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- SUMMARY

The noise from an unheated sonic jet in the presence of
an external flow is measured in a free-jet wind tunnel using
microphones located both inside and outside of the flow.
Comparison of the data is made with the results of other
studies which have measured jet noise in the presence of £low
with either in-wind or out-of-wind microphones. ‘The results
are also compared with existing theoxretical predictions of
the source strength for jet noise in the presence of flow and

of the efifects of sound propagation through a shear layer.
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1.0 ZINTRODUCTION

The characteristics of jet mixing noise in the pfesence
of an external flow determine a large portion of the noise
generated by an aircraft in £light. Certification require-— ' i
ments on aircraft noise in flight have provided the motivation
for establishing adequate prediction methods for many aircraft
noise-sources including jet mixing noise.

While the noise from existing aircraft configurations
can be measured during f£light tests, it is useful to use a
£light simulation technique to assess the noise from modified
or new configurations. There are several methods and facil-
ities which have been used to simulate the effects of flight
on jet noise. Several of these methods are described in
reference 1. Perhaps the most commonly used type of facility
for this purpose is the wind tunnel. Measurements of jet
hoise in the presence of flow have previously been made in
conventional Wind tunnels such as the 12-by 24 meter (40-by
80 feet) facility of NASA Ames Research Center (refs.2,3)
and thé.7.3 meter (24 feet) facility of the Royal ZAircraft
Establishment (ref. 4) as well as in free-jet wind tunnels
sudh as fhe facilities of United Technologies Research
 Laboratories, {refs. 1,5) and the Lockheed-Georgia Company
(ref. 6).

There are several experimental difficulties associated
with assessing the characteristics of jet noise in the

presence of flow using either type of wind tunnel facility.




In a conventional wind tunnel which has not been specifically
designed or modified for acoustic measurements, there is often
a large amount of background noise from the drive system when
the wind tunnel is operating. Microphones placed in the wind
tunnel flow are therefore subject not only to significant

wind noise generated by the flow over the microphone, but also
to the background noise. In addition, conventional wind
tunnels are generally highly reverberant making a free~field
simulation even more difficult. The studies reported in
references 2 and 3 uée”full—scale jet engines as noise sources.
Microphones placed near to the source in orxrder to minimize the
1ar§e reverberant field near the walls of the wind tunnel are
therefore in the near field over frequency ranges of interest.
While some of these difficulties are not present in the free-
jet facilities, other problem areas exist. The free-jet wind
tunnel may be designed to be reasonably quiet by isolating the
fan and drive system and by acoustically treating the chamber
in which the free-jet is established. Problems associated
with background noise and the reverberant field are therefore
minimized. In order to obtain data in the far—field of a
source and to eliminate wind noise, the usual procedure is to
place the microphones outside of the wind tunnel flow. This
procedure introduces a difficulty in interpretation of data
recorded by the microphones located out of the wind.  Sound
propagating from a source located inside the flow of the wind

tunnel is refracted and scattered by the turbulent shear

layer of the flow. The interpretation of noise data taken
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in this manner relies on corrections supplied by various
theoretical analyses and models of sound propagation through
the shear layer. -

The motivation of the present study is to measure the
mixing noise from an unheated jet in the presence of flow
with microphones located in the f£low under reasonably anechoic
conditions. The experiment is designed so that the measure-
ments are made in the far-field of the source over most of the
frequency range of interest. For this purpose a f;ee—jet |
wind tunnel is used. Another aspect of this experiment is the
use of additional microphones located outside the wind tunnel
flow. Data obtained ftom‘the simultaneous measurements of jet
noise by microphones located both inside and outside the flow
are used to assess the prediction of a theoretical model of
gsound propagation through a shear layer.

In order to accomplish the goals of this study, certain
compromises in operating conditions and geometry are neces-
sary. For the dimensions of the wind ﬁunnel used, acoustic
and geometric far-field conditions are approximated for the
microphones located within the flow by using a model jet with
an exit diameter of .013 (0.5 in) meter. Under conditions of
high flow speed, it is found that the wind noise in the
microphone overwhelms the jet noise from this size model jet.
As a result, the maximum flow speed used in this study is

42.7 m/s (140 £/s).



2.0 EXPERIMENTAL APPARATUS

The test facility used for this study is the free-jet
wind tunnel of Bolt, Beranek and Newman, Inc. This faéility
consists of an acoustically treated chamber in which a free-
jet flow is established. The dimensions of the chamber are
7 m (23 £t) by 13.4 m (44 £t) by 6.1 m (20 £ft) in height giving

3 (20240 ££3). The walls, floor, and

a total volume of 572 m
ceiling are covered with 5.08 em (2 in) +thick open cell foam.

The room is essentially anechoic for frequencies above 160 Hz

—’-

(ref. 7).

The wind tunnel operates in a suction mode. As indicated
in figure 1 outside air enters the room through a convergent
nozzle with a cbntraction ratio of 15.5. The nozzle used for
this study is rectangular in cross-section with exit dimensions
of 0.711 m (28 in) by 1.02 m (40 in). The centerline of the
tunnel nozzle is 2.44 m (8 £t) above the floor. A stagnation
plate collector at the opposite end of the chamber returns the
alr to the fan. The fan is powered by a 448 kw (600 Hp)
diesel engine.

The aerodynamic performance of the wind tunnel is dis-
cussed in reference 7. For a slightly different nozzle, the
mean velocity at the exit plane is réported to be uniform
within..25% for flow velocitieé greater than 27.4 m/s (90 f/é).
The overall turbulence level in the potential core of the wind
tunnel flow is reported to be .23%. The turbulence spectrum

for three wind speeds is also found in reference 7.



An unheated model jet is located Witﬁin the ﬁotential core
of the tunnel flow. As shown in”figure 2 the exit plane of the
model jet extends 46 cm (18 in) beyond the end of the wind tun-
nel nozzle. This location-allows micfophone positions to extend
to angles up to 115° from +he jet axis, The model jet is
centered vertically with respect to the wind tunnel nozzle, but
it is located 20. cm (8 in) to one side of the centerline of the -
wind tunnel. This asymmetric positioning allows microphones to
be placed in the wind tunnel flow at a minimum distance of one
wavelength away from the model jet for freguencies greater than
600 Hz. The exit diameter of the model jet is 1.3 cm (0.5 in).
The nozzle has an overall length of 6.35 cm (2.50 in)} with an
inlet diameter of 5.08 cm (2 in) giving a contraction ratio of
16 :1 (see fig. 3).

