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1. SCOPE:

1.1 Document provides information on how military/commercial/gas turbine engine test cell/system users

may benefit from this unique Coanda/Refraction concept.

1.2 The information contains several factors which are considered essential for understanding the

practical technical aspects of the concept. These are;
a. Operation Need

b. Concept Definition

c. Developmental Program

d. Program Results

1.3 Purpose:

1.3.1 To present ah advanced technology in suppression of gas turbine engine ‘exhaust noise in ground
run-up test cells/systems. The discussion herein is limited to turbojet‘and turbofan type engines,
although the|concept is equally applicable to turboshaft and turboprop types.

1.3.2 To explain specific applications of this technique in various types of test cells.

2. REFERENCES:

2.1 ARP741 - Gasg
2.2 NAVAL AIREI
Design Config
2.3 NAVAL AIREI
Engine Demol
2.4 NAVAL AIREI
Engine Class
2.5 NAVALAIREN

Full-Scale Moq

Turbine Engine Test Cell Correlation

Liration Handbook, Test Cell System, Coanda/Refraction Noise Supj

NGINEERING CENTER{ LAKEHURST, NJ Technical Report 92-112
ntable Test Cell, Exhaust System Phase

NGINEERING CENTER, LAKEHURST, NJ Technical Report 92-113
C" Test Cell<EExhaust System Phase

NGINEERING CENTER, LAKEHURST, NJ Technical Report 92-057,
lel Experimental Test Phase

3. TEST CELL/SY

NGINEERING CENTER, LAKEHURST, NJ DESIGN DATA 92-136, 30 March 1979,

pression Concept

April 1979, Jet

May 1979, Jet

September 1975,

T

3.1 General;

L= =

One of the most important problems in ground testing of turbojet/fan aircraft engines is the extremely
high noise level energy radiated from the test location which endangers operating personnel hearing
and disturbs nearby communities. The intense noise levels produced by modern day high
performance jet aircraft is creating hazards, both physiclogical and psychological.
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3.2 Test Cell/System Design:

3.2

Gas turbine engine test cells/systems have many design requirements to satisfy the complexity of

aerodynamic, thermodynamic and acoustic performance characteristics. A delicate balance is
necessary to assure that the gas turbine engine operates in a similar environment in the test cell/
system as it does in the open air.

3.22

assure that laminar air flow through the engine chamber is effected.

3.23

The physical dimensions and cross-sectional area of a test cell/system should be such as to

The principal structural components of the test cell/system are the primary air inlet, the engine

chamber and
compatibility
that the exhd

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

3.3 Acoustic Properties:

The overall ac
contributions ¢

3.3.1 Inlet noise is

bustic performance of a test cell is a composite effect based upon th

predominately high frequencies - mostly front the engine compress

3.3.2 Engine chamber noise is mostly mid-band frequengy distributed.

3.3.3 Engine exha
4. OPERATIONAL
4.1 General;

The need for 4

Lst section noise is predominately low-frequency.

NEED:

reduced capability of the state-of-the-art equipment to function effectively. In the g

test cell/systen
high-performa
suppression e

N, engine-éxhaust total flow energy and proportional acoustic energ

huipment which can function without extensive maintenance, replac

compohents a

mitted from the inlet, engine chamber walls andthe exhaust section.

the exhaust section. Each must be designed for its individual function and for its
with the others, with respect to aerodynamics and acoustic performance. It is noted

e residual noise

DI,

dvanced technélogy in a specific commeodity area is usually based dpon the time-

as turbine engine
- especially in

nce, afterburning military engines - have increased beyond the capalbility of noise

bment of

e reduced life-cycle expectancy.
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4.2 Military Procurements:

Past equipment procurements and design studies have been limited to the state-of-the-art hardware
and technology, which have not yet been developed for prolonged durability against the adverse
effects of engine exhaust; viz high impact forces, excessive temperatures and entrained
contaminants. Consequently, procurements of noise suppression equipment or test cell/system
acoustic baffles have been diverse in origin and objectives, so that the existing acoustic support gear
is not interchangeable. Despite procurement of suppressors designed for only one engine, the need
exists for multi-engine usage. A diversity of equipment from different contractors lacks commonality
to permit a practical, efficient logistics plan for support and replacement of deteriorating parts. The
built-in replacement requirements of acoustic absorptive elements, and disadvantages in the state-

of-the-art equi
4.3

Several charag

exhaust noise
4.3.1 Current grou
to direct the
structures to
absorptive b
4.3.2 A necessary
the extent th
criteria. In th
use of perfor

bment due 1o corrosion required an improvement In noise reduction

Disadvantages:

h

SUPPressors are:

hd run-up noise suppressors utilize instream turhiing vanes and pe
horizontal, high temperature jet exhaust upward. This equipment r

hffles) are subject to deterioration and freguent maintenance.

