given expansion ratios, the momentum flux of rach

flow is proportional to w ao. Since the speecd cf sound, as is proportional
1
to ~\ TT . the augmentation ratio parameter is proportioral to th~ ratio of
mw
pumped flow momentuy flux to jol nozzle flow momentum flix.  Calculation
- 21 -
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of pumped air flow is simple, once this parameter is known for a particular

case and we will continue to use it in this section as the basis for predictions.
Accordingly, Figures 2.1~1, 2.1-2, 2.1-3, and 2.1-4 have been constructed
from the available test data to make possible predictions of pumped air flow and,

subsequently, augmenter wall temperature (see Section 2.2).

Figure 2.1-1 presents augmentation ratio parameter versus augmenter
cross-sectional area to jet nozzle throat area ratio for a variety of configura-
tions without subsonic diffuser. It is limited to cases where the nozzle is
centered in the augmenter and undeflected and where the jet nozzle total tem-
perature and pumped air (ambient) temperature are equal. These curves are
based upon data presented in Figures 7.1-1 and 7.1-5. Since the model test
data showed no appreciate influence of jet nozzle pressure ratio on augmentation
ratio parameter, it can be assumed that these curves are valid for most engines,
without regard to nozzle pressure ratio. In Figure 2.1-1, curves are presented
for augmenter pressure ratios of both 1.000 and 0.995 (1.000 corresponds to
zero Hush House pressure depression, while 0.995 would correspond to roughly
2" HZO total pressure loss). This figure also shows a small reduction: in
augmentation ratio parameter due to the addition of the 45° deflector ramp.

Such a ramp has been a feature of Hush House designs because it deflects
both the flow and the noise upward without unduly penalizing augmenter
pumping performance. Any major alterations to this basic configuration
would have to be studied carefully to make sure that they didn't increase
the augmenter exit backpressure and cause a large reduction in coolii g air

pumping.

Although Hush House augmenters do not typically require an exit subsonic
diffuser for adequate pumping performance, the influence of a subsoric diffuser
was obtained from the tests. This is shown in Figure 2.1-2 as the ratio of
ARP /ARP

with diffuser w/o diffuser Kdi;ff.
in case a vertical stack with baffles were to be added to an absorptive augmenter

This information would be useful

to increase noise reduction. Such an addition would tend to increase the

augmenter backpressure ( pT > p

exit amb) and reduce pumping. A subscric

-22 -

/]




FrurtDYNE ENGINEERING CORPORATION

 ‘Augmenter

At

PALsorp-

tive

~

.bround
* Augmenter

tive
round

o
(ORY

Acsorg-
- Augmenter

S

;.
/-

\ A

il

with Ramp

.........

N
=1
" St
b Q
o = ﬂ
£ 0
x HaEB
< )
E o o
W )
2 ©

(Augmenter cross-section area/jet nozzle throat area)

mwN

amb

pumped

air

mw

L)
PER Y R
IO
DU .
AAA\'
(&)
) il
o e au g}
v, O &
or o
i -
> O™
_— Z
(VB S
Q <€ b=
&L~
L
S e 4
[C-QFER DY)
D W
L <3
(v (S5
[FB N N T
O < ==
O
[ Na 4
ZITQ
— e —
a. =
IO
e N ]
Q.NO
N D
xOWw)
=
- -
Zl—
[VERVE >4
="DOw
(&
2200
L b= Z

FIGURE 2.1=-1.

IN AUGMENTER CROSS SECTION

JET CENTERED




e

THE

¥

_‘.,HV, -}-
JF R .
H ., J,,H,

Kaiff

ket SRR , d e e < L9
* RS ER I N R R . — — =z
B - ' e b g e . R ; ;N © =z —
N NN I R RS D N TD »_ J0 o O o
LTI - . . . . . !
2 SOSE SN E S ST IS SSSS FE R @ 23
o R [ TR P S | N I BN i [ o 20
- .W..‘ e e .. 4",..M.. . PR A,‘;“w * ! .4 . m o SR
.Al S BRS N D DS RS DN BE A / ﬁujoo 3] . =
r [ B SR PSS PSS s SS Re S e I I oy
o SR A N.- B A ﬂ -M , S ) o t
P ) PR R TSPy SN P, L4 xq.*..i_i . st % amd =
. R Rk (R IR e g4 4l I S - .l Q9
m - N PESEE REREE S .fb&;f . m.l | DR & N =
SUERO SRS ARG E BEERE AR S 11T 1 0 =
. O S . PP NS - - - =z
3] NS SHESE RESRE BEEDE D V8 ﬁfl»u < s o —~ =
SRENELN SNV NN LI I R I N VR LA_L,L‘,,Y N | 3 b= =0
0 , R R MELEEE ]« g ol @ 2
2 s,ilj# 4+J_¢ ldiuxi b - RESS lw. o_“ . e — m M_a.v mlv AUH o
R B i S DS A id . . 4 (1.1 -
m b -t »,‘HJA, 4 - . % - _H L4 S < o > » =
e dd e LT . N1 u?:f 11 3 “— s W <
E SO N I NNt 1 ! i1 .4< < f0] Y Y O
w DO R R i1l ] NN = he
2 N SE NI A0S AR 4414 o o © = L) << !
2 R REd N < 9 © oW I
5 IRSSSSERES NaaSs NI 5 < Z o w ~
[ oo T 3 o <O
2 Fees - =] T N\ 2 31> 2,2 _
w St k,?‘f_,H.L, I SO . . % = = ~oc <
BOPRENEREE N S o 2 o Lw=
: - WT‘ , ARERE o |a ZhH
” T ; ; o < < lmm
» ; : Su
3 =
] | ; o&
) g i L. .y R SRR
= :,LhL I T 2
wl “. s G S 0 SN 44 =1
N S So et s SReear! o
] B 3
! 3
] ]
. —

FIGURE 2.1-2,

D,




LARP

FrurDYNE ENGINEERING CORPORATION

| . R
{
Ly
[
1
‘A PRI .
¢ e b e 4
P [
. | N
s
b
-.81
...... .
} :
L
L....g
e e
D
[ T
~ |
-. 5y
...... ..
)’, —
i

v b RN
IS
P N
PO .
- 2 i — N
4_5_57171 O L s
. [y 474"‘.-. 4 v —b-
[ S ¢>74/ Sa g P T RO
——t— b - i ey 4 i PR N
/ / . 4 —_— PR s ) B - " -
B 1 t
ceas ;/‘ .9‘(,,,, b e PR STV SRS ST SEUS QN SO S S Rt R B
IR D% ol S W 4»1 RN R l‘, 0 SO S VS IS RPN D e e S S D R B T T T
*/1’( S S —t —T—J—J-J by T .I._‘_. 4} RSSO PN WPt [ T
FEE e ,.;.4,,3‘*4_* ."_; 4 | - i S N PO S e «
oW Lilillld 1u¢_-_144.1u_14.41. [ " PERETEN i
S oy
1 2 3 4 s c 7

(Jet nozzle total temperature/ambient temperature)

FIGURE 2,1=3., Tni INFLUEINCE OF JXET NOZZLZ TC

TEMPIRATURE RAT
PERFORMANC.

10 ON AJGMENTER

- 25 -

.. - -
HlV‘l“':_l“

~ Ay A
FoMP NG




L h e

FeurDvyNE ENGINEERING CORPORATION

-

,tn
I EERE RN
P SO - PO SN L_+LA gt
U S0 S B e S N S 4._.*,@4,-_714*1
e S S s p by 1t
DU S INTS T IR IR A T 130T A
EREAS EUR T IV I B L4
C e d Hfuq 4ee g id e H 444 -4
.‘L;uWA_;-.. J..~‘4,+w. ~ 1t -4
CIITIiilooiiliiiiliiny IREbERARAnN
RNUURURUFR S S S SR PR O P I R 1 RGNS p
BORS DHEEE NHEDE SHREE MRS B {17771
SoIITTTIIIATII I T ST
= D e e i barvae £ SR i
...‘44,,". TR IR IR IS N SRS P - MVF_ Jod g {44
FIPSPO I  E E ER Y ”‘,J,F, 11t + 144 4~
B I T B e I R e dlad 44444
RS ST S AMJ‘.M ia. L.+.H;g*g
. 1 t N i !

OARP

-0.2

0.2

(lateral nozzle position parameter)
AND DEFLECTION ON AUGMENTER PUMPING

FIGURE 2.1-4. THE INFLUENCE OF JET NOZZLE JFESET
PERFORMANCE

B R S N e — g ey

- 26 -




FouiDyYNE ENGINEERING CORPORATION

diffuser might be required to restore adequate cooling air pumping. To
properly estimate the augmentation ratio parameter for a configuration having

a diffuser, the correction to Figure 2,1-1 values for the diffuser must be applied

before adding the succeeding corrections discussed in the following two paragraphs.

i e AP ot e e b e 5

Figure 2.1-3 concerns the same configurations as Figures 2.1-1 and 2.1-2,

and provides a correction to the augmentation ratio parameter for jet nozzle
T

TN '
as it is in every full-scale instance. The model test data run at

total temperature ,. higher than the pumped air temperature,

T .
T amb.

T /T. . =6.6
N "amb
correspond almost exactly to an afterburning aircraft run in a Hush House on a

100°F day. Figure 2.1-4 provides an additional correction usable when the jet
nozzle is off-center in the augmenter or deflected. It was developed from the

€ e et sty e 2
——

model tests run with the obround augmenter. Figure 2.1-3 shows a decrease in
_ augmentation ratio parameter with increasing jet nozzle to ambient temperature
! | ratio. By virtue of the definition of the augmentation ratio parameter, however,
’ the actual augmentation ratio will increase with increasing jet temperature, as

illustrated below in Figure 2.1-5 for the case of an obround absorptive augmenter

. . . : P P
= / =
| with ramp , AA/ANT 24 , having a centered jet and with Tsec Texit 0.9975 .
; augmentation ratio
1 6 Vi gmen ..;.__<
: [ e
‘: -
. | s - B o
augmentation i
ratio P 7
Wgumged 4 — - i
. 1
w /
N | ARP |
ja gi |
’\n
F\‘\\A
augmentation , | R S
ratio ‘ T
parameter
ARP 1
0 _ Ao
1 2 3 4 5 6 7 8
T. /T
TN amb

(Jet nozzle total temperature/ambient temperature)

Figure 2.1-5. Augmentation Ratio and Augmentation Ratio Paramecter
versus Jet Nozzle Stagnation Temperature to Ambient
Temperature Ratio
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To estimate the augmentation ratio parameter for an arbitrary configuration,
the augmentation ratio parameter from Figure 2.1-1 is corrected as follows,
using Figures 2.1-2, 2.1-3 and 2.1-4 .

ARP = ARP x Kdiff . +  AARP + AARP
Fig. Fig. Fig. Fig.
2.1-1 2.1-2 2.1-3 2.1-4

With the figures provided in this section, along with the inlet total
pressure loss versus total Hush House air flow estimated for the NAS Miramar
installation, it is possible to estimate the total inlet air flow for the case of
the F-14A installed in the NAS Miramar Hush House with one engine in maximum
afterburning model (we will assume that the influence of a second idling engine
can be neglected). The following engine exhaust characteristics will be
assumed for seal level standard conditions.

w = W = 250 pps (aircraft exhaust

aircraft N mass flow rate)
TTN = 3700°R (exhaust total temperature)
mwy = 24 (exhaust molecular weight)
ANT = 7.5 sq. ft. (jet nozzle throat area)

Also, the following information from the full-scale NAS Miramar Hush House
design will be extracted and a 100°F day at seal level pressure will be assumed.
(Miramar Hush House design estimated total pressure loss through the Hush
House air inlet and up to the augmenter entrance is 30% of air flow dynamic
pressure through the inlet sounding absorbing baffles wheres the effective flow
area through baffles is assumed to be 285 sq. ft.).

AA = 183 sqg. ft. Miramar Hush House augmenter flow area
(19' wide x 11' high obround)

- 28 -
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P

. T
Winlet Hush House
P

pps amb
2500 .9986
2000 .9984
1500 .9992
1000 .9996

Next, the temperature correction to the engine mass flow rate is made as

follows:

T

A : amb
w . W std  _ _
Ncorrected - stcxi Tamb = 250 560 240 pps

N

From the augmenter and nozzle throat area information, the area ratio, AA/ANT’
is calculated to be 24 and Figure 2.1-1, the augmentation ratio parameter for an
obround augmenter having an exit ramp with centered and undeflected engine

exhaust can be found for a range of augmenter pressure ratios at TTN/Tamb:l‘o .

Figure 2.1-3 can then be used to find a correction to the augmentation
parameter of AARP = 0.65 for the jet nozzle to ambient temperature ratio of
6.6. At this point, one further correction, that for jet nozzle (engine exhaust)
deflection and offset, must be made to the pumping ratio parameter. For the
F-14A, the offset parameter, Yp , 1is 0.45 and the deflection O's equals I°,
giving a correction from Figure 2.1-4 of AARP = -0.39 .

ARP ARP
TT /Tamb TT /Tamb ARPfinal
Pr Pr N N Y =0.45
sec. _ sec =1.0 =6.6 p -
P P ctr'd ctr'd o = 1°
amb Texit S
1.000 3.15 2.50 2.11
.998 2.90 2.25 1.86
.996 2.60 1.95 1.56
.994 2.30 1.65 1.26

-29 -
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With the resulting final ARP value, the pumped air flow rate and total Hush
House inlet air flow rate can be calculated for each augmenter pressure ratio

case. '
T
. T mw
W u ed = WN $% ARPX N X mv\?mb
pump amb N
29
= 240 x ARP «x 1/§g§$§§51_
= 678 ARP
Winlet Wpumped + WN = 240 + 67BXARP
PT ]
i?égg* Woumped Winlet
Texit pps pps
1.000 1451 1692 !
.998 1273 1513
996 1058 1298
.994 854 1094

Since the Hush House inlet loss ratio equals the augmenter pressure ratio

P

when T Pamb , as in this case, one can plot both the Hush House

exit
inlet characteristic and the augmenter pumping performance on the same curve
(Figure 2.1-6). The point where the two curves cross will be the operating

point for the assumed conditions.

2000 L I
Miramar Hush
W e House air inlet
inlet total T characteristic
pps 1000 S
— augmenter
pumping
500 ’ o I R i parfcrmanc:
005994 59965, ~7F g 998 1.000

Figure 2.1-6. Total Inlet Flow versus Augmenter Fressure Ratio

for the Miramar Hush House
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A total inlet air flow of 1580 pps is predicted for the Miramar Hush House
under the assumed conditions with an F-14A having one engine operating at
maximum afterburning. This corresponds to an augmentation ratio parameter
of ARP =1.97, which is greater than ARP =1.83 identified in Section 7.1
as being required to limit the mixed exhaust temperature to 800°F.

During the full-scale Miramar Hush House checkout (see Section 8.1),
the actual Hush House air mass flow rate was checked ageinst similar predictions
of air flow made using the model test data. The predictions fell within 10% of

the measured mass flow.

2.2 Maximum Augmenter Wall Temperature

Augmenter wall temperature distributions from the model tests are discussed
in Section 7.4 for different jet nozzle offsets and deflections. When the jet
is centered in the augmenter and aligred, the high temperature core of the mixing
jet is insulated from the augmenter walls by the colder pumped flow. On the {
other hand, if the jet centerline is moved closer to one wall or is angled toward
the wall, there is a tendency for the hot mixing regions to impinge on the augmenter
wall. This is illustrated in Figure 2,.2-1 below, which shows the relationskip
between the hot jet centerline temperature and the wall temperature for two noczle

position cases.

3000 \

AN B -
N jet certerlire
\<‘ total temperature
2000 A S e
~ maximum avgment-r wall
T °R temperature with offsat,
' — — = _deflected jet
1000 |— el i
e —— .
—— maximum augmpnter wall
T tempearature with cernterad,
ol o aligred jet |
entrance X axit

A
(axial distance from augmenter entrance;

Figure 2.2-1., Relationship between the Jut Temperatur® and the Augmenter Wall
Temperature
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Basically, two things determine the maximum wall temperature: (1) the

relative amount of ambient air pumped through the augmenter (which determines
the mixed average temperature of the jet flow and pumped flow), and (2) the
degree of jet exhaust flow impingement on the augmenter wall. Figures 2.2-2,
2.2~3 and 2.2-4 have, therefore, been provided to make possible either the
prediction of maximum augmenter wall temperatures for an arbitrary combination
of aircraft and augmenter or the design of an augmenter to avoid overheating with
a given aircraft. Figure 2.2-2 presents the mixed average temperature parameter
as a function of TTN/Tamb and augmentation ratio parameter. Figures 2.2-3
and 2.2-4 give the maximum wall temperature parameter as a function of jet
nozzle orientation in relation to the mixed average temperature parameter. To
simplify the use of these curves, the mixed temperature and corresponding
augmentation ratio parameter are to be determined for the case with the engine
exhaust centered in the augmenter and undeflected, giving the resulting form

of the presentation

Tovall
‘N3 max
v “p

rmix
pjet ctr'd
a=20
T
where Twall max - w§rll ma_x:r amb (see eqn. 6.4.4 for
P TN amb general definition
of trmp. param. TP)
T - T o
T mix = r'rr)ix = Tamb (exhaust jet 3
pjet ctr'd TN amb centered and
a =20 undeflected)

To apply these curves, the applicable curves in Figures 2.1-1, 2.1-2 and
2.1-3 are utilized to get the augmentation ratio parameter for the centerad,
undeflected exhaust. In design calculations, one will probably assume an

augmenter pressure ratio of

-32 -
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P
Tsec.
P

Texit

= 0.9975

which typically corresponds to a Hush House static pressure depression of 2"
HZO . Next, Figure 2.2-2 is applied to find the mixed temperature parameter,
Tmlxp . The curves in Figure 2.2-2 were calculated from conservation of
energy relationships assuming values of exhaust specific heat which were
reasonable at each TTN/Tamb level. Finally, Figures 2.2-3 or 2.2-4 are

used to determine the ratio

T
1
wal maxp
T

mix
pjet ctr'd
a=0

from which Twall maxp and Twall max can be calculated. P

These curves will now be applied to the case of the F-14A operating
with one engine in maximum afterburning in the NAS Miramar Hush House.
From the work done in Section 2.1, it appears that the augmenter pressure
ratio will be 0.999. Applying this to Figure 2.1-1 for AA/ANT =24 with
ramp gives

ARP 41 =  2.98

a=0

T, /T
TN amb

=1

which corrects to

ARPctr'd = 2.33
a=0
T . .
when TN/Tamb = 6.6 1s taken into account. When this is entered in

Figure 2.2-2, a mixed temperature parameter for the undeflected, centered
jet of Tmixp =0.172 is obtained. Further, using Yp =0.45 and us =1°
describing the configuration with the F-14A, Figure 2.2-3 yields
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Twall max
Tml

X
pjet ctr'd
a=20

This, in turn, provides the final maximum wall temperature parameter,

Twall maxp =1.65%x0.172 =0.284 and the wall temperature
T - 560
T _ _ wall max
wall max = 0.284 = 3700 - 560

T

wall max 1452°R  (992°F)
The resulting predicted maximum wall temperature of 992°F is much higher

than anticipated in the original design. Furthermore, this level was confirmed

during the checkout testing on the full-scale Miramar Hush House. This

temperature level results from a significant tendency of the offset, deflected

jet o impinge on the nearest wall. This can be lowered by design changes l
which either increase the pumped flow or increase the distance between the

engine centerline and the augmenter wall. Increasing the augmenter cross-

section will do both of these things. An increase in augmenter width and

height of approximately 3 ft. {to 22' x 14" would be needed to lower the

maximum wall temperature to 800°F, however, this would reduce the noise

reduction effectiveness of a given augmenter length. One might consider

the application of air film cooling.

o NS oEN e o oo N G eI OBs SIS NN GBS A DR G B N W .-




2.3 Data for Acoustical Design

In this section, we present a method for predicting the
sound power level (PWL) of exhaust noise (in -~.ave bands)
radiated from the augmenter exit of any prospec Ive "Hush House"
design. This prediction procedure, which is based on measure-

ments made during scale-model experiments, enables one to estimate

* The octave-band sound power level spectra of jets of

various diameters, pressure ratios, and temperatures.

* The differences in radiated sound power level
as a function of frequency, among lined augmenter
tubes of different lengths, diameters, and lining
depths.

+ The octave~-band sound pressure levels (SPL) of the
exhaust noise at various distances from the exit.

» The octave~-band sound power levels of interior noise
attributable to the exhaust.

The experiments, upon which the prediction method is based,
used a BBN-designed scale model of the augmenter lining and ob-
long cross section. The 1lining, consisting of a thin porous
layer with partitioned airspace behind, was desisned to optimize
the low-frequency attenuation of the augmenter for the given
geometry of the Miramar augmenter. Thus, careful consideration
was given to choice of the specific flow resistances of the
lining material.

The basic design concept of a lined augmenter to attenuate
exhaust noise as depicted in Fig. 2.0.8 is considered to be
generally applicable in most situations, where the exhaust noise




o the nodern-day military Jjet ensrines with afterburner must

be quietoed to meet typical community noise criteria. However,
i the noise output or the spectral shape of the ensine or the
community noise criteria stronyly differs from these typical
values then a redesign of the liner yielding more effective use

or space and materials may bte called for.

2.3.1 Prediction of jet sound power Tevel spectra

The FWIL spectra of various aircraft are usually available
either from the manufacturer or from the environmental noise
rroups of the aircraft user. If no such data are available,
the PWL spectrum of an enpyine can be estimated using the pro-
cedure outlined below. Even when measured full-scale PWL spectra
are available, it 1s recommended that one still use this pre-
diction scheme, compare measured and predicted levels, and, to
be conservative, use the hirher of these two levels as a design

suide.

The octave-band sound power level spectrum of engine exhaust

noise is predicted as follows:

1. Calculate from Eq. 2.3.1 the upward shift (PWLS) of the

sound power level spectrum shown in Fige., 2.3.1.

2. Shift the "normaliced PWL" curve in Fig. 2.3.1 vertically

by the dB amount calculated in Step 1. ;

3. Establish full-scale frequencies by shifting to the
right the model-scale frequencies by the factor 0.36 DN’ where

DN is the full-scale nozzle diameter in inches.
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Pl o= 00 Toy (LY 4+ 00 Toe e )+ 30 Tor (ALY = 63
. T . | ?

(2.3.1)
where v 1 the jet nozzle total temperature in °Rankin and
.
Iy
A, Is the jet nozizle pressure ratio,

N
N

As an example of how to use this procedure, assume a jet

characterized by DN = 41,25 in.,TT\ = 3300°R, and AN = .,

Fquation 2.3.1 yields, for the vertical shift,

20 lowx (W1.25) + 20 1oy (3300) + 30 lopm () - 63

N
PWL .
S

49 dh.

i

~

ihe f'ull-scale frequency scale 1s obtained by shifting the model-
scale r'requency scale in Fig., 2.3.1 by the factor 0.36 DN =
0.3¢ x h1.25 = 15, Thus, 3000 Hz for the scale model will cor-

respond to 200 Hz for the full-scale jet nozzle.

The prediction procedure, as applied to this example, is
illustrated in Fig, 2.3.2, which shows the vertical shift (49 dn)
of the normaliced PWL curve and the establishment of a full-scale
frequency scale (upper abscissa) by shifting the model frequency
scale to the rirut by a factor of 1%. The open circles in
Fip. 2.3.2 are data points obtained from farfield SPL measure-
ments of an F-14A aircraft operating in its afterburning mode.
This spectrum is similar in shape to the predicted onej it is
somewhat lower, however, most likely because of a lower jet

nozzle total temperature than that used in our prediction.