The source of compressed air for the model jet is an indus-
trial air-compressor. . The high pressure supply air is throttled
down to 1.0 x 105 pascals (15 psig) by means of a 1.6 cm
(0.62 in) diameter oxifice plate. Several stages of muffling
and noise surpression are added between the orifice plate and
the nbzzle of the model jet (see fig. 4). After the orifice
plate the supply air flows through two inline mufflers. The

3

air then enters a .34 m~ (12 ft3) plenum and leaves through

6.1 m (20 £t) of 20. cm (8 in}) metal ducting which brings it to

3 (7.2 ££3). A 3.0 m (10 £t)

a large muffler of volume 0.2 m
lergthof 5.1 cm (2 in) diameter copper tubing extends from the
muffler to the nozzle. The last 102. cm (40 in) of tubing is

straight. ITn this last section turbulence remaining in the



supply air is further suppressed. As indicated in figure 3,
within this straight sectlon are three fine mesh copper screens
to break up large eddies and a 15. cm (6 in) length of .64 cm
(1/4 in) diameter plastic tubes which are packed in a bundle

to sexve as flow straighteners. All diameter changes in the

final stage of the air supply are made to be reasonably gradual

and smooth. |

The flow speeds of both the wind tunnel and the model jet
are determined from total pressure measurements., The total
pressure of the wind tunnel flow is measured by a pitot tube
positioned 10. cm (4 in) above the lower wall of the wind tun-
nel nozzle as indicated in figure 2. This pitot tube is
connected to a water manometer. The total pressﬁre of the
model jet is measured by'a pitot tube centered in theIS.l cm
(2 in) diameter tubing of the final air supply (see fig. 4).
This pitot tube is vonnected to a mercury mahoﬁeter.

Acoustic measurements are made using .64 cm (0.25 in)
Bruel énd Kijaer model 4135 microphones with model UA 0385
nose cones. Each microphone is attached to a cathode Ffollowex
and a preamplifier. The microphone signals are input to a
Brilel and Kjéer signal conditidner to equalize sensitivities.
An Tthaco amplifier further amplifies the signal.‘ A switch
box allows the signal to.be sent to any of the following three
instruments: Bruel and Kjaer Precision Sound Level Metexr;
magnetic tape recoxrder; General Rad.o 1921 Real Time Spectrum
Analyzer. A schematic of the instrumentation is shown in

figure 5. A copy of the one-thlrd octave band spectral



analysis is obtained either as a plot from an x-y plotter or a
teletype and paper tape output.

During the test procedure tﬁo microphones are used simul-
taneously. Both are located along the same optical ray
originating at tha center of the model jet nozzle. When the
wind tunnel is operating one microphone (the 'in-wind' micro-
phone} is located within the potential core of the flow while
the other (the 'out-of-wind' microphone) is located outside of
the wind tunnel £low. During the testing seguence, both
microphones are positioned at angles from 20° to 115° relative
to the jet axis. The specific microphone positions are given
in Table I and figure 2. Note that the smallestangle of +the
'out~of~wind' microphone is 25° when the angle of the 'in-wind’
microphone is 20°. fThe closest distance of the in-wind micro-
phone from the model jet'is 58.4 em (23 in). This occurs at
an angle of 30° relative to the jet axis. At this distance
the vaiue of kr (acoustic wave number times micrdphone distance)
is greater than 27 for all frequencies greater than 600 Hz.
This indicates acceptable acoustic far-field conditions over
the frequency range of intérest for jet noise. This distance
is also equal to 46 diameters of the ﬁodel jet whichh indicates
that the microﬁhones are also in the geometric far-field of
the jet noise source. |

Position changes of the in-wind microphoné during testing
are facilitated by mounting it on a horizontal straight track
1.52 m (5.0 £t) above the floor. The track and its supporting

members are positioned below the wind tunnel flow. A 0.91 m

™



Table I.

Positions of "In-Wind" and

"Out-of-Wind" Microphones.

DISTANCE (meters)

ANGLE 1 IN-WIND CUT-0F~-WIND
(DEGREES) Microphone Microphone
20 . 1.37 ——
25 ial 5.77
30 1.04 4.88
40 0.832 3.79
50 0.717 3.18
60 0.648 2.81
70 0.603 2.60
80 0.589 2.48
90 0.584 2.44
100 0.597 2.48
110 0.622 2.60
115 0.654 2.69
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(3 £t) length of 1.9 cm (0.75 in) diametexr steel rod is posi-
tioned wvertically on the track. The in-wind microphone is
firmly attached to the top of the rod and oriented directly
upstream. As shown in figure 6, the rod and microphone are
prevented from moving in the wind by supporting the rod with
four thin stainless steel wires. The entire structure is wrapped
with 0.64 cm (.25 in) foam to minimize possible reflections of
the jet noise.

The out-of-wind microphone is located in the quiescent
air of the room beyond the furbulent shear layef of the wind
flow at a sideline distance of 2.44m(8.0 £t). It is held in
a microphone stand at the top of a 2.44 m (8 £t) vextical pole.
The assembly is manuélly’moved from oné'position to the next
during the testing seguence. Although not exposed to the flow,
the out-of-wind microphones are also fitted with model UA 0385
nose cones and oriented to point in the same upstream direction
as the in-wind microphones. This procedure is adopted in order
to maintain the same response characteristics at high freguen-

cles as the in-wind microphones.
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3.0 THEQRETICAL CONSIDERATIONS

3.1 Source'strength Alterations

There are several reasons for expecting differences in the
characteristics of static jet noise and jet noise in the pres-
ence of flow. Differences are to be expected in the nature of
the turbulent flow field of the jet itsgelf. For the same
exit velocity of the jet, the presence of a co-flowing medium
iz found to decrease the mean velocity shear rate, al+er the
turbulence level, and éxtend the potential core region of the
jet (ref. 13). Such differences would be expected to alter the
source strength of the jet noise. On the basis of dimensional
arguments, Ffowes Williams (ref. 8) gives the following depen-—
dence of the source strength for a cold jet in the presence of
a flow:

e 7
sj o (t.»j-vo) Vj {1)

' where Vﬁ is the jet exit velocity and Vq is the flow wvel-

ocity. A modification of this result accounting for the
extension of the potential core region of the jet is given by

Cocking and Bryce (ref. 4). This result is

(Vﬁ+Vo)

: _ 7
sj o (vj VO) Vj (vj+-3v°) (2)

More recently Sarohia and Massier (ref. 9) have suggested

another aspect of the flow which could effect the source
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strength. This is the interaction of the boundary layer of the
flow ovex the surface of the jet nozzle with the turbulent jet
flow. An analysis of the effects of this interaction suggests

a rescaling of the source strength as follows:

(3)

3.2 Coordinate Systems for Moving Sources

The origin of jet--noise is usually conceived of as fluc—
tuating turbulent eddies which are in motion with veloclity Vo
relative to the exit of the jet nozzle. Theoretical models of
jet noise such as those of Ribner, (ref. 10), Ffowecs Williams
(ref. 8), Mani (ref. 11) and Tester and Morfey (ref. 1l2) are
used to calculate the acoustic field based on a souxrce moving
with constant speed. There are two conVeﬁtional ways of expres-
sing the acoustic pressure field of a moving source. The
acoustic pressure at the position of an observer may be expressed
relative to the position of the source at the time that the
acoustic Ysignal" is either emitted or received. When the
source o§ sound is convecting turbulence, it is customary to
use the position of the source at the time the signal is emitted.
This is reasonable since the turbulent source may have lost its —
identity by the time the signal is received. When the observer
is in the geometric far-field of the jet noise, the source
position is usually taken to be the exit of the jet nozzle.

