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1.

PURPOSE

| BR 1813

1.1 To present an advanced technology in suppression of gas turbine engine

exhaust noise in ground run-up test cells/systems.

The discussi

on herein is

limited to turbojet and turbofan type engines, although the concept is equally

applicable

to turboshaft and turboprop types.

1.2 To explain specific applications of this technique in various types of

test cells.

2. SCOPE
2.1 Docume
test cell/s

2.2 The in
for underst

a) Ope
d) Program

3. TEST CH
3.1 Genera
fan aircraf
the test 19
by communit
jet aircraf

3.2 Test (

formation contains several factors which are cofisider
anding the practical technical aspects of the ‘Concept

ration Need, b) Concept Definition, c¢) Developmental
Results.

LL/SYSTEM NOISE SUPPRESSION REQUIREMENTS
1: One of the most important problems in ground test
t engines is the extremely high noise level energy r

cation which endangers operating personnel hearing a
ies.

ell/System Design:

3.2.1 Gas ¢
satisy the
characteris
engine opery
the open af

3.2.2 The
should be s

complexity of aerodynamic, thermodynamic and acoustic
tics. A delicate balance is necessary to assure that

r.

physical dimensions and cross-sectional area of a tes

vstem users may benefit from this unique Coanda/Refra

The intense noise levels produced by modern day|
t is creating hazards,both physiological and psychol]

ates in 4’similar environment in the test cell/system

5 turbine -engine
ction concept.

ed essential
These are:

Program and

ing of turbojet/
iated from
disturbs near-
high performance
ogical.

urbine engine test cells/systems have many design requirements to

performance
the gas turbine
as it does in

t cell/system

uch as to assure that laminar air flow through the engine chamber

is effected

3.2.3 The principal structural components of the test cell/system are the

primary air

inlet, the engine chamber and the exhaust section.

Each must be

designed for its individual function and for its compatibility with the others,

with respec

t to aerodynamics and acoustic performance. It is no

ted that the

exhaust section includes the secondary air inlet and the exhaust stack.

3.3 Acoust

ic Properties:

The overall acoustic performance of a test cell is

a composite effect based upon the residual noise contributions emitted from

the inlet,

engine chamber walls and the exhaust section.

3.3.1 1Inlet noise is predominately high frequencies - mostly from the engine

COmpressor.
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3.3.2 Engine chamber noise is mostly mid-band frequency distributed.

3.3.3 Engine
4.

4,1 General:

equipment to function effectively,

exhaust section noise is predominately low-frequency.

OPERATIONAL NEED

The need for advanced technology in a speeific commodity area
is usually based upon the time-reduced capability of the state-~of-the-art

In the gas turbine engine test

cell/system,

engine exhaust total flow energy and proportional acoustic energy - especially
in high-performance, afterburning military engines -~ have increased beyond the
capability of noise suppression equipment which can function without extensive

maintenance, r

4.2 Military

eplacement of components and reduced life-cycle expec

Procurements: Past equipment procurements and /desig

been limited t
been developed
exhaust; viz h
taminants. Co
cell/gystem ac
that the exist
procurement of
multi-engine u
commonality to
replacement of
acoustic absor
ment due to co

4.3 Disadvant

b the state-of-the~art hardware and technology,.which
for prolonged durability against the adverse effects

hsequently, procurements of noise suppression equipme
pbustic baffles have been diverse in origin and object
ing acoustic support gear is not interchangeable. De
suppressors designed for only one engine, the need ¢
sage. A diversity of equipment from different contral
permit a practical, efficient \logistics plan for sup
deteriorating parts. The built-in replacement requi
ptive elements, and disadvantages in the state-of-the
rrosion required an imprevement iIn noise reduction te|

bges: Several characteristics which tend to reduce t

effectiveness

4,3.1 Current
and perforated
upward, This
forces, Most
subject to det

4,3,2 A neces

bf the state-of-the-art exhaust noise suppressors are

ground run-up(hoise suppressors utilize instream tur
collanders to) direct the horizontal, high temperatur
pquipment xequires heavy structures to withstand the
internal {components (including acoustic absorptive ba
prioration and frequent maintenance.

figh impact forces, excessive temperatures/and entrainE

Cancy.

