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NOTSE AND SUPPRLSSION

SECTIOR 1
INTRODUCTION
‘hree specific benefits in achieving low engine noise levels a
sweociuted with the sugmented turbofan cycls szlected {or the JTTH

The cycle permits the simple annli~2t’on of noise
suppresgion devires.
Th> .urootan engine noise spectrum has the greateat sound
pressure level at a higher frequency than does the turbojet

engine and thus the noise from the turbofan engine attenuates
core rapidly with distance.
The turbofan engine 2ycle provides operaicionai vecac: «it.)
that noise generation by the exhaust gases can be reduced by
adjustment of flow and velocity in the primary stream and in
the fan duct streas.

Afrport noise:

Ejector effect

Ejector acoustical 1in-rs

Noise suppressors

Approach noise:

a.
b.
c.
d.
e.
f.

Rescnunt acoustical liners
Blade/vane matching
Blade/vane dpacing
Ejector acoustical liners
Ejector effect

Noise suppresaors

Ejector acoustical liners

Community noilse:

Kesonant acousticai liners
Blade/vane matching
Blade/vane spscing

Ejector acoustical liners
Ejector etfect

Noise suppressors

Ejector acoustical liners
Matching effacts

CI-1

and their respective noise

_ 4 PNdb (jet noise)
"2 PNdb (jet noise)
4 PNdb (et noise)

noise)
noise)

fan
fan

db (0ASDL;
ab (OASPL:
db (OASPL; fan noige)
dt (OASPL; fan ncise)
PNdb (jet noise)
PNdb (jct noise)
PNdb ({et noise)

pNLL NSO

db
db

noise)
nolse)

fan
fan

{UASPL;
(OASPL;
db {OASPL; fan ncise,
db (OASPL; fan ncise)
PNdb (jet noise)
PNdb (jet noise)
PNdb (jet noise)

MmN WLWWL SO W

i)
foaume 111

on

These benefits of the turbofan engine cycle, when compared tc the
predicted unsuppressed noise from the engine, permit 4 varilety of tech-
niques for noise suppression to be supplied.
dre discussed in detall in this report,
benrefits are:

These techniques, which

PNdb (total engine noise)
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On the basis of analymisn and mespeyrements, PEVA Lolleves vhidr tir
t2llowing TAA noise objeciives can be obtained:

1. 1300 fger from centerline of runway 11€ PNy
2, 3 otstute mileg from start of tukeoff roll 105 PNdb
3. 1 statute milec froz runuav on aspreach 109 =g

A sumsary of current and potential JTIF17 noime euppre don for cach
of the above conditions is presented tn fgursz ! through 3. Unsupsressed
noisé <aluew heve been established using the retheds defined at the bhegin-
ning ot the following scction, Sectfon I1 (Cycle Noiwe).* Engine modei
specification velues of fin and exhaust nolse suppression have beern
applied to define the curves labeled "current suppression.”

Noise levels that will be achieved through the application of suppres-
sion devices developad during Phase III are shown as potential suppressinn
on each curve. The sha. *d areas rvepresent the increage in effectiveness
of suppression devices .Lnhat will be developed during this period.

J'

In Section I1 (Cycle Noise), predicted unsuppressed single enyine
vwaes lovtle ay_ (. entad  Theaa ~re followed by a dee~rintion of tha
proposed noise development program. Section III (Suppression Devices),
gilves a summary of svsilable suppression merhods and estimates effect
of each method when applied tc tne engine. unless otherwise indicated,
suppressior devices are identical for prototype and prcduction engine
designs. Section III concludes with a description of the Phase III Sup-
pressor Development Program.

-
p 8

Notes Current Commetcial Aircraft:

1. Two Engines 987105 PNdb

- +40 2 Szxtra Givumd Aiilenusiion — TAA N‘ Jojective: 116 PNdb —

1304—

Max Augmented
Unwppnmod-\ Thrust
Current Suppression -

bt —

PERCEIVED NOISE LEVE) - PNdb

100 -
30 . I )
INSTALLED THRUST - Ib (Thousand)
Figure 1, Predicted Turbofan Airport Noise FD 16948

Levels Cl

*Stundard SLE procedures (AIR 876) require adjustmenta for the number of
engiuse in determining aircraft noise levels, The aound produced by four
engines is used for all flight conditions, and tliat produced by tuo engines
iz considered during operstion on the ground, Octave band sound pressure
levels are presented for a single engine, since thias distribution is pre-
dicted to be equal for each enjine at a coamon thrust level.
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ﬁ | Curreat Commercial Aircraft: 119 - 125 PNdb
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o A |
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SECTION 1I

CYCLE WOISE
A. PREDICTED ENGINE NOISE LEVELS

P&WA’s experience in noise measurement and control has shown that the
noise produced by the turbine is not perceptible in the presence of the
other noise sources in the engine and for this reason is not significant
in this evaluation of JTF1l7 engine noise. Therefeore, this small noise
source is not discussed in this section of the proposal. The significant
noise sources in the turbofan engine are the primary exhaust gas stream,
the fan duct exhaust gas stream, and the fan. These sources and the con-
trol of these sources will be discussed in detail in this volume.