When jet noise is emitted by an aircraft in flight, there

are again two obvious choices for the source position

11,
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(see fig. 7). The jet noise (either measured oxr calculated) at
an observer may be referred to the aircraft position at the
time of either signal emission (emission coordinates) ox signal
reception (reception coordinaﬁes). It is customary to report
data from aircraft flyover tests in terms of the emission
coordinates (R, p). This is particularly useful for incorpor-
ating the effects of atmospheric attenuation since R 1is the
actual distance through which the sound propagates f£rom source
to observex.

The effects of £light on jet noise may be simulated using
wind tunnels., The noise received by microphones‘located in the
wind is most convenientlf reported in térms of the reéeption
coordinates. Under geometrical far-field conditions the posi-
tion of the in-wind microphones from the jet nozzle (x,¥)
give identically the coordinates of the source at the time of
signal recepfion, Jet noise data in terms of reception cooxrdin-
ates in a wind tunnel simulation may be "corrected" to give the
équivalent data in terms of.emission coordinates; The two
cooxrdinate systems are related through the geometry of figure 7

as follows (ref. 10):

S - M cosy ‘
R=zx (———5) (4)
L ~-M
o}
cosyp - MOS
cosf = — (5)
S Mocosqx ‘ |
where
- o 2. 2 :
5= A M, “sin®y . . (8)
12.



For data reported at constant distance from the source, these

relationships imply a change in both angle and noise level.

3.3 Doppler shift

One of the basic characteristics of the sound field of a
moving souxrce is the Doppler shift in frequency. When a source
moves with constant velocity through an acoustic medium at rest,

the frequency shift is given in reference 13 as

£(97 1

= . | (7)
R 1 - Mcoss :

where £ is the fregquency of the souxce, ® is the emission
angle, and M is the Mach number of the source relative to

the observer. In the case of the models of jet noise from an

aircraft in £light,
M=M -M (8}

where M, is the Mach number of the convecting sources rela-
tive to the jet nozzle and M is the Mach number of the air-
craft. -

The form of the Doppler shift from a moving source in

terms of the reception cooxdinates is given in reference 14

+to be

CE() o (1-Mg2)s
= 3

(9)
o (1+MOMD~Mb ) 8-t _cosy

13,
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where S is defined in equation (6). If in fact jet noise is
well modeled by sources moving with constant velocity (careful
measurements of static jet noise cast. some doubt on this model-
ing (ref. 15)),then the Doppler shift relationships for emis-
sion and reception coordinates are given by equations (7) and

(9) respectively. The freguency spectrum of jet noise measured

" in a wind tunnel simulation using reception coordinates must

therefore be "corrected" to obtain the corresponding frequency
spectrum from an alrcraft in flight, using emission coordinates.
The relationship betwsen £(8) and £(y) 4is obtained by

combining equations (5), (7), and (9) with the result

(S~Mocosw) '

£(8) = £(¥) (10)

2
(l—MO )S

When the approximation is made that Moz<<l, the relationship

reported in reference 4 is obtained

£(0) E £(y) (1-M_cosy) Can

3.4 Shear Layer Corrections

In a simulation of the effects of f£flight using a free-
jet wind tunnel, the jet noise reaching the out-of-wind
microphones propagates through the turbulent shear layer of

the wind tunnel flow. The region of the shear layer which

“bounds the potential core of the wind tunnel flow grows as



the flow proceeds downstream. The effects of this shear layer
on acoustic propagation are to refract, scatter, and perhaps
reflect the jet nolse. |

Various aspects and modelg of sound propagation through
such a shear layer have been treated analytically. Scattering
cf sound by ﬁhe turbulence has been treated theoretically by
Rudd (xef. 16) among others. Measurements of the effects of -
scattering by turbulence in the shear layer of a free-jet
wind tunnel are presented by Candel, et al. (ref, 17). This
latter study reports a significant effect of forward scattex-
ing by the turbulence on sound propagating at angles of approx-—
imately ninety degrees to the flow direction.

Sound propagation through a region of mean velocity sheaxr
has been .investigated theoretically by Amiet (ref. 18), Mani
(ref. 11), Tester and Burrin (ref. 19), Tester and Morfey
{ref. 12), and others. One of the simplest models is that of
2Amiet. In this model an arbitrary point source is located in
a uniform flow. The flow is separated from a semi-infinite
region of no flow by a plane shear layer of zexro thickness.
Combining the boundary conditions appropriate to the interface
with geometrical acoustics, Amiet determines explicit relation-
ships for the acoustic pressure in the regioﬁ of no f£low. The
result of the analysis is a prediction of the acoustic field
which would be present in the uniform flow if the shear layer
were absent. Mani has investigated the effects of source type
on éound propagation through a cylindrical.shear lafer of zero

thickness. A solution using geometrical acoustics for sound

15,
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propagation through thick shear layers with assumed velocity
profiles has been calculated by Shubert. .Models based on

the Lilley equation have been calculated by Tester and Burxin
and Tester and Morfey. Altnough these latter approaches can
account for more of the detailed structure of the f£flow, the
results are less easy to generalize or to use for an arbitrary

application.



4.0 DATA QUALITY

As a means of assessing the quality of.the jet noise data
obtained during this expériment, comparison is made with sev-
eral other static jet noise predictions and studies. The data
used in these comparisons are measured under the conditions of
zero wind tunnel velocity. The experimental uncertainty for
the level of the overall sound pressures repoxrted for the
present study is estimated to be *.5 dB.

The Society of Automotive Engineers in a proposed revision
of Aerospace Information Report 876 {ref. 21) provides a method
for the prediction of static jet noise. The information required
to use this method is the jet exit velocity, the weight density
of the fully expanded jet, the cross-sectional area of the jet,
and the distance of the observer from the jet. The procedure
outlined in reference 21 yields a one-third octave band spectrum
plotted against the logarithm of the Strouhal number (i.e.,
logy, (ég), where £ 1is the frequency;' D is the exit diameter
of the jgt, and Vj is the exit speed of the jet). Figure 8
shows the measured jet data at 60° relative to the jét axis
along with the predicted spectrum. The two curves agree for
freqﬁencies below a Strouhal number of about .3. At higher
frequencies the measured sound pressure levels are lower than
those predicted. The predicted overall sound pressure le§e1
is 3 dB greater than the‘measured level. These results indi-
cate that there may be some contamination in the high frequency

range of the jet noise measured in this study. The procedure

17.
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of reference 2i also predicts the directivity of the overall
sound pressure level. The measured directivity of the overall
sound pressure level in this study is shown in figure 9 along
with the predicted directivity. The shapes of the two curves
are similar with differences in level ranging from .4 dB to a
maximun of 3.0 dB. The measured overall sound pressure levels
are consistently less than those predicted, perhaps due to a
reduction in the high frequency components as indicated above.