1 studies have
have not yet
of engine

d con-

t or test
ives, so

pite

ists for
ctors lacks
port and
rements of
~art equip-
chnology.

he life—cyéle

ning vanes
e jet exhaust
jet exhaust
ffles) are

educe the

Eary~function of the ground run-up suppressor is to r

hot exhaust gap velocity to the extent that the noise created by the flow exiting

from the suppr

essor is below the design criteria,

In the state-of-the-art

equipment, the necessary energy transfer is accomplished by the use of perforated
collanders to break up the flow and mix it with cooler induced air, or by

injecting larg

e volumes of water into the exhaust plume.

Both of these methods

are poor for use with afterburning engines, because the flow damages suppressor
components and because excessively large amounts of water are required to reduce
the exhaust temperature to acceptable levels.

5. THE COANDA

5.1 General:

/REFRACTION CONCEPT

The COANDA/REFRACTION concept for gas turbine engine

exhaust

noise reduction depends, essentially, on a combination of aerodynamic/acoustic
phenomena which occur simultaneously downstream from the engine exhaust nozzle.

]
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Definition:

The concept combines, for the first attempt in noise

reduction applications, an aerodynamics phenomenon - The Coanda Effect - for

jet exhaust bending/cooling without excessive structural requirements or turning
vanes, and an acoustic principle - noise refraction by temperature/velocity
gradients — for low-frequency tuned absorption. '

5.3 The Coanda Effect:

A non-rigorous technical statement of the Coanda

Effect, based upon the original work of Dr. Henri Coanda, A Rumanian aerodynamicist,

is presented

as follows:

5.3.1 A turh
entrains flui
inhibits enty
exist betweers
across the jg
pressure ever
is a step-gaj
form between

5.3.2 Coandd
undeflected j
jet, the preg
velocity on {1
the undeflect
greater than
sequently, t}
eduction pumy
to this great
operation wif

5.4 Acoustig

olent—jet, exiting from @ rectangular nozzie tmto—an
d from the ambient field. A surface placed near the
ainment on that side of the jet, causing a low pressu
the jet and the surface. With a pressure gradient ¢
t, it deflects toward the surface, thereby dedreasing
more, until the jet eventually attaches to(the surfa
between the jet and the deflection surface, a trappd
jet and surface. This phenomenon is kiown as the Codg

-deflected jets entrain greater quantities of secondd
ets. Due to the lower static preSsure on the bounded
sure drop across the nozzle is greater, thereby incrd
hat side —- the velocity of the bounded side being eq
ed jet. The resultant average velocity in the defled
the undeflected jet, assuming equal nozzle exhaust pn
le deflected jet also possesses greater average moment
ing efficiency than ‘the free-jet mixing capability.
er-mass—airflow-entrainment, Coanda flow enhances jet
h lower ejector exit temperatures.

Refraction:( ;Refraction of acoustic energy occurs ng

all gas turbi
of the exhaus
of equal floy

5.4.1 Locatij
flow, are geq

ne engine _exhaust streams. Noise refracts, or radiat
t along paths which are perpendicular to characterist
y velocity and equal temperature.

ons>0f refracted noise patterns, relative to the def]
metrically predictable for exploitation in noise reddy

ambient fluid,
exiting jet
re region to
hus imposed
the surface
ce. If there
d vortex will
nda Effect.

ry—air than
side of the
asing the jet
ual to that of
ted jet is
essure,. Con-
um and greater
As a side-effect
ejector

turally in
es, out
ic contours

ected jet

ction attempts.

5.5 Application to Noise Suppression:

Several factors for understanding the

aerodynamics, thermodynamics and acoustics benefits derived from application
to suppression of gas turbine engine exhaust noise in test cells are:

5.5.1 An additional feature of the Coanda Effect is that it is a natural fluid
amplifier - the curved jet flow has a greater capability than normal jets for
educting large volumes of ambient air from the immediate vicinity at the outer

boundary of the deflected jet.

In relation to jet engine testing

this means

that natural cooling of the superheated jet exhaust (caused by mixing and
enthalpy exchange of educted ambient air with the rectangular jet core) is
possible without the need for additional structural requirements of secondary

air chambers.

associated pump and piping systems.