It should also be noted that methods for control of tte noise emitted
from the front of the engine are not discussed as a ncise development
program of the engine manufacturer in this proposal. P&WA believes con-
trol of this noise can be readily accomplished by appropriate treatment
of the inlet and the associated ductwork. Continuous support of the air-
frame manufactnrer's inlct noise control development program will be pro-
vided by P&WA during the engine test and noise programs. Inlet noise
control methods will be evaluated during Phase III in engine tests with
the inlet installed. Engine noise levels transmitted forward to the
inlet and reduction in these noise levels by noise control features
incorporated in the engine design will be provided to the airframe manu-
facturer to assigt the implementation of the airframe manufacturer's
inlet noise control program.

1. Prediction Procedure

The noise predictions discussed in the following paragrapns are based
upon current SAE-approved methods supplemented by techniques developed by
P&WA. These methods are applicable to an engine that incorporates no
features specifically designed to minimize noise.

Exhaust noise was estimated using engine performance parameters cal-
culated by the FaWA engine specification computer programs in the predic-
tion method defined by SAE Document AIR 876. The resultant octave band
sound pressure levels were then added to predicted fan sound pressure
levels calculated by the system described in Item 9 of the P&WA Phase II-4
Final Report. Values for preceived noise were then obtained using the.
method of SAE Document ARP 865. Required adjustments fcr distance from
the sound source were performed in accordance with SAE Document AIR 87&.

2. Airport Aporoach Condiciors

Engine net thrust one miie from touchdown during airport approach
will be in the approximate range of 9,000 to 18,000 1b. For this net
thrust range, the relationship between the individual noise sources and
the magnitude of the respective contributions to total eagine noise is
presented in figure 1.

The unattenuated fan is the predominant noise source throughout the
thrust range illustrated. By means of suppression devices described in

Section ITI, however, noise from this source can be zttenuated to the

CII-1
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level produced by the exhaust gases or possibly even lower. The vers-
tility of the turbofan cycle also provides an opportunity for fr:rtiher
reductions in fan and exhaust gas noise through the operational techniques
described in Section IIT.

Octave band sound nressure levels at a representative approach thrust
condition of 12,000 pounds of net thrust are presented in figure 2.

]

No Suppression
Four Engines

15C

p—
F
(=]

8
i
=
%

P S Y X L el

Duct J ‘
| Exunaust Gas —\. |

T Sl B Sy

..........

100 Exhaust Gas

MAXIMUM PERCEIVED
NOISE LEVEL - PNdb
- B
= =
]
\
|
|
!

90
8 9 10 11 12 13 14 15 16 17 i8

NET THRUST - 1b (Thousand)

Figure 1. Predicted Turbofan Noise Levels FD 16750
Typical of Flight Profile at CI!
Airport Approach

110

o N(ltY(‘ﬂ: I & Fan ,Nnisu _{ T
- 1. No Suppression A Duct Exhaust Gas
' 2. One Engine O Primary Exhaust Gas
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w0 :
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. o ﬁ
=¥ |
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Figure 2. Predicted Sound Pressure L-vels FD 1675]
Typical of Flight Profile at CIi

Airport Approach
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I 3. Communier Neige
e Power afier takeoff is shown in figure 3 for the range of 15,000 to
27,000 1b net thrust, Because of g substantial increasc in altitude aver ]
that of aiipuck approaci, total noise is expected to he considerably
i reduced with respect to an nhearver an tha ground sven though nct thrust
. 1s higher. The predicted values are given in figure 2.
13y - —I I T B
l:du Suppf«'.msiun &
. H Four Eagines
o.onzoﬁ— $
k) ]
. E% Tnul—\
P
g__',nok -J"‘“?-
| mm /—-i—"/ + ....... =l Primary Exhaust Gas
B> - L
gfg e s - —'__:.:——'*-""-] ””” P T
ol = Fan—4 j————
=5 " S e ‘
. = S PR b I NI
; ﬁ% e e i Duct Exhaust Gas
: z 90 4
* 1
.' 80 i o |
L 14 16 ' 20 22 24 26 28 30 !
- . ¥ THRUST - Ib (Thousand) !
: Figure 3. Predicted Turbofan Hoise Levels ¥D 16752 !
| I Typical of Vlight Profile at = <JII e
Thrust Cutback after Takeoff |
) i
] |
i At the lower level of the thrust range that may be expected at flight '
. conditions under which community noige will be evalusted, the relation-
ship between the three individual noise sources is similar to that pra-
viously shown during airport approach. As net thrust continues to in-
crease, however, several important chavacteristics nmay lLe observed:

1. The glope of the fan noise curve is swajl and thus produces an
almost negligible increase iu noisc as uet thrust is increased.

2. Duct exhaust noise does not contribute significantly t- total
noise and exhibits an almost negligible increase as net thrust
is increas=d.

3. Noiee from the priiary stream increzses coasiderably and is the
primaiy cause for a significant increase in tutal noise as net
thrust is increased.