A different prediction method for static jet nnise is
described by Stone (ref. 22). Figure 10 shows the predicted
and measured one-third octave band spectrum at an angle of
30° relative to the jet exit direction. At the lower frequen-
cies (i.e. Strouhal numbers less than .4), the measured spectrum
agrees very well with £he predicted spechtrum. At the higher
frequencies, the measured levels drop below the predicted wvalues.
The predicted overall sound pressure levei at an angle of 90°
is 93 dB. The measured overall sound pressure level at 90°
is 89 dB,a difference of 4 dB.

A thorough and careful study of subsonic jet noise from
an unheated jet is reported by Ahuja and Buéhell (xref. 15).
One presentation of the results is a directivity of the mean-
square pressure in one-third octave bands. The particular
one~third -octave bands are Ffunctions of convection Mach number
and angle. They are chosen to correspond with specific values

of the Doppler shifted Strouhal number. This Strouhal number

is given by (EE} (l—Mécose) where M, is the convection

Mach number. The values chosen for the Doppler shifted

e



Stouhal number are .03, .10, .30, and 1..0.

The data of Ahuja, for a jet with Mach number of 0.90,
ars presented on figure 11l. Also shown is the sonic jet data
of the present study for the same Doppler shifted Strouhal
numbers. The dependence‘of the jet-noise data on measurement
distance (r) and jet nozzle exit area (Aj) ié removed from both

sets of data by adding a texm of -10 loglo(é%) to the measured
r

et

sound pressure levels. For the lower values of the corrected
Strouhal number, (i.e., .03, .10, .30), the two sets of data are
of similar shape and slope. The sonic jet data tend to be
approximately four dB highexr for each of these cuﬁves than the
data from the subsonic jet of Ahuja. It is suspected that this
difference in sound pregsure levels is due to the difference
in the jet velocities used in reference 15 and in the present
study. The method of reference 21 predicts that the difference
in sound pressure levels from data of Mach numbers .90 and
1.0 is 4.2 AdB., At the value of the Doppler shifted Strouhal
numbexr of 1.0, the data fxrom this study differ markedly from
that of Ahuja. This again suggests that the higher fequency
components of our measured -jet noise may have been contaminated
in some manner. |

Jet noise measurements are made gsimultaneously by two
microphones located at different distances frl.fbx the in-wind
microphone and T, for the out—of-wind microphone) alpng'an
optical ray extending from the exit of the net ﬁozzle. As
described above, both microphones are located far enough f£rom

the nozzle to be considered in the acoustic far—fiéld of the'

19.



jét. in the acoustic far—field the acoustic pressure should
vary inversely with the distance from the source. For the
static jet noise data the difference in gound pressure levels
measured by the in-wind microphone and the out-of-wind micro-
phone should be given by 20 loqlo(gi). It is found that this
is not observed over the entire one—ﬁhird octave band spectrum.
The difference in the sound pressure levels measured by the
two microphones in the lower Lrequency components (below approx-
imately 10.KHz) is consistent with the acoustic far-field
dependence. Deviation from this dependence is, however, found
in the higher fregquency components where an increased differ-
ence in levels is measured. This suggests that the sound

pressure levels of the higher freguency components are not

entirely due to direct radiation of the jet noise source but

may also contain some reflected noise or other contamination.
The static jet noise data in this study tend to deviate

from previously established data and from acoustic far-field

depeﬁdence for Strouhal numbers greater than approximately .32.

For this experiment, a Strouhal numbexr of .32 indicates a

frequency of 8600 Hz with an associated wavelength of 4 cm

(L.6 in). Such a wavelength is comparable with the dimensions

of the structural supports for the in-wind microphone. It is

- therefore suspected that significant acoustic scattering from

20.

these supports contaminates the data at the high frequencies.
‘These comparisons indicate that the low freguency portion
of the jet noise data Erom this study is represtative of pure

jet mixing noise. %Yhe higher frequency components, however,



appear to be contaminated owing to reflections from the micro-

phone support structure.

21,
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5.0 * RESULTS AND DISCUSSLON

5.1 Data Reduction Procedure

There are several test conditions under which data are
taken. The wind noise on the microphones is measured at wind
speeds of 30.5 m/s (lo0 £/s) and 42.7 m/s (140 £/s) and sonic
jet noise is measured with no wind tunnel flow. Measurements
are also made of sonic jet noise in the presence of flow at
wind tunnel speeds of 30.5 m/s and 42.7 m/s. TFor each test
condition the acoustic pressure is measured at eleven angular
positions. At each angle there are two microphone locations
as shown on figure 2. Each of the microphones is connected
in turn to the real time analyzexr. The output f£rom the real
time analyzer is the sound pressﬁre‘level at each of 27 one-
third octave bands. The one-third octave band center fre-
¢quencies range from 160 Hz to 63 KHz.

The freguency response of the B & K model 4135 micxrophones
is flat to approximately 4000 Hz, However, at higher fre-
quencies the microphone's actuator response decreases continu-
ously. Both the in-wind and out-of-wind microphones are fitted.
with B & K model UA 0385 nose cones. The pressure response of
the microphone with the nose cone is-a function of both the
freguency and the angle of incidence. The corrections for the
free~field frequency response of the microphone with the nose
cones is provided by Briiel and Xjaer (ref. 23) in angular
increments  of 30 degrees of incidence. The free-field pressure

response of the microphones is aobtained by adding the actuator



response (ref, 23) to the nose cone correctionz. BAny differ-
ence of the free—field pressure response determined in this
manner from the flat response sensitivity is called a free-
field correction. All of the data xeported in this study have
been corrected for the free-field response of the microphones.

The data from this study are divided into four groups to
which the free-field corrections are applied. The coxrrections
for 30° are applied to data taken at 200r 300, and 40°. Sim-
ilarly, the corrections foxr 600, 90°, and 120° are applied to
data from 50°-70°, 80°-100°, and 110°-115°, respectively. In
this manner a set of microphone corrected data is obtained by

adding the appropriate free-field correction (in decibels) to
each one-third octave band of the measured pressure. The free-
field corrections used in this study are given in Table II.

