ICAS 2002 CONGRESS

JET NOISE REDUCTION TECHNOLOGY
DEVELOPMENT AT GE AIRCRAFT ENGINES

Steven Martens
GE Aircraft Engines
Cincinnati, Ohio, USA

Keywords: jet noise, acoustics, nozzle

Abstract

Seveal years ago,GE Aircraft Engines reali zed
that with the eypeded increased stringency of
Sage 4 naseregulations, the continued thrust
growth of engine famili es, andincreasing
environmental presaiures, jet noise would
bewmme a restricting factor in aircraft
operations. Aninternal research and
devdopment program, with some invaluade
asgstancefrom NASA, was darted to
investigate how to reducejet noise while
achieving acceptable impacts on performance,
operabhility, manufacturability, weight, etc....
The chewon nazde for separate flow exhaust
systems was the outcome, reducing jet noise by
enharcing mixing d the fan, core and ambient
streams faster thanconventiond noz4es, with a
minimal impact on performance The dewon
noz4e, consisting d cut-outs aroundthe
perimeter of the noz4e, generates sream-wise
vorticity, enharcing the mixing between the two
streams, reducing the peak vdocity more
quickly andtherefore reducing peak noise. The
physical blockageis very small with this
concept, with relativey small i mpact on thrust
andflow, attributed to the aerodynamic
blockage of the streamwise vortices. This
techndogy was developed in 1996, lecame part
of a production exhaust systemin 1999, andvas
first flown on an @ planein 2001. This paper
provides a lrief overview of thistechndogy.

1 Introduction

In January of 2001 the propcsa for a new
aircraft noise certificaion standard (ICAO
Annex 16, Vol. 1, Chapter 4) was announced,
requiring 10 dB margin to Annex 16, Chapter 3,

with the sum of any two certificaion pants
totaling a least 2 dB, and no trades between
points. This new standard was anticipated, and
some aurrent engine arcraft combinations were
known to require danges to reman in
compliance Trades were alowed in the past
where & one certificaion pant the noise muld
be a&owe the cetification limit. In cases where
an aircraft had low noise & two certificaion
points but excealed the dlowable limit at a high
power setting asociated with take-off, for
example, it coud till be cmpliant with
ceatification rules, as long as the noise level did
not excea the rule by more than 2 dB. Also,
over the years engine families have grown, in
many cases with increased throttle settings to
compensate for heavier or extended range
aircraft, which raises the &it velocity of the jet.
As arule of thumb, jet noise mrrelates with V8
[1]; thus any increase in jet velocity corresponds
to avery fast increase in nase.

GE Aircraft Engines has a fairly extensive
history in jet noise and jet noise reduction work,
dating back to the late 1950s. Figure 1 shows a
time history of some of the magor jet noise
reduction initiatives GE Aircraft Engines has
been invaved with. Most of these focused on
high speed jet noise, bu in the late 1980s
NASA initiated the Advanced Subsonic
Tedindogy program (AST), with a comporent
of this focused on jet noise reduction for
commercial high bypass ratio engines [2,3.
The Supersonic Transport (SST) and the High
Spead Civil Transport (HSCT) programs are
good examples which show the difficulty of jet
noise reduction, kecause bath of these programs
were canceled before making it to the product
stage, and a large fador in eah of these
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Figure 1 History of jet noise reduction programs GE Aircraft Engines has been involved in.

cancell ations was the problem of high jet noise
levels and the lak of a technicdly and
eonamicdly acceptable means to reduce jet
noise. In simplest terms, to reducejet noise you
must reduce the velocity of the jet plume. For
example, the newest and largest turbofan
engines have incorporated higher and hgher
bypass ratios, thus lower exhaust velocities for
the same level of thrust and a crrespondng
lower level of jet noise (Bypassratio istheratio
of the massflow through the fan bypass $ream
to that through the core of the engine). With the
turbofan a relatively high flow is generated
through the fan and bypasses the engine @re,
exiting at a lower velocity compared to that
exiting the are of the engine. Figure 2 shows
the trend d noise levels for a number of
commercia aircraft. In the late 1950s gate of
the at engine techndogy was the turbgjet,
which had very high nase levels, the mgority
of which was due to very high levels of jet
noise. Over the foll owing decades the turbaofan
was developed and the bypass ratio has been
increasing steadily. Through the 1970s and
1990s turbofan engines typically had bypass
ratios on the order of 4-5, with jet noise till
remaining the dominant source of aircraft noise
at take-off. Over the last few years, new
turbofan engines have been developed with