More important, it eliminates the need for cooling

alr was limited to ten-to-one in the experimental model tests.

water and

The actual ratio of cooling-to-primary-

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=36ed3eb93ca507ce01712a76326403de

SAE AIR¥1813 42 EE 8357340 000L272 3 M

[ AR 1813

|

5.5.2 Due to the proximity of a surface to the jet, a pressure gradient is

formed which causes the jet to turn.
in the flow to create jet exhaust stagnation temperatures and pressures.

This means that there are no c

omponents
The

deflection surface may be film-cooled with entrained air from air slots along

the surface.

5.5.3 The acoustic energy will now be refracted out of the exhaust flow.
Acoustically tuned resonant chambers for absorption of specific frequency bands
can be located adjacent to the high energy exhaust flow, instead of being

located directl
operating life,

5.5.4 The inig

y in the stream.

This results in a significant incre

ial concept of a nolise suppressor using the Coanda, Ef

noise refracti
of an adapter/
adapter/transi
mary jet exhau
rectangular sh
then turns the

flow velocity and refracting a large portion of the)internally gemnen

downward and to
6.

6.1 General:
technology cong
turbine engine
an explanation
research work.
to be presented
in the listing

6.2 Test Cell

PROGRAM RESULTS

principle is shown in Figure 1. This configuration
ansition section and a Coanda flow turning seégtion.
ion section serves as an ejector -~ it converts the ny
t, mixed with entrained cooling air at tlie inlet, int
et of hot gasses at its exit. The curved deflection
rectangular sheet flow upward 90 degreés, while reduc

the rear where acoustic resonant chambers are locate¢

As a result of the overall developmental program, an
ept was proven feasible and practical for suppression
exhaust noise in test cells/systems. This report has
of the Coanda/Refraction concept and a description off
The tabulated data, charts and graphs are too extens
herein, but are-available in technical reports, as i
of references-

Exhaust System: The Coanda/Refraction system is an a

turbojet/fan engine exhaust noise suppressor which is attached to th

wall of an engi
as follows:

ne testicell. The main components of the system are

ase in
S.

fect and
consists
The
ound pri-
o a
surface
ing the
ated noise

d.

advanced
of gas
presented
the

ive
ndicated

ir-cooled,
e aft
described

6.2.1 Iris Adapter—anadjustableoperativedevicewhichcanbeu

sed to con-—

trol the amount of cooling air which is pumped through the engine chamber,

across the engine and into the first stage ejector.

The IRIS is loc

ated on the

aft test cell wall, concentric with the engine longitudinal centerline and at

the inlet of the first stage ejector.

type. ‘The IRIS

The IRIS is adjustable for ea
is not needed in the standard design Coanda system.

ch engine
However,

the adapter 1s recommended for use in larger, turbofan-type exhaust systems and
smaller turbojet engines.

6.2.2 Ejectors —— a three-stage set of augmentor devices which transition the
hot engine exhaust from a round jet to a rectangular sheet flow suitable for

introduction into the Coanda surface.

The curve is logarithmic, ins

tead of a

constant radius to allow for better cooling air mixing with the primary engine

exhaust core.

_4_|

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=36ed3eb93ca507ce01712a76326403de

SAE AIR*]JBL'B g2 ER 8357340 000kL273 5 M

AIR 1813

6.2.3 Coanda Deflection Surface —- a curved surface directly downstream from

the exit to

a constant radius.

the third ejector stage.

efficient mixing between hot exhaust gases and cool ambient air.

The curve is a logarithmic, instead of
This design allows for better colling because of the more

6.2.4 Acoustic Enclosure -- a structure which surrounds the ejectors and

Coanda surface while also supporting the secondary air intake and the exhause

stack.