Under thes: conditioas, the operational flexibility of the engine
provides a significant advantage as described ir Section III. A pre-
dicted octave band distribution of engine ocise representative cf the
community thiust range is provided im figure 4.

CII-.
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Pigure 4. Predicted Sound Pressure Level PD 16753
Typical of Flight at Cutback CI1

after Takeof¥

4. Alrport Noise

For the range of engiue net thr ¢ to be used during takeoff, exhaust
noige will be greater than fan-gentrited noise, as shown in figure 5. At
bigh values of nonaugmented thrust, exiaust noise from the primary stream
is expected to be predominant. 1In the augmented thrust range, exhaust

noigse from the fan duct stresm will exceed that from ¢he—Gther uwoise

e

scuTTes. Effective exhaust noise suppression can be obtained throughout
this thrust rsnge with conventic nal suppressors and the suppressiocn effect
of the reverser-suppressor. A representative octave band distribution
for this thrustu range is shown in figure 6.

B. PROPCSED NOISE DEVELOPMENT PROGRAM

1, Introductioa

P&WA experience in anslyzing the fan noise generation process extends
through the past d-ocade. A paper presenting the results of these studies
received the Manly (.emorial Award in 1961. U. S. Patent No. 3,194,487
was avarded to P&WA in 1963 for methods of applying these results to reduce
fin noise. The extensions to this work that will continue thrcugh Phase

111 cf the 557 engine development program sre discussed in this section.

CII-4
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" Hundreds of full-scale and anechoic chamber model tests of various
nozzle and ejector configuratinons have also been conducted by P&WA over
the past few years, Although designs were found thet provided uzeful
amounis of exhause noise attenuation, cwo major shortcomings existed:

a. Performance degradation of undesirable magnitudes. This
has bsen corroborated by published NACA test data (figure 7).
b. A lack of understanding of the physical processes actually
providing the attenuation.

:
E 130 i
- . o
L g 120
E E pTolll—h/
ﬂ &3 110 b=t
as [ | mf:r; - Notes:
E gl E:‘n\ut \£Duct Exhaust Gas 1. No Suppression
3100 s, 2. Two Engines
ﬂ = 3. Sideline Noise at 1500 ft |
P 4. Extra Ground Attenuation
2
i 2 %
z Augmented Operation -
Nonaugmented
80 Operation .
[ l 30 34 38 42 46 50 54 58
: INSTALLED NET THRUST - ib (Thousand)
‘ Pigure 5. Perceived Sideline Noise at Takeoff FD 16973
i Cl1
‘L n _ £V S e p—— —— - o
u % Notes . & Fan Noise
] ' ; g:‘Sg::li‘:l:ton & Duct Exhéu;t GuG
é 130}—3 Maximum Augmentation g";‘::.gou: aune Gas
> 4. Extra Ground Atten:uation
€]
|
l g 110
2 1
3] 90 T
: i
! -9
Q C
E Z 70 :
4 -
;= 2 4J$
4 S0 LN
‘r i 01 p 3 4 ) 6 7 8
OCTAVE BANDS
Figure 6, Predicted Sound Pressure levels FD 16755
at Takeoff Cil
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Figure 7. Exhaust System Model Test Data FD 17811
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Thrust Loss

In contrast, recent tests have been conducted to define the mechanics
of exhaust noise generation. Clear demonstrations have been developed
that show distinct differences in the turbulence developed downstream of
nozezles with different contours. Some correlations have beeun established
between the results of these flow visualizations and noise produced by the
exhaust gas. Improved analytical tools are now being planned to continue
this work during development i{n Phase III.

————

The noise development program that will he conductad-by-PLus—d

=seaa 09:1“5
Thase 111 encompasses the following three areas:

1. Exhgust noise generation
2. TFano noise generation
3. Analysis of JTIF17 engine noise.

Each of these programs are treated separately in the following para-
graphs.

2. Exhaust Noise Developument Program

Experience gained during Fhase II-C with water table and model tests
indicates that the geometry of the engine exhaust system has a critical
influence upon the intensity of the noise produced by a turbefan engine,
Particulariy important are the contours of the primary and duct nozzles,
the locations and lengths of the blow-im doors, and the contour of the
reverger-guppressor. Further evaluation of the effectes of thes: and
related variables is necesgsary to miunimize the noise produced by the JTF17
exhaust gas. Tests will be conducted in an outdoor, model test stand cur-
rvently in the design and procurement stage for inatallation at the FRDC.
This facility (figure 8) will provide the following conditions for testing
model exhaust systems up to one-fifth of full JTFl7 size,

CI1-6
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’% [g 1, Atrflow of up to 18 1b/sec at pressures of at least 60 psia
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B | for testing models of turbofans or turbojets
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t 1 4. Thrust measurement capability
i 'E S. Schlieren photography capsbility
; 6. Sound measurement capabiliity.
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Figure 8. Model Test Facility with Schlieren FD 16756
Model Mounted Cl1

Inictial tests of engine exhausi systems conducted on this test facility
will utilize two-dimensional models. In this manner, correlation will be
established between the development of the turbulent noise-generating
region as observed on the water table, which is also two-dimensional, and
that observed with actual gas flow under exact conditions of Mach number,
weight flow, temperature, and pressure. This correlation will be estab-
lighed through the use of Schlieren photographs of the two-dimensional
model and i expected to provide data that will allow for more extensive
use of the water table as a design tool.

