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L CARSTRACT

The Navy has teen favestigsting techniques to reduce jet cngine
noise during giound run up testing, » Boeing.hés conducted
cxploratory w)rk under two Kavy Cuntlacts,'HOOISC-72~C-IOS3

and NOGI56-73-C-1/9h, preparatory Lo relcase of this contract,

The objective of this progium is to continue the developinent
of the Coanda/Pefraction concept, investigated during the
exploratory contracts, to attenuate the noise gonerated in the

exhaust of turbojet/turbcian aircraft engines during ground

run-up testing,

Full scale design, fabrication and testing will be cccomplished
‘using the Coanda concept to validate the results cbtained during
the exploratory model studies and provide @ccurate noise
reduction data, Concurrent with the full scale activity,

edditional.mode\ studies will also be conducted to cvaluate the

Coanda_conccpt and its applicability to ¢éngines installed in airfraues,

This document defines the detail plan that will be followed to

acconplish the overall program.
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1.0 IRIRODUC T ON
1.1 Bactground

One of the must cerious problems associated with ground testing of jet
ailrcraft engines s the extremely high noise level radiated from the test area.
The noise endangers operating perscnnel hearing and disturbs nearby comronities.
In cider to alleviate the Navy contritbution to this crucial, worldwide problem,
the Naval Air Sy<tems Corviand has initiated a noise reduction program to
sttervete noise radisted by Naevy/Parine aircraft gas turbine engines during
ground run-up testing.  This includes noise radiated by in-airframe engines
during aircraft grcund run-up, preflight trim checks, and pre-/post-maintenance
testing, as well ss out-of-aircraft c¢ngine testing on portable test stands or

in test cells,

Past cquipnent procurements and design studies have been limited to
statu-of ‘the-art hardware and techinology which, although effective in reducing
engine noise, have not yet been developed for prolonged durability against the
sdverse effects of engine exhzust; viz., high impact forces, excessive tespera-
tures, and cntrained contaminants. Furthermore, proéurcmcnts of noise
suppression cquipient or test cell acoustic baffles have Been diverse in origin
znd objectives, so that the existing equiprent s not interchangeable. Many
designs acconswodate only one engine. Lack of comonality in design does not
permit a prectical, efficient logistics plan for fleet support and for replace-

i -nt of deteriorating parts.,

The cxploratory development phase of the Coanda/Refraction suppressor
develep ent was condocted under Navy contracts N00156-72-C-1053 and
WI156-73-C-1/7%4, nd s reported in References 1 and 2., The specific

conclusions from the initial efforts are as follows:

(a) A technolegical approach applying the Coanda efrect and
the noise refraction principle to Jet engines has fLeen

derived aralytically and verified experimentally.

LXEZLA A KO, 3-64L74
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- ‘ ~(b) ‘The velocity ond thermal gradients in the turned
flow caused the noise to refract away fron the
" flow. Acoustic moterial biehind the Coanda surface

can then cheorb a portion of the refracted encrgy.

(c) Initial Ceanda surface configuration parameters
have been derived for radius-of-curvature and jet
‘adupter width-to-height ratios for optipmum jet

efflux bunding,

(d) One-sixth scale wodel Coanda surface parametric
test results nay be extrapolated for full scale

rodel operational tests,

The rosults froa the initial efforts will be used as technical
guide lines for the work (oquired by this contract., Specifically, the
physical Lh{ldtturiﬁtitﬁ/PlU}cftiCSvOf the one-sixth scale models will
Lo extiapoleted to full sise vxperinental hardware with the objectives
of dupliczting jet-Lunding sir-vduction chsracteristics, as well as
resolving acoustic aspects which could not be accomplished by the models

tests.

_ LSAPFEL//EF|NO. p3-0574
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1.2 ﬂf)jQ'(\tiVl‘S.
The objective of this program is to tontinne the develonwnt of the
Coonda/Refiaction concept for attenuating the noice gunerated in the exhaust

of turhojet/turtofan aircraft engines during giound run-up testing,

This work will expand the results fiom the oxploratory development
<tudivs by rewolving certain aspects which could not be scconplished within
the «cepe of the initial contracts. In addition, this progrem will be orionted
toward doveloping a finalized stateuent of the Ceanda/Refraction concept with
applications to epecific military objectives cuch as test cell rxhiust oystioms
and airciaft run-up suppressor systems, The rmethodology to be utilised
inclulrs extrepolation of the model study results to full size vxperivental
Liardisre design, extensive testing, design snalyses, ond documenteticn of
1eeults,

The long range objective of this progrem is to generate a "fonily' of
ajrcraft cigine noise cupprescors.  This group will Be related in techinlogical
foundation to the Coandz/Reflvaction concept, but will be varied in cquiprent
cenfiguration for cach type of Navy/Marine Corps engine test facility; e.g.,

toot 0¥, aircraft run-up, portsble muffler.

The desired operational characteristics of the equip-unt to ke

dovelored during this program are as follows:

(2) Improved low-fregquency noise attenuation.

(b) fcoustic elerents positicned out of the primary exhbaust flow
psth to avoid deterieoration due to exhaust flow forces and
entratned contaminants,

(c) Elimination of turning vanes and gssociated structural
support eluiunts,

(d) Elimination of extensive requireaments for a cooling water

system to support afterburner engine testing; this includes

water spray ring, piping, pumps, =nd acsociated enclesurcs/tents,

f hicvenent of those operational characteristics will lead to improved

relicbility, maintainability and logistic support. i

R}VI_IRi [SkCT 1.0 lfjAG_ 12
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‘ < 1.3 Technical Approach
1 During the preliminary design task, consideration will Le given to
J the effect of J-52, J-57, J-=75, J-79, 11-30, and IF-U) ¢ihgine cprrating
| parcincters to define the propoaed wujprewsor capabilities for jet deflection
f and oerystic attenuation,  In addition, rodel studies will be conducted to
determine the «rplicability of the Counda/Pefraction concept to ground tist
. cugines in their atrfraoes,
' The technical ¢pproach for conducting this progjranm is:e
: {a) Utilize the feasibility/initial sizing studics rerults to
\f . develop full size devonstrator hardware,
? (b) Conduct cnalytic %tudius/calgu1atiuns to Jdocign conceptual
? Lardware for further develeoprent tests for oo mustic obeorptive
i characteristics, augmented cooling air inlets, ond deflector
{ surfaece film cooling air slots, The ejectors and Co:nda
| duflector configurations resulting from the vxplaratory
i develep-ont place will be used in the full scale
l : denonstrator design, .
(c) Fobricete a full wcale detonstrator cnit.
r! (d) Using a Tull sise cogine, conduct extensive testing for
N neasurcaent of pressures, tecperatures, mass air flows,
'I and ecoustic spectra,

; ‘ (e) Using recorded cata and observations from full scale jet

‘ deflection tests, estaeblish rcalistic noite reduction
criteria for material celection and operational procedyres
for proposed systums,

‘odel studies will include engine/Coznda misaligrinent,

counnular flow and twin ¢ngine exbaust evaluations to

|
$
|
!
assist in determining the applicebility of the Coanda

}
' concept to eingines installed in airframes,

REVLIR:
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The planndd program will be accomplished under six tocks

descrited below:

JASK L will consist of the design of full scale experinental
hardware including suppressor elements, enclosure structure, test

site instrumentation, and the preparation of a detajled test plon,

TASK 11 will consist of the fabrication of the duiwnstiator
noise suppressor  and all equipment necessary for the test

site and test setup.

TASK 111 will consist of the assenbly of the dumonstrator
noise suppressor, and installation, calibration &nd checkout

of all requlred instrumentation,”

TASK 1V will consist of the experimental scquence of tests
to evaluate the propulsion, structural, serodynamic, and

acoustic characteristics of the full scale demonstrator.

jASK_! will consist of one-sixth scale model tests to

chtain daté that will assist in adapting the Ccanda/Fefraction
cuncept to installed engine app]ications'in various aircrafe,
and to support developmental changes in the full scale test

program.

TASK VI will consist of the documentation of the test results
including engincering analyses, desigﬁ studies, and drawing
pre;aration,

Foch task is to be accomplished in eccordance with the schedule

ohown in Figure 1. Details of these tasks are contained in Section 2.0 of

this report.