2.3.2 Augmenter attenuation

Before considering the attenuation characteristics of the lined

aursmenter, one must first check that the open cross-section is of
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sufficient area that the velocity of the exiting flow is mini-

mized to the point where self-noise levels are low enough to
meet the noise criteria. We recommend that, until more accurate
desirn information becomes available, the initial cross section
be chosen so that the exit velocities listed in Table 2.3.1 are
not, exceeded. The averare exit velocity can be calculated from
the total facility mass flow, the mixed average exhaust tempera-
ture, ond he uementrocr csc=secetional o aren. In Tiotine e
maximum velocities, we further assumed that the ratio of maximum

to averare velocity is 2.4,

TABLE 2.3.1 MAXIMUM PERMISSIBLE EXIT FLOW VELOCITY TO MEET NOISE CRITERIA
AT 140 ft FROM THE EXHAUST BOX

Maximum Permissible Velocity
Criteria (fps
At 140 ft v v
(dBA) mix max Y
75 360 150
80 Lko 180
85 530 220
90 6L0 265
95 775 320

The attenuation provided by the ausrmenter (APWL) depends in a
complex manner on a variety of parameters; those considered in this
project are discussed in Sec. 7.6.4. Baseline data (APWL ) are
provided in Figs. 2.3.3 and 2.3.4 for a ranre of pressure ratios
(AN) and total temperatures (TTN) covered in the tests. These
data were obtailned with a single augmenter effective duct dia-
meter of 12.5 in., a duct lenyth of 72 in., a ramp of 45°, and
an axial distance (XN) of 4 in. between the jet nozzle exit and

the augmenter entrance. The obround (Miramar) augmenter was used
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with the nozzle in the offset F-14 position (Yp=0.&5). To the

APWL0 obtained from Figs.2.3.3 or 2.3.4, one must add incremental
attenuations that account for chanjyes in lined aurmeriter lenyrih
(APWL, ), augrmenter diameter (APWL,), axial and radial positions
of the engine within the augmenter inlet (APWL3 and APWL,), and
angular alignment (APWLS). Methods for estimating these cor-
rections are given below. The final estimate of augmenter

attenuation is the sum of the components:

APYL, = APWL, + APWL, + APWL, + APWL, + APWLQ + APWL5

Augmenter Length

The baseline data (APWLO) are presented for a model aup-
menter tube length of 72 in. In Fig, 2.3.5 is shown a correction,
APWLl, to the attenuation provided by the baseline augrmenter for
dimensionless augmenter lengths of 17.5 and 35.0 - i.e., ratios
of augmenter lensth to nozzle diameter (LA/DN). B S S TR
mediate leneths can be determined by Int v ol Ty

Augmenter Diameter

All lined augmenter confipurations tested had the samne
cross-sectional dimensions, correspondings in model-scale to the
Miramar augmenter. The dimensionless ratio of the equivalent
diameter of the augmenter cross section (DA) and the nozzle
diameter (DN) for all test runs was 4.54. No other augmenter j
diameters were tested, so the corrections (APWLZ) for aurmenter ‘
diameter sugrested here are based entirely on assumptions ruided
by theoretical considerations. The analytical models from which
they were derived ignored the effects of flow and temperature
gradients and so should be used to account only for small varia-

tions in the dimensionless cffective augmenter length.

Le




FULL-SCALE ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz)
3.5 63 125 250 500

rrvrr1rrr1rrrr1r 1rr

™)
2
S
3
a
q

LINED AUGMENTER LENGTH

MODEL  MIRAMAR DIMENSIONLESS

SCALE  FULL SCALE L
(in) (Ft) 4/Dy
48 60 17.5
A 96 120 350

MW

U N T I O A T e

630 1250 2500 5000

MODEL-SCALE ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz)

CORRECTION TO APWL FOR DIFFERENT AUGMENTER LENGTHS.

47




r———m&m

At low frequencies, where the wa :length of sound in the
augmenter tube is large compared to the tranverse dimensions of
the aupmenter tube, the correction APWL, for a change in the

effective diameter of the augmenter is

"Dam
APWL, = APWL ( - 1) , (2.3.3)
0 DA

where DAM is the effective diameter of the augmenter tube in the
model (12 in.) and n is the linear scale factor for the augmenter

being designed.

At high frequencies, where the wavelength is smaller than
the transverse dimensions of the duct, the correction for the

effective diameter of the augmenter tube is

Da
APWL, = -10 log,, (———— ) . (2.3.4)

nDAM

A rough estimate of the change in augmenter attenuation with
diameter can be synthesized from these two relations by using
the first for full-scale frequencies that are less than c/DA,
and the second for full-scale frequencies that are greater than
1OC/DA' The correction at intermediate frequencies should be
faired to provide a smooth progression between these two extreme

values.

Nozzle Position

The correction (APWL,) for three variations in the axial
position of the nozzle 1s presented in Fig. 2.3.6; a correction
(APWLQ) for centering the nozzle on the longitudinal axis of the
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augmenter is provided in Fig. 2.3.7. The corrections for 1° and

3° angular misalignments are given in Table 2.3.2.

TABLE 2.3.2 CORRECTIONS FOR ANGULAR ALIGNMENTS

Octave-Band Center Frequency (Hz)

31 63 125 250 500 |1000 |2000 | 4000 |8000

APWL, for 1° 0 0 0 -1 -2 -2 -2 -2 0

APWL, for 3° 0 0 0 -4 -4 -l -4 -4 0

Chotce of Lining

The open cross-sectional area of the augmenter tube must be
chosen to satisfy pumping, wall temperature, and self-noise re-
quirements. The capability of the augmenter to attenuate the
noise of the engine under test is determined by the type of
dissipative lining used and by the length of the lined augmenter.
Practically, all linings that provide a high degree of sound
absorption in the entire frequency range of interest will yield
high sound attenuation. This high absorption coefficlent can be
achieved either by filling the entire lining depth with a porous
sound absorbing material, as illustrated in Fig. 2.0.8, or by
concentrating near the augpmenter wall a relatively thin layer
of porous material backed by an airspace, as shown schematically
in the same fifure.

The lowest frequency where substantial attenuation is
achievable is determined by the total thickness of the lining
(including the porous layer and the airspace behind). A reason-
able choice 1s to have the averasre thickness of the lininfg cor-
respond to 1/6 wavelenrth at room temperature for the lowest
frequency of interest.
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Both the scale-model and the full-scale results indicate that
the type of "fully-packed" lining used in the Miramar Hush House
can be effective. This full-scale lining consisted of a 6-in.-
thick layer of 6 1b/ft?® density Rockwool with a specific flow
resistance of 440 mks rayls/in. (i.e., 1.07 pc/in.) at room
temperature; the remaining airspace was filled with the same
material at 3.5 1lb/ft? density which at room temperature has a
specific flow resistance of approximately 200 mks rayls/in.

(0.5 pc/in.).

The thin porous lining backed by an airspace (i.e., the one
identified as the BBN lining in the scale-model experiments) may
provide better low-frequency attenuation than the "fully packed"
lining. As a practical rule, the lining thickness should be
between 4 in. and 12 in. and the total flow resistance should be
in the range of 1600 to 5000 mks rayls (4 to 12 pc) at room

temperature.

The specific choice of lining materials is dictated by
temperature and mechanical stability considerations and by
availability. Accordingly, each material which fulfills these
requirements and has the above-listed or up to 50% lower specific

flow resistance can be used.

2.3.3 Estimation of sound pressure level spectra

The exhaust PWL radiated by the augmenter outlet is estimated
by subtracting the attenuation (APWL) calculated in accordance
with Sec. 2.3.2 from the free-field sound power level of the jet
(obtained from experimental data or scaled up from model data
by the method of Sec. 2.3.1):

PWL = PWL

outlet APWL

free ~

he




The octave-band SPL at a distance R from the aupmenter ocutlet is

then given by

SPL = PWL_ .1, = 20 log R + 3 + DI (¢) |, (2.3.5)
where R is the distance (in ft) from the center of the exhaust
stack and DI is the directivity correction in (dB) for sound
propagation parallel to the ground. The directivity correction
as a function of frequency and directivity angle (¢) was deter-
mined experimentally for the full-scale Miramar exhaust with a
45° exhaust ramp. (See Sec. 8.2.) The angle is defined as
being 0° in the downstream direction along the centerline of the
exhaust stack, and increasing in the direction of the engine
which 1s running in maximum afterburner. For example, 90° is
perpendicular to the augmenter axis and is to the right (looking
upstream) if the starboard engine of the F-14A is running and to

the left if the port engine 1s running.

TABLE 2.3.3 DIRECTIVITY OF THE MIRAMAR EXHAUST FOR F-14A WITH ONE ENGINE
IN MAXIMUM AFTERBURNER.

Octave-Band Center Frequency (Hz)

Direction 31 63 125 250 500 |1000 | 2000 |4000 | 8000

¢ = 0° 0 1 2 2 3 2 3 )

¢ = L5° 1 1 2 3 b 3 S
¢ = 90° -1 -1 -1 1 1 1 2 1 1 :;
¢ = 270° -1 -4 -3 -3 -3 | =3 =2 -3 -2 =
¢ = 315° -1 -1 -1 -1 0 -1 -1 =2 =2

For a practical application of this exhaust noise prediction
scheme, the reader is referred to the example calculation carried
out in Sec. 2.4.
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2.3.4 Prediction of interior noise levels

In addition to the exhaust, other noise sources affect in-
terior noise levels — e.y., engine inlet and casing noise. Thus,
we cannot present here a quantitative desirn of Hush House interior

acoustic treatment.

Parameters that affect exhaust SPLs in the interior of a

Hush iouse are

+ Jet sound power level

« Jet nozzle position, especially axial distance from the

augmenter inlet (Fig. 7.6.14)
+ Augmenter lining (Fig. 7.6.15%)

+ Acoustical absorbing material on walls and ceiling (it
is assumed that the floor will be hard)

+ Position in the Hush House {(l.e., distance and direction

from the jet nozzle).

General guidelines for minimizing exhaust noise in the

Hush House interior are:

1. Place the jet nozzle as close as possible to the
augmenter inlet. (Remember, however, that exterior exhaust

noise decreases with increasing XN.)

2. Treat the bell mouth of the aurmenter and the walls
around 1t acoustically to provide sound absorption coefficients
very close to unity and mid and hirh frequencies. (Doing so will
provide absorption for the sirnificant acoustic energy radiated
by the jet at angles between 20° and 80° forward of the jet axis.)
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3. Line the augmenter from the inlet to at least § jet

diameters downstream of the inlet.

4. Make sure that the lined augmenter has sufficient
attenuation that, at all frequencies, the sound returning to the
Hush House through reflectlions from the end of the augmenter
fube 1s low compared to the noise of the free jet propagating
forwa 4. (This condition can usually be met if the attenuation

of the augmenter tube exceeds 10 dB.)

5. If SPLs in the Hush House must not exceed the levels
measured at corresponding locations in free field by more than
2 or 3 dB, line all interior surfaces (except the floor) with
sound absorbing material providing, at all frequencies of interest,

an absorption coefficient of 98% or better.




2.4 Exhaust Noise Prediction

Usine (1) the measured tree-ficld sound power outirut of the
F-14A aircraft operatin~ in its afrerburnins mode [4-77 and (2) the
APYWIL, vs frequency curves obtgirned from ocur scale-model ctudy and
corrected for the 1° anyrular alil-nment, we have predicted the
octave-band sound pressure level spectra and the fA-weirhted sound
pressure level for various exhaust confirurations at the closest
voint to the aurmenter exhaust on the ?250-ft radius centersd on
the aircraft enyine exhaust. The calculations are summarized in
Tables 2.4.1, 2.4.2, and 2.4.3.. The octave-band exhaust scund
pressure levels have been predicted for (1) a full-scale version
of the 72-in.-lons lined BBEN aurmenter with a 45° exit ramp,

(2) the full-scale Miramar augmenter with a 45° exit ramp, and
(3) a full-scale version of the stack-and-baffle configuration
usine a hard augmenter tube, a subsonic diffuser, and turning

vanes.

The predicted levels are vlotted in Fi~., 2.L4,1. This fi-urs

alsc includes, for comparison, a curve cof octave-tand scund

3
2
3
v
D
0
)

sure levels, each of which would produce a scund level of S5 =i,
Comparins the octave-band sound pressure levels predictei Tor the
three different exhaust confirurations with each other and with

the 85-~d3A curve, one can conclude that

(1) A full-scale version of the BRN aurmenter conbined with
a U5° exit ramp is expected to meet the 85-dRA criterion at .50

't for all directions;

(2) The full-scale Miramar Hush Housc exhaust is expected
to meet “he 85-dBA criteorion at 250 ft for all directions, pro-
vided that the attenuated jef noise and not the self-nolse conrn-

trols the exit noise in the 175=H7 and ?50-Hz octave bands.
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FIG. 2.4.1. PREDICTED SPL AT CLOSEST POINT ON 250-ft RADIUS,
F-14A WITH AFTERBURNER COMPARED WITH 85-dBA CURVE.
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Should the self-noise control the level in these octave bando,

there is the possibility that the 85-dHBA level will be exceedrd
in the downstream direction, because the directivity index of
the self-noise in this direction is substantially hirher than

that of the attenuated ‘ot noise.

As revorted in detail in Sec. 8, the acoustical performance
of the full-scale Miramar Hush House has been evaluated experi-
mentally by measurinr- exhaust noise spectra at different distances
and at various anrles from the exit plane while an F-14A aircraf®
was operating with one enmine in zone 5 afterburner and the other
engine was idlimg. From these data, we have calculated the
octave-band sound power level spectrum at 250 ft of exhaust noise
emanatin:« from the stack. The spectrum 1is shown as the solid
curve in Pi.-. ?2.4.72; fhe dotted curve in that firure is the sound
power level spectrum predicted (i.e., Line 4 of Table 2.4.2)
using the source sound power level spectra of Line 1 in Table
7.4.2 and the augmenter attenuation estimated from our scale-

model studies.

Comparison of these two curves shows a satisfactory arreement
between the measured and predicted spectra. 'The lar.-est discrep-
ancy — 1.e., the one at 125 Hz - may well be “he result of rround
reflection effects in the source strenrth data of Ref. 1. The
discrepancy above 2000 Hz is due to our conservative <stimation
of aurmenter attenuation at these hi.h frequencics, which are be-
yond fhe upper frequency limit where scale-model data were avail-
able. Referrins back fo Fiv-. .H.1, mne can see that these hich

frequencies do not contribute to the A-weil.hted exhaust noise,
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2.5 Augmenter Design Procedure

The application of the data presented in Sections 2.1, 2.2 and 2.3 to

the design of a typical sound-absorbing augmenter and Hush House for one or
more aircraft and operating situations is a trial-and-error procedure. One must

-———

assume augmenter cross~sectional sizes, lengths, etc. and estimate how each

assumed design performs in terms of augmenter wall temperature and external

——

noise with one or more aircraft. A block diagram summarizing the augmenter
design procedure is presented in Figure 2.5-1.

choose augmenter cross-sectional
area to avoid excessive flow noise

choose augmenter cross-sectional shape
which fits aircraft engine orientations

i

estimate augmenter wall temperature Increase A, and/or
T T change x—f‘ect.
' EY -] > o
Waumax 900°F wallmax 900°F shape

[ k!

estimate total Hush House air
! flow for air inlet sizing

make initial choice of lined augmenter
length needed for A PWL

estimate SPLFt at receive position and ] L
h _

compare it with criteria, SPL T - :
c decrease increase
SPLC - 3 < lengtrh llength ‘}

SPLR > SPLC SPLR <SPLc -3 r

SPL < SF‘LC

L

configuration and other design details

IR

FIGURE 2.5-1. BLOCK DIAGRAM OF AUGMENTER DESIGN PROCEDURE

' choose augmenter liner type, augmenter inlet
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The first step in the design procedure is to find the augmenter cross-
sectional shape of smallest area which will 1) provide a low enough augmenter
exit flow velocity so that the noise created by the flow leaving the augmenter

is not excessive and 2) avoid excessive wall temperatures (Twall <900°F).
acceptable

To keep the noise generated by the augmenter exit flow within acceptable limits
in meeting a particular noise requirement, the ratio of augmenter cross-sectional

area to maximum jet nozzle throat area must satisfy the criteria listed in Table 2.5-1.

TABLE 2.5-1 g

Ratio of Augmenter Cross-Sectional
Area to Maximum Jet Nozzle Throat
Area required to Avoid Excessive
Augmenter Exit Flow Noise

Noise One Engine at Two Engines at

Criteria Max. RPM Max. RPM

at 250 ft. AA/ANT 2 AA/ANT > ,
95 dBA 18 l6

85 dBA 24 21

75 dBA 30 26

where: AA is the augmenter cross-sectional area

ANT is the jet nozzle throat area neglecting
the throat area of idling engines

After determining the minimum augmenter cross-sectional area which will
satisfy the flow noise requirement, an augmenter cross-sectional shape which
best suits the various aircraft engine placements should be selected and
various cross-sectional sizes having arcas equal to or greater than the

noise related minimum should be assumed. Figures 2.1-1, 2.1-3, 2.2-2,
2.2-3 and 2.2-4 should then be applied as discussed in Section 2.2 to
estimate the maximum augmenter wall temperature for each augmenter cross~ 1
section size with the aircraft configuration and engine power setting identi-

fied as most critical from an augmenter wall temperature standpoirt (if one
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aircraft type to be accommodated had offset or deflected afterburning engines,

such as the F-14, it would be the likely aircraft to assume in calculating the
augmenter wall temperature). From the results of these wall temperature calcu-
lations, it will be possible to select the augmenter cross~section of smallest
area with which both the noise and wall temperature limitation can be met.

After the augmenter cross-section has been sized, Figures 2.1-1, 2.1-3
and 2.1-4 can be applied to determine the maximum air flow rate through the
Hush House for air inlet sizing. The critical aircraft and engine operating
conditions, with respect to maximum air flow, may be different from that for
sizing the augmenter. In the case of a Hush House for the F-14A, one engine
operating in maximum afterburning sizes the augmenter cross-section, but two

engines operating in maximum non-A/B generate the largest air flow.

The final step in the augmenter design procedure is to determine the
absorptive augmenter length required to meet the external noise criteria.
This requires the application of known or estimated aircraft noise data,
along with the data preéented in Section 2.3 and the desired external noise
specification. Again, the critical aircraft and/or operating condition from
a noise standpoint could conceivably be different from those which sized the
augmenter cross-section or gave the maximum Hush House inlet air flow.

In determining the augmenter noise reduction required to meet the external
noise specification, it is, of course, necessary to remember that the augmenter
exit noise is only one noise source; others being noise escaping through the
Hush House air inlet and that transmitted through the walls.

Special consideration may have to be given to the sizing of the augmenter
entrance or to the incorporation of suitable ertrance baffles when desigring to
accommodate aircraft with unusual jet nozzle orientations. The A-6 is ar
example of such an aircraft. It has a distance between jet exhaust noszle
centers of 7 ft. and a lateral outward jet deflection of 6°, plus a long-distancn:
between the nozzle exits and the tail. Thus, capture of the axhaust jots is
difficult. Since this aircraft has non-ifterburning engines, augmenter wall
heating is not a problem and the basic augmenter cross-section weuld rct
ordinarily be sized for this aircraft if it is only one of a grcup being adipted.
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3.0 FACILITY DESCRIPTION

As mentioned in Section 2.0, the test facility consisted of two reverberant
rooms separated by a sound insulating wall through which the augmenter pro-
jected in most tests. One of these rooms, referred to as the burner enclosure,
corresponded to the Hush House interior; the other, the exhaust enclosure,
corresponded to the out-of-doors. Figures 3.0-1 and 3.0-2 are a plan view
and elevation view, respectively, showing the relationship between these two
rooms. The volume of the burner room was approximately 1630 cu. ft. and
that of the exhaust room, 5460 cu. ft.

In order to eliminate significant flanking noise sources, insure good
reverberation characteristics at frequencies up to 20,000 Hz and contain all
of the significant noise, these rooms had to be properly sized and their walls,
including the separating wall, carefully designed and constructed. With jet
and meter flow velocity information supplied by FluiDyne, BB&N made estimates
of the various primary and secondary source noise levels and specified accept-
able wall surface treatment and wall construction and insulation procedures
needed to insure that the principal noise being measured was not masked by
some flanking noise and could be measured accurately. As a result of their
design inputs, the walls were constructed with plywood surfaces and these
surfaces, in both the burner enclosure and exhaust enclosure, were painted
with a primer and epoxy paint and the joints between sheets of plywood were
sealed to avoid leaks which would reduce both the sound transmission loss
and the achievable reverberation time. The wall and roof surfaces of both
enclosures were supported on 2x6 framing. The burner enclosure had ply-
wood both inside and outside of the framing and a 4" thick insulating fibarglass
fill to reduce sound transmission. The exhaust enclosure walls had only the
interior plywood surface, while its roof had plywood on both sides for structural
purposes. The separating wall, which formed the upstream wall of the exhaust
enclosure, was similar to the burner enclosure walls, except where it formed
the interface between the burner enclosure and exhaust enclosure. Since this
area was critical from a sound transmission standpoint, a third plywood barrior
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was installed on the burner enclosure side and the 1" space between it and
the basic wall was filled with fiberglass. This surface was structurally
isolated from the basic wall to minimize noise transmission. In addition,
all corners in the burner enclosure were carefully caulked. Acoustically
sealed access doors were placed in the burner enclosure and the separating
wall. BBA&N also considered the reverberation characteristics of the exhaust
enclosure in determining an accerptable size for the exhaust ports and vents

in the exhaust enclosure .

Figures 3.0-3 and 3.0-4 contain photos showing general views of the
burner and exhaust enclosures, as well as photographs of the principal
facility instrumentation installed in each. Microphones having a .raverse
length of 6 ft. were placed in both enclosures. Data from these micro-
phones were recorded simultaneously using a precision multi-track tape
recorder. Figure 3.0-3 also contains a view of the secondary (pumped)
flow meter. Design of the burner enclosure to be acoustically tight essen-
tially insured air tightness as well. All of the air pumped by the ejector
action of the model jet nozzle was metered by this installation. The aug-
menter total pressure ratio, PTsec/P exit ’
program by varying the length of subsonic diffuser on the secondary flow

was varied during the test

meter, Secondary flow meter instrumentation included secondary air meter
inlet total pressure, total temperature and throat static pressure. Burner
enclosure (Hush House interior) pressure and temperature (ambient tempera-
ture) and exhaust enclosure (ambient) pressure and temperature were also
recorded . These all appear in Figure 3.0-2.
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a. External View of Burner Enclosure

b. Burner Enclosure Interior Showing Secondary
Flow Meter

c. Burner Enclosure {nterior Showing Microphone
Traverse

FIGURE 3.0-3. PHOTOGRAPHS OF BURNER ENCLOSURE
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a. Exhaust Enclosure Interior showing Microphone
Traverse

b. Exhaust Enclosure Interior Showing Exhaust
and Ventilation Openings

FIGURE 3.0-4, PHOTOGRAPHS OF EXHAUST ENCLOSURE
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4.0 MODEL DESCRIPTION

Basically, the model geometry simulated, at 1/15 scale, the F-14A with
one P&W TF-30P412 engine operating in maximum afterburning mode installed in
the Miramar Hush House with its 90 ft. long obround, acoustically treated,
augmenter tube and ramp. For the test program, the jet nczzle was operated
over a range of pressure ratios and jet total temperatures, and at different
locations and deflections relative to the inlet of the augmenter. Different
lengths of acoustically treated augmenters were run, two different acoustic
liner designs were tested (including simulation of the full-scale Miramar
treatment) and tests were run with and without the augmenter exit ramp. In
addition, different lengths and diameters of round, hard-walled augmenters
were run with and without subsonic diffusers principally to obtain augmenter
pumping data and a hard-walled obround augmenter with exhaust stack and
acoustic baffles was tested. The following subsections describe the model
hardware which made it possible to economically test with such a wide range
of variables.

4.1 Burner, Nozzle and Stand

Figures4.1~1, 4.1-2 and 4.1-3 contain, respectively, a drawing of the
nozzle liner simulating the F-14A engine in maximum afterburning mode, a
drawing of the burner, nozzle and stand assembly and photographs of the
burner and stand and the burner control panel. The burner itself was designed
and built by FluiDyne and operates using propane and air as the combustants.
These are metered through choked ASME contoured metering nozzles and injected
into the burner at several circumferential locations to enhance mixing. There
are two separate combustant supply paths, one to the pilot burner and the other
to the main burner. A high intensity spark ignition system is used to ignite
the pilot burner. The burner control system utilizes solenoid operated valves
in such a way that operation is essentially automatic once pilot and main
burner air and propane meter pressures have been preset on the control panel
(Figure 4.1-3b) and the safety interlock switch located in the test area has
been turmned on. Pushing the start button opens the pilot propane valve and
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energizes the ignition. When the pilot burner internal thermocouple senses
ignition, the main combustant flows come on and ignite. Usually final, manual
adjustment of the controls is used to get the exact jet nozzle pressure ratio
condition desired. If, for some reason, the main combustant flow doesn‘t
ignite, a propane "sniffer” in the exhaust enclosure automatically shuts the
combustant flow off. The burner proper (Figure 4.1-2) has a 7 {n. inside dia-
meter by 6 ft. long, ceramic lined, combustion chamber with an inner steel
liner to prevent expulsion of spalled ceramic by the burner. This inner liner
is uncooled so it is equipped with a thermocouple and limit switch. If the liner
temperature exceeds 900°F, the burner shuts off (at 3000°F, this limits runs
to about 30 seconds duration). The burner can be turned off manually by
pushing the stop button on the control panel or by pushing the safety interlock
switch stop button down in the test area. Pushing either stop button opens
the safety interlock switch so that it must be turned on manually in the test
area before another run can be made. The burner is capable of running cold
(no combustion) and over a range of "hot" temperatures from 1400°R to 3500°R.
It is also capable of withstanding internal pressures as high as 300 psia.
Burner system instrumentation consists of primary and pilot propane and air
meter total pressures and primary air and propane meter total temperatures,

as well as a combustion chamber pressure measurement which corresponds to
the jet nozzle total pressure PTN .

