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Analytical prediction of the sound pressure Tield near
large jet and rocket englnes is not generally possible for
complex conflgurationa of exit nozzles and asdjacent structure.
Considering the present state-of-the-art, the influence of
complex bounding surfaces and nozzle design is most readily
determined experimentally. The use of scale model Jjets for
this approach is discussed and the scaling principles re-
viewed. A Bcale model facility developed for studles of the
noise field around multi-engine Jjet alrcraft is considered
and its validity examined. For the same exit conditioms, it
is shown that a model Jjet can duplicate near field sound
levels of the B-52 within an accuracy of + 3 db. The appli-
cation of this facility to the development of a nolse sup-
pressor for reduction of near fleld nolse levels on the B-52
wing surfaces 1is discussed. Other model facilities for
similation of the ncise field arcund afterburming englnes
and rocket engines are also considered.

ACOUSTIC SCALING OF JETS

Since the advent of the Jjet engine as a means of aircraft pro-
pulaion, the structural designer of alrframes has been concerned with a
new source of structural loadings--the random nolse pressure generated by
the turbulent Jet exhaust. As Jet engines have increased in eize and
performance, this additional structural load has increased in signifi-
cance, in spome cages to the polnt where it determines the basic design
features of structural surfaces which are located adjacent to the Jet
exhaust. A multli-engine aircraft which has its engines located forward of
wing surfaces presents a particularly challenging problem to the struc-
tural designer and the acoustlcal engineer. Once the acoustic environ-
ment of the structure is defined, proper structural deslgn and sonic
testing of prototype configuratione can be accomplished and a reliable
structural configuration achieved. The determination of the acouastic
environment near a Jet engine for a variety of spatial arrangements of
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structure relative to the Jjet hae not been posalble by any general
theoretical method. It is only within the last few years that the basic
analytical description of the '"near noise field" of a Jet has been at-
tempted (Ref. 1, 2, 3). At present, it is possible to make reasonable
predictions of the noise levels in the near field for relatively simple
configurations, such as a single non-afterburning turbojet exhausting
over a simple flat panel (Ref. 4, 5). A useful tool for studying the
more complex situation is a scale model Jet.

Since it 1s not yet possible to define all the characteristics
of the near field in terms of known or measurable parameters of the jet
exhaust, it is currently assumed that a valid acoustic scale model of a
Jet noise scurce must duplicate these parameters. The exit veloclty and
gas density are generally recognized as the principle variables which
determine the intensity of the nolse field. This logically follows from
the concept that Jjet noise obtains its acoustic energy from the kinetic
energy (proportional to Jet density x velocity3) of the turbulent exhaust.
Beyond this assumption of the essentiml origin of the nolse, no attempt
is made here to establish the true mechanism or efficiency of noise gen-
eration. Much more is known, of course, about the origin of Jet noise
than is considered here. Other papers have covered thias subject very
well, For this study it is assumed that it is neceassary and sufficient
to duplicate the Jet density and veloclty to achieve a valid acoustic
model of a Jjet.

There is one additlonal consideraticn that should be mentiloned.
High temperature jets, particularly rockets, may generate nolse by fluc-
tuations of the exhaust temperature (Ref. 6). Thus, thermal energy may
also act as & source of acoustic energy. Efficlenclea and radiation
characteristics are not well defined for this source of noise. This im-
plies that accurate models of afterburning and rocket engines must also
duplicate the thermodynamic and combusticn processes of thelr full scale
counterparts as closely as possible.

The basic acaling princliples of the acoustic model Jet are
illustrated in Figure 1. The principles enumerated are not new and are
presented here only to i1llustrate the foundation upon which the succeeding
work is based. The basic eguations numbered in Figure 1 state:

(1) The mean square pressure at a given frequency in the field
of a sound source is proportional to the source strength
times a near field and divrectivity weighting function, and
inversely propertional to the square of the path length.

(2} The frequency of the source is characterized by the ratio
of a typical source velocity to a typlcal source dimension.

(3) The source intensity can be defined uniquely in terms of
the kinetic energy terms, velocity and density.
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(4) For similar gases, typical dimensions and velocities within
the Jjet, normalized by exit diameter and exit velocity
respectively, will be functions of dimensionless position.

When these concepts are combined, an expression for the mean
square pressure 1s found in terms of a set of dimensionless ratios times
a measure of unlt scurce intensity. The product of frequency times Jjet
diameter is also a function of similar dimensionless ratios. Thus, a
gimple set of ratios of source dimension to observation distance are suf-
ficient to equate the sound fields around two jets which differ only in
their size. Based on this concept, a model jet facility has been used
extensively by Boeing to study the near field sound levels around the
B-52 airplane engines.