Further exhaust system tests with the model test facility will be
conducted using three-dimensional models. Noise measurements taken during
this phase of the development will provide & fingl check on the theory
developed in previous analyses and two-dimensional testing prior to its
application to full-scale hardware.

Model tests that have already been conducted show that, because of
the small scale of the models, inaccurate duplicstion of airflow may be
encountered, even with precise geometric reproduction. For example,
tertiary sirflow introduced through the blow-in doors may be related to
a relatively large Reynolds number and a turbulent boundary layer in the

CII-7
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sions may result in a Reynolds number providing a lauinar [low condition.
Thus, mixing of the tertiary afr in the ejector may be exp.octed to be
different in each case, with the possibiiity of significantly differest
effects upon the noise generated. Model testing conducted during Phase
11-B has indicated ways of correcting for these effects once thay arg
rascgnizad. IGr exampie, identicsl Reynolds numbers for ithe model and
for the full-sczle engine can be eatablished by adjusting the character-
istic dimension (L) of the model in the following equazion:

Bay = pVL
p = dengity
V = gtream velocity
¥ = viscosity

where:

This could be accomplished in a simulation of tertiary air injection
by increasing the length of the blow-in door on th: model. Sufficlent
correlation between fuli-scale snd model tests will be established to pro-
vide confidence in the accuracy of the model test results.

3. Fan Noise Development Program

Previously refsrenced fan noise investigations conducted by PGWA
have established that the pressure gradients produced along the surfaces
of blades and vanes are responsible for the audible noise produced by a
compregsor. The effect upon noise of variations in this aerodynamic load-
ing will be investigated in detsil as s part of the Phase III develcpment
program for the JTF17 engine.

A representstive pressure distribution for an airfoil is showmn in
figure 9a. Tha large pressure differenctial illustrated would, for exnnplc,
be produced on the surfaces of a hlAAQA_HAnalvsis_éeééeeses~‘h::—:uc
—stirTeagin of the audible a nolse produced is proportional to the pressure
differential, vhile the frequency of the sound is a function of the number
of blades ip the gtage and rotor apeed. It folluws, therefore, that by

providing a reduced prassure differential, noise way also be reduced.

A second representative pressure distribution is presented in figure
9b. The total force acting on the airfoil is the same in this exsmple as
in the previous case, however, the loading of the airfoil has been alitered
to minimize the preesure differeptial across the airfoil. Methods of
achieving thiy type of airfoil loading and the effects of loading upon
fan voise will be evaluated using the gix~tenth scale compressor rig
described in the compressor development sectiion of this proposal. HNarrow
frequency band analyses will be conducted on the sound recordings made
during rig operation. Microphones will be located in the discharge duzt
2f ths vig. Configurations found to have significant value will be evalu-
ated further during full-ecale engine tests.

An additional objective of the fan noige development p ogram will be
to determina the generating wec.anism of the combination tones or "buze-
sav' noise produced by a fan at high rotor speeds. This noise occurs at

c11-8
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supargonic tip apeeds and is characterized by a multitude of high pras-
sure peaks having frequancias up to approximately 4000 c¢ps. Concurrent
programs will be conducted at the Florida Regearch and Development Center
end &t the East Havtford fecilities to define the source and means of
control of this phenomenon. Theae activities will be conducted ia scalad
compressor rigs, and results will be varified in full-scale =2ogine tests.
Inirisl invesedzavicng have already been started in Casi Hariford because

- of the potential applicalicn to engine development pregrams being conducted

by that factlity.
; / //\\“ - onnd
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4. Engine Noise Analysis

7 S PP S
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Considerable data have already been acquired in the JIFL7 evgine
development program during initial running of engines FX-161 and FX-162.
These dats have shown areas where sound suppression techniques would have
the grestest beunefit. The engines were operated at conditions simulating
both thrust cutback after takeoff and atirport spproach thrust.

A narrov-band spectral analysis of exhaust noise recorded from the
first test of engine FY-161 at airport approach engine speed (N1 = 4300 rpm)
is shown in figure 10. Characteristic peaks in sound pressure level are
shown to exist &t the first rotor fundamental blade passing frequency
(3150 cps), in the range of the second rotor fundamental (5300 cps), and
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st iﬁc firet harmonic of the Iirst rotor blade passing frequency (6300 cps).

The existenca of these discrets frequancy preesure peaks conrributes 10
| to 12 db to the overall ecund pressure lavel produced by the fan.

‘ 119 — —
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| Pigure 10. Spectrsl Avalysia of Exhaust Noise FD 16758
at Alrcraft Approach Speed CII

A different situstion has been found tc exist at fan speeds (Ni =
, 5200 rpm) requirad following thrust cutback after takioff, as shown in
, figure 11. Under this condition, blade tip speeds are well into the super-
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sonic region. As a result, combination tones are produced at frequencies
Lm__ Mg vhich sanssdbulss siguiiicaniiy O toe noise pro-
duced by the fan. At the same time, discrete frequency noise resains sig-
nificant under this condition and coutributes 8 to 10 db to the overall
- sound pressure level produced by the fan.