The 1/15 scale F-14A model jet nozzle is flanged to the downstream end
of the burner combustion chamber and has a 2.50 in. diameter throat and 2.74
in. exit diameter (Figure 4.1-1). Because of the high heat flux at the nozzle
throat, the entire nozzle is water-jacketed and a centrifugal water pump re-
circulates about 80 gpm of cooling water through the water jacket. An external
nozzle base surface pressure tap was placed about 1/4" away from the nozzle
exit to make possible a determination of the effect of Hush House operation on
the aircraft nozzle base pressure.

The adjustable stand shown in Figures 4.1-2 and 4.1-3 made it possible
to place the jet nozzle exit in different positions relative to the augmenter
entrance. The stand was built with two base frames, resting on lateral [-beams,
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making possible axial and lateral translation in addition to lateral deflection,
using a hinge point which remained at the same axial location as the jet nozzle
exit. Marks were scribed on the I-beam cross members for the different lateral
positions and other scribe marks made angular settings easily obtainable. Shims
were also provided for raising the jet centerline and for vertical plane angular
deflection. Adjustments made during the test program included varying the

axial position of the nozzle exit from 18" away from the augmenter entrance to

a position contiguous with It, moving the nozzle centerline laterally from jet
centered-in-augmenter to a 4.6" offset, vertical positions of centered and 1"

above center, lateral angular deflections of 0°, 1° and 3°and vertical angular

deflections of 0° and 2°. Furthermore, for the jet survey iesting (Figure 4.1~4),
[ the hinge which was used for lateral angular adjustment was removed and the
entire burner assembly slid downstream so that the jet nozzle projected into the
exhaust enclosure. To make such a wide range of adjustments possible, the
principal burner supply flows were brought in using rubber hoses. This also
provided sound isolation, as did the rubber pads which were placed under the
lateral I-beams and supported the entire burner, nozzle and stand assembly. |

4.2 Round, Hard-Walled Augmenters with Auxiliary Equipment and Irnstrumentation

Three different diameters of round, hard-walled augmenter (8", 12.25" and
17 .5" inside diameter) were built and used in the aero-acoustic testing to find

the influence of augmenter cross-section to jet nozzle throat area ratio, AA/ANT’
on pumping performance ard noise generation. These diameters correspond to
AA/ANT values of 10.25, 24.01 and 49.0. The augmenter tubes were built in
short flanged sections, making it possible to test each size through a range of

length~diameter, LA/DA’ ratios corresponding to nominally 4, 6 and 8. These

length~diameter ratios were chosen because they are representative of current

Hush House augmenter design and because they also cover the range from slightly
degraded augmenter pumping performance (shorter than optimum LA/DA) to more
than adequate length for good pumping. Subsonic diffusers were provided for

the 8" and 12.25" diameter augmenters. The overall length of the diffuser for

the 8" diameter augmenter is 24" which, with a diffuser half-angle of 4°, gives

a diffuser area ratio, AD/A

A
provided with two 20 in. lengths of subsonic diffuser so that diffus<er arna

, 0f 2.02. The 12.25" diameter augmenter was

SRV
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b. Jet Survey Test Setup Showing Rakes

FIGURE 4.1-~4.

PHOTOGRAPHS OF JET SURVEY SETUP
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ratios, AD/AA, of 1.51 and 2.13 could be tested. Drawings and photos of
the three augmenter sizes and the two stands which supported all of the aug-
menters tested in this program appear in Figures 4.2-1, 4.2~2, 4.2-~3 and
4.2-4. As with the burner stand, the augmenter stands rested on resilient
rubber pads to prevent noise transmission into the floor. Also, the augmenter

entrance was always isolated from the separating wall through which it projected.

In addition to having two subsonic diffuser lengths, the 12.25" diameter
augmenter was provided with the conical augmenter entrance typical of all other
augmenters plus a round entrance and a sharp~edged entrance for investigation
of the influence of the augmenter entrance "bellmouth" geometry on pumping and
noise generation. An inlet throttle was also tested. These various inlet con-
figurations are shown in Figure 4.2-1. The 12.25" diameter augmenter was
subjected to more tests than the other two because its cross-sectional area
corresponds to that of the 1/15 scale model obround augmenter.

All three of the augmenter sizes were provided with wall static pressure
taps spaced 1 ft. apart and, those having a subsonic diffuser, had one static
pressure tap centered lengthwise in each subsonic diffuser section. Consistent
with the more extensive testing on the 12.25" diameter augmenter, it was
equipped with two cross-sectional total pressure-total temperature survey rakes
making it possible to study jet mixing progress inside of this augmenter. The
rakes appear on Figures 4.2-1 and 4.2-3.

4.3 Obround Augmenters with Auxiliary Equipment and Instrumentation

These augmenters, which were used in the aero-thermal and acoustic

testing, were all the same cross-section configuration, namely, a 15.5" wide

by 9" high, aspect ratio (15.5/9) = 1.72, obround, simulating the NAS Miramar
F~14A augmenter at 1/15 scale. In every case, with hard or absorptive wall,
the obround liner sections were supported inside the same 17.5" diameter flanged
shell sections that formed the 17 .5" diameter hard-walled augmenter during the
aero-acoustic testing. Hard and absorptive liner sections were interchangeabie
so that a hard-walled liner section could be substituted for the absorptive wall
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FIGURE 4.2-1 AERO-ACQUSTIC TEST SETUP-12.25" DIAMETER AUGMENTER -
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a. Jet Directed intc 12.25" Dicmeter Aug cntor

b. Survey Rake for 12.725" Diameter A.gmenter

FIGURE 4.2-3. PHOTOGRAPHS RELATED TO AERO ACOUSTIC TEST SETUP
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a. 17.5" Diameter Augmenter

' FIGURE 4.2-4. PHOTOGRAPHS SHOWING EXHAUST END OF AERO ACOUSTIC
TEST SETUP
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when tests on the latter were complete. By flanging the sections together, a
total length of 96 in. of absorptive augmenter corresponding to a full-scale
length of 120 ft. could be formed. The augmenter cross-section area to jet
nozzle throat area ratio for this configuration is AA/ANT =25 .

For every obround augmenter test, a 45° "conical” augmenter entrance
was provided and during the acoustic tests an inlet throttle was also tested
(see Figure 4.3-2). During the aero-thermal testing, the augmenter exit flow
was not deflected in any way (Figure 4.3-1) whereas the bulk of the acoustic
testing was performed with an exit ramp simulating that of the full~scale NAS
Miramar Hush House (Figure 4.3-2). For the majority of tests, a full length
absorptive liner configuration designed by Bolt, Beranek and Newman was used
(Figures 4.3-4b and 4.3-5a). A full length liner configuration simulating the
full-scale Miramar Hush House liner was also tested (Figure 4.3-5b). Both of
these model scale absorptive liners are also described in Figure 4.3-2. Both
utilized an inner, porous mechanical protective liner of Feltmetal (Brunswick
Feltmetal 347-10-30-AC3A-A). To accommodate the thermal expansion of the
Feltmetal, it was rigidly attached only at the upstream end of each section
(Figure 4.3-4a). Feltmetal was also used as the protective surfacing for
the ramp and ramp sidewalls. Model scale simulation of the full-scale
absorptive liner was achieved by maintaining the same total flow resistance
for the thin model liner as the thick full-scale liner has. This requirad that
the model utilize a fiberglass lining (Owens Corning PF-105) having much
finer fibers than the full-scale liner, so that the same flow resistance could
be obtained with 1/15 of full~scale thickness. Figure 4.3-3 shows a test
set-up with 1 ft. of the absorptive liner combined with 5 ft. of hard-walled
Iiner. With the short liner sections, it was possible to test with the 1 ft.
absorptive section at any of six axial positions. During all tests with the
obround augmenter, the shell was wrapped with fiberglass and this was covered
with a lead laminate material (Acousti-jac) to eliminate substantially the trans-
mission through the wall of the augmenter tube.

At the very end of the test program, a configuration consisting of 6 ft. of
absorptive augmenter, plus the obround subsonic diffuser frem the stack and
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a. Obround Feltmetal Liner and Septums for Sound {
Absorbing Augmenter Prior to Fiberglass Wrap

b. Obround Liner and Septums after Fiberglass
Wrap (BB&N Design)

FIGURE 4.3-4. PHOTOGRAPHS SHOWING CONSTRUCTION OF SOUND
ABSORPTIVE AUGMENTER LINING

€8




et

a. BB&N De:ziygn Sound Absorbing Liner after
insertion in Shell

P g ..

b. Simulated Miramar Sound Absorbing Liner
after Insertion in Shell

FIGURE 4,3-5. PHOTOGRAPHS SHOWING THE BBA&N AND SIMULATED MIRAMAR
SOUND ABSORBING L ININGS
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a. Finished Section of Sound Absorbing Liner
and Shel!

b. Obround Augmentor PTJ Survey Rake

T

FIGURE 4.3-6. PHOTOGRAPHS RELATEC TO THE ACOUSTIC AND AERO
THERMAL TEST SETUPS WITH THE SOUND ABSORBING
[ INER
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a. Complete Sound Abscrbing Augwuenter with
Lead Exterio:r Jacket

b. Complete Sound Absorbin; Augrenter with Ramp
and Ramp Exit Rake

FIGURE 4.3-7. PHOTOGRAPHS OF THt (uMiyEith “OUND ABSORBING AUGMENTER
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baffles configuration was tested with a flow distributing screen of 30% solidity
placed at the 4 ft. station (Run No. 142). Only limited noise and pumping data
were obtained.

The absorptive obround augmenter was extensively instrumented, especially
during the aero-thermal testing. The static taps at 1 ft. intervals in the 17.5"
diameter shell were utilized and there were static pressure taps and surface thermo-
couples attached to the inner Feltmetal liner of the augmenter at 1 ft. axial inter-
vals and at various locations on the perimeter for a total of 30 inner liner pressures
and 30 thermocouples. These were used to define the jet impingement problem
with different jet nozzle orientations relative to the augmenter. The exact
arrangement of these surface measurements is shown in Figure 4.3-1. In addi-
tion to these surface measurements, the obround augmenter was also equipped
with two total pressure-total temperature survey rakes having 12 total pressure
probes and 11 total temperature probes each (see Figures 4.3-1 and 4.3-6) and
with a ramp exit total pressure survey rake (Figures 4.3-2 and 4.3-7).

4.4 Obround Augmenter Plus Stack and Baffles with Instrumentation

Figures 4.4-1 and 4.4-2 show the final basic configuration which was

=4.0
AM !
a 36" long hard-walled subsonic diffuser with area ratio, AD/’AA =2.04, an

tested. This consists of a hard-walled obround augmenter of LA/D

absorptive wall stack base (which also served as the ramp base in the absorptive
obround augmenter tests) containing hard surface turning vanes and an absorptive
wall stack containing 21 longitudinally oriented sound absorptive baffles. The
absorptive surface of each baffle is protected with a thin Feltmetal of low flow
resistance. The stack cross-sectional area was sized to limit the velocity
through the baffles to 180 ft./sec., assuming that the baffles occupied one-
half of the area. During the initial tests with this configuration, the baffle
surface temperature got hot enough to buckle the Feltmetal protective surface,
thus reducing the effective flow area through the baffles (see Figure 4.4-1 for
gap during test). All exterlor surfaces were covered with fiberglass and
Acousti-jac lead laminate material to reduce noise transmission so that during
the model study, the exhaust noise would consist only of what passed through
the baffles or was generated by the stack exit flow.
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I Instrumentation for the stack and baffles configuration consisted of one
augmenter liner wall static pressure tap each foot of length, two axially spaced
subsonic diffuser wall static pressure taps, various stack base static pressure
taps and between-the-baffles stack pressure taps, as well as two stack exit

total temperature probes.
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WITH ABSORPTIVE { K AND BAFFLES
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a. Complete Hard-Walled Augmenter with Sound
Absorbing Stack and Baffles

b. Close-Up of Stack and Baffles Exit Showing

FIGURE 4.4-2, PHOTOGRAPHS OF THE STACK AND BAFFLES ACOUSTIC
TEST SETUP
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5.0 MEASURING EQUIPMENT

This section is devoted to a description of the pressure, temperature
and noise measuring equipment used during the Hush House model tests.
Measurement errors associated with the instrumentation are presented and

the resulting probable error in some of the calculated quantities is discussed.

5.1 Measuring Equipment used for Aerodynamic/Thermodynamic Data

Aerodynamic/Thermodynamic measurements consisted primarily of
pressures and temperatures. These measurements were then used to calcu-
late mass flows, augmentation ratio parameter, pressure ratios and tempera-

ture parameters. The equipment used for each measurement and the probable
error associated with its use is listed below.

Pressure Measurement

atmospheric pressure, Pbar

Taylor aneroid barometer
+0.005 psi probable error

jet nozzle total pressure, pTN

Heise bourdon tube gauge 0-50 psi range
+0.015 psia probable error with barometer
accuracy included

primary air meter total pressure, PTam

Seeger bourdon tube gauge 0-200 psig range
+0.062 psia probable error with barometer
accuracy included
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pilot air meter total pressure, PTpm

Ashcroft dura-gauge 0-60 psig range
+0.30 psia probable error

secondary air meter total pressure, PTsm .

secondary air meter static pressure, Pssm '

and all model pressures

multi~tube water manometers 100 inch range
+ 0.0064 psia probable error with barometer
accuracy included.

The Heise and Seeger gauges are dead~weight calibrated at
regular intervals to maintain their accuracy in use.

Temperature Measurement

All temperatures, except outside air temperature were
measured with iron-constantan thermocouples using
special grade wire. These were recorded either with
a Bristol recorder or using reference junctions and a
VIDAR digital data acquisition system. In both cases,
the accuracy of the thermocouple wire governs the
probable error as follows:

up to 530°F the probable error is + 2.1°F
above 530°F the probable error is + 3/8% of T°F

(+ 4°F at T =1,050°F)

Relative Humidity Measurement

Qutdoor relative humidity measurements were taken at
regular intervals during each day of testing to aid in the
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interpretation of the acoustic test data. Since ILG
calibrations of the reverberant rooms were taken with
each test run, this information is merely supplementary
rather than essential. A Lambrecht hygrometer was
used for the relative humidity measurement. Its
expected accuracy is + 2% in relative humidity.

Figure 5.1-1 is a composite showing the test data recorded for a particular
run. A manometer board photo, gauge photos and the digital printout of thermo-
couple data are included.

At this point, it is of interest to conslider how the probable errors in the
various measurements influenced the accuracy of various calculated quantities.
The jet nozzle mass flow, V;/N, retains a probable error of only about + 0.25%
because the metering nozzles are choked and the principal measurement accuracies
are good. The secondary mass flow and augmentation ratio parameter, ARP, on
the other hand, may have probable errors as high as + 4% at low ARP values of
about 2.0 because the secondary venturi flow meter is unchoked and the meter
throat Mach number and corresponding isentropic area ratio are very sensitive
to inaccuracies in the secondary meter total and static pressure measurements.
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Jet Nozzle Total Pressure Primary Air Meter Total
Pressure

LUesllUu2560
04820391350
QULTILBRAUSD
pleelep29l60
(06511465160
cO44lCau40360
04310761340
(Qu210653La0

Thermocoupte Readings

Manometer Boéfd

Run No. 43
Barometer Reading =28.775 in. hg. Outside Air Temperature = 34°F
Pilot Air Meter Pressure= 27 PS|G Outside Relative Humidity= 71%

FIGURE 5.1-1. DATA TAKEN DURING A TYPICAL TEST




5.2 Acoustical Measurement Equipment

Measurements of sound pressure level were made simultancousty
in the two reverberation rooms (burner room and exhoucr rcoom) dur-
ine each jet run. Firure 5.2.1 is a block dAiarram of vhe inctru-
mentation used to record and analy:re the accustic sirnals. 1In
each room, a 1/2-in. Bruel & Kjaer ("&K) Type U134 microphone was
traversed over a 6-ft path durini the jet run, after the jet
temperature and flow rates had stabilized. The microphone polar-
ization voltage was provided by a General Radio (fGR) Type P-42
preamplifier. Sirnals from the microphone-preamplifier sets were
armplified by Ithaco Model U53 amplifiers and recorded on the twwo
"data" channels of a Kudelski Marra IV-SJ tape recorder. The
"cue" channel of the Napra IV-3J was used for announcements of
run nurber, cain settinms of the Ithaco amplifiers, and attenu-
ator settingss of the tape recorder. The identical instrumentation f
and process was used to record sound pressure levels in each
reverberation chamber when a calibrated reference sound source
(an "ILG" fan manufactured by IL% Industriecs, Inc.) was operated

in one of the rooms.

Durin:: recordin«~, the siinal recorded on each da*a channel
was monitored on both the recorder VI' meters and con a dual-trace
Tektronix Model 531 oscilloscope. This monitorin. assured that

the recordings were made with the maximum reossible si-nal-to-

noise ratio without overloadin. the input arplifiers. 1In addi-
tion, two system calibration sismnals were recorded at intervals
to assure that the response of the record-plavtick syster

1 remained constant with time:

1. a R&K Type U220 pistonrhone nrlaced over the »ilororhone

in each room, and

2. pink noise at the input to the Ithaco amrlifier.
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The B&K pistonphone, which 1s calibrated to produce & soundi

pressure level of 124 dB re 0.0002 wbar, also provided the abso-
lute calibration necessary to convert the microphone sii-nal from

voltare level to sound pressure level.

When time permitted duringm the test schedule, the tape-
recorded sirnals were playved back through the 4R Model 1921 1/3-
octave band real-time analyzer. After accounting for both record
and playback amplifier imain settings, the output of the GR 1921
was an ¥X=Y plot of 1/3-octave tand sound pressure level (in dR re
¢.000. ubar) vs 1/3-occtave band center frequency. Firure 5.2.72
is an example of a typical data output, showin~ data measured in
the exhaust room for jet run number 86. Ambient levels (i.e.,
back:round noise levels with jet not runnin.) recorded af'ter run
8¢ are also shown in Fig., 5.2.2. Similar data were plotted for
the ILS run., The ILG w's run immediately after the jet was shut
down in the exhaust room for nearly all runs and sorewhat later
in the burner room for approximately every sccond run. For all
playvback analysis, the sicnal interration {ime of the R 1921 was
selected to be 8 sec to correspond to the aprroxira cly S-sec
traverse time of the microphones. The f«sec sinal inte-ration
occurred continuously as the microphone traversed; thus, the 1R
1921 output was a true space-time avera.-e of the sound rressure

levels alon,- the 6-ft path.

The microphone sirnals could also be analyred directlv, iIn
"real time", usin, the R 17221, This mode was used “o check
microphone calibration (buf not record-plavback svstem calibra-
tlon) usin- the B&K pistonphone. This mode of measurement was
nlso used for several analyses for which tape-recerdin.:. was un-

necessarys these included:




"431107d A-X ANV ¥3IZATYNY
IWIL-Tv3¥ JHL A9 QICIA0Yd 03ILL107d YLva Mvd 3IHL ¥404 3TdWVX3 "2°¢°S9 914

(sd2) ZH NI SIIONINOINLA HILNID ONVE 3IAVLOO0 QHIML-3INO
00062 00091 00001 0089 000t 0062 0091 000t O0f£9 0oy 062 091 00! €9 ov G2 9

00G'1E 000'02 006'21 0008 000§ OGI€ 0002 0621 008 00§  GiE 002 G2l 08 0§ S g 02
T T Tk NS G S SA S A S SR G S T——T
JRS SR S 44 S - H . IR — 4 4 —--
4 4+ 4+ + - E + 1 H + + + + . - - 4+ 4+ —
oo - - + A,f + + 1 v = e s + 4
+ } e e + t
— -4 [ S+ + + . o+ . M o
— +- 4+ 4+ + o+ + w A -+ v 1 L “v - H -+ + H %.wl; z
— b 4 - + 4 + 4 e . + -+ . + - . + 4 + 4+-- m
—— et At & — 4 4 4 s . - + e 4 J
- T ’ e > T .. -
+—t— - —r ——t + + + + - * + + - + + + + - m
P = PO PSP ST SINE S 3 A L b
e - — -+ IR P 1% SRS M R il = o
e e — e e—— -} 4. 4 I +4 .- JES T .+ + °
+ i + + '
(PG DU SO 4 ——— v + - 4 . v . . . + . + + + . + $+ 44 o nl.u
L —— 4 + L - . - + . L . - . . . + - . R - - + + 4+ - 4t >
S S e - + A . v . . . + + . v o+ 44 . ¢ 4+ 4+ <
Q S T - . . . v . . I3 . . - + + + + + . w + t B m
+ Y -+ t ' ' +
N|v [ O N S ey N : R S —i PSS & I g O ®
. + TFX - + 34— . I - «—4 - - - - - ] - -+ + + 4 g
S S < . ey -y e + . . . .o 4 4 WW + - N . . 2z
— + - t+ + - - » + + + + * - + — —¢ a -+ + . L + 4 4 o
g 4 + - Y =Y ¥
b —— - s ILTM“W'(ll#\ PO - O + 4+ - -+ - 4 + 1 + .+ W
—_— + - -+ + + + + + 4 R . +4 4
b —— - |¢1:oﬂl s + -+ + + “+ |H‘ «» - + T{H + + + + m o
- +— - LM,H —4- s R 4 —4+ 7\% 4t e + o+ « b+ 1 . H E c
- ; - H : M =
R i cmap n B S . BENS S R 07 S EDO a
b+ AH\ - + + S + + -+ - + -+ + - - + . s o 2
PO Lv|+"irf|f \\\F‘v g + A + + ot + . 4 + ¢ + o+ P m
-+ y — 4+ - + + . - o+ S s e— + + . . - pe »
& H + R . ; + o
+ —t 4 +—t —
. 1+ L S (O G L 4 bt N O e e e SR ‘ i 44 . N PG iy c
SR GE AP DEEE G B T B [ N 1 .- P 1D SERDERIN PODG B S
- * 1 - -4 b 4 Aﬁ - B + -4 e . + 4 - . + + +- +4 - m
- - . \HH“ SRR - ‘4’\ 4 - 4- -+ —t w1+ —— 4 e + . . - +- 4
ob——T T T 4+ =T T 7 -1 % DS S - T m
- o~ . L+ - - & t o+ b 4 — 4 + - P B .. PR M
Y b+ -4 - * . r -+ + + . - A . . . . . . . -4 i
N T 8 . . .} . b PR Se . .. S
t ¥ asSN + +——t- + + —+ + =
R + . v +4 -4 r -t SR . ¢ * . . . <+ u z
_— . t- - . - . + . . + + 4 . . . +
L o S GG SEDAE D GEDS S S S N Dol g
T gA + + . 1 . b H L + + + + . + + . . + S Y
4 4 ¢ et p—r . — + + .
QQ\ L - - vN . k 4 . H + ] “+ . + H + 4 + - X 3 m
L —4 . o+ . . 4 . ‘ + S N A . + 4 e — 4 + o
B . MDD S PO $9 6 W5 S0 (R Sh¢ e 4 -1 S S O g
U N G- - _a ™ —- E [OI B PR
. O 7 - e b 1 h U .1 8
. yacad o I N . A PN + o 4 N L . . DD B IS4
- .- PO .. . N 1 b et DU ..
Do Do &1 4 1 : I TT o1 s z
- DR S - + . . . - + i R + . . -+ - [ o
olr—— — NGy —— ] : v W@ REDERS SESGHDS | 2
DU . I-Q .—z v . [ + + 4+ - . + & e 4
[ H - 4 . . - 'm - . . -+ + + + + + - —+ - . + SR 1 “
O . VS L= 1 I D S e s s & »
. e k KW. ) ; {- D S e 44—
S i S SRR SRS SN B SO I = JIR S SN UE SR TR S b s ,
. + O s T S A e S ff\ 4 + - —t - + 1 + M + 4 -
o+ . PO, e TAW'A\ - *r . » — — -t - » - + ‘7.+r -
Motaised k=3 20 1¥3Y
]
—_ .
Wood ASNVYHXI 928 NOY .