L3I LEASEE N p3-9s7h
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1.4 Governement Furnished Faquiprent

Despite the wide range of cugine performance parancters to be
considered in design, testing will be accosplished with unly one cngine,
The Navy is to provide either a 15-30-P9 or a J-J5 ecngine (Air Force rodel)
as an cquivalent test sources  Tests will be conducted in accordance with

applicable u¢ngine vperation manuals and test cell capabilities,

This pregien plan is predicated vpon use of the A/F327-2 test
cell located at McConnell AFB, Wichita, Yintas, Concurrence from the Navy

for use of this facility must be received by The Pocing Conpiny,

This program plan is also predicated upon operation of the test
cell and its auxiliary systewms and operation of the test ¢ngine by qualified
military personnel. Logistic <upport of the A/I32T-2 test cell and test

erngine will be the responsibility of the Governoont,

. LSS TLNRSOE I NO. D3-9574
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2.0 FROGFA PLAN

2.1 . Task |
Task | consists of the design of full scale experinental
hordware including suppressor elenents, enclosure structure, test site,

instrorentaetion, and the presaration of a detailed test plan,

2.1.1 Design Studies

The dusign studies counsist of defining a configquration bi.ed

on previous test results,  The configuration which was defined from Reference )

and Reference 2 podel tests will be further developed by reans of studies

considering wcoustic and fluid dynamic parameters and efficient use of

manufecturing processes, materials, and other cost influencing items,

2.1.1.1 Configuration Description

The Co:nda/Pefraction Suppressor System suppresses jet engine
¢»heust noise by turning <nd cooling the airflow and ccoustically treating
the cncloture that hoyses the system. The Ccanda effect is the turning of
a jet streem due to its adherence to a curved surface, The system draws in
cooling air by a series of ejectors upstream of the Coznda surface that
coois the hot exhaust gases and provides a film of cooling air along the
Coanda surface. The threc-sided Coanda turns the flow 90o to the vertical
and draws nore cooling air into the open side of the flow path as the flow
transitions to the vertical, The Coanda/Refraction Suppressor is
il?Qstratcd in Fiqure 2, The enclosure is approximately 49 feet long,

23 feet wide and L0 fret high to the top of thé stack,and is acoustically
treated to reduce the noice cuning from the ejector and cooling air flow, and

the noise of the jet flow along the Coanda., Details of the construction are

contained in Section 2.3.1.1,

ITLTL AR l NO. p3-9574 _
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{ 2.1.1.2 Criteria

The folluwing mechanical criteria are basced on previous one-sixth

scale model tests.  The acoustic criteria are program goals for noise suppression.

}?mhanica] Cli}cria

Favisonental Conditions:

The Tull scale devonstrator will Le desigied to withstaend

iy — -

the following conditions:

a. Wind speed of 40 MPH during testing =nd 120 ¥PH

4

——— e R o e s

for static conditions.
- I} o
be Teoperatures the range between -30°F, end 150°F.

c. Ten-inches of precipitation in the form of rain

Or SHOW,

Copability:
The suppressor design shall be capable of sttaining the
noise guals and withetanding the imass flews of any cne

of the fuenilies of e¢njines listed in Teble 1,

Cooling:

The design shall utilize only aubient air for cooling.

4%‘

LFLFLLA/EE|NO. p3-957h
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EHGINE
rODEL

J-52-p-1o8
J-5]-1-208
J-75-F-1gW
J-75-7-17
1r-30-r-408
1F~30-P-L12A

1F-41-A-2

REVLIR:
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TABLE 1}

ATRCRAFT TURROJET/FAN ENGINES

~ iDLE
MASS FLOW

1L.8S/SEC
%0
50
86
L3
63
100

59

EHGINE  EXHAUST PARAMETERS

530
1160
L30
613
292
255
50

_MILITARY
MASS FLOW Tt
LBS/SEC o
143 1400
180 1166
253 1166
R VA 1250
259 725
242 703
263 820

AFTLRBURNER

MASS FLOW

1

L8S/SEC

180
252

178

2h2

3000-3200
3000-3200
3260

-

3170
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Mechanical Criteria - Cont'd.,

REVLIR:

F£-3033 R

Coanda Surface:

The Coanda curved surface shall form a logarithalc spiral,

R xeae, vhere x = 180 inches ana vhere a = 0.20

except that the surface should be rotated such that it docs

not dip belew the horisontal, 1t is acceptable to siéu!ate

the logurithaic spira) with two radii (202 inches and 233 inches)
tangent to cach other at the 42° position as shown on Figure 3.
There will be a 36~inch straight section at the Ceanda surface

entrance preceding the start of curvature,

The Coanda surface will be 63 inches wide between sidewalls,
The sidewalls will produce a channel of approximately 32-inches deep

at the Coanda entrance and Spproximately 84 inches deep at the exit.

The Coanda surface will be rde from material that will
withstand repeated turperature variations from -30°F.

to 1000° F at flow velocities from 0 to 2800 feet/sec

and will be sufficicatly supported to withstand vibrations

due to flow buffeting and <onic levels in the 165 dB range.
Surface and structural loads due to pressure differentials are
a maxiwum of 2 psi with the inside surfaces of the Ccanda

channel subjected to the lower pressure,

Transition Section:

The transition secticn will consist of a three ejector set that
trensitions from round thioogh cval to rectancular. The
ejectors are to be positioned so that the inlet highlight of one
is in the plane of the exit of the preceding ejector and the
exit ‘of the last ejector is in the plane of the Coanda surface

entrance,

LGS TLIES l NO. p3-9574
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Poecbiintceal Criteria = Cont'd.

The inside dimensions for the three ejectors are shown on
Figure 4. The miterial for these ejectors will be capable
of withstanding repeated terperature rises to 1000°F and
designi-d to a maximum internal prescure reduction of b 'psi,
The cjectors will have a net force {except for their weight)
in a furward divection due to augmentation of approximately
200 pounds per ejector, The inlet flanges on the ejectors’
may extend beyond the radius an amount required for

structural or attach purposes,

Ldiapter Section:

The asdupter or "jet catcher' will be an adjustable type such

as an iris, to allow for tailpipe diameters ranging from 19.5 to
L2 inches for the engines listed in Table- 1. The range of
tailpipe dizrmeters includes the J-52 engine as the

srallest and the TF-30-P-412A as the largest.

However, the demonstrator range of adjustment may be
configured to only cncenpass the engine intended for the
evalustion tests, The iris adjustments will be accomplished
mechanically prior to each run and are dependent upon the

rmeximum power settings to be tested during the run.
Fnclosure:

The arca of the sccondary air inlets in the acoustic enclosure
w3lls will be at least 30 syvare feet on vach side and L square
feet at the back (lower edge of stack). Acoustic baffles in

the air inlet will have leading end trailing edge fairings and

toupced corners to maintain eifective flow areas.

PP S [ NO. D3-9574
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2ND EJECTOR

%= *61.03->

3RD FJECTOR

INSIDE DINLISIONS

FLANGE WIDTHS 10 BE THAT KEOUIRLD FOR
STRUCTURAL AND/OR ATTACH PURPOSES

Al L DIMENSIONS IN INCHES

- THRUE FJECTOR TRANSITION
FIGURE 4

f JLCTOR DETAILS
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Pechanical Criteria=Cont'd,

The stack exit area will be at least 143 square feet and will
be as nurrew as reaconasble for acoustic purpaces (smallest
duct height proeforied). The dinensions for inlets and zcoustic

baffles sre established by the acoustic criteria,

Al cjectors ond transition section inlets will be inside the
enclosyre,
Reliability:

The <uppressor <ystem shall be designed for a life cycle of

10 yrd}S.

‘Maintaincbility:

The suppressor shall be casily maintained and not require

rajor regairs during the 1ife of the system.

Compatibility:

The suppressor system shall be compaetible with the WNavy design
A/F323-15 (4. suntzhle enclesure) test cells Interface details

will Be defined 5y the Navy.

fomystic Criteria

The suppressor noise reduction performance will be evaluated
at both the far-field (250 foot radius from the ungine core)
and rear-field (20 foot sidelinre distance from the cergine

centerline).

The far~field and ncar-field noise guals are the Sound Fressure
Level (SPL) spectra given in Teble 2, which are the same as

the Grede I criteria given in USAF Specification MIL-N-9315cB,

LXERELFLEE | NO. p3-0574
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IABLE 2
NOISE CRITERIA
[ 1
HIL SPEC N-8315%8
GRADE 11 (USAF)

, FREQUINCY  Hz FAR FIFLD NEAR FIELD

63 34 114
y 125 91 G
! 250 38 114
|
| 500 84 114
‘ 1000 83 17
| 7000 &3 W
{
t L0600 79 17
|
| £000 13 120

G2A 90 125
|
|
i
l )
|
: { /_?Inﬂﬂif7bﬂfﬁ1rd0. 03-9574
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2.1.2 Test Site

The test site wil) include eooential wervices for ¢poerating a
turbojuet engire with afterbuiner thrust up to 26,400 pounds,  The test aiea
terrain should be relatively flat with no vore than *1 degree angle of grade

fiom the engine center to the acoustic recording Yooations,

The selected test site is an out of corvice Y"Test Cell toice
Supp rensor', Madel A/F 32T-2 0 Tocated at PeConnell Alr Force Pace, The veld
is arpesite the Contractor's fucility ond adjocent to &n cpen apron that s
<uit-hle for <ond preacure level meacurcoents.  The A/F 321-2 will bLe

odificd to e, adate testing of the Cuanda/Refraction Koise Suppressor.,

2.1.3 lostis »ntation Requinreients

2.1.3.1 Frogine Pare wters

The vogice instiu wntation requicesents are listed in Toble 3.

?.‘.3.2 Cerda ﬂxvl«:‘fy;v-:";\‘c Pararcters

The Creanda syrfuce and ejector instrunentation are <hown on
Figure 5. The instrusentation includes 10 static pressure pichtups and
(o) .
10 curfece tv serature thermocouples at 10 angle incre vonts on the
: ]
Coanda centerline, 12 static pressure pickups and 12 surface thernocnuples
» P

on the c¢jectors, four cach static pressures and temperatures on the Caanda

side panel, and an exit total pressure rake.
Table b tibulates the required instrusentation renge and

accuracy for thece pararcters.