Engine test stands that now exist at the Floride Research and Develop-
ment Center are not suitable for far-field noise measurements due to the
existence of parmanent blast valls and extremely uneven terrain in the
sound field. To compensate for these shortcoaings, the recordings refer-

t
X enced above were made vith microphones located 20 feet from the plane of
l the engine exhaust.

l

!

)

|

|

Noise measurements during the Phase III development program will be
made on a rew facility constructed primarily for this purpose and described
as the noise-reverser test srand in the facilitiss section of this proposai.
The quality of the noise measurenents zede on this stand will be ¢nhanced
by the following featuros of the facility:

1. Engine centerline height greater than two norzle diameters above
the ground

2. Clear and level grcund extending for s distance of 500 feet from
the angine.

¢11-10
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3. On-site faciiities for meteorological measursmente
4, Thrust and engine paramater recording capabilicy
S. Permanently locsced microphons pusitious

6. Low background noise levels.

(] np -
{’ .

Th& noise recordings will be 20 =adu @s v silow for both octave band
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E and narrow frequancy band soalysis. o additien, pressure tisnsducers
! will be located in the fan duct walls to obtain sound intensity Jdeta for
. use in the deaigh of acousticsl linars.
d 2 W T T T T T T Dot Haknded Ty
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; Figure 11. Spectral Analysis of Exhsust Koise FD 16759
‘at Thruat Cutback aftsr Takeoff D ) * S
j A program will be conducted on this facility to establish the amount

of noise reductior possible by the operational veruwatility of the engine.
As discussed below, this program will ipsclude investigations of exhaust
voise metching and of the effect of duct heating on fan noise.

To accalerate the acquisition of noise date, a temporary facility is
being conetructed (figure 12), This facility will be compleced in che
latter part of Phase II-C and will permit satisfactory measuremeit of
nesr- and far-field exhaust noiss.

= B R

a. Exhaust Noise Matching

As shown in figures ! and 3, and discussed in Secttion III, snalysas
¢f pradictsd engine noise indicgte that the exhaust noise produced by
the fan duct strear and tha primary stream are not well matched in tha
sonaugnantad thrust range with norsal engine control schsduling. Figure
1 3 shows, for example, that the noise produced by the unsuppressed primary
exhauat gas at 20,000 1b total engine thrust is predicted to be more than
8 PNdb higher than the ncise producad by che duct exhsust gas. If the
noise level of the primary erhsust was reduced vhile the noise level of

| te |

[—

E the duct exhaust gas was increased until the two levals wére equal,
q CII-11
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total noise would be reduced. Two identical noise sources produce a
total noise level 3 PNdb higher than the common level ¢of each. By
reducing primary exhaust noise 4 PNdb and increasing duct exhaust ncise
the same amount, a common level of 99 PNdb would be obtained in the above
example. Total exhaust gas noise under these conditions c-uld be expected
to decrease by about 1 PNdb.

Figure 12. Temporary Fuli-Scale Engine Noise FC 13323
Test Facility CI1

While the matching of exhaust gas noise produced by the JTF1l7 engine
is analogous to the above example, the amount of i ~rovement gained is s
complex function of engine operatiou. When the primary exhaust stream
produces more noise than the fan duct, improved matching can be achieved
by obtaining additional thrust from the duct with duct heat. Constant
total engine thrust can be maintained under ihese conditions by reducing
primary fuel flow. With the JTF17 engine, however, fan speed is also
reduced by this procedure, which provides an additional scurce of total
engine noise reduction. Specific cases of noise reducticns gained
through improved exhaust noise matching are examined in Section III {Sup-
pression Devices).

b. The Effect of Duct Heating on Fan Noise

Fan noise transmitted through the fan duct must pass througnh the
annular duct heater located in the flow stream. Operation of *he duct
heater is expected to have an attenuating effect upon the pres ure pulses
produced by the fan that should reduce the effect of fan noise when cper-
ating in this mode.

CI1-12
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SECTION III
SUPPRESSION DEVICES

INTRODUCTION

=1

oo

The suppreassion devices (o0 be used must De derigned with consideration
that the dominant nofse gources change with the engine throttle getting
and sré zhus d{fferent for takeoff and approach.

At th# low thrusc lavels used during airport gpproach and power cutback
after takeoii, the fan noisa ptldoninstca. but jet noise suppression is
#l4o needed. Under thase zoadltlvaws {he ien noise can be controlled by
acoustical absorbing liners, careful selection of blade numbers, and sc¢-
lection of spacing between blades and venes to reduce the roise generated.

Demor.strated techniques of fan noise treatment have ghown a 15 db per
octave band reduction of fan notise. PSHA believes that through the use of
available scoustical matcrials and the maximum use of the noise signature
characteriatics of the turbafan engine, the potential fsn noise suppression
ia no less then 271 »>.