« Initial reverberat ion room checekout

« Measurenent of nolse reduction of the dividin: woll Potweorn

rooms

¢

« Measurement ot no~t'low attenuation of the Tiread oo ooy e

using loudspeaker cxeitation.

The microrhone traversces were contrell.-l ot o v 0 Toegt od
next to the tape recorder.  The pancl had switoches o v
stop, and reverse the microvhones as well ag 11 s e diont
the position of each microphone.  "™Mig sct-up allowed o unce-
ment of wmicrophone start and stor times on the cue chogel of U
Lape recorder, thus enablins TR 13217 sirqnal Iintesrauvion oo bemin

al the proper time duringe plavback.

e !

henle reasurerent of roanenvyore

e

The uncertainty of any ¢

sound pressure levol 13 estimated to have s standard -viction
ot 1.9 div art Hul Ho oand below, 0.5 d+ berween ¢30 s ) D0 Vo

ardd T AR v L A00 He and sbove,

104

i
|
1
1
i
|
]
I
!
|
|
!
!
I
I
l
l
I
I

Te v r—p ey T o

var 0 e -
L._T__\_" Ll




FouiDyNE ENGINEERING CORPORATION

6.0 DATA ANALYSIS PROCEDURES

The methods used in analyzing the test data are discussed in this
section and the data reduction equations listed.

6.1 Jet Nozzle Pressure Ratio, Total Temperature, and Mass Flow Rate

These three quantities, the jet nozzle pressure ratio, XN , jet nozzle
inlet total temperature, TTN , and jet nozzle mass flow rate, WN’ are derived

from the following five measurements:

Jet nozzle inlet total pressure, PTN .

Prima y air meter inlet total pressure, PT

AM*
Pilot air meter inlet total pressure, PTPM .
Ambient pressure, Pamb .

Primary air meter inlet total temperature, TTAM .

Jet nozzle pressure ratio is simply the ratio of jet nozzle inlet total
pressure to ambient pressure

P
Tn
)\N = B . (egqn. 6.1.1)

amb

Jet total temperature requires a more complicated relationship. If one
neglects the fuel flow (which is relatively small compared to the air flow),
assumes that the resulting air flow acts as a perfect gas and assumes continuity
between the air meters and jet nozzle throat one develops the following relation-
ship between pressures and temperatures

P P P
T AN ) Tant AaM N Tofipm
T ] T ,/ T
T T T
\ N jet nozzle AM primary PM pilot air
air meter meter
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then assuming that the primary and pilot air meter total temperatures are

equal ( TTPM = TTAM ) and introducing the fact that the pilot meter throat

area is 6.9% of the primary air meter throat area one derives the following

equation which is correct for non-combustion flow conditions.
T P

N AN Ty

— = —— X
T A P ¥ 0.069 P
AM ( TauM

Tppm)

For our data reduction process, the presence of the fuel flow at each temperature
and the affect of combustion on the nozzle exhaust gas properties were taken
into account and the curve shown in Figure 6.1-1 developed. This curve was

programmed into our time-sharing computer for data reduction purposes, giving

T PT

T
_ N T N
Tn = Tam * |7 Tam ¥ £ 7 T 0.060 P
AM Tas

L)

T
AMtig. 6.1-1

(eqn 6.1.2)

For calculating the total jet nozzle mass flow rate, W the mass flow of

Nl
the choked primary plus pilot air meters was corrected for the theoretical fuel flow

required to give the ratio of TTN/TAM calculated above (Figure 6.1-2). Again,
T T

TPM = TAM and that the discharge coefficients of the
primary and pilot meters are equal.

it was assumed that

C CDxP

Dam Tad T % A W
Wy = (0.532x am_Taifam +0.532x—EM_BMEM,) (14 fuel
Tp Tr air meters
AM AM
D, X7 T
= _:;AMAAM (PTA + 0.69 PTP ) (__l‘l)
T M M Ty
T AM
M Fig. 6.1-2

{eqn 6.1.3)
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PTaw + 0.069 Prp,

CALCULATED RELATIONSHIP BETWEEN BURNEK COLBI
TEMPERATURE TO PRIMARY AIR METER TuTAL Tohb

FIGURE 6.1~1.
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MASS FLOW FOR FUEL FLOW.

FIGURE 6.1~2.
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The computer program used in calculating jet nozzle pressure ratio, )‘N’ jet

nozzle total temperature, TTN,
following quantities of secondary air flow rate and augmentation ratio parameter

jet nozzle mass flow rate, WN’ and the

are included in the separate Data Appendix under the program title "Mass Flow
Data - Project 1019, " along with the computer printouts of the calculated results.

6.2 Pumped Air Flow Rate and Augmentation Ratio Parameter

Measurement of augmenter pumping performance was a prime objective of
this test program. To accomplish this, a venturi meter with a contoured approach
was installed in the ceiling of the burner enclosure and instrumented as follows:

Secondary air meter inilet total pressure, TSM .
Secondary air meter throat static pressure, PSM'

Secondary air meter total temperature, TTSM .

The secondary, or pumped, air flow rate, W was calculated

pumped ’
directly from these measurements

W (Ws) = 0.53ZICD3;’[PTSK’TASM (eqn 6.2.1)
pumped - A q e
Tr, )y
SM

sec, meter

P
A
where: (2% ) = £ (3 SM.
sec. meter TSM

and can be explicitly defined using compressible flow relationships.

An augmentation ratio parameter, ARP, has been defined as follows:

y T
w T mw
ARP = _%_____umped X amb X N (eqn 6.2.2)
N TTN MWair
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where: w
—pumped  _ augmentation ratio

WN
The augmentation ratio parameter is formed from the augmentation ratio by
multiplying each flow rate by its corresponding 1/TT/mw . For a given
geometry, etc., the augmentation ratio parameter is, therefore, proportional
to the ratio of pumped flow momentum flux to primary (nozzle) flow momentum

flux.

In this relationship, the pumped flow corresponds to outside, ambient
temperature air which passes through the Hush House. If the above expression

forw is put in a slightly approximate but more basic form

pumped
KX,/mw xC x Py
W alr "Dgyy Tsism
pumped - A
: TT x (_E‘)
N “SM. M

and a similar approximate equation for the jet nozzle mass flow is introduced

sec. meter

Kx mwaCDxP XA

and, in addition, it is assumed that the burner enclosure temperature which

corresponds to Ta is equal to the secondary air meter total temperature,

T mb

TSM' and the throat discharge coxfficients of the meter and nozzle are equal,
the following simpl® equation develops for deriving ARP from the test data:

P, «x P,
T T
_ sMPsMm . a SM
ARP = PTXAN’f((A) = & r——A*)M x PT (egn 6.2.3)
N A* M sec. meter N

sec. meter

During the testing, the difference between secondary meter total temperature
and burner enclosure temperature (Tamb ) was typically 10°F which would
introduce an error of only 1% in ARP.
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6.3 Pressure Data Reduction

After conversion from gauge or manometer readings to absolute pressures,
the model pressure data were reduced in two different ways: 1) to the ratio of
measured pressure to reference ambient pressure, and 2) to a pressure parameter,

The ratio is formed as follows:

P = -13*2-—— (eqn 6.3.1)
amb. EE (exhaust enclosure)

P

This form was used throughout the data presentation. The following pressure

parameter has some value in the presentation of jet mixing data (where P = PT

)

rake
and it appears on the computer printouts in the Data Appendix, but it was not used

in the data presentation of this report.

- P P-P
p = m:_a!llb._ _ —__EE . (eqn 6.3.2)
P Pr ~ Pamb Pr ~Prp

N mb . N

The computer program used to calculate these quantities from the raw test
data are included in the separate Data Appendix under the title, "Pressure Data
Program ~ Project 1019."

A special parameter was defined for the jet nozzle base pressure to show

how the base pressure would be influenced by Hush House operation.

(P - P . ) - (P - P )
p NB interior'y .y house NB amblel . fiold .
NB = (full scale)
p P
amb
(eqn 6.3.3)
(Pyg - Pap (Pyp = Pre)
= with a_ugmpenter ___Jet survey (model)
EE
(eqn 6.3.4)
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6.4 Temperature Data Reduction

All model temperatures were reduced to the following temperature parameter:

T-T T-T {bumer enclosure)
T, = % amb__ B (eqn 6.4.4)
TN amb TN BE

This parameter is useful because, for jet mixing cases, the value of this parameier
at a particular location does not change much with TTN, which gives results
expressed in this form a degree of applicability not characteristic of simple
temperature ratios such as T/Tamb .
The computer program used to calculate this temperature parameter is
included in the separate Data Appendix under the title, "Temperature Data -

Project 1019, " along with the calculated results printout.
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6.5 Analysis of Acoustic Data

The objective of the acoustical measurements was to obtain
sound power level spectra for a scale model that could be used to
predict the jet exbhaust noise in the interior and exterior of the
full-scale Hush House. Two reverberation rooms were desirned for
this purpose — one for the burner and onc for the exhaust. (Sece
Sec. 3.) Scund power levels measured in the burner room corres-
ponded to the full-scalc sound power levels that would be emitted
by the engine exhaust into the Hush House interior, and sound power
levels measured in the exhaust room corresponded fto full-scale jet
exhaust sound power that would radiate from the downstream end of
the full-scale augmenter. Sound power levels were measured in the
400 Hz to 1& kH: 1/3-octave bands, which correspond approximately
to full-scale 1/3-octave bands from 31.% to 1000 Hz. Sound power
levels estimated for the 1/3-octave bands adjacent to the upper and !
lower ends of the spectrum (20,000 and 315 Hz, resrectively) were

also analyzed fo. comparison.

6.5.1 Measurement of sound power level

The sound power radiated by a source may be measured in a
reverberation chamber in two ways: (1) by the absolute method and
(2) by the comparison method. Both methods require measurine the
room-average sound pressure level (SPL) in the reverberation room

with the noilse source operating. The methods differ, however, in

the conversion of SPL to sound power level (PWL).

In the absolute method, the absorption coefficient is measured
(indirectly by measuring room reverberation time) and the FWL is

calculated using the followinge equation:

PWL = SPL + 10 lor %91 - 13.5 dB re 10712 watt (5.5.1)
60
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whore
PWI, = sound power level in dB re 107 '? Watt
Vol = room volume in m?
T = time in sec for SPL in a room to decay 60 dB
60
SPL = room-averase sound pressure level in dB re 0.0002 ubar

measurevd in ldentical room conditions as for the 7T
60

measurement .

Tn the comparison method, the room-average SPL, measured with
the unknown source operating, 1s compared with the room-average
SPL measured when a reference sound source of known sound power

output is aperating. Then,

PWL = PWL' + (SPL - STL') dB re 10 '? Watt | (G.5.2) {
where
PWI' = sound power level of the reference sourceo,

SPL' = room-average sound pressure level produced by the

reference source, and

SPL. = room-average sound pressure level produced by the

unknown source.

For our measurements in the reverberation rooms of the model
Hush House project, we used the absolute method to measure the
FWL' of an TLG fan and then measured the sound power of the jet by
the comparison method, with the ILG source as the reference. Table
6.5.1 pives reverberation times, Teo’ measured during calibration
of the ILG, and the cnleculations of WL for each 1/3-o0ctave band

for each of the reverberation rooms.
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We chose the comparison method because, once Lhe reference
source was calibrated, PWL calculations could be made significantly
faster.  In addition, determining the SPLrof the reference source
immediately after the jet was shut down enabled us to account auto-
mat ically for effects of the changed temperaturce in the exhaust

room on the SPL measured during the jet runs.

For each of the 139 jet runs in the test program, jet sound

power level was calculated by the following process:
1. Sipnals from microphones in each room were tape-recorded
first with the jet running and then with the ILG running.

2. The tape-recorded sifnals were played back and analyzed

to find jet SPL and SPL' in each room.

3. SPL' was subtracted from ILG PWL' yieldinyr a difference !
(Ad1R) for each 1/3-octave band from 315 to 20,000 Hz for each

room.

4, AdB was added to jet SPL, yieldin, j~t PWL in each 1/3-

octave band in each room.

The LLG was not operated in the burner room after each run;
when it was not, SPL' in the burner room was used from another run

with similar temperature and humidity.

6.5.2 Reverberation room checkout

A second reason for measuring reverberation times in the two
rooms was to ensure that they actually were reverberation chambers
- i.e., that the recverberation times were sufficiently long. The
data in Table 6.5.1 show that reverberation times in both rooms
were adequate and indicate that the sound ficlds were sufficiently

reverberant to allow accurate caleculation of sound power level. i
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An estimate of the accuracy of measurement. of the room-
averagse sound pressure level was obtained using the same microphone
traverse and electronic instrumentation as was used during the jet
runs {excluding the tape recorder). This procedure is outlined in
Ref. A-2, which specifies procedures for "qualifying" a reverbera-
tion room for the measurement of broadband sound. (A jet exhaust
generates broadband sound.) Room-averase SPL was measured using
the traversing microphone, with the ILG source placed at eight dif-
ferent locations, resulting in eight values of SPL in each 1/3-
octave band. The standard deviation of the eight values of SPL
(Table 6.5.2) gives an indication of the accuracy of a single mea-

surement of SPL of a distributed broadband sound source.

6.5.3 Assessment of flanking noise sources

In addition to the noise sources we wanted to measure in each
room, there were scveral potential contaminat in: zources from which
unwanted noise could have contered each roorm by flankines paths and
could have contributed to the total sound power measured., TPreci-
tions were taken to assure that noise from these larkine sources
did not interfere with our measurereonts, Filrure .50 10 chows achermat -
ically the flankiny noise cources and raths in each reoer. Ws in this

ficure indicate acoustic power emitted by noise sources, and SFL, nnd

, represent the room-averare sound pressure levels 1n the two roars,

Sources and flanking paths in the 7 oyrwer room in Fie. €.501

are:

1. W, is the power from the source we desire ‘o measure -

i.e., the power radiated from the jet near *he nornnle plus the
power radiated from the upstream end of the awnenter. Thus,

it would be desirable that only W, contribute to RTTl.

1
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TABLE 6.5.2. ACCURACY OF MEASUREMENT OF BROADBAND SOUND

1/3-Octave Standard Deviation of

Band Center 8 Values of SPL

Frequency, Using ILG Source,
Hz dB

Burner Exhaust

Room Room

Lo 1.03 1.23

500 1.53 .91

630 .55 .5

800 LLb .29

1000 .31 Ll

1250 .0 L8

1600 .Lo .35

2000 .39 .35

2500 L2 .30

3150 .31 .33

Looo b .29

5000 b5 .30

6300 .59 23

8000 Lbo L6

10000 .55 .32

12500 .72 .30

16000 .67 .35
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D W”“ represents the acoustic power rencrated by the burner

fucl and air supply hoses and manifolds. le
L

the Jjet survey series when the jet nozzle was complerely in the

was medasured durirns

exhaust room. wlF was conpared with the measured power in the

burner room durings later series of runs and was never found to

arfrfeet burner-room noise levels.,

L)

. wlFM is the power renerated by flow throurh the secondary-
alr Clow meter. This was not measured, but calculations of noise
~oneriated by the flow of alr throush the meter, the speed of whiceh
was accurately measured, showed that this source renerated nolise
levels very nmuch lower than the levels measured in the burner

roomn.,

4, w“l”’ the acoustic power proragsating throurh the dividines
wall from ghe exhaust room into the burner room, was calculated
by subtraction of a correction, NR21 in d®, from the measured
neise level in the exhaust room. NR21 was meagsured, in each
1/3=-0octave band, by placine a hirh-power loudspeaker in the
¢xhaust room and measuring §Ff2 in the exhaust room and §FEI

in the burner room (usiny the same microphone traverse as f{o»

the jet runs); then NR,, = SPL, - 8PL, in each band.

1 was

Worw
never found to affect W, .

5. WSLP’ the power penerated by external noise sources,
is the cause of "background”" noise in the burner roon. Background
noise in the burner room was measured at fregquent intervals
(after approximately every fourth jet run and after approximately
every second ILG run). Neither jet noise nor ILG noise was

affected by WBlF'

Sources and flanking paths in the cxhaust room in Fir. 6.5.1

are:




e T T st - ne

1. W,, the acoustic power emitted from the downstream end

\

of the aursmenter, (s {he sum of the Jjet sound power which has
been attenuated by acroacoustic efffects and by the aurmenter
lininy., It was necessary to verify that only Wz contributed to
the measured EFI? in the exhaust room.

N

O, N\w is the acoustic power transmitted throurh the walls

v

o' the ausmenter, While W’F will be a real source in a full-

scale Hush House, no attempt was made to scale model the augmenter

tube wall structure acoustically, and since the goal was to

measure only W,, 1t was desired to suppress wqp. Calculations
< d
were made which showed that W, would be a possible contaminant

only during jet runs in which acoustic absorbine material was

OO i N

placed near the downstream end of the augmenter — for exarple,

durin:- the tests of the stack with baffles and with the 12-in.

lined augrmenter section at the downstream end of the augmenter. !

Tor these tests, the exterior of the aurmenter shell was wrapped

T T———

with acoustical insulation consistings of approximately 3-in.-thick
mlass fiber niaterial covered with lead-aluminum sheet welprhing

approximately 1 1b/ft2?. As a precaution, this same wraprinr was

! applied to the outside shell of the aurmenter for all tests of
the lined obround augmenter.
i
% 3. quF is the acoustic power transmitted throurh the wall
<
: dividing the burner room and the exhaust room. This source was

a potential problem durinrs runs with a fully lined obround aur-

menter, when W, was sifnificantly less than W,. wqu was cal-
4

culated by subtracting a correction, NR',, from the measured

SPLI. NR'12 = NR12 + ANR, where NRlz was measured by placing

a loudspeaker 1in the burner room and ANR is an estimate cor-

rection term, for hirh frequencies, which accounted for the

fact that noise reduction between the two rooms was preater with

A e BN

|




flow (i.e., with the jet running) than without flow because of

the refraction of sound rays intc the acoustic lining of the

ausmenter.  (Of course, NR was measured with the jet off.)
Thus, the wqu caused an SPI,1DF in the exhaust room iiven by
= - apr - t
Q}L]DF PL, NR' .,
In all cases, SPL1°F was sufficiently less than SPL,. Accordingly,

it was verified that wl?F

4. hgﬁw is the acoustic power generated in fthe exhaust room

did not contribute to SPLZ.

by external noise sources. As was the case in the burner roon,
backsround nolse levels were frequently measured. A form of
ngF’ electrical noise in the tape record-playback system, was
the only backoround noise found to be a problem. This noise was
encountered only duringe jet runs with a fully lined aurmenter

and was caused by the fact that the dynamic rance of the acoustic
spectrum in the exhaust room exceeded the available dynamic ranre
of the tape record-playback system. The reason for the laree
dynamic range of the noise in the exhaust room was that the
attenuation of the lined aurmenter was si~-nificantly higler at
high that at low frequencies; thus, the jet noise in the exhaust
room had much higher SPLs at low frequencies that at hish fre-~
quencies. The problem was sclved by artificially reducing the
dynamic range of the electrical sifnal into the tape recorder to
an amount that the record-playback system could tolerate without
adding noise of its own. This was accomplished by passing the
input sifnal to the recorder through a hirh-pass electrical
filter (i.e., attenuating the low frequencies while leavin; the

high frequencies unaffected). Durine playback and analysis,

122




this attenuation was added back in, using the individually
variable xaias on the 1/3-octave filters in the GR Model 1925
Filter Set (a component of the GR 1921 Real-Time Analyzer) to
achieve an overall flat frequency response in the record-playback-
analysis system. In this way, electrical noise was decreased,

and no background noise affected SPLZ.
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7.0 PRESENTATION OF RESULTS

Reduced test data from the model test program are presented and discussed
in this section of the report. To facilitate an orderly, digestible presentation,
not all of the test data are presented here. For a complete tabulation of all
test data, refer to the Data Appendix.

7.1 Augmenter Pumping Performance

Accurate measurement of augmenter pumping performance was one of the
principal goals of this test program. Adequate augmenter pumping is essential
in a full scale, dry cooled installation to lower the exhaust temperature and,
thereby, protect the exhaust acoustic treatment. To maintain a mixed exhaust
temperature of 800°F (1260°R) while running with an afterburning engine on a
100°F (560°R) day requires that the jet exhaust pump a cooling air {!ow rate
equal to 5.30 times the jet exhaust flow rate. A number of references contain
ejector pumping information which might be used to predict pumping performance
for a dry cooled augmenter. References A/T-4, 5 and 6 contain pumping infor-
mation covering a variety of configurations and test conditions. They have the
disadvantage of being limited to fairly high augmenter pressure rise, relatively
low pumping ratio and low augmenter cross-~section to nozzle throat area ratio
cases. Reference A/T-7 contains data relating directly to the case of interest,
but the jet nozzle total temperature equals ambient temperature for all of the tasts
and very little information relating pumping performance to augmenter pressure
rise is present. Nevertheless, the data in these references indicates that mass
flow ratios of six or over are feasible for a properly sized augmenter.

To facilitate correlation of augmenter pumping data, the test data from
this program have been reduced to an augmentation ratio parameter, ARP, defired

as follows:
W T mw
ARP = pumped x amb X N
w T mw
N TN air
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This definition ratios the equivalent pumped and primary flow momentum fluxes.
It has the advantage of being primarily configuration oriented, having only a

we ak sensitivity to the temperature ratio, TTN/T The augmentation ratio

amb °
parameter corresponding to the mass flow ratio of 5.30, mentioned above as

necessary to give Tm <= 800°F on a 100°F day with afterburning, would be

ARP - 1.83 .

i

Figure 7.1-1 contains a summary of augmenter pumping performance
wherein the augmentation ratio parameter, ARP, is plotted versus jet nozzle to

ambient temperature ratio, TTN/T for a number of selected test configura-

amb’
tions at an augmenter length diameter ratio of nominally 6.0. Pumping perfor-
mance for each test configuration is included in the test program summary, Table

=6.6)
amb
one observes in Figure 7.1-1 thatan ARPof 1.83 is obtainable, even without a

2.0-1 . Considering the afterburning case on a 100°F day ( T'I'N/T

subsonic diffuser, if the augmenter cross—-section to jet nozzle throat area ratio,
AA/ANT,is made large enough . Itisalso
apparent that a subsonic diffuser on the downstream end of the augmenter in-
creases pumping, whereas changing from a round to an AR = 1.7 obround cross-
section reduces pumping. Pumping performance does not appear to be sensi-

tive to jet nozzle pressure ratio, XN .

The consistent drop in augmentation ratio parameter with increasing jet

nozzle to ambient temperature ratio, TTN/Ta shown in Figure 7.1-1, is of

particular interest. While it is a secondarymel:)ffect, it is nevertheless, larger
than might have been expected on the basis of typical ejector performance data
and is probably related to the low loss, high augmentation ratio situation which
is characteristic of dry cooled augmenter installations. At high jet nozzle to
ambient temperature ratios, there is a significant exchange of heat from the jet
flow to the pumped flow in the mixing region. This increases the volume flow
of the pumped flow and requires that it accelerate, producing an additioral
pressure drop, which must be overcome by the jet momnntum, and a resulting
drop in pumping performance. When the ejector situation corresponds to a
lower augmentation ratio and a higher pumped flow pressure rise (higher loss),
this additional pressure drop due to heat exchange is smallaer relativa to the
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overall pressure rise required and the drop in pumping performance is corres-
pondingly less. Note that, although the augmentation ratio parameter decreases
with increasing jet temperature to pumped flow temperature ratio, the augmenta-
tion ratio actually increases.

Augmenter length - diameter ratio is one of the geometric variables in-
fluencing pumping performance. Figures 7.1-2 (for cases without subsonic
diffuser) and 7.1-3 (for cases with subsonic diffuser) present the pumping
performance as a function of augmenter length-diameter ratio, LA/DA, over
the range tested. Both figures show little change in pumping performance
above LA/DA = 6, but some decrease in performance as LA/DA is reduced
below 6. Although the 1T\ /T =1.0 (‘T =500°R) test results show

better pumping performance than at higher TT , they also exhibit a greater

N

decrease in pumping as augmenter length-diameter ratio is reduced This
probably arises because mixing progresses more rapidly with the higher gas
viscosity associated with high jet temperature and so is closer to completion

at any given distance from the nozzle exit. At TTN/T = 6.6, the variation

amb
in pumping performance is no greater than 10% over the range of LA/D

tested.