As showiin figure 2 the microphone are positioned at
different distances from the jet nozzle exit. All measured
sound pressure levels are corrected to a distance Qf 3.05 m
-by adding a term of 20 loglo(r/3.05) to the measured levels,
where r is the measurement distance in meters f£rom nozzle to
the microphone (see Table I). |

The acoustic data taken during a test condition with
sonic jet in the presence of the wind tunnel flow contain com-
ponents due to both jet noise and wind noise. Cuxve B of figure
12 shows the data from the in-wind microphone at an aﬁgle of
60° with a sonic jet and a wind tunnel spesd of 42.7 m/s.
Curve A shows the measured wind noise at a speed of 42.7 m/s
(140 £/s). The sound pressure levels at the lower frequen—

cies of Cuxve B are clearly dominated by wind noise while
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Table II Free-field Microphone Corrections

.One~third
octave band

MICROPHONE CORRECTION (dB)

centexr Angle P (degrees)
frequency
30 60 g0 120
160 -0.40 -0.40 ~0.40 -0.40
200 -0.40 -0.40 -0.40 ~0.40
250 ~0.40 -0.40 ~-0.40 -0.40
315 -0.40_ -0.,40 ~0.40 -0.40
400 -0.40 -0.40 -0.40 ~0.40
500 ~0.40 ~0.40 -0.40 ~0.40
630 ~0.40 ~0.40 ~0.40 ~0.40
800 -0.40 -0.40 ~0.40 -0.40
1,000 ~0.40 ~0.40 -0.40 -0.40
1,250 -0.40 ~0.40 -0.40 -0.40
1,600 -0.40 ~0.40 -0.40 -0.40
2,000 -0.40 ~0.40 -0.40 ~0.40
2,500 ~-0.40 -0.40 -0.40 ~0.40
3,150 ~0.40 ~0.40 -0.40 -0.40
4,000 ~-0.25 0.05 0.25 0.25
5,000 ~0.05 0.42 0.70 0.70
6,300 0.20 0.80 1.60 1.30
8,000 0.50C 1.10 2.10 1.90
10,000 0.90 2.20 2.60 2.30
12,500 1.00 2.40 3.10 2.50
16,000 0.90 2.70 3.50 2.50 .
20,000 06.60 2.40 2.80 1.50
25,000 -1.40 0.30 0.60 - 0.50
31,500 -0.30 0.00 1.20 1.15
40,000 3.10 3.10 3.15 3.15
50,000 7.45 7.45 8.00 6.70
63,000 6.30 6.30 6.20 5.40
-



the sound pressure levels at the higher frequencies are influ-
enced mainly by jet noise. At intermediate frequencies, however,
the measured sound pressure levels are affected by both wind and
jet noise. It is possible to reﬁove to some extent the contri-
butions of the wind noise from the jet noise spectra. This is.
done by logarithmically subtracting the one-third octave band
levels of the wind noise Ffrom the levels of the jet noise in

the presence of ﬁhe wind. This process requires the reasonable
assumption that the wind noise at a particular position and wind
speed 1s repeatable. The result of this process gives the
spectrum of the jet noise in the presence of the wind shown as
Curve C on figure 12. This subtraction process is used to

extend the low frequency iimit of our data. In the following

discussion all the jet noise data from the in-wind microphones

in the presence of f£low have been adjusted following the above

method to remove the wind noise.

5.2 DPresentation of Data

The wind noise measured by the in-wind microphones is gen-

erated by the wind tunnel flow over the nose cone, body, and

support of the microphone. The in-wind microphones are oriénted
to point directly upstream into the flow. Measurements of the
wind noise are made at locations in thé potential core of thé
wind tunnel f£low and for speeds of 30.5 m/s and 42.7 m/s (see.

Appendix A for wind noise data). The measured one-third octave

. band spectra for a wind speed of 42.7 m/s at locations corres-

ponding to angles of 40° ana 90° relative to the model jet (see

geometry of figure 2) are shown on figure 13. The two spectra

25.



show similar behavior at low frequencies but SQﬁewhat different
behavior at the higher frequencies. Differences in wind noise
might be expected at various locations owing to variations in
the hydrodynamic field of the wind tunnel fiow. These varia-—
tions occur in the frequency range where the noise of the model
jet is dominant and therefore do not effect the interpretations
of the jet noise data. Also shown on figure 13 is the spectrum
for the wind noise of the UA 0385 nose cone provided by Bruel &
Kjaer (ref. 24). This spectrum is for a wind speeéd of 44.6 m/s
(146 £/s). The wind noise from reference 24 corresponding to a
slightly greater wind speed is considerably greater than the
wind noise measured in this study. .Such differences in the
level might result from different.levels of turbulence in the
flow and from different micro?hcne support configurations. The
épectra presented do however agree in general shape.

In the present study measurements of the noise from a

sonic cold jet are made in the presence of wind with both in-

.wind and out-of-wind microphones (see Appendix B for jet noise

data). The simultaneous measurement of jet noise using micro-
phones in both locations is an unusual feature of the present
study. As a result, the data must be compared sepaéately with
other experiments using out-of-wind microphones and with
experiments using in-wind microphones.

Both Plumblee (ref. 6) and DeBelleval, et al (ref. 5) report

data from a cold jet taken with out-of-wind microphones in a

free—-jet wind tunnel facility. In reference 6 the directivity



of the overall sound pressure level is presented for a cold

jet with an exit Mach numbex of 0.9 and flow Mach numbers of

M = 0.05 and M_ = 0.15. Results are also reported in ref-
erencé 5 for the directivity of the overall sound pressure
“level for a cold jet with an exit Mach number of L.0. The
Mach numbers of the wind tunnel flow ave M_ = 0.02 and M, = -14.
The out-ofi~wind data from the present study forxr a sonic jet and
flow Mach numbers of M, = 0.00 and M, = 0.12 are shown on figure
14 along with the results of references 5 and 6. The oveiall
sound pressure levels of the present study include frequency
components from 800 Hz to 63. KEz. The absolute levels for each
of these three studies have been normalized by the addition of
the term_—lO loglo'(i%) to account for individual differences
in jet area and micrﬁphone distances. It should be noted that
this correction is only approximate for noise data taken in

the presence of f£low. Refraction and scattering of the sound
by the shear layer of the wind tunnel does not provide a

sound field which scales directly with the inverse square of
the distance from the source. Tﬁe comparison of the overall
sound pressure levels of static jet noise shows that there is
some disagreement in absolute levels. The sound pressure
levels repoxted in reference 6 are greater than those reported
in reference 5 even though the Mach number of the jet in the
latter study is greatex (i‘e‘.ﬁj = 1.0 compared with Mﬁ = 0.9).
The levels measured in the present study arebas much‘as 4 4B

greater than those reported in reference 5. This inconsistency

in levels for the static jet noise may be due in part to
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non-anechoic characteristics of the individual facilities used.
In the presence of wind, the three sets of jet noise data
appear to show even less agreement. Compared with the overall

sound pressure levels for static jet noise, the levels from

the present study decrease by approximately 2.0 to 3.0 decibels

with a flow of Mach number of MO = (0,12. Similar decreases of
2.5 to 4.0 decibels are Ffound for the data of references 5 and
6 with flow Mach numbers of approximately M, = 0.15. It should

be recalled that the out-of-wind data presented in figure 14

~have only been corrected for the microphone response, exit area

of the jet, and microphone distance. The effects of refraction
and scattering of the sound-by the turbulent shear layer of

the wind tunnel are not accbunted for. It would therefore bé
expected that there would be a substantial facility depen-
dence of the data taken in the presence of the wind.