bypass ratios on the order of 6-9. In these
newer designs, the other noise sources (fan and
turbomadinery) are beginning to owertake that
of jet noise. The naoise level reductions sen in
this figure ae mostly attributed to the increase
in bypassratio, as well as advances in quet fan
and turbomadinery designs. The red question
now beammes: How do you reduce jet noise, in
an existing engine or if it’s not practicd to
increase the bypass ratio further in a new
engine? This is the question that the devron
nozzle tedindogy was intended to address To
reduce the dfedive velocity exiting from the
exhaust nozzle, the ar must be encouraged to
mix faster with the surroundng fluid and entrain
more of this flow. In the case of very high-
spedl jets, the anbient flow is typicdly brought
into the high velocity core stream with some
type of gjedor system, usualy with a mixer [4].
However, this tedhnique is not always the most
aegodynamically efficient, and the performance,
weight, and dag impacts can make them
impradicd for most commercia applications.
The other associated byproduct of using a mixer
to encourage strong mixing of two flows is the
generation d high frequency noise. Related to
enhanced mixing is the acompanying increase
in smaler scde turbuence, and jet noise
reduction hes aways been a careful balancing
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ad between low frequency noise reduction
(deaeased mean velocity) and hgh frequency
noise generation (increased turbulence/'small
scde mixing). For supersonic gplicaions, a
relatively long duct is used davnstream of the
mixer, sometimes lined with amustic treament
to attenuate the excess high frequency noise
generated by the mixing. This is also the type
of configuration wsed for many older Stage 2
engines, which have incorporated ‘hush-kits'.
Also, long-duct, mixed-flow engines, which mix
the core and fan streams with a lobed mixer,
may incorporate this jet noise reduction design.
However, this type of exhaust system has a
relatively longer length, higher weight, and
incressed scrubbng drag.  Alternatively, a
properly designed chevron creates dreamwise
vorticity which enhances the mixing between
the fan and core streans with little to no
increase in high frequency noise.

GENERAL ELECTRIC AIRCRAFT ENGINES

CFM56-5B engine. This engine was developed
jointly by GE Aircraft Engines and Sneama
Moteurs, to paver the A321 narrow body
aircraft, and hes been in passenger service for
many years. The upgrade package was
envisioned to ensure that this aircraft would
med the new Chapter 4 ndse certificaion
requirements and alow this widely utili zed
aircraft to continue to operate withou noise
restrictions.

The devron na@ze is a mgor element of
this upgrade padkage, forecast to provide a
significant amount of noise reduction. The
speafic goal was to maximize the noise
reduction with the devron while minimizing
any negative impacts on the rest of the
engine/aircraft system. This has been a very
succesdul program and the remainder of the
paper summarizes the test results obtained at the
GE Aircraft Engines acoustic test facility, Cell
41.
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Figure 2 History of commercial aircraft noise levels and progresson d engine type and bypassratio.

2 TheChevron Nozzle

2.1 Chevron Nozzle Development Program

A program was garted in early 1999to develop
a noise reduction umrade padage for the

The overal chevron development program
contained many elements that resulted in an
excdlent noise reduction design. The gproach
started with computational fluid dynamic
studies (CFD) of different chevron designs, a
number of which were built and tested on a
1/11™ linea scde model of the exhaust system.
These tests were used to determine the jet noise
reduction compared to the aurrent production
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exhaust system both for static condtions as well
as for smulated forward flight. This test was
used to dowvnseled to a smaler number of
viable awoustic designs and then tested for
performance (flow and thrust coefficient). After
ancther round of down-seleding, taking into
acoun the noise reduction and effed on flow
and thrust, the scde model was tested at the
CEPRA 19 amustic fadlity a8 ONERA with a
1/11™ scde model of the A321 wing. This test
ensured that there were no mgjor installation o
integration effeds on the acoustic performance
of the chevron nazze.