A values

A comparison of the data in Figure 7 .1-3 for an augmenter having an exit
subsonic diffuser with the data taken without diffuser (Figure 7.1-2) shows an
increase of roughly 50% in ARP due to the diffuser at TTN/Tamb =6.6 . A sub-
sonic diffuser area ratio of 2.0 gave about 7% better pumping performance than
one with AD/AA =1.5.

During the tests with both the 12.25" round and the 15.5" x 9" obround
augmenters, the jet nozzle exit was moved axially relative to the augmenter
entrance from a point contiguous with the augmenter entrance to a point 18"

(7 .2 nozzle diameters) upstream of the entrance (Figure 7.1-4). No appreciable
variation in pumping performance was experienced becausec the augmenter entrance
area is 24 times larger than the jet nozzle throat area and jet capture is no problem
within the XN/DNT range tested. The bulk of the test program was run with
xN/DNT =1.6. Moving the nozzle away from the augmenter entrance did have

an appreciable influence on burner enclosurr (Hush House interior) noisc as is

reported in Section 7.6 .
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The augmenter entrance geometry was also varied with the 12.25" diameter
round augmenter. Most runs were made with the standard, conical, augmenter
entrance configuration, but runs were also made with a rounded entrance, a sharp
edged entrance and with the conical entrance plus an inlet throttle (see Figure
4.2-1). These changes had relatively small influence on pumping performance,
as shown by the tabulation below:

T _ T _
Inlet Configuration ARP @ TN/Tamb =1 ARP @ TN/Tamb =6.6
conical 3.30 2.51
rounded 3.43 2.50
sharp-edged 3.02 2.34
conical plus throttle 3.05 2.41
The inlet throttle was also applied to the obround augmenter and at TTN/Tamb=6 .6

resulted in a drop in pumping performance of ARP =-0.15. The inlet throttle was
tested because it was felt that, for many full-scale designs, an augmenter properly
sized from jet impingement and noise standpoints might pump more than the re-
quired amount of cooling air unless throttled.

During the aero-thermal testing with the 15.5" x 9" obround augmenter,
the jet centerline was moved laterally and vertically and also deflected relative
to the augmenter centerline. The jet nozzle orientations and the obround cross-
section both had a significant effect on pumping performance, as is shown in
Figure 7.1-5. Changing from a round to an aspect ratio 1.7 obround cross-

amb:4'6’

AA/ANT =25 . Perhaps as much as half of this decrease is due to the porous,

sound-absorbing liner which limits the rate of pressure rise. As the jet conter-

section resulted in a 10% decrease in pumping ratio paramet<r at TTN/T

line was moved off the centerline of the augmenter or deflacted a r:duction in
pumping performance occurred. The data point at Yp =0.45 and as =1°
corresponds to the F-14A configuration. Most of thn data shown ir Figure 7.1-5
were run with no augmenter exit ramp. Ornc pcint from the acoustic testing is

included to show the influence of the ramp on pumping pcrfcrmance.
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Figure 7.1-6 shows the variation in pumping performance with jet nozzle
pressure ratio, kN . The apparent drop in performance with )\N occurs
because no attempt was made to keep the inlet loss constant for this series
of runs ard, as a result, the inlet loss and corresponding augmenter pressure
rise is higher at )‘N =3 thanat 2 or 1.2. The low pressure ratio, )‘N =1.2,
point was run specifically to make sure adequate pumping occurred at low jet
nozzle pressure ratios so as to prevent recirculation of exhaust gases within
the Hush House. The data point does indicate adequate pumping for this

near~idling condition.

Up to this point, augmenter pressure rise or pressure ratio has not been
presented as a variable influencing pumping performance. The bulk of the test

points presented in Figures 7.1-1 through 7.1 -6 correspond to a nominal augmenter
P

pressure ratio, Tsec/PTexit of 0.995 (2" HZO loss in total pressure through the

Hush House inlet). Specific tests were run to define the influence of augmenter
pressure ratios on pumping performance. These runs were accomplished by
adding subsonic diffuser lengths onto the secondary air metering nozzle, thereby
reducing the loss between outside barometric pressure and the burner enclosure
(Hush House) interior. The results of these tests are presentad in Figure 7.1-7.
Thesepdata show an essentiatly linear variation in augmentation ratio parameter
P

‘T'Yith Ts ec/ Texit'

TN/Tamb and no significant effect of jet nozzle pressure ratio, XN .

a slope which is not a strong function of configuration or

7.2 Augmenter Longitudinal Pressure Distribution

Augmenter longitudinal wall pressure data are of diagnostic value in under-
standing the mixing progress in the augmenter, as wesll as the infleence cf loss
elements placed in the flow path. Selected examples of these data are presented
in this subsection.

Figure 7 .2-1 contains longitudinal pressura distributions taken during the
aero-acoustic testing for the three differert rourd augmartor sinng at two different

jet nozzle total temperatures without subsonic diffuser, A comparison botwenn
the data for the different augmenter sizes indicates a lownr entrance pressure or,
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i.e., a higher augmenter entrance velocity (higher specific flow in pps per
square foot) for the smaller diameter augmenter especially at the low jet nozzle
temperature. The data for the two jet nozzle temperatures or temperature ratios
demonstrates the influence of heat exchange between a hot jet flow and a cold
pumped flow wherein the pressure drop associated with heat exchange and
acceleration of the secondary flow reduces the overall pressure rise experienced

with a given jet momentum.

Figure 7.2-2 also contains data for the three sizes of round augmenters,
this time for different augmenters length-diameter ratios, LA/DA. The data
show that the pressure rise along the augmenter is somewhat reduced for the
shorter overall length diameter ratios. This corresponds to a lack of adequatc

mixing between the jet flow and pumped flow and a reduced pumping performance.

Longitudinal augmenter wall pressures from the 12.25" diameter round
augmenter tests with different nozzle exit to augmenter entrance spacings are
presented in Figure 7.2-3. These data suggest that the completeness of mixing
in the augmenter is a function of the distance between this jet nozzle exit and
the augmenter exit, rather than just the augmenter length-diameter ratio.

The influence of augmenter entrance geometry on augmenter pressure
distribution is shown in Figure 7.2-4. There is little difference between the
distributions for the conical and rounded entrances, but the sharp-edged and
throttled entrances both show increased local velocities (lower wall pressures)
associated with the local flow restriction at the entrance (which reduced the

pumping performance).

Pressure distributions for the 12.25" diameter round augmenter with and
without a subsonic diffuser are shown in Figure 7.2-5. Here, lower static
pressures appear with the higher flow ratio (higher entrance Mach numbers)
assoclated with application of the subsonic diffuser. The static pressure
rise in the two subsonic diffuser lengths are also shown. The static prassure
drop associated with the exchange of heat between the jet flow and secendary
flow is especially well illustrated by the two cases with subsonic diffuzers.
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Since pumping performance expressed as ARP doesn't vary with jet

nozzle pressure ratio, the secondary mass flow will vary in proportion to
primary mass flow or, i.e., with jet nozzle total pressure to ambient pressure
ratio, other things remaining constant. One would, consequently, expect a
higher inlet Mach number and the lower augmenter wall pressures shown in
Figure 7 .2-6 for the XN = 3.0 case.

The 12.25" diameter round augmenter and the 15.5" x 9" obround aug-
menter have the same cross-sectional area. Consequently, their longitudinal
pressure distributions are compared in Figure 7.2-7 at different jet nozzle total
temperatures. The data illustrate the lower inlet Mach number which corres-
ponds to the lower pumping performance with the obround augmenter.

Figure 7 .2~-8 shows the effects of nozzle offset and deflection during
the aero-~-thermal tests on longitudinal pressure distribution. Here, reduced
pumpingperformance reveals itself in a lower inlet Mach number (higher entrance
pressure) and reduced augmenter pressure rise, with the centered, undeflected {
jet position providing maximum performance and the offset jet with 3° lateral
deflection providing the lowest performance.

Adding the exit ramp to the obround augmenter for the acoustic tests
back-pressured the augmenter slightly, as shown in Figure 7.2-9. This re-
sulted in a small decrease in a pumping performance illustrated in Pigure 7.1-5.

Figure 7 .2-10 shows the influence of jet nozzle exit to augmenter entrance
spacing on the obround augmenter pressure distribution just as Figure 7.2-3
showed the effect with the 12.25" diameter round augmenter. Again, it appears
that the completeness of mixing at the augmenter exit is largely a function of
the distance between the nozzle exit and augmenter exit expressed in nozzle
throat diameters, i.e., as X/DNT .

The effects of jet nozzle pressure ratio, )\N , on augmenter longitudinal
pressure distribution appear in Flgure 7.2-11 for the obround augmerter. Data
for the 12.25" diameter round augmenter were presented in Figure 7.2-6. Both
figures show the lower augmenter entrance pressures and higher pressure rises
corresponding to increased pumped flow at higher pressure ratios.
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Augmenter longitudinal pressure distribution for different obround
augmenter length-diameter ratios are presented in Figure 7.2-12 (see Figure
7 .2-2 for corresponding round augmenter data). Both figures indicate that
the lower pumping performance with a shorter than optimum augmenter length
reveals itself in a lower augmenter pressure rise between inlet and exit.

The final longitudinal pressure distribution plot presents data from the
tests with the stack and baffles configuration (Figure 7.2-13). The principal
feature of this plot is the increase in augmenter back-pressure with jet nozzle
total temperature. The higher exhaust volume flow associated with the higher
jet temperature results in greatly increased pressure drop through the baffles.
This, in turn, resulted in a significant drop in pumping performance with jet

nozzle to ambient temperature ratio, rI‘TN/T as shown in Figure 7.1-1.

The effect was aggravated by wrinkling of tgfrenkt)‘eltmetal baffle skin from high
jet temperature operation. Another phenomenon which shows up in the Figure
7.2-13 is the difference in the between-the-baffles pressure from one side

of the stack to the other. This occurred because of the persistence of the
exhaust jet which still hadn't mixed completely at the stack entrance. Here,

again, high jet temperature and a persistent hot core increased this effect.

7.3 Total Pressure and Total Temperature Surveys

Total pressure and total temperature surveys were mads during the jat
survey to study the jet mixing progress of the free jet and also inside of the
12.25" diameter round and the 15.5" x 9" obround augmenters to study jet
mixing progress inside of an augmenter. In addition, a total pressure survey
rake was installed on the augmenter exit ramp for some tests to study the
mixing progress in the flow leaving the ramp and lateral total temperature
distribution information was obtained at the exit of the stack in th: stack-
and-baffles configuration. During tests with the sound absorbing augmenter
liner, it was necessary to test a configuratior with the rakes to get the survey
data and then test without the rakes to obtain nois» data which was freas of
rake noise. These total pressure and total temperature surveys provida a
wealth of data which has been valuable In interpreting both the wall h=ating
effects and the noise data.
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7.3.1 Jet Survey

The jet survey was run with the jet nozzle exit located in the
exhaust enclosure and with no jet confinement (free jet). Two identical total
pressure-total temperature rakes were set up on the jet axis; one 4 ft. 7 in.
from the jet nozzle exit (upstream), the other 6 ft. 7 in. from the nozzle exit
(downstream). These distances were chosen because they correspond almost
exactly to the distance between the jet nozzle exit and the augmenter cross-
section rakes during tests with both the 12.25" diameter round augmenter and
the obround augmenter. The jet survey data were taken at jet nozzle pressure
ratios of )\N =2.,0 and 3.0, and at nominal jet nozzle total temperatures of
500°R (ambient), 2300°R and 3300°R, which correspond to Ty /T__ =1.0,
4.6and 6.6, Figure 7 .3-1 contains ali of the rake data taken at a pressure
ratio of 2.0, while the nozzle pressure ratio 3.0 data appear in Figure 7.3-2.
In each case, there was an almost exact correllation between the pressure and

temperature parameters.

Considering the pressure ratio 2.0 data in Figure 7 .3-1 first,
one observes the reduction in peak total temperature and pressure between the
upstream and downstream rakes for each temperature condition corresponding
to more complete mixing and lower core velocity at the downstream location.
Also, one will note that the higher the relative jet nozzle temperature, the
more complete the mixing at each station implying that mixing progresses
faster with higher jet temperature. The pressure ratio 3.0 data in Figure
7 .3-2 show some of these same trends with one notable difference: namely,
that the data for TTN/Tamb = 1.0 display a lower, total pressure than where
the jet is hot, reversing the trend measured at )‘N =2.0. This appeared to
be related to the formation of normal shock waves in the jet near the nozzle exit
and was accompanied by the generation of discrete frequency noise. These
shocks and the discrete frequency noise were not present at the higher jet
nozzle total temperatures. Otherwise, the pressure ratio 3.0 data exhibit
higher core pressures than at pressure ratio 2.0 both because of the higher
nozzle total pressure and because of the tendency of the potential flow jet
core to persist longer when it {s supersonically expanded.

- 148 -




FoLuiDyYNE ENGINEERING CORPORATION

One feature of both the pressure ratio 2.0 and 3.0 data is the
apparent depression of the core center below the geometric jet centerline with
hot flow. A close examination of Figures 7.3-1 and 2 reveals a greater depres-
sion at TTN/Tamb =6.6 (3300°R) than at 4.6 (2300°R), a greater depression
at )\N =2.0 than at 3.0 and a greater depression at the downstream rake
location, indicating that the phenomenon must be an effective downward deflec-
tion of the jet at high jet nozzle total temperatures. What is apparently happen-
ing is that, within the burner mixing section, convection occurs at high jet
nozzle total temperatures which results in a hot, high total pressure core running
along the top of the burner mixing section, while the colder, low total pressure
gas near the walls drifts to the bottom of the mixing section. When this flow
exits through the jet nozzle, it effectively deflects the jet centerline downward.
This angular deflection, aveff is presently in Figure 7.3-3 as calculated from
the rake data for each of the pressure ratio, temperature ratio cases. This is
not expected to be a feature of actual engine and afterburner operation.

The jet survey rake data were also reduced to give maximum
mixed core velocity and these values ratioed to the ideal expandad jet velocity

giving Vmix max for comparison with similar results from the augmenter
\'
jet
cross-section rake data. The ideal jet velocity values used in the ratio are
as follows:
Yoy B2
T _ -
TNoR )‘N =2.0 )‘N =3.0 |
|
500 1056 1302 ;
2300 2221 2737
3300 2660 3278

The resulting velocity ratios are plotted in Figure 7.3~16 versus dimensionless

distance from the nozzle exit X/DNT .

- 149 -




TT (valid only for TT /T
0.06 0.11 "
P e -

’lUIDYNE ENGINEERING CORPORATION

anmb
.16 0.21 b o

3 —

Sirvey Reke i X/DNT
Upstresm [22
Downstrezam E 22
3 / _
:Syrhbol TTN/Tar:
______ e 1.0
| Qo 4.8
: ® [ &.¢e
12 L : — ——
1.00 1.02 1.04 1.06 1.08 1. 10 1.12 1.14 1.0
PT/Pamb

FIGURE 7.3-1.

JET SURVEY RAKE TOTAL PRESSURE AND TOTAL TEMPERATURE
DISTRIBUTIONS (AN = 2.0).

- 156 ~

d




FeuiDYNE EnGINEERING CORPORATION

TT {(valid only for TTN/Tamb >1.C;

Survey Rakegj X/DNT

Upstrecam R

gownstrezam ‘ iz

e T T
S yToo i

N
oy oy O

1.30 1.02 1.04 1.06 1.08 1. 10 1.i2 1. 14 ted

O

FIGURE 7.3-2. JI7 SURVLY FAnT TCTAL #57S00nE AND TCTAL

—_~

TEMPERATURE J4STilourIONS (X\ = 3.0).

-~ 1] -




=z Ll
oD
o — () Z
N ~ o | s O
o - .” T T A‘\.?.! .| - !. s D I S ~ o 3 - ﬁl\ (o) -—
0 : c e N A ......... ) ! Pt i =
S R T e e e e - - ~ AT
—_Al T R I * . d_x — i — 1y
H. .M.. ......... . .A.‘J....AYA —LLAHV
R .......... .- . e e - - R S \‘URN
= - re)
M - ra O
......... O ’HM
r b o S Py R |
o T A 372
s
o LTI SR
o g
-
- - =
m ......... o=
© AR & Jﬂ.._
L o az t
w 1@@ & S = <t W ~
w X _ 8 QO = =Tz n
2 .T,V £ o N - Wt e —
< el o o b= [0 G R |
G [ I < ULUlM {
=N I T a.
2 B = a -
w 1218z : L=
W o]l oD (@]
. v) i (@]
2 g= v 2
S
N

FIGURE 7.3-3.

i T B e R R R




FruiDyNE ENGINEERING CORPORATION

7.3.2 Augmenter Cross-Section Surveys

Augmenter cross-section total pressure-total temperature
surveys were taken with both the 12.25" diameter round and the 15.5" x 9"
obround augmenters. At elevated jet temperatures, these data wera influenced
by the convection induced downward jet deflection described in the preceding
subsection and presented in Figure 7.3-3. For the graphical presentation
herein, the augmenter cross-section survey data have becn corrected to remove
the effects of this deflection, except where it is of interest to show the influence

of vertical jet deflection, °'v

Figures 7.3-4, -5, -6, -7 and -8 contain the survey results
from the aero-acoustic tests with the 12.25" diameter round augmenter. Typi-
cally, the survey rakes were placed at the augmenter exit and at the station two
feet upstream of the exit. Figure 7.3~4 shows the survey results for three
augmenter length-diameter ratios at two jet nozzle total temperatures. As
with the jet survey, there was a direct correlation between total temperature
parameters and total pressure parameter, thus enabling both temperature and
pressure data to be represented by the same curve using different scales for
temperature and pressure. It is apparent from Figure 7.3-4, that mixing
inside of the augmenter progresses more rapidly at elevated jet temperature
just as in the free jet case. One can also observe how mixing progresses
as one gets farther away from the jet nozzle exit. Figure 7 .3-5 priserts A
comparison of data taken at two different axial stations with different overall
augmenter length-diameter ratios. These curves show that the extent of mixing
is primarily a function of distance from the jet no-zle exit exprissed in noscle

throat diameters and is not much affected by overall lergth-diam~t-r ratio, LA/DA‘

The effects of jet nozzle pressurs ratio are illustrated in I'igure
T
7 .3-6 for the TN/Tamb
confirmed again, wherein the higher jet nozzl: prassure ratlo restlts in increasad

=6.6 case. The j=t survoy results are gonerally

core total pressure.
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Figures 7.3-7 and 7.3-8 demonstrate again that the principal
parameter influencing the degree of mixing completion is the dimensionless
distance from the jet nozzle exit to the survey station. Figure 7.3-7 presents
the survey results taken with and without a subsonic diffuser on the augmenter
exit. Addition of a diffuser resulted in a significant increase in pumped flow
and yet one observes only a small increase in mixed core total pressure. The
influence of increased pumped flow appears mainly in reduced total pressure
near the augmenter wall. Figure 7.3-8 shows the influence of moving the jet
nozzle exit axially with respect to the augmenter entrance. Again, if one
were to plot mixed core total pressure ratio, PT/P versus dimensionless

amb '

axial distance between nozzle exit and rake, x/DNT, this dimensionless

distance would appear as the prime correlating variable.

These augmenter survey data have been reduced to give the
maximum mixed core velocity and the ratio vmix max with an augmenter

\Y)
jet
in the same way as the jet survey data were reduced. The results have

been plotted in Figures 7.3-17 and 18 versus dimensionless distance from
the jet nozzle exit, X/DNT,
results for comparison. Such data would be useful in correlating augmenter

self-noise, that is, the noise produced by the flow leaving the augmenter and

along with selected points from the jet survey

such a correlation is discussed in Section 7.6.4.

Total pressure-total temperature rake survey data from the
aero-thermal tests with the obround augmenter could not be presented in the
same manner as those data from the round augmenter because the jet centerline
orientation was purposely changed relative to the augmenter centerline to define
wall heating, pumping and noise effects. Consequently, the presentation form
used in Figures 7.3-9, -10, -11, -12, -13, -14 and -15 was used to depict
the influence of jet nozzle centerline orientation on the survey results, as
well as the effect of mixing. In this presentation, the data are presented as
a serles of isolines in the augmenter cross-section for both rake stations.

Each isoline corresponds to a particular total pressure to ambient pressure
ratio and temperature parameter. This presentation makes it easy to see
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how the test variables influence the location of the maximum velocity core
and the extent of mixing. The location of the jet nozzle center is shown in
each case. To add universality to the data, lateral and vertical nozzle posi-
tion parameters were defined as illustrated in Figure 4.3-1. Yp =1.0 and
Zp =1.0 correspond to a jet centered in the augmenter, while Yp =0 or
Zp = 0 would correspond to the jet grazing the augmenter wall.

The influence of lateral jet nozzle centerline translation at
)‘N =2.0 is found by comparing Figures 7.3-9 for the centered jet with
Figure 7.3-10 for a 3.6" lateral jet centerline offset (Yp =0.45). Two things
are of particular interest: 1) the lateral offset jet is somehow carried over to
the near sidewall so that the mixed core location is closer to the wall than
the jet nozzle centerline and 2) the maximum core total pressure and velocity
at either survey station are higher with the offset jet (i.e., mixing is not as
complete). These effects are increased when the jet is moved still closer
to the sidewall (Figure 7.3-13) or deflected toward the sidewall (Figure 7.3-12).

A comparison of Figure 7.3-10 for XN =2.0 with Figure 7.3-11
for >‘N =3.0 shows a decreased tendency of the jet flow to be carried to the
sidewall at higher jet nozzle pressure ratio. Figures 7.3-14 and 7.3-15 showing
the effects of vertically deflecting the jet nozzle centerline indicate that vertical
deflection does not result in as severe a tendency of the jet to be carried to the

near wall, as does lateral translation and deflection. The maximum core total

pressures are not increased as much either.

The tendency of the laterally translated or deflected jet to be

carried to the sidewall is felt in two other areas; maximum wall temperature,
discussed in subsection 7.4 and in the generation of augmenter exit self-noise 1
discussed in Section 7.6. The rake survey results have here, again, been
hy_c__m_a_x . These results, for the obround augmenter, are

v
jet
presented in Figure 7.3-19 showing the effects of jet centerline lateral

reduced to

translation and deflection. Data from the jet survey and round augment
survey are Included for comparison. In addition to Figure 7.3-19, tigurn
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FIGURE 7.3-15. CROSS-SECTION TOTAL PRESSURE AND TEMPERATURE
CONTOURS FOR THE OBROUND AUGMENTER WITH THE OLT
CENTERED (POSITION a, Yp = 1.0) AND DEFLECTED
DOWNWARD 3.6°.

(Ap/Ay7=25,Xy/Dyq=1s 6,LA/DAﬁ6,TTN/Tamb=4. 6,7=2.0)
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7 .3-20 has been prepared to show the ratio Vmix max , thus giving some

Vmix avg.
idea of how the various parameters influence the mixed velocity distribution.

When vmix max is equal to 1.0, the velocity profile would be flat. The

vmix avg.
results have a bearing on the interpretation of the self-noise data. They

indicate, for example, that with an obround augmenter having a laterally
offset jet centerline, the velocity profile is far from flat

Vmix max

( T > 2 atX/DNT=32)

mix avg.

so that the principal resulting self-noise would be generated by a small,
persistent, high velocity core of flow, rather than by a uniform, distributed

mass flow leaving the augmenter.

7.3.3 Augmenter Exit Ramp Surveys

Figure 7.3-21, -22 and -23 present total pressure rake data !
taken during the acoustic tests at the point where the mixed flow leaves the
obround augmenter exit ramp. In every case, the flow appears to have dis-
tributed itself into a fairly thin sheet. Each of the three figures shows the
influence of a particular variable. In Figure 7.3-21, the rake total pressure
distribution is plotted for two jet nozzle exit to augmenter entrance spacings.

Since the larger X,, spacing results in a longer flow path between the nozzle

exit and the rake, l:Inixing has progressed farther and the maximum total pressure
is lower. Similarly, the data in Figure 7.3-22 shows the ramp rake total
pressure distribution for two different augmenter lengths. Here again, the
longer flow path represented by the longer augmenter results in a lower peak
total pressure. Figure 7.3-23 presents the rake data taken at three different
jet nozzle pressure ratios and shows the influence of increasad jet total

pressure on the maximum rake total pressure.

It is of special interest to compare the maximum exit ramp rake
total pressure for a particular configuration with the maximum augmenter exit
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total pressure. This can be done by comparing the maximum exit ramp total
pressure from Figure 7.3-22 for the 72" augmenter length with the maximum
augmenter exit total pressure from Figure 7.3-10. At the augmenter exit, a
maximum total pressure to ambient pressure ratio of about 1.065 is found,
while the maximum exit ramp rake total pressure to ambient pressure ratio

is found to be 1.052. Considering the geometry (the ramp rake isn't linec
up with the jet centerline), one would conclude that the maximum velocity in
the flow leaving the ramp is only slightly lower than the maximum velocity
leaving the augmenter duct.