The directivity of the overall soundvpressure level of
sonic -jet noise méasured in the present study by the in-wind
microphones is shown in figure 15. 1In this presentation the
sound pressure levels are referred to the measured (i.e.,
reception) angle and are normalized to a constant measured
(i.e., reception) distance of 3.05 m. The results are shown
for f£low Mach numbers of Mo = 0.00, 0.09, and 0.12. The level
of the static jet noise is always greater than the correspond-
ing level in the presence of flow. The difference in level
tends to approach a constant valué for reception angles

greater than 90° relative to the jet exit direction.



O

The data presented in figure 15 can be used to compare
with theoretical predictions of the change in the source
strength of jet noise owing to the presence of the wind tun-
nel flow. The source strength changes which correspond to
the theoretical results of equations (1), (2), and (3) are
expfessed by calculating the quantity 10 log10 z;zzg:ii) .
where Sj(Vﬁ,O) ig the predicted source strength for static
jet noise and sj(vj,vo) is the predicted source strength for
jet noise in the presence of flow. The results of these three

predictions for a cold Sonic jet with wind speed of 42.7 m/s

are presented in Table III. At an angle of 90° where the

TABLE IIT. SOURCE STRENGTH CHANGE FOR Mj=l.0 and M0=0.12

7 ElQU‘A‘T.ION . . (1) {(2) (3)
5. (V.,0) ' :

effects of convection on sound propagation are expected to he
minimal_the data presented in figure 15 for M = 0.12 indicate
a measured change in source strength of approximately 2.0dB.
It therefore appears that equations (1) and (2) somewhat over-
predict the measured change while equation (3) underpredicts

the change in source strength.
29.
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The data from the in-wind microphones shown in figure 15
nmay also be presented in texms of the emission coordinates
(R,8) using the relationships of equations (4}, (5), and (6).
This presentation of the data from the present study forx
Mo = 0.09 and R= 3.05 m is shown‘in figure 16. Comparing
with figure 15, the effect of presenting the data from the in-
wind microphones in texrms of the emissiop coordinates is seen
to increase the level slightly and to shift the directivity
pattern somewhat towards the larger angles. Also shown in
figure'ls‘are the data-fron in—wihd’microphones reported by
Cocking and Bryce (ref. 4). In the experimental procedure of
reference.4, the microphéne is located at a sideline distance
of 2.16m from the jet axis. The microphone is moved downstream
as the flbw speed increases so as to obﬁain the daﬁa directly
in terms of emission coordinates. The data from ieference_4
which appear_in.figure 16 have been adjusted to account for
differences between the two studies in jet area and emiésion
distance by adding the term-10 1°g10 ié (where Aj anﬁ R
are the exit area of the jet and the microphone distance
respectively, used in the present study). While the same flow
Mach numbers are used in the two studies (Mo = 0.00 and

o+

M, = 0.09), the exit Mach number of the jet is Mj_= 1.0 in
the present study but Mj = 0.84 in reference 4. As shown in
figure 16, there is a difference in overall sound pressure
levels between the static jet noise of the two studies ranging
from 7 dB to 3.5 dB at angles of 35° and 90°, respectively.

The prediction method for static jet noise of reference 21



indicates that differences of approximately 7 dB and 5 dB at
angles of 35° and 900, respectively, should exist between
sonlc jet noise and the noise from a jet with Mach number
0.84, The results for static jet noise from the two studies
are therefore in reasonably good agreement with each other.

‘The directivities of the overall sound pressure level of
the jet noise in the presence of flow for the present study and
for thaf of reference 4 are also shown in figure 16. In both
cases the fldw Mach number is M = 0.09. Compared with the
level of static jet noise, the overall sound pressure level
in the presence of the flow for the present study is reduced
by 3.7 @B and 1.2 dB at angles of 300 and 906, respectively.
The reductions in level in thé results from reference 4 at
corresponding angles are 3.0 dB and 2.2 dB. Therefore, for
the range of angles common to both studies, the trends of the
data in the presence of flow are also found to be on reason-
able agreement with each other.

Another common representation of the change in the direc-
tivity of the sound pressuré~1evel of jet noise in the presence
of flow is the velocity'exponent. The velocity exponent is

defined as follows:

.OASPL(Vj,O,B).r‘OASPL(Vj,VO,B)

n(g) = — 7 (12)

10 logyy (g
i Vo

where 'OASPL(Vj}DJB) and OASPL(Vj,VOAE) are the overall

sound pressure levels at angle 8 for static jet noise and
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for jet noise in the presence of flow, respectively. The sound
pressuﬁe levels from the in-wind microphones of the present
study are used to calculate the velocity exponent. Only the
data in the limited f£requency range of 1000 Hz to 6300 Hz

have been used for this calculation in order to minimize those
portions of the noise spectra which appear to be contaminated
(see discussion in section 4.0). The velocity exponent calcu-
lated according to eqguation (12) from the present study (for

Mj = 1.0 énd Mo = 0.09) and fﬁom the data of reference 4 (for
Mj = 0.84 and M = 0.09) is shown in figure 17. Except for‘the
angles near the jet axis, the values and trends of the velocity
exponent from the two studies are ih reasonable agreement
although the jet speeds are somewhat different in both studies.
It should be noted that one disadvantage.of presenting results
in terms of the velocity exponent is the exaggeration of
measurement uncertainties in sound pressure level. Since the
velocity exponent is defined in terms of difference in sound
pressure levels, it is a quantity which is sensitive to such
uncertainties.

One of the features of the present study is the use of both

in-wind and out-of-wind microphones to measure jet noise.

It is to be expected that different assessments of the same
jet noise will be made by both sets of microphones. As dis-
cussed in section 3.4 sound propagating through the turbulent
shear layer of the wind tunnel f£low will be refracted and
scattered. A comparison of the jet nolse data measured by the

in-wind and out-of-wind microphones for a f£low Mach number of



M, = 0.12 is shown on figure 1l8. The sound pressure levels
for both sets of data have been adjusted to a constant dis-
tance of 3.05 m assuming an inverse sguare law dependence on
the distance from the source. Only the sound pressure levels
from the limited range of freguencies (1000 Hz to 6300 Hz)
have been included in this presentation. These data provide

a means for testing the results of theoretical analyses of the
effects 6f a shear layer on sound propagation. In particular,
the data from the out-of-wind microphones have been adjusted,
according to the analysis of Amiet (ref. 18). Since the theo-
retical analysis uses the model of a zero-thickness sheaxr laygr,

the results of the analysis are independent of freguency. There

should therefore be no difficulty with using the data in the

limited frequency range for this comparison. This comparison

ils shown in figure 18. As can be seen, the data from the out-
of-wind microphones which havé been adjusted using the pro-
cedure of reference 18, are in reasonably good agreement with
the data from the in-wind microphones. Although the agreement
is not the same for all angles, the general trend of the

adjusted data is reasonable.
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6.0 ' CONCLUSIONS

The objective of this experimental study has been to measure
the far-field characteristics of the noise from an unheated jet
in the presence of a flow. Although experimental difficulties
prevented total attainment of this objective, .several aspects
have been successfully completed. The conclusions which follow
are based on these aspects of the gtudy.