2.2 Facility

The aoustic results discussed in this paper were
obtained at GE Aircraft Engines test faaliti es.
The GE Aircraft Engines Cell 41 anechoic free-
jet noise fadlity, shown in Figure 3, is a
cylindrical chamber 43 feet in dameter and 72
fed tall. The inner surfaces of the chamber are
lined with anechoic wedges made of fiberglass
woadl to render the fadlity anechoic aove 220
Hz. The fadlity can accommodate single and
dua flow modd configurations, the dua flow
representing the cre and fan stream of atypicd
high-bypassratio, separate flow exhaust system.
The two streams of heded air for the dual flow
arrangement, produced by two separate natural
gas burners, flow through silencers and denum
chambers before entering the test nozzle. Eacdh
stream can be heated to a maximum temperature
of 1960°R with naze presaureratios as high as
5.5, resulting in a maximum jet velocity of
3,000ft/sec, with throat areas of 22 in and 24
in® for the cre and fan streams, respedively.
For the tests discussed in this paper, the nozzle
temperature, nazzle presaure ratio, and mass

flow requrements are wel within the
cgpabiliti es of the fadlity.
The tertiary ar system (for flight

simulation) consists of a 250,000scfm (at 50
of water column static presaure) fan driven by a
3,500 haosepower electric motor. The transition
ductwork and silencer route ar from the fan
discharge through a 48 diameter free-jet
nozzle. The silencer reduces the fan nase by 30
to 50 B. Tertiary airflow at its maximum
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delivery rate permits flight simulation upto a
free jet Madh number of approximately 0.4.
Mad number variation is achieved by adjusting
the supdy air fan inlet vanes. The cmbined
model, freejet, and entrained airflow is
exhausted through an exhaust ‘T’ stad sil encer
aligned dredly over the model in the cali ng of
the damber. The ehaust ‘T" stack is
aousticdly treaed to reduce noise transfer
from the facili ty to the surroundng community.
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Figure 3 Side-view schematic of Cell 41.

The facility is equipped with a traversing
tower containing 13 microphaes, mourted at
polar angles from 45° to 155, seen in Figure 3,
and povides measurements at a minimum
distance of 22 fed from the nozze reference
locaion, (see Figure 4) to measure the aoustic
characteristics of the test models in the far-field.
Figure 4 aso shows a layout of the faality,
indicaing the orientation d the model hardware
and the microphore locations. The tower can be
physicdly positioned at any azimutha angle
noted in Figure 4. However, to ensure non-
interference from close proximity to wedges in
its extreme positions, data aquisition is
normally limited to the 0° to 90° locaions
identified on Figure 4. An azimuthal angle of
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zero is defined as the 45° (N-E) position.
Acoustic microphore data is typically acqquired
at two azimuthal angles to simulate the sideline
and community noise measurements required
for FAR 36 ceatification. For these experiments
the sideline noise measurements were made &
34 degrees and the community noise or cutback
noise was measured a 90 degress,
(microphores aligned with the model such that
the pylon is on the far side of the exhaust
system model) identified onFigure 4.

F =100°
Max Traverse Locetion

F =90°

ReferenceLine
Cell 41

"N
Min Traverse Location
F =10°

Tower Mourted Microphores
Traverse Track

Figure 4 Plan view of Cell 41 showing
microphone locétions and measurement
orientations.

2.3 Chevron Description and Design

Chevron na@zles were first tested at GE Aircraft
Engines in 1996 duing an internally funded
program, which looked at a variety of different
jet noise reduction concepts. The devrons
proved to be the most promising concept
developed in terms of noise reduction and
performanceimpact, and were further developed
in testing at NASA Glenn Reseach Center
under the AST program [2,3]. The idea for
chevrons came from a myriad o sources,
including work done on tabbed nazzes [5-8],
nozzles with cutouts [9-12], mixer nozzles [13-
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15], and general knowledge and experience
developed ower the years a GE Aircraft
Engines.

Figure 5 shows a phaograph o a 1/11™-
scde mode of the CFM56-5B exhaust system.
This engine model powers the A321 rarrow-
body aircraft. The devron naze, shown in
Figure 6, was chosen after testing a number of
design concepts with various permutations of
the design parameters of the devron naze.
Some of these parameters are. number of
chevrons or cut-outs, length, width, asped ratio,
swee angle, penetration, shape, azimuthal
contouring, relative aia locdion, etc.... Initia
design screening was done using computational
fluid dynamics (CFD) anaysis to quelitatively
compare the mixing characteristics of the jet
plume for different chevron designs relative to
the baseline @nfiguration. The devron naze
used for discussonin this paper has 8 chevrons
that alternate penetration into and away from the
engine caterline. In genera the chevron design
seledion must consider acoustic benefit,
performance, operability, manufacturability,
maintainabili ty, etc.... Unfortunately, acoustics
and performance usually have a1 inverse
relationship; that is, what's good for acoustics
generdly is bad for performance The at isin
designing a nozzle that maximizes aoustic
benefit and minimizes negative performance
impad, while meding the remaining system
requirements.