7.3.4 Stack Exit Total Temperatures

Two total temperature probes were placed in the stack exit with
the stack and baffles configuration. One probe was on the stack centerline,
the other was displaced laterally one-half the distance to the stack sidewall.
These probes were mounted on a lateral plate which could be reversed end for
end. As a result, data was obtained both with the offset probe behind the jet
nozzle position and on the opposite side of the stack from the jet nozzle center-
line. The data from these probes is presented in Figure 7.3-24 in the form of

a temperature parameter where

T 0 Texit ™ Tamp Texit ~ Tpr
exitp = T — = TroCTTo
TN amb TN BE

The results show that the probe behind the jet nozzle experiences much higher
total temperatures. The indicated exit temperature parameter of 0.275
corresponds to a temperature of 950°F for an afterburning engine on a 100°F day.

7.4 Augmenter Longitudinal and Perimetral Wall Temperature Distributions

Among the major goals of this test program was the gathering of test data
relating to jet impingement on the augmenter wall and resultant augmenter wall
heating. To accomplish this, the aero-thermal test program was run with the
absorptive obround augmenter having 30 lorgitudinally and perimetrally distributed
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wall thermocouples , as well as wall static pressure taps. Tests were run
with the jet nozzle centerline oriented in various ways relative to the augmenter
centerline to define the influence of aircraft configuration and orientation on

the wall ke ating phenomenon. Here, as with the preceding survey results,
corrections have been made to account for the effective jet deflection at
elevated temperature, except where it is desired to show the influence of
vertical jet nozzle centerline deflection.

The augmenter cross-section survey results for )'N = 2.0, discussed
in Section 7.3.2, indicated that, with lateral translation or deflection of the
jet nozzle centerline relative to the obround augmenter centerline, the jet
tended to be carried to the augmenter sidewall. The results of this tendency
are graphically illustrated in Figure 7.4-1 which shows the longitudinal dis~-
tribution of augmenter wall temperature parameter, Twallp, for a number of
different lateral nozzle centerline locations and deflections. The data in the
figure indicate unexpectedly high augmenter sidewall temperatures for a lateral
offset and deflection representative of the F-14A aircraft configuration (Yp =0.45,
o = 1°). Similar top and bottom wall data show appreciable jet impingement
effects when the jet Is deflected vertically (Figure 7 .4-2). Figure 7.4-1 shows,
for example, that the orientation corresponding to the F-14A (Yp =0.45, (ls =1°)
results in over 100% greater maximum wall temperature parameter than for the
centered, undeflected jet.

Additional obround augmenter sidewall temperature data were obtained
during the acoustic testing to find the influences of the augmenter exit ramp
and the influence of jet nozzle total temperature and pressure ratio on wall
temperature., TFigure 7.4-3 shows the distribution of sidewall temperature
parameter at AN = 2.0 with and without ramp for nozzle total temperatures
of 2300°R and 3300°R ("I /T =4.64&6.6). The data show a slightly
lower maximum wall temperature parameter at TTN = 3300°R than at 2300°R
(which is due to a slightly lower mixed temperature parameter; see Section
2.2) and a slight increase in maximum wall temperature parameter when the
ramp is added because of the reduction in pumped air.
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42 IN. STATION WITH THE JET IN THE F=14A
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b - 184 -




FLuiDyNE ENGINEERING CORPORATION

dovinstream view

-
"wa

-~ NW v

— ———

9.
0.
C.
0

WALL TEMPERATURE PARAMETER

/
P11 Psnel

o

220

.992
Loee
R
.08

.CCC

—_. O OO O

WALL TO SHELL PRESSURE RATIOQ

FIGURE 7.4-8. WALL PRESSURE AND TEMPERATURE VARIATION AROUND
THE PERINETER OF THE OBROUND AUGMENTER AT THE
42 IN. STATION WITH THE JET IN THE F14A LOCATION
(POSITION b, Y, = 0.45) AND DEFLECTED 3° LATERALLY
TOWARD THE NEAR WALL OF THE AUGMENTER.

~ 185 -




FeuiDYNE ENGINEERING CORPORATION

downstream view

OO OO
. . e
- W

WALL TEMPERATURE PARAWETER

L O CY O
. .

)

yl

)

.
()
(@)
C

§ WALL TO SHELL PRESSURE RATIO

FIGURE 7.4=9, WALL PRESSUREZ AND TEMPERATURE VERIATION AROUND
THE PERIMETER OF THE OCROUNG AUGMINTER AT THE
42 IN. STATION WITh THE JET IN POSITION ¢ (Yp =
0.29) AND UNDEFLECTEG.

- 186 ~




FeusDyNE ENGINEERING CORPORATION

FIGURE 7.4-10.
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FIGURE 7.4=11.
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The effects of jet nozzle pressure ratio on the sidewall temperature
parameter with the offset jet (Yp =0.45, cxs =(0°) appear in Figure 7 .4-4,
Operation at )\N =3.0 rather than 2.0 greatly reduces the extent of jet
impingement on the augmenter sidewall. This is to be expected on the basis

of the augmenter cross-section survey results (Figure 7 .3-11) wherein the

higher pressure ratio offset jet was not carried closer to the sidewall.

Figure 7 .4-5 contains wall temperature parameter data for different
augmenter length-diameter ratios. These data indicate that, within the
accuracy obtainable, augmenter length-diameter ratio has little effect on
the longitudinal wall temperature distribution.

Figures? .4-6, -7, -8, -9, -10 and ~11 represent a different way of
presenting the affect of impingement on wall temperature. At each of the
instrumented axial stations, there were several thermocouples and wall
pressure taps located around the augmenter liner perimeter. For the
figures presented herein, the instrumentation at the 42" station has been
selected to portray the influence of jet impingement on the distribution of
wall temperature and pressure around the liner perimeter. Figure 7.4-6
shows the pressure and temperature distribution for a centered, undeflected
jet nozzle. The temperatures and pressures must be symmetrical with
respect to both the vertical and horizontal axes. Figqures 7.4-7, -8 and

-9 show the effects of varying amounts of lateral jet centerline offset and

deflection. Similarly, Figures 7.4-10 and -11 present the data taken with

different amounts of vertical nozzle centerline deflection.

7.5 Jet Nozzle Base Pressure

A single jet nozzle base pressure tap was installed on the no=zzle boattail

about 1/4 inch upstream of the nozzle exit. Measurements of nozzle base

pressure were tanca for all test poirts to make possible a determination of
how the base pressure is affected by the Hush House environment. Because
of the peculiar boattail configuration, the base pressurc was significantly
below ambient pressure even for the jet survey tests and corresponded to
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Png

Pa mb

- .996 forall A, and ‘T

N conditions .

N
A base pressure parameter, pNBp , was defined to show how the base pressure
pump-down with the jet irside of a Hush House would compare to the pump-

down during out-of-doors (free field) operation.

(P - P, co ) - (P -P )
PNB _ NB interior Hush House NB amb free field
P Pamb
(P - P _ (P - P..)
= NB BEwith augmenter NB EE jet survey
P
EE

When an aircraft is placed in a Hush House, the Hush House interior pressure
becomes, in effect, a different reference ambient pressure. A base pressure
parameter of -0.005, for example, would imply that the nozzle base pressure in
the Hush House environment is 2" HZO lower, relative to this new reference
ambient pressure than the free field base pressure is relative to barometric
pressure. Figure 7.5-1 presents the base pressure parameter plotted versus

jet nozzle to ambient temperature ratio for a variety of test configurations with

a nozzle exit to augmenter entran ce spacing typical of the expected F-14A
installation. The data shows little excess nozzle base pump-down for most
configurations when the jet nozzle to ambient temperature ratio, TTN/Tamb'
corresponds to military or afterburning power. The pump-down increases with
the increased pumped flow associated with the addition of a subsonic diffuser.
A very small pump~down is apparent with the obround augmenter which implies
that the nozzle base pressure with Hush House operation will bear the same
relationship to the Hush House interior pressure as the free field operation base

pressure does to barometric pressure,

Figure 7 .5-2 shows the influence of nozzle exit to augmenter spacing
on base pressure parameter. As the jet nozzle exit is moved very close to
the augmenter entrarce, the base pressure is influenced more and more by

reduced static pressures ir the pumped flow entering the augmenter and the
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base pressure parameter becomes more and more negative. At large spacings
between the nozzle exit and augmenter entrance, on the other hand, the
situation at the nozzle base approaches the free field situation and PNBP =0
within the measurement accuracy.

Since the base pressure parameter shows little excess pump-down for
configurations typical of Hush House installation with normal engine operating
conditions, the nozzle base pressure effects will not be given further con-
sideration.
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7.6 Acoustic Test Results

7.6.1 Jet survey

The purpose of the jet survey was to obtain baseline data
on the PWL spectra of the undisturbed (not surrounded by an aug-
menter tube) jets used in the model study. The 2.75-in.-diameter
converyrent-divergent nozzle, as described in detail in Sec. 4.1,
was run at pressure ratios AN ol 0 and 3 and at jer nossle temperg-
tures TTN OF 520°R, 300°K, and 3300°R. Table 7.4.]1 summarizes the

characteristic acoustic parameters of the various model jets.

TABLE 7.6.1 CHARACTERISTIC ACOUSTIC PARAMETERS OF THE MODEL JETS*

Jet Total .
Pressure | Jet Exit
Temperature Ratio Velocity |Jet Mach (
3 (o] 3 [o]
TTN in °R Tj in °R AN fps Number pEXIT/pAMB+
L2664 2 1056 1.0k 1.17
520
380 3 1302 1.36 1.31
1886 2 2221 1.0k 0.26h
2300
1680 3 2737 1.36 0.298
2706 2 2660 1.04 0.184
3300
2410 3 3278 1.36 0.208

*¥This information was supplied by Fluidyne and is based on the assumption
that the jet was expanded isentropically to PAMB for each of the above
conditions.

+Ratio of density of Jjet exhaust gas at exit plane to density of ambient

temperature air.
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Measured Data

Firure 7.6.1 shows the measured 1/3-octave band rWL spectra
(in d» re 10_'2 W) for AN = 2 with TT, as parameter. Fijure
7.6.2 presents the same information, but for AN = 3. As expected,
both figures show an inecrease in PWL with increasing jet fempera-
ture. The ratio of increase corresponds roughly to the square of
the ratio of the absolute temperatures.

At AN = 3 and at room temperature (i.e., TT” = 520°R), the
Jet noznle was not correctly expanded (DEXIT#OAMB) and jlet screech
was observed [4-3, 4-4]. Screech 1s a phenomenon that involves
an acoustic feedback from the shock region to the nozzle; it
manirests 1tself in strong harmonically related pure-tone com-
ponents in the PWL spectrum. In Fig. 7.6.2, one can see strong
nure-~-tone components in the 2-kHz and 4-kHz center frequency
1/3-0ctave bands. Observaticns indicate [4-3] that the process
is nonstationary and that the zmplitude of the tones c¢an vary
strongly with even the slichtest changes In the geometry of the
reflecting surfaces In the viecinity of the nozzle,. In addition
to screech, the improperly expanded et fmenerates excess broad-
band noise due to the interaction of convected vortices with

shock waves.

Since shock noi.r and screech occurred only 2t runs with
ambient temperature and a pressure ratio of 3, neither of
which condition corresponds to Jjet=cnsine oreration, and stnon
shock and screech noise are poorly documented and understood at
nresent, the interpretation of this specific condition was not
pursuei. It should be noted only that screech often can be

eliminatod by adding on the noxile 1ip a small projection that
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is sufficient to disturb the correlation of the vortex shedding
along the lip and thereby destroy the feedback mechanism [4-3].

Normalization of the Measured Data

The measured model data yield a satisfactory collapse into
a single curve if the measured 1/3-octave band PWL data are
normalized according, to the empirical relationship given by

PWLyy = PWL, - 20 log (TTN/52O) - 30 log Ay (7.6.1)

where PWLM is the measured 1/3-octave band PWL in dB re 10™'% W

of the model.

Figure 7.6.3 shows the model jet data of Figs. 7.6.1 and

temperature run near the peak of the spectrum, the data collapse t
is quite satisfactory. Thus, at least in the pressure ratio and

temperature ranges of interest, the sound power at each frequency

band increases with the square of the ratio of the absolute

temperatures and with the third power of the pressure ratio.

A common method for collapsing data is to plot them against

the Strouhal frequency S defined as

£D
_ PN
s——Uj— , (7.6.2)

where f is the frequency, DN is the diameter of the nozzle, and
Uj is the jet flow exit velocity. This method gives pood data
collapse for cold subsonic jets, but did not work at all in our

case of a hot supersonic jet. However, a Strouhal frequency

‘ 7.6.2 normalized according to Eq. 7.6.1. Except for the ambient
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based on the speed of sound in the surrounding air rather than

on the jet flow exit velocity yilelded satisfactory data collapse.

Extrapolation to Full Scale

Keeping; the same pressure ratio and temperature and increasing
the diameter of the nozzle manifests itself in (1) an increase
of the sound power output which 1s proportional to the square of
the ratio of the diameters and (2) a shift of the model-scale
spectrum toward the lower frequencies corresponding to the ratio
of the diameters of the model-scale and full-scale nozzles (i.e.,
fp = Ty Pyy

use the normalized sound power spectra PWLNM obtained for scale-

model data at model frequency fM to predict the spectral level

/DNF)' Applying this procedure to Eq. 7.6.1, one can

of the noise at full-scale frequencies fF as follows:

PWL(fF) = PWLNM(fM) + 20 log (TTN/52O) + 30 log AN
(7.6.3)
+ 20 log DN/2.75 s

where PWLNM(fM) is the octave-band PWL spectrum of the 1:15
scale-model data (given in Fig. 7.6.4 and normalized according
to Eq. 7.6.1) and PWL(fF) is the predicted octave-band PWL
spectrum at full scale. An example of using this scaling pro-

cedure is given in Sec. 2.3.1.

7.6.2 Aerocacoustic tests

The primary purpose of the aeroacoustic tests run with
various hard-walled augmenter configurations was the generation
of aerodynamic data regarding pumping performance. Acoustic
data were taken for every run, but very little variation was
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observed; thus, the test results can be summarized by a few

eraphs that illustrate characteristic trends.

Effect of Nozzle Distance

Depending on the distance between the nozzle exit plane and
the augmenter inlet, the distribution of sound power between
the burner room and the exhaust room varies. TFirure 7.6.5 shows
the PWL spectra measured at 3300°R and a pressure ratio of 2
for a 72-in.-long, 12.5~in.~diameter, hard-wall augmenter tube
when the nozzle was located 10.5 in. upstream of the augmenter
eXxit plane. For this specific case, the jet PWL is very nearly
evenly distributed between the two rooms.

The low=-frequency portion of the spectrum, which is generated
far downstream of the nozzle well inside the augmenter tube, pro-
pagates mostly into the exhaust room. The high-frequency part
of the spectrum, which is generated near the nozzle, radiates
primarily into the burner room. Except for a slight difference
at high frequencies, the sum of the PWL spectra of the burner
and the exhaust rooms closely corresponds to the total sound
power of the free jet as measured previously in the Jet survey
series. This slight difference in sound power at high frequencies
is most likely the result of a slight decrease in velocity
gradient in the shear layer due to the more concentrated secondary
flow pumped by the jet and a very small but finite attenuation
of sound in the hard augmenter tube.

Figure 7.6.6 shows the character®*stic changes in the PWL
spectrum in the exhaust room, and Fig. 7.6.7 shows the correspond-

ing change in the PWL spectrum in the burner room, with changing
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axial distance XN of the nozzle from the aurmenter inlet. These
data indicate that in Hush House designs the axtial distance XN
should be less than twice the diameter of the nozzle to reduce
that portion of the high-frequency sound ecnergy which enters the
Hush House proper and produces n.oise levels in the vieinity of the
atreraft in excess of the free-field levels. Sound levels in
excess of the free field values are undesirable, because they
increase the noise exposure of service personnel and may lead

to fatiyue of fuselage or failure of certain instrument packares.
Of course, as X, decreases, more of the jet noise jyoes into the

N
exhaust room.

Effect of Augmenter Tube Length

The length of the hard-walled augmenter tube has practically
no influence on burner-room PWL spectra. Exhaust-room PWL spectra
decrease slirhtly with increasing aursmenter tube length, indicating
a very small but finite sound attenuation in the hard augmenter
tube. The data plotted in Fig. 7.6.8 illustrate this behavior,

which is typical of other hard-walled augmenter confirurations.

Effect of a Subsonte Diffuser

Except for a very slight decrease of high-frequency sound
in the burner room, adding a subsonic diffuser to a hard aug-
menter tube to increase pumping performance has practically no

effect on the efficiency of the noise-generation process.

Effect of Inlet Throttle

The throttling device used to effect small chanres in the
secondary cooling air volume pumped by the primary jet had no
effect on either burner-room or exhaust-room noise levels.
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Effect of Augmenter Inlet Geometry

Round and conical bellmouths produce about the same sound
power in both the burner and the exhaust rooms. A sharp-edged
bellmouth was found to decrease sound levels in the burner room
by about 2 dB at all but the lowest frequcncies, but it had no
significant effect on exhaust-room levels. Because most of the
sound power entering the Hush House proper is due to reflection
of highly directional sound radiating from the shear layer just
downstream of the nozzle, the wall surfaces in the vicinity of

the augmenter intake as well as of the augmenter bellmouth should

have a highly effective sound-absorbing treatment or a geometry

L wrone e

such that the jet noise reflected from these surfaces will either

enter the augmenter tube or be directed toward other highly

st sy s iy

absorptive surfaces.

7.6.3 Aerothermal tests

The main purpose of the aerothermal tests was to provide
design information regarding wall temperatures and velocity
profiles in the obround lined augmenter tube modeling the Miramar

installation.

ot 10 e 2 1ty Gt i ey b <

Effeet of Nozzale Position

The radial position of the nozzle with respect to the center
of the augmenter tube affects the intensity of the exhaust noise
exiting from a lined augmenter tube. The measured data plotted in
Fie, 7.6.9 illustrate this effect. The lowest levels are generated
when the nozzle is centered. Shifting the nozzle to the Fe1l
position increases the exhaust noise by 3 dB at frequencles where

A = X St o S A

the radial dimension of the aurmenter becomes large compared with
the wavelength of sound. A further shift toward the lined wall

R i sl o T
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results in a slisht additional increase of the exhaust rnoise at
hirh frequencies. The reason for this increase is most probably
due to the fact that movingy the jet from the center position
shifts one halt of the sound field nearer to and the other halfl
further away from a sound-absorbing, wall. The net result of

this shift is always a reduced sound attenuation. In addition,
the unsymmetric seometry results in higher peak exit velocities
and in a higher degree of inhomogeneity of the flow, both of which

conditions tend to increase self-noise levels.

Effect of Angular Misalignment

An anrular misalignment of the nozzle from the aurmenter
tube axis results in higher exhaust room noise levels. As shown
in Fiys. 7.6.10, the acoustical effect of such angular misalign-
ment is similar in nature to the effect observed for off-center
positioning of an otherwise axially oriented nozzle (see Fig.
7.6.9 for comparison). MNote that the effects of off-center

spaciny, and angular misali,.nment are additive.

Burner-room noise levels remain practically unaffected by

small anyrular misalignments, say less than 3°.

Effect of Rakes
During many aerothermal tests, rakes were deployed to measure
A in

the augmenter tube. Turbulent wakes and periodic vortex shedding

the velocity and temperature profiles at axial locations X

from these rakes generated considerable noise; in certain frequency
ranres, this noise exceeded the intensity of the Jet nolise at-
tenuated by the lined aurmenter tube. Except for Fiws, 7.¢.11,

all acoustical data presented in this report were measured with

no rakes in the lined aurmenter.
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Figure 7.6.11 shows the effect of the rakes on the sound
power entering the exhaust room through a lined augmenter tube,
indicating that the presence of solid structures in the flow can
considerably increase the exhaust noise. As expected, the increase
is the highest for axial location XA2 (1.e., at the end of the
lined augmenter tube), where this is no lining downstream to ab-
sorb the sound generated at this location. Note also the strong
peak in the exhaust room sound power spectrum at 16 kHz, which
corresponds to the frequency of periodic vortex shedding from
the small-diameter pitot tubes of the rake. Even when placed

at XAl = 48 in. (i.e., one-third of the way upstream from the

augmenter tube exit), the rake generated enough noise to control
the intensity of the exhaust noise at high frequencies. These

findings lead to the conclusion that no sueh structures should *
be in the flow path when the acoustical performance of the full- 1

scale Miramar Hush House i1s tested.

7.6.4 Acoustic tests

The purpose of the acoustic tests was to determine the re-
duction in sound power provided by various lined augsmenter con-
fipurations and by the sftack with sound absorbing baffles. The

reduction in sound power output APWL is defined as the difference
in the sound power level of the free jet and the sound power
level of the noise reaching the exhaust room. We also measured
the sound power level in the burner room to provide information
for estimating sound pressure levels 1n the Hush House proper.

The following exhaust configurations were tested:

* A model of the e.haust system of the Miramar Hush House

* A lined model augmenter tube designed by RBN
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* A series combination of a hard-walled augmenter tube, 1

hard subsonic diffuser, hard turning vanes, and a lined

stack with sound absorbing parallel baffles.

+ A variety of combinations of lined and hard augmenter

sections and porous sound absorbing ramp.

The measured data were to yield information for (1) predict-
ing the acoustical performance of the full-scale Miramar Hush
House, (2) comparing the acoustical performance of the Miramar
augmenter with that desipgned by BBEN, and (3) use in the design
of the lined exhaust systems of future Hush Houses.

The acoustical data measured for the various Jjet temperatures,
pressure ratios, and exhaust configurations were the space-time-
averased sound pressure levels in both the exhaust and the burner
rooms. Using these recorded data, one could calculate the 1/3- t

octave band PWL of the noise entering these rooms.

Variables Influencing Acoustical Performance

The acoustical performance of an exhaust silencer system
(i.e., reduction in sound power level it provides) is influenced
in a complex manner by a variety of parameters. Althourh all
of these parameters were modeled so that the test results would
reflect the expected performance of the full-scale system, we
discuss these parameters in a qualitative manner at this point
to help the reader in understanding and interpreting the data

presented in the followlng sections.

As shown schematically in Fig. 7.6.12a, the exhaust sound

power FPWL is the sum of the attenuated /¢ woewd P ower o the

EXH
self-menerated sound power of the flow exiting from the exhaust
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end ot the system PWIL AL 1s the sound attenuation provided

SNT
by the silencer, which is strongly affected by the temperature

and by temperature and flow gradients. It increases with in-
creasing silencer lenpgth, decreases with 1ncr-asins cross—-secotional
arcea, and usually decreases somewhat with increasings flow speed.
Silencer attenuation also depends in a very complex manner on the

wall impedance of the lining, which chanres with frequency.

For a riven exit speed, self-rencrated noise sets an upper

1imit Lo the reduction of sound power APWL,; i.e., the silencer

provides 2 measurable reduction AL of the sound power radiated
by the Jet exhaust. However, self-ncise may control the level
ot pWLEXH and therefore of A'k.L. The effect of self-yenerated
noise on AFWL is shown schematically in Fiy. 7.6.12b. At low
exit speeds, where self-generated noise is low, APWL = AL and
full advantare is taken of the silencer installation. If the {
exit speed 1s hifsh enoush that the level of the self-renerated
noise becomes comparable to, or is higher than, the level of
source noise attenuated by the silencer, the reduction in source
sound nower level achieved will be smaller than the attenuation
orovided by the silencer (i.e., APWL < AL). If the level of

the self-generated noise is laryer than the source scund power

level (i.e., PWLSN > PWLJ) APWI, becomes neyative, indicatins
that more sound power exits from the silencer than is injected
into it by the source. Such amplification may actually occur
in cases where obstructions in the exit stack renerate periodic
vortex shedding, which interacts with the acoustical resonances

of the stack.

In the case of the Miramar Hush House and the other model

confisurations tested, no such amplifications occur: however, in
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certain limited frequency ranges,

the potentlial performance of

the lined exhaust system may be slightly compromised by self-noise.
This result is unavoidable unless facility size and cost is not

an important consideration.