As indicated in TableIII.there appears to be an inadequacy
in the theoretical prediction of the effect of an external flow
on the source strength of the noise from an unheated jet. The
measured change in source strength appears to fall intermediate
to the predictions of references 4 and 8 and of reference 9.

At all microphone positions in the present study, the over-
all sound pressure level of jet noise in the presence of flow
is less than the level with no flow for the same jet speed
(see figure 15). This is also found when the measured data
are converted to equivalent flight data (figure 16). This
result is consistent with that determined by Cocking and Bryde
(ref. 4) With in-wind microphones for similar flow and jet
conditions (see figure 16 and related discussioﬁ). It is
important to reiterate thaﬁ the results of both the present
study and of referehce 4 are obtained with an unheated jet.

The diractivities of the overall sound pressure level of
ﬁet noise measured with out-of-wind microphones-using different
free-jet wind tunnels arxe not found to be in good agreement

with each other (see figure 14). Agreement is poorest when there



is a flow established in the wind tunnel, The lack of agreement
of the static jet noise suggests that the free-jet wind tunnels
are not behaving as purely anechoic test facilities. This is
not completely surprising owing to the proximity of the wind
tunnel nozzle to the model jet. The deterioration of the agree-
ment when flow is established emphasizes the dependence of the
noise measured outside the flow on the geometry and on the
nature of the shear-~layer of the wind tunnel f£low.

In the present study the jet noise is measured independently
with microphones locatéd both inside and outside of the wind
tunnel flow. Based on those portions of the data which appear
to be uncontaminated (see discussion of section 4.0), the
theoxry of Amiet (ref. 18) provides a substantial portion of the
adjustment necessary to "correct" the out~of-wind data to
equivalent in-wind conditions (see fig. 18). It should be
emphasized that this comparison does not constitute a defini-
tive test of this theory of sound propagation through a shear
layer. The detailed experimental results of reference 17
suggest that the effects of forward scattering of sound by

turbulence in the shear layer are also important.
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(a)

(B)

Figure 1. Elevation (a) and Plan (B) views of the
free-~jet wind tunnel facility from ref. 7.
(Approximate scale = 1:200.)
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Figure 7. Relationship between emission and reception coordinate
systems.
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Figure 18. Directivity of the sound pressure level of jet noise measured by
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APPENDIX A

WIND NOISE MEASURED AT THE IN-WIND MICROPHONE

LOCATIONS FOR SPEEDS OF 30.5 m/s and 42.7 m/s.

(DATA CORRECTED FOR MICROPHONE RESPONSE.)

.



WIND NOISE

v = . C = ‘
30.5 m/s (MO 0.09)

o}
V. = 0.00
j .
one—third 1/3 octave band SPI, - dB{re ZXlOHSPa)
octave band . :
center ' Angle ¢ (degrees)
frequency : :
"115 110 ' 100
1460.00 B4.849 D035 85 .+35
200,00 84.60 P0.60 89,305
250,00 84.60 a88.10 85,35
315,00 B3+35 85.85 84,460
400,00 83.39 84 .40 84,35
50000 82,38 B3 .85 334+60
A&30,00 82.10 83,10 82.:40
800,00 81.10 8210 82,39
1000.00 72460 80.460 80.60
1280.00 77+60 o 7B+H0 78,35
1400400 7960 7639 _ 76.+10
2000.,00 72.460 73.85 73+ 35
2500,00 4% .85 71 .35 70.85
3150.00 664359 &7+ 60 - b67.60
4000.,00 6350 ' AZ .75 _ 44,090
5000.00 62,45 G249 6270
6300.00 63.59 L A3.5F &5 .85
800000 &3.90 63440 659,35
10000.,00 A9+ 55 _ 65.089 bbb+ 60
12500.00 A7 a6+ 00 68+ 35
16000G.,00 64.50 64 50 66 +50
20000,00 4528 &7 .25 45,80
25000.,00 64 .50 &%9.00 45+ 35
31500.00 ‘ 70.45 7020 71.70
40000.00 7090 7090 7190
S0000.00 &7.20 HE 95 70,75
&63000.00 65,40 &5 .40 &b+ 20

DASFL RIS - 96+ 53 94,01
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WIND NOISE

= 30.5m/s (M_ = 0.09)

= 0.00 .

one-third

octave band

1/3 octave band SPL - dB(re 2x10 >

Pa)

center Angle ¥ (degrees)
frequency ’
90 80 70
o

146000 85.89 P3.55 P3+35
200.00 89,10 22,80 92.40
250.00 84 .89 20,05 892.85
315.00 84,85 88.30 88,10
400,00 84,358 848,30 846:+10
S00.00 83,60 85.30 85.10
&30 00 B2.849 84.80 84.460
800,00 82.39 83.30 83.10
1000.00 80.40 82.549 82,35
1250.00 79210 80.30 80.10
1600.00 76,849 7755 7735
2000,00 74.10 7509 74,85
250000 71+60 2:80 72.:460
3150.00 67.89 68,80 68+ 60
4000,00 64,759 AT 25 &5, 08
5000.00 6345 63 .37 63.17
6300,00 G5+ 35 63.75 63,55
8000.00 64.83 42,80 A2+ 60
10000.00 65.39 64490 64470
12500.00 &7+ 40 67410 6690
146000.00 65,25 45,63 G543
20000,00 a4 .55 &b+ L0 65,90
25000.,00 63.85 &% .00 44 .80
31500.00 70.45 71.45 7125
40000,00 ZL+1%9 71+80 7160
S0000.00 70.00 &7+ 65 47+ 45
63000.,00 46+ 20 b6 +50 &b 30
4,05 28.82 28, 61