MODEL B-52 FACILITY

The acoustic model of the B-52, shown in Figure 2, consists of
an accurate 1/10 scale model built of 1/4 inch steel plate, representing
the lower surface of a B-52 wing, including flap well, flaps, and one
half of the aft fuselage surface; and e dusl Jet assembly to simulate
either inboard or outboard engine pods. This dual Jet exhausts two
streams of hot ailr whose exit conditions are monitored with conventional
pressure and temperature pickups to maintain the same exit conditions as
for the full scale B-52 engines. The alr 1s heated by = kerosene burner
system which can be closely regulated to give very stable operating con-
ditions for prolonged tests, if necessary.

Acoustic measurements were taken on the wing, flush with the
under surface, and at the same locations used for full scale tests. As
shown in Figure 3, a 5/8 inch diameter condenser microphone was secured
at appropriate test point locations by a magnetic holder. A pitot tube,
shown in posltion on the wing, was used for measurements of total pres-
sure in the Jjet. The mcoustic instrumentation consisted basically of the
microphone, a low-nolse pre-amplifier, a set of high guality fixed octave
band filters, and a damped volimeter for manual readout. Data could be
obtained over an equivalent full scale frequency range of 15 to 2L0OO cps
for 45 test points in less than 1 hour. The model test procedure per-
mitted valuable data to be obtained at approximately 1% of the cost of
comparable full scale tests.

To illustrate the validity of the model technigue, the data in
Figure 4 show how the total power radiated by the model Jet is readily
scaled in frequency and magnitude to correspond to the full scale data.
Figure S illustrates how near fleld socund levels on the model wing agree
with the full scale data (Ref. 7). For paired comparisons of over 50
test points measured Just once each for model and full scale, the stand-
ard deviation of the differences 1s between 2 and 3 db. It is particu-
laerly important that the highest accuracy is ordinarily found at the
frequencles where the octave band level is highest. To illustrate the
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agreement as a function of position on the wing, Figure 6 compares con-
tours of levels in the peak 150-600 c¢ps band for model and full scale.
The complex shape of the contours is matched quite well over most of the
wing surface. The success of this experimental method led to its ex-
tensive application in a program for development of a B-%2 noise sup-
pressor.

SUPPRESSOR DEVELOPMENT

Early in the development of noise suppressors for use on com-
mercial transports 1t was established that a noise suppressor that re-
duced community noise from the engine also provided a large amount of
noise reduction in the near field (Ref. 8). It was decided, therefore,
to Investigate the possibility of developing a noise suppressor for the
B-52 airplane which would have, as its primary purpose, suppression of
noise in the near field to reduce sonic excitation of the B-52 wing
structure, This was to be achieved without measurable loss of airplane
performance., An empirical analysis of simple Greatrex-type nozzles (Ref.
9) indicated that a 3-lobe configuration should provide maximum reduc-
tion in the 150-300 and 300-600 cps bands in which the maximum sound
levels and panel resonances OGCur.

After extensive model tests, covering about 30 different de-
signs, a final 3-lobe canted-nozzle, shown in Figure 7, was selected for
full scale tests. Parallel model studies were alsoc conducted by Aero-
dynamic and Propulslion groups to insure a final configuration compatible
with all design requirements.

The results of the acoustic tests are summarized in the lower
left hand corner of Figure 8 which shows the average suppression, as a
function of fregquency, for two typical test points on the wing. The
final configuration is shown as Nozzle A. Full scale and model suppres-
slon data are seen to be quite comparable. The other model, Nozzle B,
1s the same as A except that the exit plane 1s perpendicular to the Jet
axis.

It was found that by canting the exit plane by 10°, ag illus-
trated in the lower right of Figure 8, the supersonic jet exhaust was
deflected downward about 5°, This effect has been previously observed
by others working on controlling flow of supersonic Jets (Ref. 10). The
amount of Jet deflection was determined on the model by measuring the
total preasure ln the stream at various staticns below the wing surface.
In the upper part of Figure 8, sample profiles obtained 7 1/2 nozzle
diameters downstream for the standard nozzle, and for the straight and
canted 3.lobe nozzles, are compared.

Because of the 11ft component of the deflected Jet, no air-
plane performance loss is suffered with the canted nozzle. The impor-
tant acoustic effect of this Jet deflection has been to cause a very
slgnificant drop in low frequency sound levels on the wing. This is
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believed to be directly due to the increased distance of the wing from
the pressure fluctuations which are not radiated as true sound but which
are present in the form of a pressure field very close to the jet bound-
ary. It should be noted that the decrease in low frequency sound is
generally too great to be accounted for on the besis of a greater in-
verse square law attenuation due to increased source-to-wing distance.
Unfortunately this phenomencn was not explored further. However, it does
gerve to 1llustrate the need for highly accurate poaitioning of any
model surface to be located near the Jet boundary.

The spatial variation of suppression in the important 150-600
cps band is shown in Figure 9 in the form of contours of constant sup-
pression. As with all other modele tested, the suppression i1s a minimum
near the exit plane and is a maximum S to 10 nozzle dlameters downstream.