The hollow-design walls consist of an isolated inner wall and an outer

wall which are designed to prevent excessive noise transmission through the
The side walls and back wall of the aft section (below the stack)
of this enclosure should be acoustically treated with the broadband absorber

structure,
panels set

6.2.5 Seco

inside the isolated inner wall.

hdary Air Intake -- the secondary air intake is Rocat

upper part
the flow of
and cooling
to limit ai
the inlets

6.2.6 Exha

pf the enclosure just forward of the exhaust stack.

ambient air into the enclosure for the purpose of mi;
the hot jet exhaust. The inlets are lined with acou
rborne noise propagation from within the enclosure. |
bre sized to maintain acceptable pressures within the

ist Muffler (Stack) —— acoustically “ined and located

end of the

tion for th
acoustic ab
face sheet.
extending f
from the Co
desired far
straints),

6.3 Applic

muffler section, this system provides the necessary n
e mixed exhaust flow exiting into the atmosphere. A
sorber is used in the stack-wall behind a multi-layer

The broadband absorbers, located in the aft end of
rom the stack to the floor; are required to absorb no
anda flow. The exhaustistack height may be designed
~field acoustic performance (within local site constr
ns explained in Reference 8.3.

Ations:

6.3.1 As a
suppression
run—up test
systems are
are of the

parts in th

result ofsthe final analytic design studies, functio:
systems-¢onfigurations have been identified for usag
facilities for Navy/Marine Corps turbojet/fan engine

bd in the

Lt permits
king with
stic panels,
Moreover,
enclosure,

at the aft
bise attenua-—
broadband

bd, perforated
Fhe enclosure
ise refracted
Fo provide any
iction con-

nal noise
b in ground
5. These

also’ applicable in the present design form to USAF e

e Navy inventory

hgines which

6.3.2 The standard exhaust system for a prefabricated demountable type test

cell is shown in Figure 5.

This configuration is specifically designed to

accommodate the exhaust airflow, temperature and pressure ratio parameters

of the J52,

J57 A/B, J79 A/B, TF30, TF30 A/B and TF41 engines.

It is noted

that the rear wall of the test cell engine enclosure is the forward wall and
ejector inlet plane of the exhaust system. Also see Figures 2, 3, and 4,

6.3.3 Figure 6 shows the standard configuration which has been developed
specially as a retrofit for replacement of deteriorated water-injection-type
exhaust systems for the Navy standard concrete Class "C" test cell.

6.4 Advanced Technology;

same types, but which differ only in model number froT their counter-

In addition to these design configurations, a working

technology has been formulated and presented in a Design Configuration Handbook.
(For details refer to Reference 8.2)

5

i
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6.4.1 This technology is adequate for designing a specific "tailor-made"
noise suppressor for any engine, or closely-related group of engines, in any
type of ground run—up test cell enclosure, including Navy/Air Force test cells/
systems and Naval Air Rework Facility test cells (which have a variety of non-
standard, unique configurations).

6.4.2 This is considered essential for design studies leading to a configuration
for larger, high by-pass ratio turbofan engines, as well as the "PEGASUS" or
F~402-RR-404 engine for the AV-8 Harrier aircraft.

6.4.3 This technlque is equally applicable to commercial airlines engine

test cells and :

7. APPLICATION TO AIRCRAFT HUSH-HOUSES

7.1 General: | Recent developmental work by the U. S. Navy, has been| suc-
cessful in appllying the proven technology as an exhaust sdppressor [system
for aircraft acoustical enclosures —- hush houses -- wyhere the entifre aircraft
is enclosed in[ a test cell during ground run-up engine.checks. Although

the basic applfication is similar to the test cell sgystem, the actuall design
development fofr single and dual-engine aircraft isJconsiderably more compli-
cated. A brief summary of this program is presénted below.

7.2 One-Sixth}-Scale Model Configuration}

7.2.1 The model configuration shown in-Figure 7 is the experimentall set-up
for the aircrafft run-up enclosure (Hush=House) series of tests.

7.2.2 1In order to allow for the physical properties of single, as well as
dual, engine alircraft, this flat-plate type ejector system was developed as
another advancpd technology f&ature to assure that the Coanda/Refragtion
concept was adpptable to the complex geometrical requirements of an| exhaust
system for a multi-aircraft Hush-House.

7.3 Flat-Plate Ejectons;

7.3.1 The hus
with respect t

round-to-recta

Instead of the

h-hotise exhaust system differs from the test cell exhpust system
bCthe basic transition/ejector configuration.
5 ush-house

system incorporates an advanced technology flat-plate type ejector configura-

tion.