DA SEF 'h 039571‘
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(P -P ) Bellmouth
t S

Wind Velocity

Wind Dircction

Relative Humidity

Engine Vibration

X

FEVLIR:

E-3033 R

Units
RPM
KPM

psia

%k,

1b/Nin

|n.H20
MPH

Cegrees

2z

Mils

1481 E

ERGINE INSTRUPYKTATION

No.
1
1
|

4

‘R-':hgeA
1000 - 7000
5000 -10,000
atm - 27
amb = 1050

0 - 1000
0 - 25,000
0 - 100
13 - 15
28 - 29
0 - 1o
0 - 60
amb - 300
0 - 70
a0 - 20
0 - 360

ﬁt(utacx
+0.5%
40'52 &

00.51 *
* -
300F  #

0.01 iuch water

+* .02 In.Hqg.

0.5%

+1 MPH

+10°

(0°ref.to true North)

0 - 100

a - 1a

Depends on Control Cib Instrusentstion

£PLEFAE | RO, p3-9574
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(OANDA A0 EJECIOR INSTRUNMENTATION

location and Mescurowent

Nosele exit static pressure
Fjector static pressures

[jector retal cyurface tuimperature
Cosnda surface static pressures
Cocnda retal curface tamperature

Ixit roke total pressures

FEVLIR:

£-30633 RY

VNO.A Range

4 Ak, ¥ 0.5

12 10.0 - Anb,
12 Fenb. - 1500°
14 10.0 - fmb.
14 Anb. - 1500°
14 Amb. = 17.0

Accuracy

i i+ 4 1+ i

i+

LTS L OE | NO. D3-9574

1%

1%

2%

1%

2%

1/2%
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2.1.3.3 Coasnda nclosure tostru-entation v

The eonclosure for the Coonda will be instrurented to determine
the amount of secondary cooling airflow entering the Coanda and ejectors.
Figure 6 depicts the static pressure instruscntation equally spaced approximately
four feet apart inside the secondary air channel cntrance on cach side of the
cnclosure and aft air inlet., The average static pressure measurcd within the
cntrance will be coubined with cubicnt pressure and sceondary air entrance
arca to calcultate sccondary air mass flow., In sddition, two static pressure

pickups will be located inside the enclosure.

Vibration transducers will be installed on cach side of one

sidewall of the enclosure to monitor typical sidewall vibrations.
2.1.3.4 Acoustic Parameters

The Coanda enclosure acoustic instrumentation is illustrated on
Figure 7. 1t includes 10 microphones paired on the sides of the enclosure wall
and roof (une on the inside and one on the outside) approximately as shown.
Far-field wecsurerent microphone locations shall be as shown on Figure 8. The
micruphones will be mounted on two powered carts that traverse 90 degrees of
the semi-circle. Fach microphone will incorporate a wind screen and will be
rounted <uch that the face will be approximately 1/2-inch above the ground
lovel, Near-field acoustic measurements will be made on a 20 foot reciarzular
pattern as illustrated in Figure 9. The microphones will have a typical <racing
of 20 feet from the e¢ngine centerline ard between adjacent mikes. They will

Le irounted epproximately 5-1/2 feet above engine ground level.

2.1.3.5 Structural Instrumentation

Instrurentation will he installed on the Ceoanda to support a
brief structural analysis. Instrusentation locations are shown on Fioure 10.
Teble 5§ lists the instruiments, instrurent location, and an estimate of the test
environment extrumes.  Precsure and turperature dsta requirements for the

Ccanda surface are as defined in Section 2.1.3.2.

oSS l NO. D3-9574
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b 4 STATIC PRESSURE PICKUPS INSIDE
X SECONDARY AIRINLETS

C VIBRATION PICKUP 1 OCATIONS
INNLR AMND OUTER WALL

;.

)

.

!

|

2 PRI SSURE

N

i 7 OCATIONS IN
' Al TINLET

10 PRESSURE
LOCATIONS
PLR SIDE

g

ENCLOSURE AIR INLET PRESSURE .
( AND WALL VIBRATION INSTRUSENTATION
) FIGURE 6
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ON ROOF

TYPICAL
I RONT AND
HACK WALLS

SUPPRRE SSUR
ENCLOSURE

© MICROPHONE LOCATIONS
{2 CACH PLACE, 1 ON INSIDE AND
1 ON OQUTSIDE WALL SURFACE)

ENCLOSURE ACOUSTIC INSTRUMENTATION
FIGURE 7
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> CART NO.2

IRAVEL
100 5 40
\ /
120 \ o d / 60
0 d
T o
15
O \ 1YP, /d
140 40
N /
o O
Z a0 v
Y2 160
S sl o4 > . :
S >~  YAICROPHONE 2H0 1T 20
o | OCATIONS o
LNGINE
{ INLET
- 180 O —— {] E : ;4J/ R Cc-0
COANDA ENCLOSURC—" [<- EXHAUST EXIT PLANE
FAR FIFLD ACOUSTIC WMICROPHONE LOCATIONS
FIGURE 8
COANDA ENCLOSURE
ENGINE
| INLET
—- 0- %‘- A::_‘}, 3 B ‘ﬂ I,
JOFT. - i
|<- -UXHAUST EXIT PLANE
-~ o o o o
< - 20FT. TYPICAL
MICROPHONE LOCATIONS
NFAR FIELD ACOUSTIC MICROPHONE LOCATIONS
FIGURE 9
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STRAIN GAGE
NO.
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VIERATICN
TRANSDUCERS

N

W 00~ O W
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TABLE 5

STRUCTURAL  IKNSTRUMENTATION

LOCATION

Tep Connda V-8com (Top Surface)
Top Cosnda Atop Frame Surface
Upiper Eollow Pin

Support Frome Leg

Mid-Cosnda 1-Beam (Top Surface)
Hid-Cosnda Atop Frome Surface

Lewer Pin

LOCATION

Top Fdye of Ccanda

Tep Conter Side Panel of Cusanda
Top Cunter Surface of Coanca
Mid-Conter Side Funel of Co:nda
Mid-Center Side Frane of Cosanda
Mid-Center Atop Frane

Inlet Centerline on Co:nda Surface

Intet Centerline on Coanda Surface

DIRECTION
(REF.FIG.10)

MAX UM
TEHMPERATURE

200°F
200°F
250°F
200°F
300°F
300°F
300°F
MAXIMUM
TENPEEATURE
X 500°F
Y 700°F
X 700°F
X 1000°F
X 700°F
X 1200°F
Y 1000°F
X 1000°F

L2627 /725 |NO. D3-957
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2.2 _ THASK 11

Task 11 consists of the fabrication of the full <cale noise

crujppressor denoonstiator end all equipsent necescary for the test site ond test

Setup,

2.2, hoi<e Suppressor Fabrication

Mhe Coxnda jet deflector system, accoustic enclosure and support

strocture will te fobricated at Boeing-Wichita in accuidance with the design

developed (and revivieed by the Navy) in Task ).

fabricated using the «a
unit,
planned testing

Paterials and o

production cost as a pricary consideration.

The hardware will have the

copability of Leing discantled into <cvctions for shipping.

2.2.2 Test Equipment Fabrication or Purchase

The noise auppressor will be
zne techniques, wherever possible, as Tor a production
The bhardware will be fubricoted to endure a 1ife cycle that includes the
of this contrscted «ffort and subscquent develop-ent phase,

nufacturing processes will be selected with future hardware low

Soime test cquipment and/or instrumcntation will be purchased to

perform the tests outlined in the following sections,

alditional microphones, presmplifiers, potentioneters, transducers, etc.

Typical equiprent includes

All

accountatle projerty (less expeniable material, eguipment and supplies) will be

delivered with the cuppressor at the contract conclusion.

not co,

Poeing,

FEVELIR:
E-2¢>3 A
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Certain specialized,

wrcially aveileble, cquiprent and instrusentation will be febricated b
Y quip y
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2.3 Took 11

Tosk 111 will consist of asseabling and setting up the full

scale denonstrator ground noise suppressor; and the installation, calibration j

and (hectout of the instrurentation required to conduct the test program

defined in Section 2.4,

2.3.1 Dooanstrator Test Cell Set-Up

The dewonstrator test will be conducted at MeConnell AFB using
an existing Test Cell Noise Suppressor, Model A/F327-2, wmodified to include
the Cocznda/Refraction Suppressor system.  The Podel A/F32T7-2 suppressor is

iltustrsted in Figure V1. The augnentor, its enclosure, and the exhaust

plonum end silencer will be replaced with the Coanda/Refraction Suppressor |

itlustroted in Figure 2. The evaluation tests will be run using the GFP |
turtojet afterbuining cngine (1r-30-P-3 or J75-P-19W) mounted inside the test
cell, with and without the wuppressor system installed. A description of the
Model A/E22T-2 test cell, <nd instructions for its operation and maintunance
sre contained in Reference 3. 1t stiould be noted that the A/F327-2 test cell

is desigred to accenodate either of these two engines.

2.3.1.1 Ceanda Test Cell Assenbly and Installation

The Coanda Test Cell fsc<umbly coasists of three major

subassemblies: .