Similarly, exhaust gas noise suppression devices similar to thosc de-
scribed in this section have demcnstrated at least 3 PNdb reduction in this
noise, The attainment of significantly greater reduction appears to be
possible within the SST developmenc period.

B. PFAN
1. Methods Available

The basic nolse control versatility of the JTF17 duct burning turbofan
engine provides & variety of ways to schieve large reductions in fan noise.
This flexibiliry allous the usa of sevarsl sffsssivc-ooths

..cuuw vl L.ll llUL!:
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contzol simultaneously. Although the primary objective for the use of
these methods is to control the fan noise cuuponent of exhaust noise, re-
duction {n fan nofse transmitted forward o:f the eugine is slso snticipated.
Measured reductions in noise obtained through these methods, which reduce
requirements for fan noise suppriéesion by the engine's inlat, will be coor-
dinated with the airframe msnufscturer. Verificstion of these improvements
will be provided by P&HA through engine tests with the inlet installed.

Acoustical or sound absorbiiy liners of the resonant and nonresonant
types will be used in the di{ffuser section of the fam duct to absorb noise.
In addition, several fan modificatious are incorporated into the eagine
design to minimize the notse generated by the fan. BRach of theie méthods
of noise control is discugsed in detail in the following paragraphs.

2. Acoustical Liners

Scund sbsorbing liners, ofien called acoustical liners, provide eftec-
tive noise control when mouut«¢d on the walls of the fen duct. In operation,
the liners absorb sound energv transmitted downstresm of the fan in the
duct, allowing less sound energy to reach the duct exi:, and, as a resule,
the radiatéd sound ievel is .2duced. Thesc liners may be either rcsonant
or nonregonant as discussed in the following paragraphs,

CIlI-1




. . ——— -

Pratt 8 Whitney Qircratt
PUA PP 66-100
Valanl tII

e, Hesonant Linsrs

Helmholte resnmacor theory provides the baslas for the vperalion of
tesonani scoustical iiners. A Helmholtx resonator {s an scoustical ab-
gothet conglsting of 2 volume of air communicating with a sound source
tnrough & small channal. 1f the intsrior volumé of the resonator ia
turge compaved €» the chennei, the changa in pressure {(due Lo the in-
cident wavas) at the aparture of the channel will set the muse of atr
in the channel in vigorous motion while the ai{r in the intrrior of the
Tesonator 18 periodicelly compressed and rerified. The kinetic energy
is concentratad in the channel, whils tha {nterinr volume 22t3 35 the
patential energy source:. The resonator iz snelngous to 3 3l@ple =maés-
epring eyetem. The interior volume represents the spring, and the air
in the channel fs analogous to a vibreting mass. The energy loss in the
systean stems from the friction at the side walls of the channel and par-
allel plate surfaces and from turbulence losses. For a liner, the space
between the liner and the wall is regarded as a collection of volumes (or
springs) where equal volumes sre aillocated to ewch channel or hole. No
partitions are required to physically =:parate those volumes if the in-
cident waves are normal to the liner and if the internal pressure 1is uni-
form. A pressure rise at the asperture of each resonator will tend to
accelerate the mass in the hole, compressing the interiors, which in turn
exerts a force tendiug to return the mass to its original position.

A typical resonant liner cross secticn {s shown in figure 1 with
identification of the varisbles influencing the design. Sufficient work
has been completed by P&WA to develop an anslytical design method fncor-
porating these parsmeters that can be used to optimize the sbsorption cof
sound energy under specific duct conditions. Close agreement has been
found between analytfcal results snd those produced by impedance tube
tests, 48 iiluatrated in figure 2, A detailed description of this enalvc-
ical design method fs conteined in P&MA Report TOM-1287. The P&WA ‘{mped-
ance tube test facility is shown in figure 3.

As expected from the numerous variables contribuving to the degree of
sound absorption of a resonant licer, comsiderable design flexibility
exista. Sound absorption capability is expressed by the absorption coef-
ficient (a) defined as the fracticn of the incideut energy that is absorbed.
A typical set of design curves for s rescnant liner is given ia figure 4.
When gpplied to che JTP17 engine fan duct, minimum backing depth —ay be
used with s large hole size and open sres ratio to provide & 1:-- ' design
of minizum weight.

The sbsorption coefficients remaln reasonsably high for resanant liners
operating at frequencies other than resonance. As shown {n figure 5, absorp-
tion coefficients above 0.5 can be obtained with a single liner design cver
s range of approxinately 5000 cps. The use of multiple designs for dif-

ammtrd maw € ol o

ferent settiocns of the fau duct can furcher improve this condition.
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DESICH VARIABLTS
1. Sound Pressure level
2 Frequency
3. Pressure
4. Tempersture
5. Demsity
6. Specific Hemt Ratio
7. Almalute Viscoeity
8. Open Area Ratiu
9. Flow Velocity
19. Material Thickness
11. Hole Dhameter
12. Beacking Distance