7.3.2 Advantages are that the flat-plate ejectors are less sensitive to
aircraft tailpipe movement during power-change surges of ground run-up tests,
and dual-engine, as well as single-engine, aircraft can be accommodated on
the same exhaust system without unnecessarily stringent and painstaking air-
craft alignment/positioning.

7.3.3 The flat-plate system also assures that the mixed flow from two
distinct exhaust nozzles of twin-engine aircraft (e.g. one engine at idle
power and one engine at afterburner) will attach to the curved surface and
deflect upward.

6 |
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7.4 Summary of Results:

7.4.1 TFor complete aircraft ground run-up tests (in—airframe installed
engines), a standard design configuration has been developed as a result of
analytic studies, scale model tests and design studies.

7.4.2 This exhaust system for aircraft run-up enclosures (Hush-Houses) is
shown in Figure 8. Here again, the exhaust system attaches to the rear wall
of the standard aircraft acoustical enclosure. The range of Navy/Marine

Corps single and dual engine aircraft for which this exhaust system configura-
tion has been developed includes A-4, A-6, A-7, F-4, and F-14,.

7.4.3 1t iq planned to develop a design configuration handbook -flor the hush-
house flat-glate ejector system. Exhaust systems for other Navy,| Marine Corps
and Air Forde aircraft types can be readily designed by using theg technology

from the handbook.

7.4.4 Hushqhouse exhaust noise suppressor systems fof use during ground run-
up tests, of in-airframe installed engine pre-flightvtrim checks,| for commer-
cial airlings and aircraft manufacturers can also)be readily desilgned by

using the tgqchnology from the handbook.
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© 10. APPENDIX A -~ THE DEVELOPMENTAL PROGRAM

10.1 General: The development of the Coanda/Refraction concept, from an
untried combination of natural, physical phenomena to a proven, functional
test cell exhaust noise suppressor system, required an extensive research
program. In-depth analyses in aerodynamics, thermodynamics and acoustics
were integrated with realistic model tests to generate conceptual-design
configurations and technology guidelines which are valid in the harsh, tur-
bulent environment of gas turbine engine exhaust flow.

10.2 OQverall Objectives; Based upon the operational need for improved
noise suppression equipment, and based upon the potential threat of reduced
air defenge capability due to non-availability of environmentally compatible
engine tegt facilities, the Naval Material Command sponsored “a |[multi-year
comprehengive program of Exploratory and Advanced Developnient Bhases. The
objectiveyg were:

10.2.1 Tq determine the feasibility and configuration charactgristics for
applying the Coanda/Refraction Concept to the attenuation of rgdiated engine
exhaust ndise from turbojet/fan engine ground xrun-up testing. |The concept
was originally formulated by technically cognizant personnel fyom the Naval
Air Systems Command Headquarters and the Nayal Air Engineering |Center.

10.2.2 Td develop/define an advanced technology for noise supgression,
based uporl the concept, which would beCa workable technique foy usage in
future engine/aircraft test facility design projects.

10.2,3 Td generate functional configurations for exhaust noisq suppression
systems, hased upon the proven technology, which are compatibld with Navy/

Marine Coxps operational procedures for in-airframe and out~of-airframe engine
ground run-tests.

10.3 Technical Aspects/Considerations:

10.3.1 A a deflection technique for gas turbine engine exhaugt, the Coanda
Effect requires_optimum geometric configuration of the transition/ejector
section and the deflector surface. The transition/ejector device collects
the circullax \jet flow in the bellmouth inlet and ejects it from a rectangular
exhaust n lot at the aft end Thi e idt sheet,
configured in the form most conducive to efficient Coanda flow, attaches

to a curved surface, or series of successively included flat plates, which
is immediately downstream of the exhaust nozzle, but separated from the
nozzle slot. This turns the.flow into an eddy, or vortex, which generates

a low-pressure zone, causing the stream from the slot to bend and thus
follow the contour of the deflection surface.

10.3.2 Thus the need is eliminated for massive structural frames to with-
stand jet impact forces and support turning vanes. Film cooling of the
deflection surface by educted ambient air eliminates requirement for water
spray rings and associated piping, since the hot exhaust jet does not
touch the surface. The mixing of large quantities of ambient air with the
original jet greatly dissipates the total energy in the flow, and allows
for light-weight acoustical panels for reduction of the characteristic

- nolse spectrum to satisfactory levels.
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10.3.3 Research investigations were directed toward refining this flow
phenomenon into a configuration to meet the extreme mass airflow and tempera-

ture requirements of jet engine exhausts.