(1) Ccanda ond supports,

(2) Ejectors and suppurts, ond

(3) The enclocure,

The Ceznda end <upports are <hown on Ficure 12, The unit is r.:de
of welded steel construction and dicscsw bles into three <ections for trans-
portation and rcassenbly. A broshbdewn by approximate size and weight is shown
in Table 6. The inlet section is <upported at the forward cnd by ivans of

the ejector asse-bly aft <upports,

LA INDL 3o
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1. PRIMARY AIRINTAKE SITERCER AND ERNCLOSURE

2. ENGINE THST STAND | NCIOSURE
AUGNVENITOR

EXHAUST PLENUMAND SHTENCLR
5. PUNMPIHOUSE

6. SUFPHEIAENTARY FUBL TANK

& W

7. PUFL TANK AND AUXTLIARY FQUIFIVINT CAB®

8. CONTROIL CAB®
9. ENGINE THRUST 1TRATILLR®

10. MOTCR GENERATOR MC 1A, OR D 4 (GHE)

*PART OF FRGINLG 1ESTSTAND AMS/T 6 (GHE)

NOISE SUNPRESSOR SYSTEM A/FE2T-2
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COANDA AND SUPPORT ASSEMBLY
FIGURE 2
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Sutg.-ction

Inlet
piddle

Uoper

supports (v ach)
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COMDA AN
(A11 Nt

lLength

270
130

135

190

v
IAHLE 6
QU PR AR LY SRRV O ORI AR
1o r'I,I‘-: St rl‘,‘uy)
R
Yoot n ) t
topth Width Weight-Lbs
70 30 5500
93 50 5000
100 80 <000
24 66 1500 |
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2.3.1.1 Cont'd,

The ejector and supports are constructed of welded steel (Figure 13) and

disassemble into five subscctions; forward, center, and aft cjectors, and right

and left hand <upports, Fach ejector weighs approximately 1000 Ihs, and cach
support approxicately 1400 tbs,  The ascembled ejectors and tupports megsure

approximately 148" long x 168" wide x 87" high.

Tte double-walled enclosure is made of onc-fourth inch thick steel plate of
welded conctruction. Txternal dirensions of the avvenbled cncloasure are

gpproxivate’y §3' loag x 23" wide x 40" high as shown in Figure 2,

Disassebly, transportation, and reassenbly of the enclosure is mode practi-
cable by designing the enclosure to break down into 58 panels in sizes Trom

4' x 8" to 8' x 16'. The panels are bolted together on asseubly vsing rubber
<vals between inner panels and sealer between outside panels.  The inside wall
is desigried to "fleat' by mcans of rubber support pads and Ly cushioned
«nitbers Fetwoen Toner and outer walls. The ceiling joint incorporates a

continueas rullber strip and bulb-type isolastors,

The forward wall of the enclosure sdopts to *he A/F32T-2 test cell at the
engine oxit plane.  The wall will be asttached to the test cell to serve as an
acoustically treated partition for taceline tests. Three hesic configurations

will Bbe tested as suimarized in Table 7.

2.3.1.2 Engine and Test System

The Navy has indicated that a PeWA Model J75-P-19W should be
aceused as the test engine. The tests will be conducted with a calibrated
Lellinouthe A description of the engine and its opuration is contained in

Fefervnce b, The perforrence ratings of the engine are shown in Table 8,

The test system, previously shown on Figure 11, includes all systems

necessary for <afe and efficient engine opurastion as described in Reference 3,

VOV SV EY NI ENON D3-9574
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Configuiation
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THBLE 7

TEST COouEIRLTATIONS

Description

JJS Fngine, A/F 32T7-2 Test Cell

No suppressor, and with the front
wall of noise suppressor at engine

exit plane

Same as Confiquration | plus

Ccenda only

Same as Configuration Il plus

Noise Suppressor Enclocure

Installation

/EZfU/EJ710¢FIPJO. D3-9y74
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| 1 Iy
b
IABILE 8
.
{
I JI5-P-18W PLRFORMANCE BATINGS
RATINGS AT STANDARD STA LEVEL STATIC CONDITIONS
v Jet Spuecific Rated
e- Thrust Thrust Max iium Max imun Fuel Mcasured
' in Nj it Consumption Gas Temp
i Pounds I pm rpm 15/hr/1b thrust (Max.)
' (Min.) of
i
Meviiom o (1) 24500 6400 €990 2.1§ 1175
Military (2) 16100 £hLo 5000 .82 1166
Norial 14300 £C80 8750 .J9 -
%02 Normal 12900 5830 8575 .17 ----
752 Normal 10700 5470 8300 .76 ——
Idle 1150 {irax) 2750(min) 5950 (min) 1710 Yb/hr max -
(Nozzle Open)
WOTES: Ny - Speed of Jow pressure cowpressor-turbine unit.
Ny -~ Speed of high pressure compressor-turbine unit.,
(1) This rating is obtained with afterburning and is limited to
five minutes.,
i (2) Operation at this power is limited to 30 minutes.
I
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2.3.2 Dita A(Quisition System

The test instrumentation wnll be dL5|gnLd and installed to
provide \p4CIfIC data pertaining to engine operating parancters, Suppressor
ccoustic performance, envircnmental weather conditions, Coanda enclosure
vibrotion Yevels, suppressor preasures, temperatures, stress and vibration

recponse levels,

The block disgram of Figure 14 depicts the btasic operaticonal functions of
the plenned test deta systems Data signals will be rapidly scanned and
procecced through a real tive aralyser, a wini-conputer, digital tape
recorder, and un-line printer for corrected and norralized data printouts,
Paw data recorded oh digital nignetic tape will be retained for additional
analysis, if vequired, Acoustic and vitration data sigrals will be
sinultsncously recorded on the FM analog ragnetic tape system for subecquent

analysis,

2.3.2.1 Tngine Performince Data Acquisition

Pisic engine purforiance data parcimcters listed in Table 3 will
be recerdsd during all testing utilizing existing test cell instrumentation
where practical, Ffdditional dat. porsscters will be instrumented with
industry standard data sensoys. Engine perforrance deta will be recorded
for ¢ach stcady‘state condition in conjunction with the test specimen data.
pareueters’

Output signals of selected transducers will be scaled in engineering units

for on-line ronitoring during test condition setup.
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2.3.2.2 Tewerature and Pressure Data Acquisition

Static pressure probe, pressure 1ake ond surfoce tresperature
therrocouple instrusentation will be installed as outlined in Paragraph 2.1.3.2.
Pressure and temperature transducer signals will be sarpled rapidly by data
system sconners interfaced to the counmputer through a multiplexer and ernalog/digital
converter. During oet up and 1ecording of cach test coendition, individual
pressures and tenperatures will be displiyed on a cathode ray tube (CRT) ronitor

2]

vhich can be periodically epdated by operator cormend,

2.3.2.3 Vibration ond Strain Data Acquisition

The Counda will be instrumented with high temperature vibration
transducers at nine proposed locations as <huwn in Figure 10, Final pickup
locations will be adjusted to be compatible with the test configuration. Scven
strain gages will be installed to provide mean strain data at the locations
shown in Figure 10, The strain g-:ge signal conditioning output signals will be
interfaced to the cotputer through a.multip!cxer and analog/digital converter.
Four edditional trensducers will be installed on the noise suppressor enclosure
to ronitor the vibratory respounse of the structure vall as shown in Figure 6.
Output response signals of the vibration trensducers will be chznneled through
their respective signal conditioning systums and the dynamic response data will

be recorded on 3@ FH magnetic taepe system.

2.2.2.4 Acoustic Data Acquisition

Far field acoustic array mcasuremrcznts will be sensed at 13 points
on & 750 foot pelar array by two traversing, wind screened microphtones,
pesitioned with their sensing elements 1/2 inch above the ground plane. Kear
field «coustic measureents will he sensed at five Jocations on a rectangular
array by fixed, wind scresned microphones with their sensing elerments 5.5 feet

zbtove and parallel to the ground plane. Fixed microphones will also be located

st ten locations, paired inside and outside the suppressor enclosure walls,

for wall trensminsion loss studies. Micropheone signals will be channeled

through signal conditioning rodules, a Cuneral Radio 1621 Real Time Analyzer,
a Varian Mini-computer, digital tape recorder and on-line printer. The data will

also be recorded on a FM magnetic tape system for subsequent additional analysis.

[FErrAEE N, p3-957h
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2.3.2.h cont'd,

Microphone positions and the Lssic acoustic duta systeins are included in the
block diagram of Figure The A)) acoustic data will be corrected during

acquisition to acoustic stondard day values with respect to temperature and

relative homidity,

Data will be analysed on-line using the real time analysis system set for an
8-cecond integration time, Computed and tabulated data listings will consist
of 1/3 octave band, octave band, overall, snd dBA levels at the resprctive

rmeasyrenent Yocation.  The print out will be available following completion of

easch test sequence,

2.3.2.5 Favirenoental Data Acquisition

Wind velacity and direction, barwnetric pressure, anbicent air
tr ~perature ond relative busidity will Le recorded autoratically or manvally
for cach test condition, Wind direction and velocity will be referenced to
the crngine centertine and coonitored continvously during acoustic data

crguisition periods,

2.3.2.6 Calibrations

All instru-entaticn equipment will be calibrated in accordance
with standard lsboretory procedurces raintaining traceability to the Hational

Bureau of Standards, System calibration will be performed before and after

cach test period to in-ure data relisbility.
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2.4 Task IV - Full Scale De.onstrator Tests

Task 1V will consist of accouplishing the test program to
cvaluate the full scale dumonstrator vonfiguration with re<spect to propulsion,

acoustic, acrodynamic and structural considerations,

2.4.1 Full Scale Hardware Test Piogram

The full scale hardware test program is to be performed in
cospliance with Reference (5).  The vongine, jet cogine test cell and adapter
kits are to be furnished by the Governoent, . The Cuanda/Fefraction
Suppressor and enclosure are to be designed and fobricated by The Boeing
Coapony-Wichita Division. The crew for operating and maintaining the c¢ngine
and GFE test cell Model A/F 32T-2, as well as spare parts, will be furnished
by the Governowent,

The objective of the test is to prove the Co:nda/Refraction
noise supprecsion concept by full «cale demonstration tests and experirental
investigations using @ jot engine with afterburner., The test is intenided to:

(1) Moosnure the <ound prewsure levels in near- and far-ficld

for all freauency bands,

(2) Determine the cspability to educt required cooling air

(3) Ffvaluate the Coanda surface film ceooling

(4) Measure the deflection surface operating tesperatures.