PWLSN,

If the exit noise is con-

The sound power of the self-generated noise, increases
very strongly with the exit speed VEX'
trolled by the noise generated by the mixing of the exiting flow
with the surrounding stationary air, the exit flow can be con-

sidered as subsonic jet, and, in this case, the sound power of
the self-noise increases with the eipghth power of the exit

velocity. If the noise generation is controlled by the inter-
action of the turbulent exit flow with solid objects,

and the 1lip of the exit duct,

such as

rakes, duct walls, the sound power

of the self-noise increases with the sixth power of the exit

velocity. Since the maximum velocity of the mixed exhaust flow

at the augmenter exit plane V ¥ increases with decreasin-«

mix max

aurmenter lenrth (thourh the mass flow remains nearly constant),

the exhaust room PWLs measured for the 48-in., 72-in., and 96-in.

lons lined BBN augmenter tubes provide

whether or not the self-noise controls

The octave-band sound power level

plotted as a function of V_, .
mix max

level increases with increasiny velocity.

attributable to both the shorter lined

in Fig.

an opportunity to check

the exhaust sound power.

of the exhaust noise,
7.6.13, shows that the
This increase is

aurmenter length, resulting

in a lower attenuation of the jet noise,and higher self-generated

noise.

If the exhaust noise 1is

noise, one would expect that

£ SR . T es in Fip.
0 loy \mix nax 'he curv n i
result may occur only in the 8000-Hz

the exhaust FWL would increase
7.

center

entirely controlled by the self-

as
£.13 indicate that this

frequency octave band.

¥Vinix max represents the maxinum veloeity of the mixed exhaust Ilow.
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Self-imenerated noise is an unavoidable integral part of

both the model and the full-scale systems, and it is properly
included in all of our data and predictions. Althougrh some
attempts will be made to identify it in a qualitative manner,
its separation from the attenuated source noise is not possible
without more detailed information (i.e., the turbulence intensity
spectrum). Should there be a need in the future for Hush Houses
accommodating aircraft with a higher sound power output than the
F-14, or should Hush Houses be required to meet noise criteria
stricter than the present 65 dBA at 250 ft, self-generated noise
will certainly be a limiting factor and further studies must be
undertaken to determine how to keep self-noise just low enough

without an inordinate increase in facility size.

Burner-Room Data

In a manner similar to that used during the aercthermal
tests, we measured the 1/3-octave band burner-roor. PWL spectra
for all runs. The analysis of the data provides the following

conclusions:

1. FEffect of Nozzle Position: The data plotted in Fig.
7.6.14 show the effect of nozzle distance, XN’ on the sound
power spectra. The sound power reaching the burner room de-
creases strongly with decreasing axial distance. Comparing
Figs. 7.6.14 and 7.6.7 shows that with the lined augmenter one
can obtain substantially lower noise levels in the burner room

than with a hard augmenter.

2. Effect of Inlet Throttle: Similar to the case of hard
augmenter tubes, the inlet throttle has no appreciable effect

on either burner-room or exhaust-room levels.
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3. tHiffect of Anpular Misaliynment: Angrular misalignment
of 1° to 3° results in slight (1 dB to 2 dB) increases in burner-

room noise levels.

i, Effect of Augmenter Tube Length: The length of the lined
augmenter tube in the range from 48 in. to 96 in. has no effect

on the sound power radiated into the burner roomn.

5. Effect of the Ramp: Adding the ramp to a long lined
augmenter does not affect burner-room noise levels. However, for
a 12-in.-long lined aurmenter section added to a 60~in.-long hard
augmenter, the addition of a lined 45° ramp decreases the burner-
room noise levels slicghtly at low frequencies, indicating that
the ramp is effective in reducing the intensity of the sound
reflected from the end of the augmenter tube back into the burner

room.

6. Effect of Axial Position of 12-in.-long Lined Section:
Sound power level in the burner rcom is determined mostly by the
acoustic lining of the first 12 to 24 in. (model scale) of the
upstream end of the auementer. With the 12-in.-lonf lined section
at the upstream end, burner-room PWL was nearly the same as with
the fully lined augrmenter, except at low frequencies where FPWL
was only 2 to 3 dB greater than for the fully lined aupmenter.
Placing the 12-in. section anywhere else in the augmenter resulted
in poorer performance (PWL averarins 3 to 4 dR greater).

7. Effect of Exhaust Treatment: The choice of sound-
attenuating treatment in the exhaust system influences the sound
power entering the burner room, especially at low frequenciles.
Firure 7.6.15 illustrates this effect. Low burner-room levels

can be obtained only 1f the aurmenter tube has a lininy which

effectively absorbs the jet nolse penerated within its passarge.
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Note that with respect to burner-room noise levels the stack-
and~-baffle exhaust treatment is practically equivalent to the
unlined auymenter tube alone. This result is not surprising
since both configurations have a long unlined augmenter, and
sound eneryy can be reflected back into the burner room from the

end of the unlined section.

8. Miramar and BBN Augmenters vs Stack with Baffles: With
rerard to burner-room noise levels, the two lined auymenters are
equivalent. However, for the stack-and-baffle configfuration,
burner-room noise is considerably higher at low frequencies than
that measured for the two confipgurations using the lined aurmenter
tube (see Fiy. 7.6.15). This result 1s partly due to the lack of
attenuation of the parallel baffles at low frequencies and to the
absence of any attenuation between the location where low-frequency

noise is penerated and the aurmenter inlet.

Exhaust-Room Data

In a manner similar to that used in the burner room, we
measured the 1/3-octave band PWL spectra in the exhaust room for
all runs and calculated the difference between the free jet PWL
(obtained from the Jjet survey) and the exhaust room FWL. Thi§
difference in sound power level (APWL), which characterizes the
acoustic performance of the exhaust confifrurations tested, is

discussed below:

1. BBN Ausrmenter with Ramp: The APWL achieved with the
72-in.-lons BBN aurmenter in combination with a 45° ramp
having a solid backing is plotted in Fig. 7.6.16 for AN = 2,
F-14 position, and nozzle distance XN = U in. as a function
of frequency with the temperature as parameter. (The solid-
backed ramp was a model of the Miramar full-scale ramp; the solid
backplate was used in all runs with the ramp except those dis-

cussed in paragraph 2 below.) fOenerally, APWL increases
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with increasing frequency up to 10 kHz after which it tends to

level off. The high-temperature runs provide substantially

hiyher APWL than the run at ambient temperature, because beneficial
temperature gradients in the augmenter tube passaye bend the
oriminally axially oriented sound waves toward the sound absorbing
wall lining,., The two high-temperature runs (2300°R and 3300°R)
yield almost the same APWL. The AFWL-vs-frequency curves obtained
for the AN = 3 runs with an exhaust configuration identical to

the above are plotted in Fig. 7.6,17. For this higher pressure
ratio, the APWLs measured for ambient and high-temperature runs
show little variation. We do nct have a satisfactory explanation
for this behavior at present. Comparing Fiy. 7.6.17 with Fir.
7.6.16 shows that the APWL is somewhat lower for the AN = 3 runs
than for the AN = 2 runs, except for the ambient temperature run
where the higher jet velocity may create higher flow velocity t

rradients, which provide an increased degree of beneficial re-~

fraction of sound toward the lining. H

2. BBN Aurmenter with Porous-Racked Ramp: To evaluate
whether or not the acoustical performance of the exhaust system
can be improved by makins the air cavity behind the ramp acousti-

cally useful, we removed the solid backinge of the 45° ramp and

repeated the AM = 2 runs. Firure 7.6.18 pives the results of
these runs. Comparine Fig., 7.6.18 to Fig., 7.6.16 shows that
the porous ramp provides 1-dR to 3-dI} hirher APWL at low and mid

frequencies than the ramp with solid backing.

3. PBBEN Aurmenter Without Ramp: '"he APWL obtained with the
72-in. BN aupmenter without the ramp for XN = 2 is plotted in
Fifm, 7.6.19., Fiprure 7.6.70 compares the data of Firs. 7.6.16
and 7.6.19. HNote that for the hipgh-temperature runs the presence

of the ramp increascs the APWI, in the frequency ranre from 600 Hr
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to 3000 Hz and decreases it above 3000 Hz. This decrease of APWL

at hiph frequencies is probably caused by an increase in self-

renerated noise due to the distortion of the © ow profile by the
ramp. For ambient temperature runs, the preuwc o2 of the ramp
decreases APWL in the entire frequency resrion. For these runs

at hiyrh mass flow rate, APWL is evidently controlled by self-

noise.

4, Effect of Nozzle Radial Position: Fipure 7.6.21 shows
the effect of the radial position of the nozzle on APWL for the
2-in.-lony BBN aurmenter without the exit ramp. It 1s expected

that the relative differences would be approximately the same with

the ramp installed. The measured data indicate that, except for

the very low frequencies, the shift from the center to the F-14

position decreases AFWL on the average of 3 dR. This decrease

is due to a less beneficial refraction pattern for the sound l
energsy radiating toward the far wall which is not compensated for

fully by the gain due to decronsed distance 10 the near wall.

In addition, the increase in the peak velocity of the flow exitinr

the ausmenter tube because of the asymmetry of nozzle position

may also increase the self-noise. One cannot determine from the

data which of these mechanisms 1is the controlling one.

5. Effect of Nozzle Axial Position: Figure 7.6.22 shows the
effect of changing XN’ the axial position of the nozzle, on the
APWL of the 72-in. BBN lined augmenter with 45° exit ramp. APWL
increases with increasing XN because less acoustic energy enters
the augmenter; instead, the energy enters the burner room (see
Fig., T7.6.14).

6. BBN vs Miramar Lining: Firure 7.6.23 compares APWL of
the 72-in. BBN aufsmenter with that of the 72-in. Miramar augmenter.

Both aurmenters were tested in combination with a 45° hard-backed
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exit ramp. The nozzle was, in both cases, at the F-14 position

At an axial distance of 4 in. and operated at pressure ratio of

D oat 3300°R.  The BBN aurmenter provided higher attenuation at
r'requencies up to 4 kHe than the Miramar aurmenter, because of
lower total flow resistance of the BBN lining. Above 4 kHz, the
Miramar augmenter provided a slipghtly hicher APWL. The slightly
lower verformance of the BBN augmenter at high frequencies is most
likely due to the difference in alignment between the 12-in.-long
augmenter sections. While the Miramar augmenter was hardly used,
the BBN aurmenter had been exposed to a large number of high-
temperature runs, many of them with axial and radial misalignment,
prior to these comparison tests. This exposure to a hostile
environment caused some buckling of the protective surface re-
sulting in misalignment between the sections and thereby may have

caused increased self-noise at high frequencies.

7. Effect of the Liner's Axial Position on APWL: To obtain
information about the optimal location of 1lined sections within
a long hard-walled aupgmenter tube, the APWL was determined for
a sincrle 12-in.-long lined aupgmenter section of BRN design,
positioned at various distances from the entrance of *h hard aupg-
menter tube which terminated into a 45° exit ramp. The total
lenyth of the augmenter tube was always 72 in. (i.e., 12-in., lined
and 60~-in. hard). Figure 7.6.24 shows the APWL-vs-Trequency
curves obtained from these tests. As expected, the positions
near the aurmenter intake are most effective in attenuating
hirh-frequency jet noise, which is generated near this location,
but least effective in attenuatins low frequencies, which are
srenerated at locations further downstream. The lined section
placed far downstream of the augmenter intake is effective in

attenuatins low frequencles but less effective in dealing with
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hiyh frequencies., The best balance between attenuation at high
and low frequenc:ies was obtained by positioning the center of the
lined scction 18 in. downstream of the augmenter intake. This
distance 1s approximately seven nozzle diameters from the exit

of the nozzle.

8. Effect of Lined Aurmenter Tube Lenyth: To evaluate the
effect of the length of the lined augmenter tube on APWL, we
tested three different lenpsths, all with a 45° exit ramp, with
the nozzle at the F-14 radial position and at an axial distance
of 4 in. upstream of the augmenter intake, with a pressure ratio
of 2, and at 3300°R. Figure 7.6.25 shows the measured APWL
values as a function of frequency for these three tube lengths.
At low frequencies (below 1250 Hz 1/3-octave band), where the
wavelength of sound is large compared with the cross-sectional
dimension of the passage, the attenuation in dB increases roughly
linearly with augrmenter tube length. At 1280 Hz, the low-freguency
attenuation is expected to reach its peak value becausc the average
depth of the airspace behind the lininrf roughly corresponds to
one-quarter of the wavelensth. In this frequency rerion, the
attenuation per unit lengith corresponding to half the height of
the open passage (0.4 ft in our case) 1s approximately 2 dB.
Accordingly, we would expect to achieve attenuation values of
20 dB, 30 dB, and 40 dB for the #4-ft, 6-ft, and 8-ft long aug-
menter tubes, respectively. Fipure 7.6.25, at 1250 Hz, shows
20-dB, 29-dB, and 37.5-dR attenuations, which correspond reason-

ably well to the expected values.

9. Stack with Baffles: As an alternative to the lined aug-
menter tube and exit ramp, we tested a model confijuration con-
sisting of a 60~in.-lony hard-walled aurmenter tube followed by

a subsonic diffuser, hard turning vanes, and a rectanrular stack
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with parallel baffles. The configuration is shown in Fips. 4.4.1
and 4.4.2. The baffles were designed to simulate a full-scale
installation that would yield approximately 385 dBA at 250 ft for
one enpine of an F-14A aircraft coperating in the aflterburning
mode. Accordingly, this configuration would be useful for com-
paring the performance and cost of various alternative exhaust-
silencing confipgurations. The stack-and-baffle confijruration was
evaluated at AN = 2 for three different temperatures. The APWL
obtained is shown in Fig. 7.6.26; it is lowest for the ambient
temperature run which had the largest mass flow and highest for
the 3300°R run which had the smallest mass flow. The protective
fiber metal surface was observed to buckle when exposed to hirh
temperature; this buckling reduced the effective width of the
passage between the baffles and may thereby have increased the
sound attenuation of the silencer. This effect may be partly
responsible for the higher APWL at high temperatures. The hirher
APWL obtained with high~temperature runs may also be due to

the favorable temperature gradients, the increased flow resistance
of the porous material in the lining, and the increased end
reflection. Comparing Fig. 7.6.26 with Fip. 7.6.16 shows that
the APWL obtained with the stack-and-baffle confifuration is
substantially less than that achieved with the lined aurmenter
tube configuration at all except hirh frequencies, where the two

configurations yield comparable results.

7.6.5 No-flow tests

Tests of the attenuation of the lined aurmenter without air
flow were conducted for all acoustically treated aurmenter con-
firpurations. Measurements were made by placings a loudspeaker

close arrainst the upstream end of the aurmenter, with the speaker
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faced directly down the auyrmenter ax’ =, and measuring the room-
average sound pressure level SPL in tne exhaust room, using the
same instrumentation as was used during the jet runs (excluding
the tape-recording system). Immediately after this measurement,
an ILG was run in the exhaust room, and the SPL was aprain measured
this allowed correcting the SPL measured with the loudspeaker for
for effects of temperature and humidity. One run was made with a
60-in.-long& unlined obround augmenter, and the data were used as
the baseline from which attenuation of the lined ducts was cal-
culated; i.e., no-flow attenuation ALy, = SPL (60-in. unlined
augmenter) - SPL (lined ausrmenter). Results are shown in Firs.
7.6.27 throurh T7.6.30.

Pipgure 7.6.27 shows attenuation of U4-ft, 6~Tt, and 8-ft long
fully lined BBN augmenters without the 45° exit ramp. Attenuation
at high frequencies approaches the value given by

LA

AI‘NF’ = 10 log _7_~—HA T.5-g

In the absence of the refraction caused by hot air flow, the no-
flow attenuation at high frequencies is significantly less than
the APWL measured for jet noise. At low frequencies, the no-flow
attenuation is greater than APWL. The reasons for this are not
known precisely, but they are probably related to the differences
in wavelength, effective flow resistance, acoustic source size,

location, and directivity.

Figure 7.6.28 shows attenuation for the same augmenters as
for Fig. 7.6.27, but with the addition of the 45° exit ramp.
Attenuation for the 6-ft and 8-ft lonpg augmenters is eossentially

unaffected by addition of the ramp for frequencies of 1250 Hn
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FIG. 7.6.27. NO-FLOW ATTENUATION OF FULLY LINED BBN AUGMENTERS
OF THREE DIFFERENT LENGTHS WITHOUT 45° RAMP.
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and below. The ramp increases attenuation by approximately 10 dB

at high frequencies.

Figure 7.6.29 compares attenuation of the 6-ft BBN and Mira-
mar lined augmenters and the stack with baffles. At frequencies
between 400 and 1000 Hz, the BBN liner provides significantly
greater attenuation than the Miramar liner; these two are approxi-
mately the same at higher frequencies. Both the BBN and Miramar
liners have better no-flow attenuation than the stack with baffles
at low .requencies and worse attenuation at freguencies of 6300 Hz

and greater,

Figure 7.6.30 shows no-flow attenuation for the 12-in.-long
BBN lined augmenter section placed at different axial positions
in the 60-in. hard-walled augmenter with 45° exit ramp; also
plotted is attenuation for the 60-in. hard-walled augmenter with
ramp but without the 12-in. lined section. The attenuation is
nearly independent of freguency between 500 and 16,000 Ho.  At-
tenuation is best for position 1 (closest position to the loud-
speaker) at lower frequencies, probably because of nearfield
effects close to the speaker face. Excluding position 1, there
is not apparent preferable location for the augmenter lining in
the absence of refraction induced by the hot flow.
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7.7 Conclusions

7.7.1 Conclusions from Aerodynamic-Thermodynamic Data

1. With an adequately large augmenter cross-section to )et nozzle

throat area ratio, AA/ANT’ sufficient cooling air can be pumped

even without a subsonic diffuser.

2. Addition of a subsonic diffuser increases cooling air pumping by
) T /r _
about 50% when TN ramb =6.6.
3. The test data show a consistent drop in augmentation ratio

parameter with increased jet nozzle to ambient temperature
iq Im /

ratio, TN Tamb’

the pumped flow.

related to heat exchange from the jet to

4. Pumping performance at TTN/Tamb = 6.6 varied no more than
10% over the tested range of augmenter length-diameter ratio
from 4 to 8.

5. Augmenter inlet throttling devices and changes to the augmenter

inlet configuration had a relatively small influence on augmenter

pumping performance.

6. Increasing jet nozzle pressure ratio, XN’ from 2.0 to 3.0 had
no measurable irfluence on augmentation ratio parameter, other
things remaining constant. Also, the augmentation ratio para-
meter remains relatively constant, even down to jet nozzle
pressure ratios corresponding to idling.

7. The augmenter pumging performance was slightly higher with
the rounded and conical augmenter entrance configurations,
than with the sharp-edged configuration.

8. At a nominal augmenter cross-section to jet nozzle throat area

ratio, AA/ANT’ of 25, changing from a round to an aspect ratio
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1.7 obround cross-section decreased pumping 10%. Part of this
decrease resulted from the change from a hard-wall to a porous

sound-absorbing wall.

With the obround augmenter, moving the jet nozzle centerline
laterally off-center or deflecting it laterally toward the augmenter
wall resulted in decreased pumping, high wall temperatures and
increased maximum augmenter exit velocity. At an orientation corres-
ponding to the F-14A configuration (Yp =0.45, as =1°), the pumping
ratio parameter was 15% lower than for the centered, undeflected jet
orientation and the maximum sidewall temperature parameter was

over 100% higher.

At a jet nozzle pressure ratio of A, =2.0, a laterally offset jet

N
tended to be carried closer to the augmenter sidewall, while at
)‘N =3.0, the jet remained on the nozzle axis with a corresponding

reduction in jet impingement.

The addition of an exit ramp to the obround augmenter caused a slight
back-pressuring of the augmenter and a corresponding reduction in

pumping performance.

With the augmenter plus stack-and-baffles configuration increasing
the jet nozzle to ambient temperature ratio from 1.0 to 6.6 resulted in
a 45% decrease in augmentation ratio parameter, which is greater
than the corresponding decrease which occurred with the augmenter

alone.

For typical jet aircraft being run up inside of a Hush House, the jet
nozzle base pressure will bear essentially the same relationship to
Hush House interior pressure as it would bear to barometric pressure

during out-of-doors operation; that is, there will be no excess pump-

down of the nozzle base pressure.




7.7.2 Conclusions from acoustical tests

L. Fxhaust notse from the =144 operatin: in the afterburn-
e mode In Yhe Mipasar Hush House 1s expected Lo meet the 35-di<A

¢riterion on the 250-ft radius, exeept possibly in a narrow ran; e

20 directions downstream of the iet.

k The measured data indicnte that one can prediect the full-

scale sound power speetra of a Jet, il Jjet total temperature,

nosocle vressure ratio, and nozsszle dilameter are known.

3. The kihlN-desirned rodel aurmenter lining provided slivhtiy
reater attenuation than the Miramar model linin:; both lined
au:-nentaers were acoustically superior to the vertical stack with

rarallel batfles.

4, Hush House¢e interior noise levels due to jet exhaust in-
crease sihrnificantly as the axial distance of the jet noznle fren
the aurmenter inlet increases, while the exterior exhaust noise

levels decrease as this distance increases.

5., Sirnificant reduction in Hush House intericr neoise due
to Jjet exhaust can be achieved by acoustical linins in the up-

stream end of the aurnenter.,

£. Optimum positions ror installins acoustiec linin- in the
aurtienter to reduce exterinr cexhaust noise levels extend fronm
approximately 5 to 25 nourle diameters downstrear: from ‘he nonvie

exit plane.

7. Aeroacoustic tests showed that an unlined aur-menter
causes a4 slirht deerease In et sound rower levels at hish fre-
quencies but noe chanrme at low freouencies.  The acoustic enersy

of the free jet was distrituted botweern two rooms correspondin:




to the Hush Pouse interior and exterior; most of the hich-frequency
ener.y remained in the Interior and the sound enerc-y at mid and
low frequencies was transmitted to the exterior. The particular
distribtution of enerry depends stronsly on the axial distance

between the nozzle exit and the augmenter tube eniry plane.
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8.0 FPULL~SCALE TESTS AT NAS MIRAMAR

The following two subsections cover the recommended aerodynamic/thermo-
dynamic and acoustical tests on the full-scale NAS Miramar Hush House with an
F-14A installed. The purpose of these tests is to verify the general operating
acceptability of the enclosure and to provide a correllating check on the design
calculations for the full-scale Hush House and on the model scale data presented
in this report. For such tests, it is recommended that the following engine
operating conditions be run and data recorded for each condition:

Test Port Starboard
engine engine
idle idle

2 idle max.
non A/B
3 idle intermediate (analyze data before proceeding)
A/B
4 idle max.
A/B
S max. max.
non A/B non A/B
6 max. idle
A/B

Runups will have to be made with and without augmenter rakes so that acoustical
data can be obtained which is free of rake noise.

8.1 Pressure, Temperature and Flow Measurements

Measurement of outside atmospheric conditions corresponding to each test
point are basic to the full-scale Hush House test program. These measurements
should include:

a. barometric pressure Pa mb

b. alr temperature Tamb

- 250 ~




FouiDvne ENGINEERING CORPORATION

c. relative humidity (for use in reducing the acoustical data)
d. wind velocity (also useful in interpreting acoustical data)
e. wind direction

Enough measurements should be made on the Hush House itself to determine
total Hush House airflow, Hush House interior flow conditions, Hush House interior
pressure, augmenter wall pressure and temperature, jet mixing progress at axial
locations corresponding with the model test rake locations, ramp surface tempera-
tures, ramp exit total pressures and aircraft nozzle base pressure (which should
also be obtained free field). The following list represents the minimum number
of measurements required to make the required determinations.

1. Inlet baffle surface static pressure, Pinlet (3)

2. Hush House interior static pressure, Pinterior (2)

3. Hush House interior total pressure survey, PTfloW (3)

4. Augmenter wall static pressure, Pwall (4)

5. Augmenter cross~section total pressure, total temperature surveys

60 ft. station (10 PT, 10 TT total)
90 ft. station (10 PT’ 10 Tp total run only at max. A/B condition)

6. Augmenter wall temperature, Pwall (9)

7. Ramp surface temperature, Tramp 2)

P
8. Ramp exit total pressure survey, Tramp (4)
9. Aircraft nozzle base pressure, PNB (1)

All pressures can be read using either a multi-tube water manometer referenced
to barometric pressure or an accurate guage. Temperatures can be determined
using iron-constantan or chromel-alumel thermocouple junctions and the required
support equipment. The location of the measurement points is shown on
Figures 8.1-1 and 8.1-2.
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After reducing the raw data to absolute pressures and temperatures, the
following additional calculations must be made so that the data can be checked
with the design calculations and with the model scale test results.