The data shown in Figure 9 are from full scale measurements,
however model data were easentially the same with maximum suppression
about 2 db lower. 8ince the model can simulate only two engines at a
time, determination of sound levels for four engines was made by adding
declbel-wige the sound pressure levels measured from the 1inboard pod
with the sound pressure levels measured from the outboard pod for each
test point. The model data of Figure 6 were obtained in this manner.
This was found to be a successful procedure and was verified by a full
scale test which demonstrated the additive property of near field sound
levels from two independent sources.

OTHER MODEL FACILITIES

The success of the B-52 model technique justified the develop-
ment of models to explore the sound flelds around more advanced engines.

The use of multiple afterburning enginea 1is considered to be
the next logical step in propulsion of alr breathing bombers. A small
scale model of an afterburning engine was therefore designed and bullt
(Ref. 11). A unique high-temperature, water-cooled kerosene burmer,
shown in Figure 10, was used to heat an ambient air supply up to 3300°F.
This provides an exit velocity of about 3200 ft/sec. and a thrust of 280
lbe. which allows the burner to be used as a 1/10 scale model of many
afterburning engines. The burner can be operated for long pericds over
a wide range of temperatures and exit velocities at or below the maximum
values. A limited amount of full acale afterburner sound level data is
available for comparison with model scale data.

One such comparison is shown in Figure 11 for & single test point
T nozzle diameters from the Jet axis in the plane of the exit of a J-T75
afterburning engine (Ref. 12). The model data agree well with full scale
at the lower frequencies which are usually most important in sonic vibra-
tion. The discrepancy at the higher frequencies is believed to represent
the influence of the turbine in generating high frequency sound levels
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at thls locetion, which, of course, are not duplicated in the model.
Comparison of model and full scele data at other points forward of the
exit plene show a gimilar pattern. The facility 1s considered to be a
very useful device for exploring the noise in the near field of after-
burning engines,

In order to provide early estimates of the noise environment
around rocket vehicles at launch, small solid propellant rockets have
been used to study a variety of launch pad configurations. A typicsl
model test firing ie shown in Figure 12. This is a small model of a
typical 4 nozzle configuration. The jet is exhausting directly over a
simple conical blast deflector. The spoked exhaust pattern In the
ground plene illustrates the peculiar flow pattern of a multi-nozzle
engine. This type of information can be of definite value in obtaining
a better understanding of the character of the launch environment and in
developing means of nolse reduction.

The acoustic measurements are being taken, in this case, with
small high-frequency crystal microphones shock mounted on a fixed holder
next to the model. Due to the short duration of the rocket firings, all
data are tape recorded and played back into graphic level recorders to
obtaln a suitable time-averaged sound level. Data recorded in this
fashion at the exit plane of two different scale models fired horizontal-
ly are compared in Figure 13 to equivalent full scale data taken under
the same conditions. The scsle factor, in this case, could not be con-~
sidered as the ratio of the physical exit diameters because of the
varying nozzle design. Instead, a scale factor equal to the square root
of the thrust ratlo is used. The 1/22.5 scale model data differ con-
siderably from full scale in the low frequencies but the remaining model
data agree very well. The meager full scale rocket data suitable for
comparison with model tests prevents a more searching inguiry into
scaling concepts for rockets at this time. More full scale and model
tests are being conducted which will assist in demonstrating more clearly
the validity of these simple model rockets for acoustlc tests.

As the future brings the development of larger propulsion
systems, the use of models for inveetigation of acoustic environment will
assume even greater practical and economic significance. A continuing
program is being carried out by the Boeing Alrplane Compeny to explore
this technigue for providing more accurate definition of environmental
loads on vehicle structure, equipment, and crew.
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Fig. 3 - 1/10th Model and Instrumentation
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Fige. 7 = Supressor Nozzle Installed on B-52

440



SHOSSTUdANS 2%-d TIAOW A0 IDNVWHOINAd 8 JHNDIA

g dTZZ0ON
V HTZZON
o0
X-X X-X |

SHTZZON HOSSHUdANS

SdD NI SANVH SSVd FAVIDO

m|
_q |
SILNIOd 2
J0 AOVHIAAV (TaIAON) & mqmmoh?/v P @
“ g
gt O d
4 z
- o
()] / r'e d o
v o
]
=

ATvos 1104 O
TAAOW =
V ATZZON

L

o1+

NOISSFUddNS HSION

SHALAWVIQ ATZZON— HONVLISId — /X
g

-

HTZZON QUVANVLS

m _

3 ANIONA

J

'.—.—-h

¥ 08 6}
8§ 40 SANONI — AUNSSAHA TVIOL 1\|mo§mbm ONIM

”\o\.

—

ISOVHXH Ldr HONOYBL STIIIO0Hd JAHNSSHAHd TVIOL

J J

41



5 ) b

JOVAHNS DONIM HIMOT NO SHAOLNOJ NOISSAUIINS

6 JUYNOIA

NAOQ SdVIA — NOILIONOD HIMOd WANWIXVIN
HOSSTHdAdNS 2S-4 FAFOT-£ ATIVOS TINd
Hd - ANVE SdD 009 - 0SI NI NOISSTMJIJNS



Fig., 10 - 1/10th Scale Model Afterburner
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