(§) Provide experimental data to substantiate the <tructural

aralyses.

Frebinirary engine runs will be rsde at the boginning of tests of cach confiyu-

ration to cheeck out the hardvware and systens,

The acoustic tests are the prime objective of the test program
and are intended to measure sound pressure levels and herduare dynamic rosponse
to the sound precsure cnvirom .ent, Details of the acoustic evaluations are

contained in Section 2.4.2,
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2.L.1 Cont'd,

Propulsion tests will be perforned to assure that the engine
fuel ond oil <uppiy, wechanical, preunatic and instrurentotion systums are
functicning properly,  Checks will be made to assure that the engine responds
projerly to cngine controls and that the power settings fall within prescritied
VTimits. Necewcary engine trimming operations should be pevforied during
propaleion systosn tests,

Fevedynamic testing 1eferred to herein generally sefers to the
flow of the jet ostoust through the Cosnda, the ejector cooling air flow
evaluation, the airflow induced by the Coanda and the resulting forces on the

Cosnda and its enclosure,

Stroctural testing refers to the recording of strain gage .nd
cecelore cter data and related pressures and temperatures that are supportive
to the brief styuctural analysis of the Coanda structure. Structural test
dota will e recorded during the acowstic testing,

Three Lasic confiqurations are 1o be tested as defined in Table 7.

fooh configiration will be tested at three power settings; idle, military, and

sitoa eftaburning (without water injection).

An estimate of the planned test sequence is sumnarized
tn Table 9.

1t <hould be noted that the Configuration | testing will be
perforicd without the use of jet exhaust deflectors or sound supprescors,
The jet w:=ke terperature and velocity diagram for the test power settings
aste «hown oon Ficure 160 Special precavtions will be taken becsuse of the
noice ond exhzust blast hisard Lo personnel, equipnent and potential fire

of vesetation in the jet wake arca,
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2.2 oo tia Teslotion

The voomstioal porfors e of the notse wuiprescor <ystem
will be cvalusted by weacuring the Soond Precsure tovel (5PL) at the

1

tar o the conditions dewcritied below,

Tocations and uid

2 4,201 Yotoorological and Pxtianeougs Noise Limits

Sociastical meesnareconts will be rade within the following

Jicitse

}'*'AI“JI',*](H_;}(G‘:

(1) CSurface wind 5 Yoot o ximom

. o s}

(2} fAobhieat ternperature 307to U5°F

(3) Relative humidity 2510 90%

Fatraicgs hoice Limitse

(1) Sigral-To Noise ratio 164B at 250 ft, radius,
2.Lb.72.2 Foar Fiold Moeonctic M seuresonts

Far field o vastic ivecgrerants will be nade on a 250 ft.

. .. o . ) . o
(odius codcirele at 150 jncre -nts as whown on Figure 8, These ncasarcnts
will be oo:le ot ground Yevel on a hard surface (either concrete or asptalt),

3

The data will te corrected for atioscpheric obsorption.  Moasurescnts will te

rede for military roted thrust and afterborning power settings,
7.4.2.3 Voer Yield fonestic Moocurenonts

Voar field oo tic o scurcients will be vade spproxivately
70 fiet fiom v < 10 ur conterline or 10 feet from the suppressor walls
st g Ledight of 505 oot for tte Voations shown in Figure 9, Meccurcaents
onoLosite w0 s of 1l w1l sad st the inlet and oxit of the air ducts
will he pade ot the Vocotions <hown in Figure 7, Measurcnents will be

iade for idle, amilitary rated thrust ond afturborning power scttings.,
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2.4.2.4 o pressor Aroostic Perforranee

Arcepteble parforrance of the cuppressor system will be
At Lined by conparing the 250 Toot fur-Ticld and 20 foot near-ficld

eyt onts to the vialoes listed in T<Lle 2 of Section 2.1.1.2.

2.h.2.5 Instiu cntation

A caslibration and fiequency response of the entire
foasuresont system, incloding microphone, will be used to correct the
pevcured datas The range of froquency response of the system will bLe
froa kS to 11,200 Hz and the response stated within 2 2dB. An accoustic
c3libretor will Le voed for a system celibration from the micropliune to
the snalysere The wnupd prescure level (dB Re 002 DYNK/CHR) produced
Ly the calibrostor will bLe bnown within ¥ .048.  [he noise <uppressor
frterior microbones will Le ccpeble of mencuring 170 48 and the

dxterior mic o teres copeble of meseuring 140 dB,

2.4.2.6 det/Coanda Boweline Test

The A/F32T-2 test cell located at McCornell AFB will be
veed to suppiess the inlet and engine case radiated noise. The test cell
wabiaust plenam end silencer section will be renoved and the front double
wall of the Cr.uoda enclosure will Le installed to prevent noise radiation
from the interior of the cell., Hoise rncasurcinents will bhe made in the

car=ficld cnd far-field for this configuration at engine pover settings
of militery «nd full afterburner power power settiogs znd will <erve as
the jet exbaust noise baseline. The Coanda surface bzteline will be
chtained by edding the Coanda surface and repeating the toasurcrents and

provier settings used in the Jet Pxbavst Noice Baseline test,

L8 RO, n3-aL gl
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2.4.2.7 Fell Scale Do snstoator Coanda Test Cell Syntem Test

The Full Scale Diionstrator Test Coll Sy<ten will Le vode rendy
by »dding the scoostic caclosure to the Coanda beseline configuration describied
in Parsiaph 2.5.2,6 1owve, and by repsting the voasur conts ond power settings
veed in the Loocline teats, The vesnlting ooovrareents will be corrared to the
criteria of Purogreph 2,002, to cvaluate the D onntrator Syotom,
2.4.2.8 Nita Reduction

Coneral Tatas

TeLulations of the recorded data will Le printed from the on-line
data acquisition systems  ldentification infurcation such as run number, noszle
precsure ratio, exhanst gas tewperature, configuration, date, ncteorological
inforation, ond mearared and caleulated perforiince results will be provided
<imilar to that presented on Figure 16,

A run log will be maintained including any inforimstion that might
te pertinent to the tost results. Al adjustrents and changes to the equipont
end instruosentation will be recorded,

heoustic [atar

Ecoustic data will he uhtained firen the microphone arrays
previcusly described using the Cencial Radio 1921 real time analyzer, magnetic
tepe recorder, mini-conputer and printout. This provides for printing out
velected acoustic data on-line. However, nost data will be recorded on digital
rzgnetic tazpe and onclyszed later. This is done to spced up data acquisition.
The far~field micropfnnes will be tiaversed on a 250 foot radius with data
renorded at 15 degree intervals.e  Fach position for the far-field and the
fear=field micropt res will be itentificd on the data listing for positive
identification of test data,

Sonnd preccure level (SPLY) will bhe tabulated for both one-third
and full actave tand froguencies from 50 to 10,000 Kz, Overall <ound pressure
tevel (0ASPLY) and "A" voighted (dBA) 1vocure ents will be corputed and tabulated
for cach microphone location for cach test vondition. Plots will be provided of
the full scale one-third octave SPL similar to that shown in Figure 17.
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FULL SCALE DV MSTRATOR DATA
NAVY COLLUASHEFRACTION NOISE SUPPRESSOR

t-3C33 RY

v
Configuration __ Run - Date )
Wind Angle _ Velocity ~ _Rel Humidity
Arbient Teaperature o ~_ Ambicat Pressure )
Cngine: Thrust ) _ kPM: Nl~ N N
Tiesture Patio - Temp Ratio _
Fedlrouthe PT _Delta P ~
Cedar P S T ©
c i N 1 PSIA _ T 1 F -
2 . -
10 ~ 10 _
Side °
Pooel: PS 1 ’S1A -TS VF _
2 B 2 .
3 ~ 3 ) R
4 . 4 .
Fioctors: PS 1 FSIA T 1 OF
— S — —
12 Y A B
" [ (R i<
[ .f,‘]{',lu:ry_Ps 1 i'SI1A o PS 13 PSIAV -
Fir Inlet 2 e -
12 ) 24 oz
Coonda P 1 PPSIA 7.1 °F
- T - Ll - —
Frle: - . - L
14 . 14 o
1 irf N =
Fngine Airflow, WAP _ ) o
Fngine Fuel Flow, Primary WFP = .
Afterburner wf'A/B o
Sccondary Airflow: wAS = _
Subecripts: A = AT $ - Static or Secondary
A/B = Afterburner T = Total
P = Primary
FIGLRE 16
HAVY COANDA/REERACTION NOISE SUPPRESSOR
( TEST KLSULTS PRINIOUT ~- TYPICAL )
‘ £ ASSEE [NOL p3-9s 7k
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2.4.2.8 Acoustic Data -~ Cont'd,

Symnary plots of 0ASPL and dBA for the far-field microphione (Yevel versus

miciuphone angle) will also be provided,

Pressure and Teoperature Survey Datas
ATl static pressure pichups and retal temperature thermncouples
will be given identification coding and the data rerorded in tabular form for

csch test rondition.