at the noise created by the flow exiting from the suppressor is below

ated collanders to break upthe flow and mix it with cooler induced 3

teristics which tend to reduce the life-cycle effectiveness’of the stat

withstand the jet exhaust forces. Most internal components (includ

function of the ground run-up suppféessor is to reduce the hot exhay

e state-of-the-art equipment, thé necessary energy transfer is acco

]

echnology.

b-of-the-art

orated collanders
quires heavy
ng acoustic

st gas velocity to
the design
mplished by the
ir, or by injecting
for use with
bcause

Lre to acceptable

large volumags of water into the exhaust plume. Both of these methods are poor
afterburning |engines, because the flow damages suppressor components and b
excessively large amounts of water are required to reduce the exhaust temperat
levels.
5. THE COANDA/REFRACTION CONCEPT:
5.1 General:
The COANDAREFRACHONconcept-forgasturbineengineexhatst noisereduction depends,

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


https://saenorm.com/api/?name=abf9ea5780fdeeb836179052449c5496

SAE

AIR1813B

Page 6 of 23

5.2 Concept Definition:

5.3

5.3.1 A turbulent szt, exiting from a rectangular nozzle into an ambient fluid, entrains fl

5.3.2

5.4 Acoustic Refra

Refraction of g
refracts, or rag
contours of equal flow velocity and equal temperature.

ambient field
causing a lo

pressure evg
the jet and tH
phenomenof

Coanda-defl
lower static
thereby incrd
of the undefl
undeflected
possesses g
mixing capal
jet ejector of

The Coanda Effect;

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.

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:

n more, until the jet eventually attaches to the surfaceQlf there is a
is known as the Coanda Effect.
bcted jets entrain greater quantities of secondary-air than undeflecte

ressure on the bounded side of the jet, thiepressure drop across the
asing the jet velocity on that side - thevelocity of the bounded side K

eater average momentum and-greater eduction pumping efficiency
ility. As a side-effect to this_greater-mass-airflow-entrainment, Coan
eration with lower ejectorexit temperatures.
ction:

coustic energyoccurs naturally in all gas turbine engine exhaust st

iates, out-of the exhaust along paths which are perpendicular to chz

id from the

. A surface placed near the exiting jet inhibits entrainment omthat side of the jet,
v pressure region to exist between the jet and the surface. (With a pfressure gradient
thus imposed across the jet, it deflects toward the surface, thereby decreasing th

e surface
step-gap between

e deflection surface, a trapped vortex will form between jet and surface. This

d jets. Due to the
nozzle is greater,
eing equal to that

cted jet. The resultant average velocity in the deflected jet is greatfr than the
iet, assuming equal nozzle exhaust pressure. Consequently, the defl

ected jet also
than the free-jet
da flow enhances

eams. Noise
racteristic

5.4.1 Locations of refracted noise patterns, relative to the deflected jet flow, are geome1rica|ly predictable

for exploitatiuu irrhoiseredtetion 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:
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5.51

2.5:2

9.5.3

554

6. PROGRAM RES

6.1

6.2

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. More important, it eliminates the
need for cooling water and associated pump and piping systems. The actual ratio of cooling-to-
primary-air was limited to ten-to-one in the experimental model tests.

Due to the proximity of a surface to the jet, a pressure gradient is formed which causes the jet to
turn. This means that there are no components in the flow to create jet exhaust stagnation

temperature§ and pressures. | he deflection surface may be fiim-cooled with ent
slots along the surface.