Resonant Acoustical Liners

FD 16832
CIII
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Figurv 3. Impedance Tube Pacility FD 17452
590.23 CIII
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Figure 5. Typical Absorption Coefficlent FD 16829
of Resonator Liners CIII

=

b. Nonresonant Liners

A thin sheet of permeable meterial produced by felting and sintering
can be made to act as an effective acoustical absorber. Commercially avail-
able material has becn tested extensively to evaluate the fan noise absorp-
tion capability when applied to the fan duct walls. By oroviding an air
gap between the liner and an impervious wall, attenuation of noise-produc-
ing pressure pulses is galned by:

-

[P . A
T, mMm

l : . . 1, _The _capanir,Mua_gegggmg at -:h:—pm vorome T

, 2. Turbulence losses resclting from flow through the ports.

i o Nonregonant liners may be adjusted for optimum absorption at s specific
: frequency by adjustment of flow resistance and backing depth. Under these
. conditions, relatively high absorption coefficients cen be maintained over
[} a wide frequency range such as shown previously for resonant liners.
4

¢. Test Redults

{E The suppression provided by an absorption liner may be related to

| tozal liner surface area, the size of the duct annulus, and the geometry
o the duct. Provided that liner design is based upon the optimization

of the variables specified in figure 1, suppression of fan-generated

noige will:

i

1. Increase with liner surface ares

2. Decresse with increases {1 duct annulus size

3. Increase as the duct ghspe becomes less cylindrical with the
addition of duct sections thet are not parallel to the engine
axis.

: '

L B e
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4 anaiytical relationship between those factors that would provide

& accurate prediction of the attenuation that might be expected from a
speaclfic memrescnant linar iustalistion has not been developed., However,
liner suppression tests with duet sectiocna similar to that of the JTF17
engine have aen conducted. A representative inersllatiss {5 shown in
figuse 9. Tests were conducted in a duai reverberation chmaber with flow
velccities up to 525 ft/sec using both resonant and nonresonant liners. {;
During these tests, the ratio of the licer length to annulus width (1/D)
weas approximetely 2.5. In each instence, a single 20-inct section of
absorptive material on one wall of the duct was evaliuated.

o p——ry - —
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‘The results of tests using s resonant liper are shown in figure 7,
The liner sbsorption coeffiicient was sdjusted by altering the air backing
distance to provide maximum attenuation in the 7th-octeve bend. With i
flow velocity of 300 ft/s=c, an average attenuatfon of 10 db resulted.
Although no adjustments were made to the liner to optimize mbsorption
for a flow velocity of 525 ft/sec, sbsorption 1. the ssme octave band
still sveraged approximstaly 8 db.

—_—

Upstrean ¥
Reverierstion Downstream '
Chasaber Reverberation ‘
Chamber
/i 3\/* ;
- 4in Simulated Duct Airflow Passage :
| Liner Test Section ] .
) 20 in: R | }
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Pigure 6. Duct Section for Liner Noise FD 16828 h
Attenustion Tests CIIT . _____l
I ¥, PR RC A —— ——
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Figure 7. Fan Duct Section Treated With FD 16827
Perforated Platewire Screen CILl
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Additicnzl teats with the same duct section snd facility were conducted
at & flow veloctey of 525 f~/se¢ using &4 nonresonant liner of the same
length (65% density Feltmetal) with a l-inch backing distance, In figure 8,
the results of this test are cozmpared to those for s resonant liner. At-
tenuation of approximately 2 db less throughout the frequency range tesced
wvas found for the Peltmetal. Notably, both typus of liners were found to
provide effective noise sttenuation cver s broad range of frequencies in

[ 2 o

et ng-ap {1 VUHI § P B LR ¥ oy o o g PR 100

the sudible range. 7 !
i
l} £ 20 1. Velocity - 525 ft/sec
e vl
4 2. Air Backing - 5/8 in
4 16
= & Perforated Plate - 20-in. Length
E ¢ Peltmetal Type FM134 0.035 in., 6% Density,
E z !ok 1 i ]
: SRR
¢ o6 9 [ §
[i < 9 =%
]
; 0
. 1 2 3. 4 5 6 7 8 210
FREQUENCY - cps (Thousand)
r I S
7_L___*______ __ __Pigure 8. Compsrison—of--Attenuation of FD 16826
Resonant and Nonresonant Liners CIiII 1
{; d. JTF17 Eugine Application
: Results of the rig tests just discussed are directly applicable to
(j attenuation of fan noise within the JTF17 engine fan duct by acousticel
liners. Flow velocities rsnge from approximately 300 to 600 ft/sec in
the engine fan duct at the engine thrust settings where fan noise is ex-
[} pected to be important, {.e., dominant over exhaust noise. :
As ahown in figure 9, many potential locations for acoustical liner
installiutions exist within the duct. Studies sre currently being con- ’
ﬁ ducted of various locations and installation methods that would provide
minimem veight penalties for cthe attenuation gained. These include:
B 1. Diffuser valls
2. Diffuser walls with flowsplitter in 17-inch section downstream
of fan discharge
3. 12-inch section and 17-inch section modified to eliminate line
of sight
4. Duct heater section.
' CIII-7?
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Reaonant Liner
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Figure 9. Potential Surfaces for Treat- FD 16825
ment With Acoustical Liners CIll