An important and dten urrecognized
asped of the devron naze is their inherent
difference to tabbed nazzles. Tabbed nazzes,
like mixers, shift the frequencies of noise
generated. They move eergy from low
frequencies to high frequencies. Chevrons, on
the other hand, are designed with an am to
reduce low frequencies while leaszing the high
frequency acoustic charaderistics esentialy the
same & a @mnventional nozzZle. There may be
some very dlight incresses in ndse & some
moderate to high frequencies, bu in efficient
chevron designs, it is usualy insignificant when
taking into accourt other engine sources, which
are typicdly usualy higher than the jet noise &
these frequencies.
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Figure 5 Photograph of CFM56-5B conventional
exhaust system scale model.

2.4 Acoustic Results

All of the results shown and discussed in this
section were obtained during ajoint GE Aircraft
Engines/Snecma scale model  development
program.

The discusson of the acoustic results
begins with the Effective Perceived Noise Level
(EPNL).  This is the noise metric that
determines if an aircraft is in compliance with
FAR 36 noise regulations. The EPNL is a
measure of the cumulative noise measured as an
aircraft flies by a specific location. This is
constructed from the perceived noise level
(PNL) time history. The PNL vaue at each
measured directivity angle is caculated from
the integrated sound pressure level (SPL)
spectra, weighted for human annoyance. The
SPL spectrum is the measured noise level at
each directivity angle (or arcraft location at
each instant in) as a function of frequency (50-
10000 Hz). Acoustic datafor the scale model is
acquired up to 80,000 Hz. The frequencies are
linearly scaled to those that would occur for the
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Figure 6 Photograph of scale model chevron for
CFM56-5B exhaust system.

full-scale engine. The sound pressure level
amplitude is also scaled to the full-scale levels.
The absolute scales on the plots are not
provided, however these scales are consistent
for each set of plots.

Figure 7 shows the range of jet EPNL for
static and flight simulation conditions a an
azimuthal angle of 90 degrees, corresponding to
the measurement location directly under the
flight path of the aircraft, for a range of
aerothermodynamic  conditions  generally
covering approach to full power take-off. The
X-axis metric is the mass average of the fan and
core stream exhaust velocities, normalized with
the ambient speed of sound. The data is
compared on this normalized scale to account
for small variations in the conditions set as well
as the ambient conditions. The simulated flight
data is corrected for passing through the shear
layer of the external flow stream using a
modified version of the Amiet method [16].
The lightly shaded symbols indicate the cycle
points corresponding to the cutback condition,
this is the engine power setting (core and fan
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nozzle presure ratios and temperatures)
correspondng to the autback or fly-over Annex
16 Chapter 3 certificaion pant
(Vmix/Aamb=0.86, Vmix=990 ft/seq. The
static data shows a @nstant modest noise
reduction at normalized velocities up to abou
0.8, then a stealily increasing noise benefit due
to the devron n@zle & higher levels. The
simulated-flight condtions aso exhibit the same
trend with a slightly larger noise reduction at the
same normalized velocity. Acoustic data was
not aauired for the lowest normalized
velocities for the simulated flight condtions
becaise it is very hard to dstinguish this low
level of jet noise from the free-jet background
noise.

O Conventional Nozzle
< Chevron Nozzle

I 5 EPNdB

27

7
e

Single Engine Freefield Data

Open Symbols - Static Data
Closed Symbols - M=0.25 Flight Simulation Data

Jet Effective Percieved Noise Level (EPNdB)

0.5 0.6 0.7 0.8 0.9 1 11
Vmix/Aamb

Figure 7 Jet eff edive perceived noise level asa
function d normali zed velocity for the cutback
measurement location.