A stable Coanda flow effect depends

on the appropriate adjustment of many factors, including the texture of

the deflecting surface.

The primary factor is the maintenance of the balance

between the centrifugal force and the suction force as the stream flows from

the afterbody of the nozzle around the shoulder.

Particularly crucial for

this balance is the slot aspect ratio of nozzle exhaust jet sheet width to

It is this ratio which establishes the rectangular dimensions

of the nozzle slot, which makes possible the attachment of the jet sheet to
the deflector surface. An optimum ratio of 6:1 was experimentally determined.

thickness.

10.4 Techni

cal Approach; The overall developmental program.cong

essentially

10.4.1 The
feasibility
initial conf
studies/calg
equations, s
were conside
determine pdg
istics.

10.4.2 Resd
with an expe
scale modeld
strate the f
the military

10.4.3 The
and real ten
of Coanda ad
optimum set
reduction.

initial conf

of various analytic studies and model tests.

initial phase was an exploratory developmentieffort ¢
of the concept application to noise reduction and to
iguration sizing studies. This work cofisisted of ana
ulations and breadboard hardware experiments. The th
cientific assumptions and Navy noise\suppression requy
red in the anlytic studies to define feasibility and
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10.5 One-Si

xth=-Scale Model Phase-

10.5.1 The first five model tests were to establish the feasibility of
using the Coanda flow turning and resulting noise refraction principles
in a jet deflector/noise suppressor and to improve the system cooling and
flow attachment.

10.5.2 The first model test was a parametric test with model variations
such as transition ejector area ratio, exit aspect ratio, Coanda surface

radius, and

cooling slot size.

The analytical study output was used to

determine the ranges for these parameters to assure a span that encompasseﬂ

the optimum
size models

value for each parameter.
for subsequent tests.

The results of this test were used to

10.5.3 The second, third, fourth and fifth series of tests were conducted

on the experimental configurations which were iterations in design improve-
ment between successive models in an attempt to streamline the internal
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model surfaces and eliminate '"square' corners where gas flow stagnation
zones may develop.

10.5.4 The second scale model incorporated staged ejectors as a means of
improving Coanda surface temperatures. The effects of Coanda surface
sidewall configuration was also studied.

10.5.5 The third model test configuration reduced the staged inlet ejectors
from three to two while returning to a transition of the flow within the
ejectors from round to rectangular at the Coanda entrance. The ejector

area ratios were also reduced from that of the previous test. An enclosure
with inlet i i ttachment
and system [cooling.

10.5.6 The fourth model test configuation incorporated what was learned
from the rdsults of the previous tests relative to flow transitioning,
system coolling, and flow attachment.
10.5.7 The fifth model test objective was to isolate and measure the
individual |system noise sources to determine the necessary acougtic treat-
ment configuration., Four possible noise sources were:

a,. Noilse transmitted through the walls(

b, Noilse emitting from the secondakry air dinlets.

c. Noilse refracting out the exhaust opening from inside thg enclosure.

d. Thq residual noise generated beyond the exit by the exit flow.

10.5.8 Baged upon the results of all previous tests, the final model tests
were condudted on a design/which represented a progression of fllow stream—
lining attempts relative-to ejector and deflector geometry. The curved

a logarithmic spiral radius of curvature instead of |a continuous

eloped.as the full-scale experimental model, and whilch had been
"formed" to accommodate the J52, J57 A/B, J79 A/B, [TF30,

TF30 A/B and T All these engines exhaust parameterd were
simulated duxin of mode eslts Lo assure 3 engind compati-
bility.

10.6 Full-Scale Model Phase: A full-scale experimental model of a test cell
exhaust suppressor system was developed based upon the successful test phases
with the evolutionary one-sixth-scale model configurations. This model was
fabricated, assembled and tested with a J-57 afterburning engine in an exten-
sive evaluation test phase.