One of the most attractive approaches includes the use of an acous- |
tically treated flowsplitter mounted on the existing radial supports just
downstresm of the fen discharge (figure 10). By trcating the supports .
and replacing the existing duct wallg with a honeycomb structure having
acoustical treatment, sn effective L/D of approximately 4 would result.
The added improvement in noise suppression that, using s flowsplitter,
may be gained by incorporating sbsorption liners cn the diffuser support
strut surfaces 1{s showm in figure 11. These dats were acquired from
rig tests aimilar to those previously described. It {s snti:zipated from
the data presented above that this design will result in JTF17 eagine_ _
_fan noige_ attenuation of.abeut 15 -db-per GCtwve vand, 1f a honeycomb-
type structure were used, the weight of this installation would be ap-

] proximately five pounds per engine. It has been declded to use an acous-
tically treated flowsplitter in the SST engine.
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i oo idxisting Radial 8Su in the Diffuser
Saction of the Fan : i |!II!IID 9
View A I

_—
————

m

— .
| =T

| Smnmt- RN S

j
r Figure 10, Acoustically Treated Flowspitter FD 16824
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Pigure ]11. Effect of Absorbing Liners on FD 16823
Diffuser Support Struts CIII

Additional suppression of fan noise, if required, 15 availaeble through
the use of sdditional scoustical liners. Honeycomdb structure techniques

with acoustical trestment cen be used in other sections of the fan duct to

teplace sections of the existing duct walls witk little Ui no weight pen-
Tasky.

3. Pan Design Modifications
a. Blade/Vane Matching

Theory developed by PSNA indicates that suppression of discrete
frequency noiss produced by a compressor can be accomplished through
the proper matching of the numbers of blades and vanes. Summarizing
the theory, fully developed in U.S. Patent No. 3,194,487, the pressure
modes gencrated by the interaction between rotating blades and stetion-
ary vanes can be mede to rotste at subscnic speeds with proper selection
of blade and vsne numbers, regardless of blade tip apeeds. To achieve
this condition, the number of vanes should be alightly =mcre thau twice
the number of blades. Under this condition, the pressure modes will
decay in the duct end not be emitted from the engine through tha inlet
st fan discharge ducts. These pressure modes manifest themselves as
discrete frequencies that, for the JTPl7 engine fan, represent s major
noise source,.

Tests have recently been completed on a PSWA model JTID engine to
illustrate the above principles. PFor the base case, 48 guide vanes were
used with a 48-blade rotor. A reduction of as much as 12 db in measured
noise using 96 vanes with the same rotor {s shown in figure 12, These
amounts of attenuatiun resulted from an slmost complete elimination of
discrete frequencies with ths 96-vane stator.

CIII-9
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The second srage of the JTF17 engine fav Ges been designed with 74
bledes and 154 venes. Due to the similerfty to the JTID engine con-

figuration in blade/v.ne rativ, this can be expacted o reduce the noise
produced by the second stage of the fan by 6 to 8 db through direct con-

trol of the discrete frequencies and the harmonics,

Appliration of this technique to the first atage of the JTF17 engine

18 under considerstion. As » ragult of the axiasl spscing batween the

blades and vanes thst now exists in the fan deasign (see paragreph 3.b),
the sddition of blades for aclec control may not be necesssry. The pos-

8ibility of applying this methcd of Suppression have, however, exists.

b. Specing

Noise research vork conducted by P&WA and other Companies has egtab-
lished that the spacing between tho blades and vanes is & meaus for con-
trolling the amplitude and frequency of discrete frequency noise produced

by a compressor fan.

An axisl spacing distance of 120 percent of chord length hes been

for the first stage of the JIF17 prototype fan. From figure 13 1t can be
scen that this soacing is expected to produce approximately 4 db reduction
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in fan nclsc. This is accompiished through a reduction of the discrete

frequency noise essocisated with rhe Fundamental frequency cof the first roter
and fte harmonics and Is relative to current commercial engine spacing of
spproximately 40 nercent., This modification to {nitial fan design i3 ex-

pected to {ncreasc engina waight by sbout 5 pounds.
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ROTOR TO VANE SPACE IN PERCENT OF
ROTOR BLADE AXIAL CHORD LENGTH

Figure 13. Effect of Fan-Vane Spacing on FD 16786 -
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Although the relationship presented in figure 13 was generated at sub-
sonic rotor tip speeds, recent tests conducted at the PSWA facility in
East Hartford indicate that similar beneficilal effects will resulc at super-
sonic mapeeds. The effect of rotor speed is susmarized in table 1, for sub-
sonic, approximstely sonic, and supersonic votor tip speeds. Throughout
the rotor tip speed range shown, reduction in the sound pressure level of
the fundamental blsde passing frequency transmitted downstream remained
constant following an incresse in apacing.

c. Inlet Guide Vaves

The JTP17 engine fzn design teduces the engine noise level because
the design does not Incorporate inlet guide venes. Tecte receantly con-