The individual probes on the traversing total pressure and
tetal teaperoture rakes will be identificd and the data recorded on digital
megnetic tape and listed in tabular form. These data will be used in a
carputer program (o conpute the total mass flow at the exit of the transition

cection ¢nd the ¢xit of the Cosnda surface.

Sitrain Cige Cata:

The strain gosge data will Le presented as rmean stresses for
««ch of the test runs and strain gaige lacations.

Vibration fnvircrments:

The vibration data will be prescnted in displaceinent versus

frequency plots from 10 to 1000 Hz.

Photogrephs:

Photographs will be taken of all hardware snd instrumentation.

VSRS YN it l NO, D3-9L 74
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2.5 Task V= Oue-Siath Scale MOHEL Tests

Tuck Vowill consist of cac-sixth scale rodel teots with the
one-sixth scale model burner to obtain data that will aosist in sdapting the
Counda/Refraction concept to in-aircraft applications, and to support

wicnpocted chsnges in the full-size nodel test program,
2.5.1 Cue-Sixth Scale Model Test Program

The cbjective of the onc-sixth scale test program is to
petform prelisinary bivestigations into «d.pting the Coanda/Refraction sl st
noise supprensor cencept to engines~in-airfraue ground run-up anplications,
This involves allewance for motion of the eircraflt coagine tailpipe during
operation, adeptation to twin engine aircraft (such as F-h and 7-1h) .nd
sivze extrapolation of current cuppressors to accommodate coannular airf Vews
sitwilating the scaled engine airflow range of 470 to 600 Lbs./Sw-c. The
curtent conficguration is designed to handle airflews to 300 Lbs./Sec in
full «csle. An outline of the nethod of investigating these arcas by «oale

el testing is given below, The testing will be accomplished in the

Toolng Wichita foeastic Arena Facility. The <ame progrem rationale wil)

c2oraintaieed thet wos utilized Tor the previous scale model progronms,

.

Poforonces 1oond 725 die., the teets will be pricarily scrodynenic in reture,
with Timited «ocustic cvaluation,  Thece tests will he run indcpendently, but
concurrently with the ful) wcale test program. Three test configurations

will Le cvaluated,

The first cenfiguration to be evaluated will allow for
alrplene tailpipe voveient and will require a new transition section ejector
cyter with an enlarged inlet, The inlet will be just large c¢inugh to
Copture the flow allowing for sirulation of €-inch (full <cale) moveront of
the tailpipe. Tests will be run with the cngine tailpipe displaced onc-inch
(nodel <cale) in the vertical and horizontal planes with and without the
adapter «ection installed, Motal curface te peteture, internal static
pressure ond flow attectonent data will be vecorded for cach test. Acoustic
data will le recorded near the inlet for cach typical configuration with

and without the odapter plate., Ambient conditions and exhaust nozzle flow

paraincters will aleo be recorded,
VNG I N P I NO. p3-9574
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2.6.1 Cne-Sixth Srale Madel Test Program - Cont'd,

A sceond podel test series will Le run to deternine the effects on
attactoent of the cosnnular flow prodaced in fan engines cuch as the TI'41 4nd
1Y30-P-408 (non-A/B).  These tests will evaluate the effects on jet deflection of
exhaast flow with a high velocity annulus of cooler gas wurrcunding the hot
exbost priray core flow,  Since the full «cale program involves only testing
with (ngines with afterbuiners (vhich allows coannular flow to mix at non-A/B
pover settings), these scale nefel tests will provide data and coperational trends
that ey be exticpelated to “ull <cale operation of long duct turbofan engines,
The ivthod uerd will Le to provide a dual flow system with a hot Toaner core,
sised to coeesixth <cale of a 1141 or 1130-P-L08 cigine. Model hardwire from

the previous pure turbojet flow simulotion tests will Le used if possible,

The Tast scries of model tests will be conducted to develop a
cysten for twin engine aircraft. Thece tests will require a new model with.
cither two «ots of transition ejectors or one <et with internal splitters, A
pew Mdoable wide' Cosnda surface will be required with a renovable splitter.,

Test i ovulation will be conducted alternately with one ¢ngine at A/B and the
otter ot idle; with both engines at full military; with one e¢ngine at idle

snd the other at full military; and with both cingines at idle power settings.,
Thewe tests will be repeated with and without a conter surface boundary (splitter)
installed un the Coanda surface, The chject is to ohserve; (1) the effects of
concurrent jet deflection by two distinct power jet sheets in the same deflection
ha-ber, (2)  any adverse boundary conditions between two distinct energy levels
of dyrumic gises which might prevent deflection, and (3) to determine if a

divider wall is required Letween the two chatbers.

Test data weasurenents and calculations during the last two
test series will include metal surface temperatures, internal static pressures,

flow attechinent paraincters, nozzle exhaust flow and s-bient conditions.

L2307 |NO. p3-95 )
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2.6.1.1 Dosign
2.5.1.1.1 Requircements

Design drawings will be prepared for the rnew model hordvare
and facility changes required to acconplish the nodel testing outlined above,
The drawing quality will be sufficient to expedite fubricstion by the Shap

with liaison «upport from the design engincer,

2.5.1.1.2 Configurations

o~

The configuration of the Ceanda surface and transition
ejectors for the first serics of mndel tests to allow for engine tailpipe
excursions is <hown in Fiqure 18, The wodels are similar to those developed
in previous model tests (Refercences 1 and 2) except that the first ejector
inlet will be vnlarged to capture the engine cxhaust with up to six inches
(full scale) micalignuent. The design Tor nmisalignment rakes it necessdary to

increase all of the ejector arca ratios, but only the last cjector aspect ratio.

Figure 19 depicts the configuration of the test setup for
testing coannular flows with a hot center jet and a colder surrounding flew
at flow rates simulating 470 to 600 Lbs./Sec. (full scale). The existing
suppressor model hardware transition ejectors and Ceanda surface will be

used with this nozzle arrangement,

The model configuration for the twin engine, in-airframe
anaptation testing is shown in Figure 20. The transition section ejectors
Lave a dual inlet that simulates the engine exhaust centerline distances
for the r-b, r-111, and F~15 aircraft. The F-14 engine exhaust centerlines
are wide cnough apart to easily adapt to two scparate single engine ejector
Cosi’a sections housed in one acoustic enclosure. Facility changes will
be required to provide two nozzles with centerlines simulating the distance
Letween the e¢ngines as shown in Figure 20.

The twin engine and coannular flow nodel test hardware

disign will be based on the tailpipe mi<alignment test results.
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?.S.I.Z Fabrication

The bardvare 1egquined for evalusting tailpipe micalignnent,

Figure 21, will be fubricate

d first,

Fabrication of the hosrdware <hown in Figures 22, 23, and 24

will Legin Trosediately after the coopletion of the first test serics unless

1edesign is indicated by that testing,

7.5.].3 Test Srt'Up

The rodel ar

revenent test is shewn in Figure 18, Ihe oxisting Cosnda wnpport frose from

Cosnda surface and adapters

taongerent for the oinulated airersft tailpipe

previous model tests (Reforences 1oand 2) will bLe vends The ejectors,

are those ohown in Figure 21, The ejectors asre

positioned such that the exit plane of one coincidis with the inlet of the

next and will be aligined as close to the oystem centerline as possible,

The rodel and cosnnular flow turner set-up is ohiow

Figure 19, The -4 ond w

icaliganont test,  The oo

n

in

coort frete ore the existing hardware from the

¢
BRI

wlar flow rig Jetails are shown in Figure 22,

The «oie miaaligo ont ond Tore aid oft sdjustionts of the support frane are

requited as i the previcss

tosts,

The model ond dual bureer arrengenent for the twin engine

cupprecsor test is shown in

sre  shown in Figure 23 and the addition of the sccond burpner is

in Ficure 24, A new supjport frate similar to the one for the single Coainda

cutfice will be fabricoted,

Figure 20, The ejectors and Coanda curface

shown

The capibility for woving the Coanda surface

sod edectors up and doen cod to the side to simulate misalignnent will be

INar u:;ml-.-?l'd into 'LhiS {r.
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XIS TING A/B NOZZLE (6,13 DIA)

EXISTING MILITARY
POWLRNOZZLE (4317 DIA) ‘

i

>
SOURCE
8.33"
l\ _ MILITARY POWER
\ L . NOZZLE (431" DIA)
J47 ENGINE BURNER ,
PLENUM
PROVIDE INTERNAL BAFFLES
8" DIA SUFPLY LINE AND FLOW STRAIGHTENELRS
SOURCE > AS REQUIRED
B FRESSURE AND FLOW RATE MLASURENMENTS AT QUIRED
ADDITION OF SECOND NO/ZZLE AND BURNER FOR
TWIN ENGINE SIMULATION
FIGURL 24
LA XL TSI [ NO. nr-n57t
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2.5.1.4 Instrumentation

The instrutentstion required on the model for the aircraft
tailpipe misalignment test is shown in Figure 18 and Tahle 10,

The acoustic fnstrumentation will consist of placing two
micorophones at 452 cach side of the cxhanst centerline at a radial distsnce
of 2 feet from the first cjector inlet plane and centerline intersection to
cathur geoustic datas  The frequency range of interest is 315 Hz to 63 KHz
(24 onc-third octave bands) for wodel scale which corresponds to 50 Bz to
10 ¥z full <cale with the uwe of a 1/6 scale f{actor,