The acoustid
chambers fo
exhaust flow
operating life

The initial ¢
shown in Fi
turning secti

jet exhaust, mixed with entrained cooling air at the inlet, into a rectangular sheet g

exit. The cur
reducing the
and to the re

General;

As a result of the overall developmental program, an advanced technology concef

feasible and pi
report has pre
research work
are available i

;lure 1. This configuration consists of an adapter/transition section a

energy will now be refracted out of the exhaust flow. Acoustically t
I absorption of specific frequency bands can be located adjacent to
instead of being located directly in the stream. This results in a sign
, and provides a method for attenuating low frequeticies.

rained air from air

Lined resonant
the high energy
ificant increase in

ncept of a noise suppressor using the Coanda Effect and noise refraction principle is

bn. The adapter/transition section serves\as an ejector - it converts

ved deflection surface then turns therectangular sheet flow upward
flow velocity and refracting a large portion of the internally generate
ar where acoustic resonant chambers are located.

ULTS:

actical forsuppression of gas turbine engine exhaust noise in test cq
sented an-explanation of the Coanda/Refraction concept and a desc
Thedabulated data, charts and graphs are too extensive to be pres

nd a Coanda flow
the round primary
f hot gasses atits
00 degrees, while
] noise downward

t was proven
lIs/systems. This
ription of the
tented herein, but

 technical reports, as indicated in the listing of references.

Test Cell Exha

ust System:

The Coanda/Refraction system is an air-cooled, turbojet/fan engine exhaust noise suppressor which
is attached to the aft wall of an engine test cell. The main components of the system are described

as follows:
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FIGURE 1 - The Coanda/Refraction Noise Suppression Concept
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6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

Iris Adapter: An adjustable operative device which can be used to control the amount of cooling air
which is pumped through the engine chamber, across the engine and into the first stage ejector.
The IRIS is located on the aft test cell wall, concentric with the engine longitudinal centerline and at
the inlet of the first stage ejector. The IRIS is adjustable for each engine type. The IRIS is not
needed in the standard design Coanda system. However, the adapter is recommended for use in
larger, turbofan-type exhaust systems and smaller turbojet engines.

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

Page 9 of 23

logarithmic, instead of a constant radius to allow for better cooling air mixing with the primary
engine exhaust core.

Coanda Defl
stage. The ¢
cooling becad

Acoustic End
supporting th
isolated inn

through the structure. The side walls and back wall of thelaft section (below the
enclosure should be acoustically treated with the broadband absorber panels se

isolated inn

Secondary A
forward of th
mixing with 3
airborne nois
acceptable

Exhaust Muf
system provi
atmosphere.
perforated f

Lction Surface: A curved surface directly downstream from the exit
urve is a logarithmic, instead of a constant radius. This design allo
use of the more efficient mixing between hot exhaust gases and cog

e secondary air intake and the exhaust stack. The hollow-design w
r wall and an outer wall which are designed to prevent excessive ng

r wall.

o the third ejector
ws for better
| ambient air.

losure: A structure which surrounds the ejectors and Coanda surface while also

alls consist of an
ise transmission
stack) of this

t inside the

e exhaust stack. It permits the flow of ambient air into the enclosure
nd cooling the hot jet exhaust.“The inlets are lined with acoustic p
e propagation from within the enclosure. Moreover, the inlets are s
ressures within the enclosure.

ir Intake: The secondary air intakels located in the upper part of t:F

enclosure just
or the purpose of
nels, to limit

zed to maintain

fler (Stack): Acoustically lined and located at the aft end of the muffler section, this

des the necessary noise attenuation for the mixed exhaust flow exit
A broadband acoustic absorber is used in the stack wall behind a

ng into the
ulti-layered,

ce sheet.-Jhe broadband absorbers, located in the aft end of the enfglosure extending

from the stagk to the\floor, are required to absorb noise refracted from the Coanda flow. The
exhaust stack height may be designed to provide any desired far-field acoustic pgrformance (within
local site construction constraints), as explained in Reference 2.3.

6.3 Applications:

6.3.1

As a result of the final analytic design studies, functional noise suppression systems configurations
have been identified for usage in ground run-up test facilities for Navy/Marine Corps turbojet/fan
engines. These systems are also applicable in the present design form to USAF engines which
are of the same types, but which differ only in model number from their counterparts in the Navy

inventory.
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6.3.2 The standard exhaust system for a prefabricated demountable type test cell is shown in Figure 2.
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. ltis
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 3, 4, and 5.

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:

In addition to t
in a Design Cqg

6.4.1 This technolq
or closely-re
Navy/Air For|
nonstandard

6.4.2 Thisis consi

ratio turbofam engines, as well as the “PEGASUS” or=402-RR-404 engine for th

aircraft.