Figure 8 shows the same results as Figure 7
for the same aeo-thermodynamic cycle
condtions, at an azimuthal angle of 34 degress,
correspondng to the sideline cnfiguration, the
catification pant correspondng to the
measurement location dfset to the arcraft flight
path. The shaded symbadls correspond to the
sideline egine cycle ondtions
(Vmix/Aamb=1, Vmix=1150ft/sec). The noise
level at this orientation follows a very similar
trend as the fly-over orientation. One
interesting difference between the two
orientations is that the @solute noise level is
higher at the sideline orientation than the fly-
over orientation, even for static data. This noise
differenceislikely due to the pylon - the mixing
characteristics of the jet plume may vary in the
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azimuthal diredion dwe to the dfeds of the
pylon - this has been olserved in computational
work onchevron naezes|[17].

el (EPNdB)

5 EPNdB

ved Noise Lev

Jet Effective Percie

Single Engine Freefield Data
Open Symbols - Static Data
Closed Symbols - M=0.25 Flight Simulation Data

0.5 0.6 0.7 0.8 0.9 1 11
Vmix/Aamb

Figure 8 Jet eff ective perceived noise level as afunction
of normalized velocity for the sideline measurement
location.

Figure 9 shows the jet PNL diredivity for
the aitbadk cycle condtion and measurement
locaion for the @nventional and chevron
nozzle for both static and M=0.25 flight
conditions (correspondng to the lightly shaded
symbols on Figure 7). The static data shows a
very dight benefit for the dhevron naze over
al angles. In this plot the measured data @vers
diredivity angles of 45 to 155 dgrees (180
degreesisdiredly behind the engine), the other
angles are simple etrapdations of the data
asaming sphericd spreading. In the case of the
M=0.25 flight simulation diata the noise
difference daraderistics are different. In the
mid-range agles (60 — 90 dgrees) the
conventional and chevron nazle noise levels
are essentially the same. In the dt angles (=
100 dgrees) the dhevron provides increasing
noise reduction lenefit.  However, in the
forward angles (< 60 degrees) the chevron may
be dightly louder than the mnwventional nozzle.
Figure 10 shows the same information for the
sideline cycle ondtion and measurement
orientation (correspondng to the lightly shaded
symbols on Figure 8). For the sideline cycle
condtion it is obvious that the chevron nazze
provides more benefit than the lower velocity
condtion at cutback. For the static condtions,
the open symbadls, the dhevron n@ze shows a
fairly constant level of noise reduction ower
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most of the directivity angle range. At the most
aft angles (= 150 degrees) the conventional and
chevron nozzle noise levels are approximately
the same. For the M=0.25 flight simulation
case, the chevron provides a fairly constant
moderate reduction in PNL up to a directivity
angle of approximately 110 degrees. Aft of this
the chevron provides a reduction of
approximately 2.5 to 3 PNdB. Thus the chevron
is most effective at the most aft angles, where
jet noise redly peaks. Another striking feature
of Figure 10 is the difference in chevron nozzle
effectiveness between static and simulated flight
data. The chevron nozzle provides more noise
reduction with flight simulation than does the
static case. The reason for this is currently
unknown.

—B&— Conventional Nozzle
T|--< - Chevron Nozzle

Jet Percieved Noise Level (PNdB)

g/ Single Engine Freefield Data “\
Open Symbols - Static Data .".
Closed Symbols - M=0.25 Flight Simulation
T T T T T

T T
0 20 40 60 80 100 120 140 160 180
Directivity Angle (degrees)

Figure 9 Jet perceived noise level directivity, static
and M=0.25 simulated flight conditions, conventional
and chevron nozzle, cutback cycle condition
(Vmix/Aamb=0.86) and measurement location.

Figure 11 shows the jet (SPL) spectra for
the cutback cycle condition and measurement
location for three directivity angles, 90, 130,
and 150 degrees for the conventiona and
chevron nozzle configurations. At the 90-
degree location, the chevron provides a couple
of dB reduction up to approximately 800 Hz.
Above 800 Hz, the two configurations virtually
lie atop one another. There are some
frequencies where the chevron is slightly higher
than the conventional nozzle. This slight noise
level increase at the higher frequencies is due to
the increased small-scale turbulence that is a
byproduct of the streamwise vorticity generated
by the chevrons. In the design of the chevron
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Figure 10 Jet perceived noise level directivity, static
and M=0.25 simulated flight conditions, conventional
and chevron nozzle, sideline cycle condition
(Vmix/Aamb=1) and measurement location.

nozzle this is an area that requires careful
monitoring. The geometric parameters of the
chevron nozzle are balanced with the aero-
thermodynamic conditions to provide a
maximum low frequency noise reduction with a
minimum high frequency noise impact.

