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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 an 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 - Gas Turbine Engine Test Cell Correlation

2.2 NAVAL AIR ENGINEERING CENTER, LAKEHURST, NJ DESIGN DATA 92-136, 30 March 1979,
Design Configuration Handbook, Test Cell System, Coanda/Refraction Noise Suppression Concept

2.3 NAVAL AIR ENGINEERING CENTER, LAKEHURST, NJ Technical Report 92-112, April 1979, Jet
Engine Demountable Test Cell, Exhaust System Phase

2.4 NAVAL AIR ENGINEERING CENTER, LAKEHURST, NJ Technical Report 92-113, May 1979, Jet
Engine Class “C” Test Cell Exhaust System Phase

2.5 NAVAL AIR ENGINEERING CENTER, LAKEHURST, NJ Technical Report 92-057, September 1975,
Full-Scale Model Experimental Test Phase

3. TEST CELL/SYSTEM NOISE SUPPRESSION REQUIREMENTS:

3.1 General:
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:

3.2.1 Gasturbine 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.

3.2.2 The physical dimensions and cross-sectional area of a test cell/system should be such 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 respect to aerodynamics and acoustic performance. It is noted
that the exhaust section includes the secondary air inlet and the exhaust stack.

3.3 Acoustic 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 Inlet noise is predominately high frequencies - mostly from the engine compressor.

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

3.3.3 Engine exhaust section noise is predominately low-frequency.

4. OPERATIONAL NEED:

4.1 General:
The need for advanced technology in a specific commodity area is usually based upon the time-
reduced capability of the state-of-the-art equipment to function effectively. 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, replacement of
components and 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 equipment due to corrosion required an improvement in noise reduction technology.

4.3 Disadvantages:

Several characteristics which tend to reduce the life-cycle effectiveness of the state-of-the-art
exhaust noise suppressors are:

4.3.1 Current ground run-up noise suppressors utilize instream turning vanes and perforated collanders
to direct the horizontal, high temperature jet exhaust upward. This equipment requires heavy
structures to withstand the jet exhaust forces. Most internal components (including acoustic
absorptive baffles) are subject to deterioration and frequent maintenance.

4.3.2 A necessary function of the ground run-up suppressor is to reduce the hot exhaust gas velocity to
the extent that the noise created by the flow exiting from the suppressor 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
large 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/REFRACTION CONCEPT:
5.1 General:
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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5.2 Concept 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 turbulent jet, exiting from a rectangular nozzle into an ambient fluid, entrains fluid from the
ambient field. A surface placed near the exiting jet inhibits entrainment on that side of the jet,
causing a low pressure region to exist between the jet and the surface. With a pressure gradient
thus imposed across the jet, it deflects toward the surface, thereby decreasing the surface
pressure even more, until the jet eventually attaches to the surface. If there is a step-gap between
the jet and the deflection surface, a trapped vortex will form between jet and surface. This
phenomenon is known as the Coanda Effect.

5.3.2 Coanda-deflected jets entrain greater quantities of secondary-air than undeflected jets. Due to the
lower static pressure on the bounded side of the jet, the pressure drop across the nozzle is greater,
thereby increasing the jet velocity on that side - the velocity of the bounded side being equal to that
of the undeflected jet. The resultant average velocity in the deflected jet is greater than the
undeflected jet, assuming equal nozzle exhaust pressure. Consequently, the deflected jet also
possesses greater average momentum and greater eduction pumping efficiency than the free-jet
mixing capability. As a side-effect to this greater-mass-airflow-entrainment, Coanda flow enhances
jet ejector operation with lower ejector exit temperatures.

5.4 Acoustic Refraction:
Refraction of acoustic energy occurs naturally in all gas turbine engine exhaust streams. Noise
refracts, or radiates, out of the exhaust along paths which are perpendicular to characteristic

contours of equal flow velocity and equal temperature.

5.4.1 Locations of refracted noise patterns, relative to the deflected jet flow, are geometrically predictable
for exploitation in noise reduction 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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5.5.1 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. 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.

5.5.2 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
temperatures and pressures. 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 directly in the stream. This results in a significant increase in
operating life, and provides a method for attenuating low frequencies.

5.5.4 The initial concept of a noise suppressor using the Coanda Effect and noise refraction principle is
shown in Figure 1. This configuration consists of an adapter/transition section and a Coanda flow
turning section. The adapter/transition section serves as an ejector - it converts the round primary
jet exhaust, mixed with entrained cooling air at the inlet, into a rectangular sheet of hot gasses at its
exit. The curved deflection surface then turns the rectangular sheet flow upward 90 degrees, while
reducing the flow velocity and refracting a large portion of the internally generated noise downward
and to the rear where acoustic resonant chambers are located.

6. PROGRAM RESULTS:
6.1 General;

As a result of the overall developmental program, an advanced technology concept was proven
feasible and practical for suppression of gas turbine engine exhaust noise in test cells/systems. This
report has presented an explanation of the Coanda/Refraction concept and a description of the
research work. The tabulated data, charts and graphs are too extensive to be presented herein, but
are available in technical repotrts, as indicated in the listing of references.

6.2 Test Cell Exhaust 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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