10.6.1 Aerodynamic, thermodynamic and acoustic operating characteristics
for this model were based upon the most demanding exhaust flow parameters
from the list of Navy engines; viz, the TF30-P~412 afterburning turbofan
engine with 240 lbs/sec mass air flow and exhaust core temperature of 3100°F.
Model physical dimensions were sized appropriately so that these criteria
for internal surface cooling and low drag gas flow would be met with negli-
gible effects on engine performance.
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10.6.2 Acoustic performance goals for the experimental model design were:

Far Field: 90 dBA along a semi-circle of 250 feet radius
from the engine centerline.

Near Field; 110 dBA along a rectangle of 20 feet distance
from the engine centerline and the exhaust

nozzle plane.

10.7 System Description;

10.7.1 The full-scale Coanda/Refraction exhaust noise suppression system,
resulting from BIT the previously discussed analytic and experimental studies,
was approximatelly 49 feet long, 23 feet wide, and 40 feet high toihthe top of
the exhaust stapk. Principal components of the suppressor system)are the

jet deflector system and the acoustical enclosure building.

W\

10.7.2 Within [the basic building, the jet deflector system/consists|of the
three-stage ejeptor, Coanda surface, and support structure. This assembly is
shown on Figure| 2. All components were fabricated fréom "A36 mild steel. The
forward end of fhe Coanda surface is supported on the. ejector stand.| The
Coanda surface pnd ejectors contain provisions for‘thermal growth. The Coanda
surface is segmpnted in three sections for handliflg ease and supported by a
tripod assemblyl

10.7.3 The Coapda exhaust system full-scale test setup is shown on Figure 3.
The configuratipn consists of the Coandalexhaust suppressor and J57-P-21 after=
burning turbojeft test engine.

10.7.4 The finpl assembly is shown-in Figure 4. Since the forward portion
of a test cell would normally have the engine enclosed and suppressegl, an

| 18-foot acoustifpally treated parrier was erected to block engine case and
inlet noise radfiated into the)far field. Air inlets are required to|provide
cooling air to [the ejectoxs.and Coanda surface to maintain temperatures below
1000 F.

10.7.5 The desfign of\ the enclosure walls, to prevent acoustic transpission
at low frequencly, was one of the most important technical challenges|of the
program. Using| strictly mass to prevent low frequency acoustic trangmission
would make the modular construction required of a demountable unit somewhat
untenable, One might use less mass by lining the interior of the enclosure
with sound absorber to lower the interior acoustic levels. However, this
would be very costly. The scale model results indicated interior lining
was not required to meet far field noise goals if the acoustic energy transmission
through the structure could be eliminated. The enclosure walls and ceiling
design consist of a double-walled steel panel system weighing 20 pounds per
square foot. The outer wall is constructed from one-quarter inch steel flat
panels attached to 8-inch deep channel frames. The inner wall, constructed
from one-quarter inch steel panels, is vibration isolated from the channel
frames with neoprene isolators. Inner and outer panel sizes were chosen
such that their resonant frequencies are less than 30 Hz. This ensures that
the panel will be in the mass low frequency range at the lowest frequency

of interest (63 Hz octave band). The 10-inch air gap is sealed. The com-

bined double-wall structure with confined air gap exhibits transmission
loss characteristics superior to an equivalent 20 1b/ft. single-wall structure. u
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10.8 Comparison of State-~of-the-Art Equipment With Coanda/Refraction Type:

The subject advanced technology noise suppression equipment incorporates
design features to enhance transportability/interchangeability, durability,
and complete frequency spectrum noise attenuation characteristics. The
impact of such equipment on engine test facility design and logistics
support planning is as follows:

10.8.1 No cooling water requirements at test sites.

10.8.2 No nted to support test facility with base water supplys-gspecially
at air stati¢ns in dry locations where water is a critical commodity.

10.8.3 A dry system will eliminate the visible plume and harmful|fallout of
"soggy soot"|from proposed test cell exhaust stacks - this problem is prevalent
in the vicinjty of test facilities, where there are numerous complaints of
damage to hogsing, ground support equipment and automobiles.

10.8.4 This|concept is favorable for current, related efforts in|test cell/
system exhaust emissions pollution control programs, by inducing reduction
of visible smoke. This requires further consideration.
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