‘Solid Line - Conventional Nozzle
Dashed Line - Chevron Nozzle

ISdB

=90 degrees
|—130 degrees
— 150 degrees

Jet Sound Pressure Level (dB)

Single Engine Freefield Data
T

T
10 100 1000 10000
Frequency (Hz)

Figure 11 Jet sound pressure level spectrafor
M=0.25 simulated flight conditions, conventional and
chevron nozzle, cutback cycle condition
(Vmix/Aamb=0.86) and measurement location, 90,
130, and 150 degree directivity angles.

Some amount of high frequency noise level
increase can be acceptable in the jet noise
spectra because in the engine there are other
noise sources that are dominant in this
frequency range. This s the effect that resulted
in the dlight PNL increase for the forward
angles in the simulated flight data at cutback
conditions on Figure 9. Thisis one of the main
aspects that makes jet noise reduction so
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difficult in pradice This sesaw effed can
eliminate an oweral noise benefit in the EPNL
even when there may be some significant noise
reductions at some frequencies and angles. The
other two angles, 130 and 150 degrees, show
similar low frequency noise benefits up to abou
500Hz, and abowe that generally show the same
noise level asthe mnventional nozze.

Figure 12 shows the same information at
the sideline cycle condtion and measurement
locaion. As e previoudy in the PNL and
EPNL plots at the higher velocities the devron
results in larger noise reductions. At the 90-
degreediredivity angle the benefit continues to
approximately 1000 Hz. At 130 degrees the
chevron Lenefit is larger, onthe order of 3 — 4
dB, again up to frequencies around 1000Hz.
Finaly, at 150 degrees the dhevronis providing
SA. reductions up to 5 B a the lower
frequencies and the benefit extends through the
complete frequency range, at smaller levels.

Solid Line - Conventional Nozzle
{Dashed Line - Chevron Nozzle

15(18

7—90 degrees
| —130 degrees

— 150 degrees

Jet Sound Pressure Level (dB)

Single Engine Freefield Data
T

T
10 100 1000 10000
Frequency (Hz)

Figure 12 Jet sound presaure level spedrafor
M=0.25 simulated flight conditions, conventional and
chevron nozze, sideline cycle mndition
(Vmix/Aamb=1) and measurement location, 90, 130,
and 150 agreediredivity angles.

Figures 7 and 8 showed jet EPNL
reductions on the order of 2 — 3EPNdB. To
relate this to the engine system noise reduction
the devron would produce these jet noise
reductions would need to be evaluated using an
engine system flyover noise analysis. The
ultimate noise reduction is a function d how
dominant the jet noise wmporent is relative to
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the other engine noise sources a each
appropriate ago-thermodynamic condtion.

These results have shown that a properly
designed chevron for a particular engine cycle
and geometry can effectively reduce the jet
noise, over most frequencies and angles, and
when taken with the other engine noise sources,
esentialy pay no pice for increasing noise &
any frequency or angle. Thisdesign processhas
also taken into acourt other considerations to
minimize awy other effeds to the engine or
aircraft. Spedal consideration is paid to the
chevron's effed on the thrust and flow
coefficient.

3 Conclusions

This paper has discussed some of the long-term
history of jet noise reduction and spedficaly a
summary of the development of the devron
nozzle for jet noise reduction for high bypass
ratio separate flow exhaust systems. Jet noise
reduction is a very difficult task due to the
constraints imposed by engine axd aircraft
system requirements. It is extremely difficult to
reduce jet noise while not impading anything
else negatively. Chevrons are unique, as a jet
noise reduction tecdndogy, in that they can
have a relatively smal impad on weight,
performance, and operabili ty.

Jet noiseis only one mmponent of the total
engine and aircraft system noise signature, bu
the jet noise reductions demonstrated herein can
add upto a significant cumulative system noise
reduction, depending on the engine and aircraft
under consideration. Continued chevron
development for the CFM56-5B, has included
scde modd tests with the echaust system
mourted undxr a scae model wing. Static
engine testing is <heduled for June of 2003,
and fli ght-testing shoud occur the fall of 2003.

The chevron n@ze has proven to be an
excdlent techndogy developed jointly between
GE Aircraft Engines and NASA as an effedive
and efficient means to reduce jet noise with
minimal impad on engine performance
operability, weight, and cost, for some arcraft
systems. This has been an espedally important
tedhndogy development because in some caes
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it can be a farly smple aad inexpensive
retrofitupgade for existing engine/aircraft
applicaions.
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