Instrumentation required on the 1vdel for the coznnular
flow test (vhown in Figure 19) is the same as for the prior mitaligamnent
test since the <ame model hardware is to be used,

The instru-cntation required for the vodel twin-engine
cuppreceor test as shawn in Figure 20 is presented in Table 11,

In «ddition to the individual model instrurentation listed
shove, Table 12 procents data that will be roequired for all test runs,

L N0 s
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p _ 4616 10
TRILPITE P CAaLIGnt NT I.‘JSIRU}-'.‘.,NI/\HQN Y'LEQUIF‘.{.“.HHS
TYPE & LOCATION TS, QUENTLTY. FINGE RCUURALY,
Static Preeure poia i 13-15 +°.,02 psi
; at Roszle fxit
-
b
' Siatic Pressure poia 12 10-16 + .02 psi
| fjectar Walls
t
.
i Static Pressure psia 1a 10-fob + ,02 psi
; Cosnda Surfece
!
{ Total Preccure peia 4 fmh-20Q r 1%
| C(;‘(:(’n‘.a {Xit_ Fxl"e
curfoce Top - % 12 ' Pr-1500° r 2%
Therrocouple
fjrctor Walls
. o 0
surface Temp F 10 fob~1300 + 2%
Thermocouple
! Coanda Surfoce
i Total Tenp °f 14 Fub-\300° + 2%
| Coznda Exit Poke
g
)
!
| porp N0 sl
PEVIR: (EECT 2.0 PAGE 72
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TWIN-ERGINE

GYPE & LOCATION,

Stat iC Prussure
at Nossle Ixit

Static Prevsure
Fiector VWalls

Statis Tressure
Cosnda Surface

Total Frescure
Ccanda Exit Rake

Surface Temp
Thermocouple
Ejector Wails

Surface Temp
Therrocouple
Ejector Splitters

Surfece Temp
Thermacouple
Ccanda Surface

Sgrfce Toinp
Therrocoeple
Coonda Splitter

Total Tewperature
Cusnda Txit Rake

FiVLIR:
r-2733 K

UNIIE

psia

psia

psia

psia

TLELE 1)

INSTRUMIENTATION REQUIFLMINTS

QUANTITY

10

14

12

10

14

—— e ——

FINGE

0-20

10-16

10-Amb

txb-20

fent-1500°

£5-1500°

A-t-1300°

Lrb- 1500°

A-5-1300°

ACCURACY,

* .02 psi

I+

.02 psi

4

.02 psi

4+

12

4

2%

br

2%

2%

i+

LFLFLEFA/LS | NO. p3-9574
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Jet Exhaust

v = -
TABLE 12
GENERAL INSTRUMENTATION P.PQUI-P.LHFNIS.
TYPE & :l_'ocm ION }JNII% CURNTITY, ._R‘/;}:GE_ ACCUBACY.
Total Preosure psia -[E>> 0-3§ * 1/2%

I+

Jet Exhaust

Total Tenp - %F [::> : [I:> ' 0-1600° 2%

Airflow - ' Lbs/Sec 1 _ 0-8.0 %

Primary Jet 3

Airflcw - Lbs/Sec 1 0-10.0 + 1%

Cuannular or : .

2nd hozzle

Fuel Flow - - gpm 1 0-3.5 + 13

Primary Jet

Fuel Flow - ‘ gpm 1 0-0.7 * 12

Coannular or ) :

Second Nezzle

fobient Prossure ' psia 1 -- * 1/2%
. (o} )

Azbient Temp F 1 -- X 2%

One exhaust pressure and temperature required for misalignment test
and two cach for coannular and twin engine tests. ’
airflow rate., For hon~A/B conditions rcesure temperature directly.

Measure and record standard flow nozzle P, AP and temperature; and
calculate mass flow in a computer program,

[::> For A/B conditions (*BOOOOF) set up on @ piedetermined fuel and

CFLFA/EE|NO, D3-9574
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2.5.1.5 Test Plan

The aircraft tailpipe wivalignment tests will be run first.
The rodel scale test hardware for the twin engine simulation and for the

cosnnular flow tests will be designed bhased on results from the micalignment

tests, Fobrication of the cosnnular ond twin engine hardware will not procced,

hwever, until the micalignrent tests have been completed.  Therefore, there
will be woune time (spproximately seven weeks) between the misalignment test
and the coonnular flow and twin enygine simnlation testing., Table 13 presents

the test configurations for evaluating the tailpipe misalignment.

3 The coannular flow test will be run prior to the twin engine
simulation test., Table 14 presents the test configuration for evaluating the
cocinnular flow ¢ngine concept.
> Tzble 15 prewents the test ronfigurations which will be
eviluated for the twin engine simulations.
i
|
The flow conditions contained in Tables 13 and 15 asre defined ‘
25 follows: |
B, s
THGINE CONDITION P_/P T, ‘
t 2 j }
s |
ldle 1.05 270°F i
. o |
. Full Military 2.12 J30°F \
o]
Full A/B 1.93 282Q°F
L »
. ( LITLEEAEE [NO. 03-9574
FEVLIR: IShCT 2.0 ]PAGE 75
£-3033 RY ;
ok i
L
S




v v
§ TAELE 13
TATLPIPE MISALIGNIENT TEST CONF ) GURATIONS
(ALL DIMENSIONS IN IHCHES)
) DATA
COuF PRIMARY NOZZLE/EJECIGR (SURF | EXIT
HO. NOZZLE FLOW COND | ADAPTER MISALTGRMENT Ret, | P& T, | AcousTic
f' ! 4.31 Dia Full None Hone X X
- Military
i
{ 2 None Nozzle 1 Up
Z 3 None Nozzle 1" .Down X
N
* 4 Noene Noszzle I to X X
‘ Side
[ 4,62 Dia. Hone
' 6 4.62 Dia.|tozzle 1" Up
7 4.62 Dia.jNozzle 1" Dowr]
| 8 h.31 Dia Full 4,62 Dia.| hozzle V'  to X X
Military Side
9 6.18 Dia Full A/B None Hone X X X
10 None Nozzle 1" Up X X
11 None Kozzle V' Down X X
12 None Nozzle " to X X
Side
13 6.63 Dia. None X X X
14 6.63 Dia. Nozzle V' Up X X
15 6.63 Dia. Nozzle V"' Dowd X X
16 6.18 Dia | Full A/B | 6.63 Dia. Nozzle "' to| X X
Side
( /}‘/J"/L-Y’/‘./é}'l.‘-lo. D3-9574
REVLIR: [stCT 2.0 |PAGE 76
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. v v
P ABLE 14 7
l COANNULAR FLOW TEST CONFIGURATIONS
! ’ S ,
| - DATA 1
l LCNFIGURATION * [LOW CONDITION 10771.F/EJECTOR SURFACE EXIT
! NO. - (1r-41-2 ENGINE) M1SALIGRIMENT P.eT P, e T
. S m t t
v :
i 17 ldle. Hone X i
r ' :
; 18 /5% Mone X i
! 19 Full Hilitary None X
1 20 ldle Nozzle 1'' Up X
21 /5% Nozzle 1'' Up X
22 Full Military Nozzle 1" Up X
23 idle Hozzle 1" Down X |
: (
24 /5% Nozzle 1" Cown X ‘
25 Full Hilitary Nozzle V' Down X
26 Idle bzzle 1" to Side X !
|
. !
27 _75% Nozzle 1" to Side X (
! |
28 Full Military Nozzle 1'" to Side X |
e - - —_ ——— 4
* Pic.sure ratio &and teoperature conditions to be provided later. '
i
]
]
LEFEA/EZIND. p3iagyy
FEVLIR: lSH:T 2.0 'PAGE 77 C
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P‘lo.

23

31

32

33

35

36

37

4y

42

C

CONF.

LL.H.

]

THLELE

15

TWIN ENGINE TEST CONFIGURATIONS
(ALL DIMENSIONS TH THCHES)

PRIARY

NOZZ7LE
R.H.

.31
Dia.

L.31

Dia.

L.31

Dia.

4.3

Dia.

6.18

Dia.
4.31
Dia.

L.

Dia.

4.3
Dia.
6.18
Dia.
L.31
Dia

h.31

Dia.
L. 3]
Dia.
6.18
Dia.

4.31

Dia.

L.31 [ 4.3]

Dia. | Dia.