Total Hush House Air Flow
Winlet = Pinlet” 9"Ainlet Vinlet
effective
|
9inlet = Pamb = Finlet i
_ 1, Pinlef® 2
- 5 X g X vinlet
v _ \/zgx(Pamb = Pinjet
inlet Pinlet 9
- - T 2 ‘
Winlet = \/Z—"pinletx 9" % (Pypb ™ Pinlet! X Ajnlet [
effective
p Tamb.
pinlet = .00238 «x _P_i_nl_et_ X _fg&_
amb. amb.
std.
Augmenter Pumping Performance
. R
ARP - w umped Tamb X MWN
aircraft TN MW air
. T
Assume for every condition that Waircraft' TN' mw, are either known

engine performance data for the aircraft, or can be readily obtainable by
correcting standard day engine data.

Wpumped = Winlet w

alrcraft
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inlet
ARP W

#

SO (W

aircraft

Hush House Interior Flow Velocity

Using the Hush House interior pressure, P and the total

interior /
pressure in the flow approaching the aircraft, Tflow’ calculate the Hush

House interior flow velocity, V
flow

2g x (PT -P
v - flow
flow - e

interior)
xXg

amb

Check to see if Vv

flow is less than 50 fps and Pamb - Pinterlor no greater
than 2" HZO .

Augmenter Wall Static Prkssure

Pwall XA
Reduce wall pressures to P and plot versus D to compare
amb AM

with model scale results.

Augmenter Cross-Section Total Pressures and Total Temperatures

Reduce total pressures to PT/Pamb and total temperatures to

and compare applicable points with model scale data.
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Augmenter Wall Temperatures

PR T T

Reduce wall temperatures to

T _ Twall ~ Tamb
wallp = T —
TN amb
XA
; and plot versus -5~ for comparison with model scale data. Also, determine
: AM
Tmixp from calculated ARP and known TTN/Tamb and, using the maximum

-_——

wall temperature, calculate

Twall max
— . P
T . .
mix
Twall max p
Calculate Yparam for the test conditions and plot Tmixp versus Yparam '

for comparison with model test results and to predict excessive wall temperature
at max A/B before this condition is run,

Ramp Surface Temperature

T Tramg - Tamb 1
Reduce to ramp = , determine if T is
p T - T ramp
TN amb

acceptable and compare Trampp with rf;nall maxp in the ugmenter.

—_ v e

Ramp Exit Total Pressure Survey

| ’

Reduce to Tramp/ Pamb and compare with model test results .

Nozzle Base Pressure

Reduce nozzle base pressure data as follows:

l - 256 -
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Py _ PNB Png Pinterior
B = —_— - - —_—t
p Pa mb Pa mb Pa mb
Hush Free

House Field

Check for acceptability and compare with model scale results.

Note: Checkout testing of the Hush House at NAS Miramar, using
an F-14A along with other aircraft, was completed while this
test report was being prepared. Augmenter pumping performance
augmenter wall temperatures, etc. corresponded closely to the
model test results. A copy of the memo summarizing the full-
scale aerodynamic/thermal test data is bound with this report.

)




8.2 Acoustical Evaluation of the Miramar Full-Scale Exhaust
Silencer
Since completion of the Full=Tenle Miramar Hush House [A-57,
Mohas earried out a detailed test rrorram Lo evaluate the acous-
tical rerformance of the ffull-scale exhaust systern.  The objec-—

tives of this prorram were to:

1. provide a data base to compare the acouctical performarnce
of the full-scale exhaust system with that predicted on the basic

of the scale-model study, and

2. provide information rerardin: the directivity of the

sound radiation from “he exhaust plane.

8.2.1 Measurement set-up

Measurements of sound pressure levels in 1/3=cctave rands
from 25 Hze to 10,300 Hz and of n-wei.shted sourd levels were -adi-
at each of 20 microphone positions around th- it exit ramr, as
shown in Fi,. 8.2.1. Thesc nositions were claose enoush to +the
exhaust exit that the measured levels were net 1likely o be af-
fected by other noise sources. However, the 40-f1 measurement
positinmns were in the far field of the source and cculd bte used
to exlrapolate the sound levels to positionc on the 250-v radius,
thus enatlinie a determinati-n of whether the ~xhaust noise wns
dominant at these positlions. Measurement noaints 6, 10, 175, and
20 at the perimeter of the exhaust box rrovided informstiorn
about the source location of fhe exhaust nnlse, A1l meaggrenonsc
were made with one cn-ine of the F=14A aireraft orcera:ine- at
maximum att.rburner power ond the tie e caamiree st LT e e e
t.ions, 3uch as pressure-temperature rialos, were iy “he atmemer

‘ube or on the exit ranp durin:- acoust Lo messurement o,
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F1IG. 8.2.1. MICROPHONE POSITIONS FOR THE 1COUSTIC kVALUATION
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Avreement between the measurcd and vredicted spectra 10 ot isfue-

tory.

The sound pressure levels measured nt Jdifferepnt ancles
arourid the exhaust box were also used to calculate the dircetiv-
ity index of the exhaust noise for the F=140 with one encine-
runnin: ~* saximum afterburner. ''he results were presented in
Table 2.3.3 nd are repeated in Table 8.7.1. The ancle, ¢, is de-
fined as beine 0° in the downstream direction and increases to-
ward the side of the exhaust box corresnondin- to the enrine
which is runnins in maximum afterburner. 7Thus the anrle, ¢, in-
creases clockwise (lookiny down) if the port engine is running

and counterclockwise if the starbvoard enyine 1is rur-—iner.

TABLE 8.2.1. DIRECTIVITY OF THE MIRAMAR EXHAUST FOR F-14A WITH
ONE ENGINE IN MAXIMUM AFTERBURNER.

OCTAVE BAND CENTER FREOQUENCY (Hz)
Direction { 31 {63 | 125 {250 | 500 | 1000 | 2000 | 400C | 8000
¢ = 0° 0 1 2 2 3 2 3 2 B
-
¢ = bLs° 1 1 2 3 L 3 L 3 L o
$ = 90° -1 | -1 -1 1 1 1 2 1 1 f;;
¢ =270° [-1 -4 | 3| 3| -3 | -3 -0 -3 -94 )
¢ = 315° -1 | -1 -1 -1 0 -1 -1 e -2

In addition to the RRN measurerients, NAKC-Lakehurst measured
sound pressure levels at 14 points on the ~0-ft-radius circle.
The A-weirhted sound levels that they measured in the downstroan

half-circle for the port en~ine runniny are presented in Fir. 8.02.5.
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With the starboard ensine runniny, the levels would appear as the ]

mirror imare of those plotted in Fif. 8.2.0.

The analysis of the sound pressure levels measured at differ-
ent distances around the stack of the full-scale Miramar Hush
House indicates that the noise emanating from the exit plane ien-
erally controls the noise levels measured in the aownstream
quarter-circle at 250 ft. However, at frequencies below 100 H=x

the sprectral levels measured at 250 ft are hirher than would be

expected on the basis of data obtained at 40 ft, assumine hemis-
pherical spreadinss. This result implies that at frequencies be-
low 100 Hz there 1is another yet unidentified source controlline
the noise levels at both the 40-ft and the 140-ft locations.

Since, in this case, the spectral levels at these low frequencies

do not influence the A-weirhted sound, this effect is of no con- j
sequence. However, if the noise criterion is stated in another
form that puts more cmphasis on low frequencies than the A=~

weigrhted sound level does, the contribution of this source may !

prove to be of interest.

The analysis of the data recorded near the edr-e of the ex- !
haust box shows that the hijrhest nearfield sound rnressures were
measured on the side that corresponds to the afterburnin. enrine
of the aircraft under test, the maximum bein- measured at the top
edge of the ramp. This location of the me - red maximum near- 1
field pressures corresponds to the leocaticn of the maximum local
exit velocity, which i1s the 1likely location of the source of the

self-crenerated noige.

The exit flow from the aurmmenter tube i{s deflected upwards
by the U45° ramp. The exhaust flow along this ramp resembles a
wall jet which, when it reaches the topr of the ramp, creates

tralling-edge aerodynamic noise. The microphone measures the




sum of the aerodynamically renerated trailing-edre noise and the

enrine nolse attenuated by the lined ausymenter, and there is no
easy way to separate their relative contributions to the farfield
noise. However, there are some limited data available for the :
prediction of the aerodynamically pgenerated trailing-edre noise
fA-6] of a wall jet in the characteristic decayv region, if the
flow speed and the boundary layer thickness are known. Although
we cannot assume that the degree of turbulence and the pressure
gradients in the wall jet experiments of Ref. A-6 are fully
representative of the conditions of the ramp exit flow of the
full-scale Miramar Hush House, it is still useful to attempt a
prediction of the self-noise on the basis of these idealized

conditions.

Since the aerodynamically generated trailing-edge noise in- t
creases with the sixth power of the flow velocity, the peak exit
velocity is weighted heavily against the average. Accordinglyv,
if one assumes an "effective" ramp flow velocity of Ueff = 400 rt/
sec and a boundary laver thickness of § = 1.25 ft, the predicticn
scheme of Ref. A-6 yields, for a location 140 It downstream of
the exhaust stack, the predicted self-noise spectrum shown in
Fir. 8.2.6. For comparison, we also show the octave-band spectra
of the sound pressure levels measured at the same location for

the full-scale Miramar Hush House.

Althourh the cholce of h00 ft/sec "effective" flow velocity
is somewhat arbitrary and the ncise prediction scheme strictly
applies only to a wall jet orn a flat plate, this exercise arain
points out that level of the aerodvnamically renerated noise,
althousrh not dominant., mayv be only slirhtly below the level of

the attenuated alrcraft noise. lecause of the sixth-power depend-

ence of the aerodynamic noise on the local flow velocity, in
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situations where hiyher exit velocities are called for or stricter
noise criteria must be met, the self-noise may be a controllin:
ffactor. Our knowledre of the self-noise is very limited at rre-
sent; it is therefore recommended that systematic self-noise

investijmations be conducted.
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rage two

Table 1 presents the raw basic data taken during the initial
checkout tests in early August, 1975. In thc cases of Hush House

inlet pressure and interior pressure, the values presented represent

the average of pressures taken at more than one location.

TRBLE 1. RAW BASIC DATA FROM INITIAL
NAS MIRAMAR HUSH HOUSE TLETS

Veloc. Mar.

Hush Hs Hush Hs Probe Augm. Mz,
Power Air Inter. Inlet Total wall Pamp
Rircr. Setting Baro. Temp. Prces. Precss. Press. Terp. Tern
"hgabs °p "HZG PHZO "Igabs ran
gage gége Tine -
A-4 M1L 29.48 80 -0.75 -1.30 29.458 14y lald (V-11-7
F-8 MIL 29.51 71 -0.7 -1.30 29.49 164 108 (ve3-75)
F-8 A/B 29.51 71 -0.80 -1.45 29.49 294 373 (me1ant
F-4 (1)MIL 29.47 74 ~-0.75 -1.20 29.47 20l 195 (f-2-%0)
F-4 (lia/B 29.47 74 -0.80 -1.30 29.45 473 420 (o170 f
F-4 (2)MIL 22.47 74 -1.490 -2.58 29.42 715 237 (G-r-4D)
F-14a (1)MIL 23.34 g3 ~0.85 -1.4¢ 29.21 215 204 (8-0-70 5
F-14A (1)a/p 29,24 85 -0.¢0 -1.30 29.31 979 OLT (8- 0-75)
20,.35¢ --- 207 (03T

F-14Aa (2)1IL 29.4%5 70 -1.7¢ ~-3.00

The baromeitric pressures listed above do nist corraespond to the julaicnoed

data, in fome instaunccs, bhecause the published barcomctric prossure
didn't appear to corrclate properly with some of the othor al.enluicz
pressurce. Table 2 vresents augnonter axial walil tewporaiurs $dla
N .
taken during the intial tests and both wall temperatures ald prossured k
takxen during later tests (9-23-795) with the ¥-14A havinc one engirc
in afterburning powver sctiting.

TABLE 2. AUGHMENTER AXTAL SIDF WALL TEMPERATURES AND PRESSURES PRCM NALT
MIRAMAR HUSHh HCUSE CHECXCUT TESTS WITH THI P-142 HAVINSG NI
ENGINE IH A/B POVER SETTING

Axial Axial Wall wail T
Station Lozation Fressure Tenperature
Xa/Past H20aqe O .
1 0.67 -4.7 8 248 T
2 1.33 -4.2 @w 60 p
T o L . oo
3 2,00 -3.4 ‘0 735 __ 950 o
4 2.67 -2.2 23R 823 ¥ 970 »
5 3.33 -1.7 ) 723 2 9¢5 .
6 4.00 ~o Ao N 947 2 2
8 5.33 -0.6 o &% & 748 & @ A
- ~ £
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Figure 1 shows the lccation of rmaximun total tamparature and maximon

total pressurce in the Miramvar augsontor exit crosz-sicrion with “he
D

S PO | - PR - - . R . - - . - N
F-14n obtained during the 3-23-735 ¢ost, uzing a 2, 7. rake,
4 -
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Section G0 ol Ahr 100e] tont o vensel o with o ton oo Do ol
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antoayzoa e rolace vt o o Hooh Heuvos Joeinn ano to b

nodal test resvlice,

Kugh Hovee Interier pressupe

1 14 4y . N PR P . P x . .
The Mirceonr bucsh Houso ais inlet was sirzed o whni <

House intcrior picssurae depression would not cxceod 2 0" 5 0o oo

tion wiih the I'~14B havinag both enuires in moximaa pen-afnosd g 1,

-

(MTL)} power setting, Since the T-14B aircraft is nobt 1o sovvas,
 the Bush fouse was chucked out using the F-143.  With Loth ¢.o 5.
in military power sctting, the Hush House intorior pregsuve woe-: . 4

"H,0 gage, which indicates reasonable agreament with the desian cvio
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Total Hush House Tnlet Alr Flow Rate

ot

In order to check the effective areca of the Hush House
the 1/1% scale

rate:

inlet and verify the pumping periormance data from

flow Wy

&ir

the

model test progran, tne totol Lush Hoovse inlet

-

calculated using tiree indepeadent methods ard

For wathod one,

ir

the a1y {low rote was caleoultated Ly awrlyir

results compared.

G

the 1/15 scale model test resulte presented in Scoetion 2.1 ol the
model test repori, in conjunction wviith the airereft data antd (ko 7211-
scale auguoentor crovs-scotional oven of F;F = 1€3 su. It.
T T - H
n
. . s . . / JTN Ly
v . , = {7 o4l L, 1 P wOARD W . ] iy ooan
inleci N Uhuened ® Y ° ~on o L
1 i N
\ amb :
The reosvlos of e coloev?o Lior, olong il infoyiialion
in mobkiva Ll cnloevicgtion,., 1o oonon! i
R B SN BN T DTSR L 23 B0 T
Basve Cnoi e o s RPN SE
o T T T R “‘ -
evaor ”P‘, n I . _— 2"1‘ /i 1
hircer., Soiting L s, bt VO el i sz S I
Al o b Py { YO0 o PR :
P niy, | A .".’.-/‘1’ 0 Yoo 2y RS Y '
P A/ 170 400 &3 ro¢ v ago ;
) SRS (*y:a 1 10 2.6 T3 1600 Ji Laan oot ! !
(1)Ya/um L 1,20 s 3700 24 LGy KIS R
(2yM17, 3060 5. 01 36 160 2 L0 RIS
F-314a (})yi"+hL 250 3.56 51 1400 o a2 3.0l PR
{(IYya/n 2450 7.50 24 3700 24 .a92a J IR HETRIDG
(2)M11, 500 T.12 26 1400 D6 L8098 S )
AVL. 1799
alse assumed for these caloviationas:
0e € e
T = 75 F (53571)
amb
w . = 29
air
In some cases, the estimate rvequived a considorable extrapolatisa i the
rodel test data (th~ A-4 with AA/ANT = 102, for instancc).
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; Pagc five

l The scecond mass flow rate estimate was made using the 265 =g. ft.
effective inlot avea (335 sq. ft. geometric) astumed for the Hush Fouse

inlet dcsian, 2long with the static pressure measuraed at this arva

during the Miraonnr chochout tests.  Using typical anbient conditions

\

200

¢

1
i
P

I 1 FEPENEN - L 3 ’ - L4 -
of 2.5 H, aho (4200 "”/‘) 2ba) baremciric prossmre and 797F terr
[ S - ¢
OLC BYoSect s an adr density ol 0.0731 lh/cu. fU. and a sveed of cound

in air of 10 T per sezoidi. The maes flow rate throuwgh the aiv

inton can b b ocaloulaled as follows.,

. . = oG % V.
inlel ) intet inlet

Mol b RIRSTE G j.')’.':l 8 Tde NV L
PR REARY
QoY sacoto the dnjet stolic jrercosur
n PR RN SN S 1 :
R . '

j)
b 400
4 . .
antol
Yt v soeud OF Shoer ertev!loitor oo
fovy oarerais vun Jued o (he ol choan tes !,
S U T L S T I S L N I AR A SO NI
CALCULATID PLOGY TRE 1ULET S5AaryC PRl ouis e
Inlet
Tover YLatic /P :
' Y ©
. . . ( M, -
Airar., Soelting 'reaesure arlot inlet inlot
IR 3 HE
U S :
b d 1, -1.30 LOude 000 JRCR IS

F-2 1T, ~1.30 L0018 . G638 1615
F-0 A/ -1.45 .09G4 L0072 1710
) AR ()i -1.20 L9970 L0066 1568
¥ q (1)A/n -1.30 . 99068 .048 1615
¥4 (2)MTL ~-2.58 .993¢ .096 2280
F-14A (1)Mry, -1.40 .9965 .071 168G !
F-14A (Yyn/w -1.30 . 9968 .068 1615
F-14A (2)11 -3,00 «9925 .104 2470 {

* 1797 '
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/
The thicrd and final inleb mass {leovw rate cestimate was n0de on
thie basis of conditions at the onil>{ of the Hush House doors by

assuning that thoe wotal pressure there wvas botwoeoen barowetivic prossurve

o
and the eosured Hoagh Bouse dnterior survey raie tolal presonr ¢oand

that tho siatic presevre was couald to {he Heoh Houre dnlorior prasnurd,

the coor oulXol v fained weon e roaules

The efsociive s los soea ol 1l

of = voush svrvey of sopurated flow region: gl Che ooy ool oo Pl
o thy mo o tvie oulror avea of Y38 e, Uy ond resuliod o dnoon ot s
Ll es et pray cooib VY sag. Tt This of AR S B N SO s
Toow Lhon Uhnsd oervecel oy the Hush Douee dniton donian D N
woce $lowy SR Cat oy e {he v G, e Ul Tiee reculbong rods Ui
fovr Jviet i Do vate Y
bl s 3
[ . - oFL /. - . \/‘
int i out Jod Col
ClUc e
. . P, o . '
Q.C7 A v s N Do -
[ (IS
= 345070 40 N
[Q ORI R RN
Table b pros o nly Uhe ocaled s Led yena Y s
SAP TAOR i Loy, B h : '
(o \ i i N 8 ' : .
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>
<
o
=




A compyncioay o the three nass Jlew prodictions rovedns

A
-
-—
~
L

case, Llice dilvevent prodiction wathoie vield resvlte thoo aro usunlly

wvithin 77 ot (hoe voese, Furitherporoe,

H

for tie Grforent vredict oo pothiods ave within 2

S,

. . e e
B OR 8 R RSN O R W R P YD

—— ess o= NE D
1]
lao BLIN
(3
LA
Q
- .
4
=
;
“
I

1 yaian o Lave Lo oo e andoil ool
. FR A )¢ AR L
ISR Vool e Ul Gosdesy OF Uhe Braly 1o O
Indel de e cLy ana
K
- A \ “,’.‘
2. SEFRRRNIAN B S BN A S AN A S e Gl VRO XU TR T SR AT B A
. . - . . . —_—
GCado dcein coesen Sodeoky woll oviioh o Lne gueid
oo ! }' 'y [T .

}
f - N - 3 L RN 3 A\
GG cen s e ps s vee preh o ey Toocatod within :
. * . . ; ey . By 1 . '
Bt M i Voo e vy D ‘ PRUN SRR I I ST Y i L A G NN [
. R .
i SapL Ut PO s AUSSREIEE AVR U R SRR I S I A TROAL FRR TR
1 " ' v . P [
1 intoerior 5 PR LT R IR AR S SRR RS SR S S S S A RN i
:
1
i 1 L4 - I's 1 C Y e . .
: Pl 1oore o ot Caedd Yooriaa ol Ul et done G
i
‘
‘ r
i rohto L.
z 4
Nl [ U M IR VAR DA NS AN AR PN 4F FENDASFUAL PREA VRIS FEA TR B
i G PRTS ST AT I O L G

i Vitoy 2o b/ ¥ '
: hivroer., e e o, oy o Yy Jrten ! 1
‘F Yo Y
7 abs :
(SRS

?
V-8 1hil. 29,51 0,70 LI G,y [C AR D )
¥-6 n/n 29,491 ~0. 80 20,49 0.7 0.042 REBIAN
(1)1 1, 29.47 ~0.75 29.47 0.99) 0.¢uH7 TR EE !
-4 (1)n/B 29.47 -0.20 20,45 0.9947 0.083 A0 0

F-q (r)rar 29.47 ~}.40 DoLa2 O.eoyn 0.0%) 560

P44 (1)irLn 29,34 -0.80 29,31 0.9269 0.010 dhiob ‘
) A P (J)yr/n 29,34 -0.90 29,31 0.99u7 0.043 qu. 0 ‘
l F=14A (2)1n 29.45 -1.75 29.3¢° 0.9975 0,060 SR,




29 October 1975

Page eight
With the exception of one questionably high estimated velocity, the
resulting velocities correspond properly with the estimated Hush House
air flow rates listed in Tables 3, 4 or 5. The Miramar Hush House
air inlet was designed to limit the Hush House interior flow velocity
to 50 feet per second with an F-14B having both «Z its engines in
maximum military power setting. The resulting 68.4 feet per second
with the F~14A in that power setting indicates more flow separation
from the inlet turning vanes and door dividing panels than was
assumed during design. While this higher than desirable velcocity
doesn't pose any serious operating problems, an attempt will be made
to lower this velocity in subsequent Hush House designs.

Augmenter Axial Pressure Distribution

The augmenter wall pressures listed in Table 2 were reduced to
P/Pamb and plotted with the model test results on model test re.ort
Figure 7.2-9. The full-scale and model test resalts correspond

satisfactorily.
full-scale results-—\ 4{/43:::::
R /
S o
T A T RN EEEEYRENE RER RN T K
b e T T e T e T T
o e e e e e
r‘IL : i . l‘ l I 1 : . ‘ : _.._;._; :f‘:f’;;;‘:;" M ; ’ ¥ ; }
N R PREN S RSN SIS S gl b=t < S AU S P ;
;, - i_%:(‘g":-—;am%:?‘““ e ;'I: . J %l N - : ]
1 TS, it of P —— — ; . -
| l_'r;w S RN ISR 1 i H
.99 B et — — 8 :
S~ e pe T o SRR TR SESRERY RS
P/P Lo — et by BE RN NS ‘ :
amb. ; = S ymbo 1 | Cenfigureticn
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- : " K . .
S RS +r e with exit rame
eSS REN RS Nant BERENEREE AUNEENINAN SOSuNEEE
-9 2 3 4 5 6
0 i-
_ . xA/DAM

FIGURE 7.2-9, LONGITUDINAL SHELL PRESSURE DISTRIBUTION FOR THE
h " OBROUND AUGMENTER WITH AND WITHOUT EXIT RAMP.

- ‘ (Ap/Ay7=25,Xy/Oyp=1-6

:LA/OAﬁG:TTN/Tamb=5.6,RN=2.0,
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l Aucapienter Axial Sidoewall Toawerotuvye Disctribulion

i The augmanter sidcewall teogoratures listed in Table 2 were
1 TS . - Ca < -
reduced to Vel J,P and plotted with the nedel teot resulta on nodoed
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The full-scale total pressure and total temperature values were
reduced to

PT/Pamb and TP' respectively,

and the results are

compared to the model scale projoections for each location in Table 7.

Pull-scale
Jocation ¥

max PT
may T

TABLE 7. COHPARTSON OF

CROSS--5HCTTON 14CTATL

!"UAIJ J“S(:l‘\.[l}g

[TRRGACES )

BHPERVIOLRS W1l MODEL SCALYE TLET RUSULTS

LUGHMENTER

PRESSURL

AND TOTAL

resulis

/I} ,J'

ainb

trull-scalc

3
'_l'

r.058
o 1.030

Model scale reosultis

> b
: 'i'/} a

1.065
1.050
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