6.4.3 This techniq
manufacture

7. APPLICATION T

7.1 General:

Recent develo|
technology as
where the enti
basic applicati
engine aircraft

nfiguration Handbook. (For details refer to Reference 2.2.)

bgy is adequate for designing a specific “tailor-made” nois@suppress
ated group of engines, in any type of ground run-up,test cell enclos
ce test cells/systems and Naval Air Rework Facility test cells (which
| Unigque configurations).

Hered essential for design studies leading tova configuration for largs

lle is equally applicable to commetrcial airlines engine test cells and
s test cells.

O AIRCRAFT HUSH-HOWSES:

pmental work by the U.S. Navy has been successful in applying the
an exhaustsuppressor system for aircraft acoustical enclosures - h
re aircraft-is enclosed in a test cell during ground run-up engine che
bh is<similar to the test cell system, the actual designh development fi
is.considerably more complicated. A brief summary of this progran

nese design configurations, a working technology has been formulatJed and presented

or for any engine,
ire, including
have a variety of

er, high by-pass
e AV-8 Harrier

engine

proven

ish houses -

tks. Although the

b single and dual-
is presented

below.

7.2 One-Sixth-Scale Model Configuration:

7.21

enclosure (Hush-House) series of tests.

The model configuration shown in Figure 7 is the experimental set-up for the aircraft run-up
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FIGURE 2 - Test Cell
“Standard” Exhaust System
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FIGURE 3 - Ejectors and Coanda Deflection Surface
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FIGUREE 4 - 157 A/B Engine Aligned wWith Ejectors/Deflectar
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A

FIGLURE & - Full-5cale Experimental Model Assembly
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L

FIGURE 6 - “C” Cell Installation Noise Suppressor System
Coanda/Refraction
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FIGLUREE 7 - Aircraft 3ystem Flat-Plate Ejector Model
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7.22

In order to allow for the physical properties of single, as well as dual, engine aircraft, this flat-plate
type ejector system was developed as another advanced technology feature to assure that the
Coanda/Refraction concept was adaptable to the complex geometrical requirements of an exhaust

system fora

multi-aircraft Hush-House.

7.3 Flat-Plate Ejectors:

7.31

7.3.2

7.33

The hush-house exhaust system differs from the test cell exhaust system with respect to the basic
transition/ejector configuration. Instead of the round-to-rectangular ejector geometry of the test cell
system, the hush-house system incorporates an advanced technology flat-plate type ejector

configuration.

Advantages
power-chang
can be acco

painstaking aircraft alignment/positioning.

The flat-plate system also assures that the mixed flow from twe-distinct exhaust

engine aircra
curved surfa

7.4 Summary of R

7.41

7.4.2

7.43

7.4.4

For completd
configuration
studies.

This exhausi
again, the ex
The range of
configuration

It is planned
system. Exh
designed by

ft (e.g., one engine at idle power and one engine at afterburner) wil
e and deflect upward.

esults:

aircraft ground run-up tests (in-airframe installed engines), a stand

system for aircraft run-up enclosures (Hush-Houses) is shown in F
haust system attaches to the rear wall of the standard aircraft acou

has been developed includes A-4, A-6, A-7, F-4, and F-14.
to developadesign configuration handbook for the hush-house flat

usingcthe technology from the handbook.

are that the flat-plate ejectors are less sensitive to aircraft tailpipe,;movement during
e surges of ground run-up tests, and dual-engine, as well ascsingleiengine, aircraft
mmodated on the same exhaust system without unnecessatily stringent and

nhozzles of twin-
attach to the

lard design

has been developed as a result of analytic studies, scale model tegts and design

gure 8. Here
stical enclosure.

Navy/Marine Corps-single and dual engine aircraft for which this exhaust system

plate ejector

aust systems for other Navy, Marine Corps and Air Force aircraft types can be readily

Hush-house

exhatsthoise sHppressor-systems fortse—dtirit e yluund rr=tp-tests, or in-airframe

installed engine pre-flight trim checks, for commercial airlines and aircraft manufacturers can also
be readily designed by using the technology from the handbook.

PREPARED BY SAE COMMITTEE EG-1, AEROSPACE PROPULSION

SYSTEMS SUPPORT EQUIPMENT
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FIGURE 8 - Aircraft Hush-House Exhaust System
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