FeVLIR:

€-3023 R1

FLCW COND. |
L.H. | RUHL T
tdle {dle
Mili~| tdle
tary

Mivi-| Mili-
tary tary
Full Idle
A/B

tdle ldle
Mili~-] ldle
tarly

Mili-{ Mili-
tary tary
Full 1dle
A/B

1dle {dle
Mili-{ tdle
tary

Mili-] Mili-
tary tary
Full tdle
A/B

Hili-[ 1dle
tary

Mili-] Mili-
tary tary

EJECTOR
CONF

No
Splitter

No
Splitter

with/
Splitter

with/
Splitter

>
>

1> Configuration of ejectors and Cosnda surface to
be that judged to produce the best attachaent
from Configuration 23 through 40,

COfNDA - [ ROZZLE/FJECTOR DATA
CONF MISALIGHYENT 1SULFACE EXIT
PET PeeTy
No
Splitter Hone
4
X X
X X
X X
X X
X X
X X
1
with/ X X
Splitter
)
X X
1 X X
with/ None X X
Splitter
[E> Kozzle 1" Up| X X
D Nozzle 1Y Up X X
LEIXLAA/22 IND, D3-95Th
SECT 2.0 PAGE 78
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, ji
; I
i
Y ,
- |
TALE 1 Cent'd
“
PRINSRY JEJECTOR COMMDA EOZZVE/EJECT0R DATA
(CNF, NG/ E FECW C.C‘.'JD. | CONF (CNF MISALTGNSANT L CuniACE EXNT :
N0, 1.H. | RUHL | ELUH, R.H. P eT P T ;
ST m t t
L3 6.18 4.31 | rull | 1dle {> ) toszle 1 Up| X X
Nia, | Dia. | A/8
| ﬁ ‘
LY 4.3 Mili= | 1dle hozzle V! X X
Dia. tary down
45 k.31 Mili= [ Mili- Nezzle 1V X X
Dia, tary tary dcwn
) 1
L6 6.'8 Full tdle Wozzle V! X X
Dia, A/B dewn
L7 L, 31 Hili- | 1dle Nozzle 1M X X
Dia, tary to side
L8 L. 3] Mili- | Mili- Wozzle IV X X
Dia. ‘ tary tary 1 [ to <ide
Lg 6,181 L,31 1 Full Idle b D Nozzle 1M X X
Dia, | Dia. | A/B to side |
: i
i |
| ‘ |
I [\\ Configuiation of ejectors and Ceinda surface to he that judged 1
b to proiuce the best attachrent from Configuration 29 through L0, 1
i . i
| !
| ]
( LD LTSS ! NO. D3-°57Y%
- e e e ——— e e ‘
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2.5.1.6 = _Datg Reduct ion

Reduced data will be printed out on-line from computerised
recording.s The performance printout will be similar to that shown in Figqure 25,

The following data for cach test condition will be tabulated:

Atmospheric Pressure P, (psia)

: /'\U:n\sphz;ric Temperature Ta (OF) ‘
b 1
.‘.. . \\
Jet Teoperature Tj (°F) i
. . ]
(
Prirary Flow Total Pressure P (psia)
Prirary Flow Pressure Ratio Pt/Pa
. 1
1 .
Air Flow wp (Lbs/Sec)
' 2
hoszzle Area A (1n%)
p i
t 'Y 5
Fuel Flow . . W (gpm) ;
Duplicate data to that cbove will be recorded for the secondary flow of the 1
: coannular flow test and the second nozzle of the twin cngine simulation test.
Acoustic data for the two microphones in the micalignment test will i
be recorded using the General Radio 1321 real tinme analyzer and Varian
computer for an cn-line data reduction. The printout from the printer will ‘
be similar to that shown in Figure 18 ,. Sound Pressure Level (SPL) will be !
tatulated for one-third nctave band frequencies corverted to full scale i
cauivalents (i.e., frequency shift of data by a factor of 1/6 and multiplying g
distance by six to account for the scale factor). Overall Scund Pressure level ;
(cAsPL) and A" weighted ¢BA levels  will be corputed and tabulated for 7%
each microphune location for each test cendition, ;i
2
! Photographs will be taken of all madel hardware and setups. }
ldentification information such as run nunber, model conficuration, scale [
factor, date and meteorological information will be provided on ecach page
of data.
‘ SIEELLAE ' NO. [3-9574 T
- | .0 ] = 80 -
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T ey

S - ACOUSTIC ARCHA DATA : v
: WAVY COANDA/RUFBACTION KOVSE SUFPRESSOR
Configuration (description) . L
Pun (Number) Conf. (Mumber) _(date)
o
Prg  FSIA - - s Fo . -
o PSIA B P, PSIA }
) o % - 12 % )
¥
N ° !
R W <.. IL.b/Sec i
( Al Lb/Sc . WAZ - - l
' ;
l . .
m
v‘ wFl gpit ) . sz gpm_ _ .
2 2
; AP In. N . AS In. — -
} Ejector P 1 PSIA . Tg 1 op . o
2 ) N 2 . ~ B
3 - 3- B -
! ) -
12 - 2 B ‘;
|
Coanda PS 1 PSIA TS 1 op . L ;
2 o 2 e
\ .
3 o . 3 o
|
- - !
- - e j
10 o 10 _ B o
|
. o
Fake P 1 PSIA B TV — .
2 2 |
- - - - |
3 - . 3 . ) |
14 L 14 o .
( Nozzle PS 1 PS'A o -
4 IS L LErA/E7 |NO. p3-9547
‘ REVLIR: FIGURE 25 [SF:CT 2.0 lPAGE 81
PROPOSED PLRFORMANCE OUTPUT FORMAT
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2.5.1.6 Data I ticn Cont'd,
A ran log will be bept, alung with any infornation that might te
pottinent to the test recults including gencral conents,
AN adjuctients ond changes to the cquipaent and instiu e ntstion
VI‘] ?u: l'c'.')li{n'd.
Y e d e £3-9574
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2.6 Tack Vi
Tiek VI consiats of dicpnsition of the experirental L tuare
end docua ntation of the reeults of testing, including engineering gualyses,

design stedice and droewing preparation,

7.6 Poooastictor Badeare Dicposition

AT Boarde e devc Tojped woder Uie contract will be the projerty
of the vy W ihe Toull <oqle o anstirator testing is conpleted the test

site will Ye vestored and the «cnerioontal hardiare will be dicacse Hled and

chipped to a Novy facility which will be designeted by the Navy. Dieposition

of the une-siath ~eate oo tel hardisre will be detoreine d at the conclusion of

2.6.2 ote) Test Report

Lofiisl vport in Soeing format will be propered vpun co pletion

Gf v coxle el testing. This 1teport will be a detailed analysis of the test

torutts cod an o airoreft ystom ctoudy to determine specific problem arvas in

the Coonda coneopt o dn-airfie e cingines,

2.6.2.00 Foadel Test £-aylts

The results of the crw-sinth scale wodel testing will be

Yoo i the teport in the form of pertinent grophs, charts, and tables,

1t avations of cperational trends,  The results will bhe procorted

howill oo hle Navy technical personnel to determine the

o, it cbne terintics,
7.6.0.2 Fhrosft Synten Studies
b cocrsixth crale pade) tests to he oocoe plished are

Toarily g jreliiiaary dnvesticstion into odapting the O anda Suopicssor

L
Cereopt 1o Thcaitfiate cngioe dnstallotions, Alrcraft sy-tem studies to
doterine e Tellowing inforrstion will Le wvcompliasted Trem the codel

theat rerultse
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2.6.2.2 Aircraft System Studies = Cont'd,
a. Feassibitity of applying the Cosnda Suppressor concept
to aircraft wystoems,
b, Aircraft tailpipe noverent effects on jet deflection
and gas dynemics thiongh the transition wection,
c. Jet sheet interaction Letvioen two different prwer
flows in the wame chunber; reguireents for divider
w31) Letween separate chanbers; reaults of <imulation
tests for twin engine aircraft,
2.6.3 Do distretor Test Cell Cost Analysis
A prelininary cost analysis for estirating the cost-per-unit
of the test cell nlicust toise supprecsor will be conducted during the carly
«toses of Task 1. This cost estirete will be a letter toport cohaitted
concarient with the gircraft system studics cerly in the third quarter of
Fiocal Year 1975,
2.6.4 Towonctrator Test Cell Firmal Feport
The devonstrator test cell final report will include the (ost
recults, enginecring ond operational analysis and design <tudies for the full
cezle studics, as well as a suamary of the ovne-sixth scale adel test results
fren the rovdel scale fira)l report. This report will fulfill the reguire ont
dreign-ted as A0OL un Form DDIA23 of the contract and will e oa GSiD fuirat,
e W PR Y
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7.6.4.1 Operational Analysis
An Toportant cspect of the data analyces is to define test
cell cxheust system configuration requirenents, as related to the listing of
cngines in Table 1, Studics will Le performed and reported to predict,
Beved on obverved tirends, the operstional characteristics of the following
Syt escor systenss
a. A Muniver<al" configuration for all engines listed
in Table 1.
b. A group of configurations, cach Timited to a <pecific
airflow handling capability, over the range of ¢ngines
up to 600 Vbs/Sec airflow,
c. Ore configuration that could satisfactorily handle all
cengines with airflows up to 600 Lbs/Sec.
2.6.L,2 r. strator Prograa Recults
he firal report will include the recults of all pre-test
dovelonont and design studies, all test configuration results and the anzlyccs
of test revults, ANl significant test data will be analyszed and operational
trends 1tepourted,  Full «cale data will be conpared to data/predictions frum
coevious wcale model progrens wherever pessible,  Acoustic attenuation and
jet deflection will be related to actuval variations in test hardware guotctry,
T piogran aesults will be presented in cnough detail to enable Ravy technical
potrwael to dotermine the cperaticnel (haracteristics for future noise
Lt sar owyste s Looed on the Conds/Refraction concept.
?.6.5. Decign Jrawings
Detail design drswings will be generated for uwe in febricetion
of the prototype and/or production unit, as determined by the Navy. This will
be accomplished upon completion of all testing and configuration design <tudics,
The drawings will be per Specification MIL-D-1000, Category €, G, and 1, which
will fulfil) the requircient designated as A003 on Form DDIL23 of the c.ontract.
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