NASPL




WIND NOISE

V_ = 30. =
_ 5m/s (M= 0.09)

o
V. = 0.
5 = 0.00
one-thixd 1/3 octave band SPL -~ 4B (xe 2X10H5Pa)
octave band
center Angle ¥ (degrees)
fregquency 60 50 40
160,00 Q273 Bl,13 ?0.85
200,00 9L.98 713 P6.85
230,00 89,33 : 24,43 ' P4, 35
315,00 87 .48 85,63 85,35
400.00 85.48 84.63 84,33
H500,00 : 24,48 B3+63 83,35
430,00 83%.98 H3:463 83,35
800.00 82.48 82,38 82.10
1000.00 81.73 81.13 80.85
1250.00 L. 79.48 78,88 7860
1600.00 76.+73 76403 75,89
200000 74,33 74,38 74,10
2500, 00 71.98 70 .88 70,60
- 3150.00 47 .98 ' &7+ L3 64.:88
4000,00 64,43 ) 6303 A2.75
000400 G2, 899 &L .48 61.+20
H300,00 &2, 93 63,322 ' G295
8000.00 4L, 78 &L78 41,50
1000G+00 64,08 . 6393 b3+65
12506G.00 66+ 28 H& .03 G878
16000.00 - 64,81 : 63+ 43 63,15
20000400 60+28 ' 62,38 AR 10
20000, 00 64,18 &3 .38 33+10
S 31800.00 70+63 7348 73:+320
“40000.,00 - 70.98 74,88 74440
S S0000.00 . 46 .83 71 .22 &6%.98

63000.,00 &F . 48 67.83 468,55

OASFL 78.00 100,43

100,15
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WIND NOQOISE

= 30. =
0.5 m/s (M, = 0.09)

. = 0.00

one—-thixd
octave band

1/3 octave band SPL - aB(re 2310-5Pa)

center Angle ¥ (degrees)
frequ :
aueney 30 20
160,00 a8e.91 85.3%9
200.00 93.21 84,460
250,00 23+40 83.40
215.00 84.40 83.10
400,00 83.+40 B2. 40
500.00 2. A0 81,35
&30.00 2:40 81 .35
80000 81.15 7238
1000 .00 79.+91 78,10
1250.00 7769 7610
- 160000 74:91L 73,83
2000.00 73.18 7060
CRE00.,00 69. 65 68,460
315G, 00 &65.91 64+ 60
4000.00 &1.:.80 6125
S000.00 59.28 59 .95
6300 .00 - 62,01 41 +70
g000.00 &0 .5 A0S0
“10000.00 &H2:.70 62.:720
12500, 00 &4, B0 64,50
146000.00 &2, 20 6090
20000, 00 61.15 60+ 60
25000,00 3115 .60+ 460
31500.,00 72,25 7293
A40000.00 73.+45 73+85
S50000.00 . &9+ 01 &9 90
&3000,00 &7+ 60 &8 .95
DASFL 29.20

9w, 462
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J

WIND NOISE.

= 0.00

v, = A2.Tm/s (M, = 0.12)

one-third
octave band

1/3 octave band SPL - dB(re zxiOHSPa)

center Angle ¢ (degrees)
frequency _
115 110 100
140,00 23.10 97435 23+10
200,00 P2.460 P8+10 93.85
2000 P2.35 93+ 35 22.89
319,00 P2.460 92,35 9210
400,00 24.10 ?1.60 P1.+35
- 500.00 20.40 20 .35 89 .85
463000 20.10 BZ4+40 0,10
800.00 89 .35 89,10 B8 .35
1000 .00 88+10 88.10 B8,10
125000 g87.10 87.10 86 .60
1400.00 85,60 85.35% 85,35
2000,00 84,10 B3:+60 83.60
2500.00 g2.10 82,10 81.89
3150.00 80.10 7989 79885
4000.00 78.25 7725 77425
S000.00 74,95 74.45 734+925
- 6300.00 2430 71.80 71.460
g000.00 71,90 7190 70.85
10000.00 7330 73.+059 72:60
12500, 00 73478 7324 73.10
14000,00 72,79 72:00 72:29
20000.00 7400 74,25 74:80
25000, 00 74,00 74.50 74,460
31500.,00 73.+90 74,15 7299
40000 .00 73.+90 73.+90 73.15
50000.00 71.70 71+ A% 72400
A3000.00 4B8.15 4815 6799
DASPL 101.48 102,99 101.54

59.



WIND NOISE

v, = 42.7 m/s (M = 0.12) .
_ Vj 0.00
one—third 1/3 octave band SPL - dB(re 2x10_5Pa)
octave band '
center Angle U (degrees)
£ .
reguency 90 80 70
160.00 94,35 94,05 95,89
200,00 3,85 24,80 9460
290,00 ?3.+10 04430 24,10
319.00 P2.460 03.05 ?2.85
400.00 22.10 2259 92,35
S500.:00 20.85 1.+80 ?L:40
63000 20.35 ' L300 @1,10
800 .00 B89.85 2030 20,10
1000.,00 88.85 89 +30 89.10
1250.00 B87.89 87.80 8760
1600.00 85.85 8455 84.35
2000.00 34,35 84 .30 . 84,10
2500.00 83.10 83 .30 83.10
3150.,00 80.89 81.05 80.89
4000.00 7825 78.:50 78.30
S3000.:00 75.20 7E 37 7517
&6300.00 72.10 72400 71.80
8000.00 72+10 71+30 71410
10000.00 73,10 - 72.90 72:70
12500.00 2.+.85 7310 L 72:920
146006 .00 7220 71.88 71.48
. 2000000 74.:80 74+ 60 74:40
29000.00 : 74.:60 75:00 74.80
3150000 73+98 7320 7300
40000.,00 74.19 7405 73.85
50Q00.00 73.25 72.15 71.99
43000.00 48,95 469,00 68,890
DASFL 10220 103.08 102.88

-




WIND NOISE

V_ = 42.7 m/s M, = 0.12)

o
Vj 0.00‘
one-third 1/3 octave band SPL - 4B(re 2x10“5Pa)
octave band ' '
center Angle ¥ (degrees)
frequency 60 ‘ 50 40
160,00 0 .23 102,88 102.60
200,00 ?3.98 108.488 108.40
250.00 97.48 1046+ 63 106.35
315.00 P2.:.23 25.38 259,10
400.00 91.73 22,38 92,10
500,00 20.98 20.12 89.85
630,00 20.48 89.43 89,39
800,00 89 .48 89.12 88.89
1000.00 88.48 87 .88 87.40
1250.00 - B6.98 Bé6.12 85,85
1600.,00 BE9.,73 BS .12 84.85
2000.00 8% .+48 83.12 B2.85
2500.00 82.48 Bl .38 8L..10
3150.00 80,23 79,12 78.85
4000,00 77+68 75,92 7525
000,00 74 .+5% 0L+ 73 : 7149
6300 .00 7L.18 &8 .73 468,45
g8000,00 70.48 46803 &A7.79
10000, 00 72.08 &9.+17 , 68,90
128500,00 72:28 &9 .52 &9 .+25
 16000.00 71,06 68,17 67490
20000.00 73.78 &7 38 67.10
25000.00 7418 &7+ 63 67+ 35
31500.00 72:38 . 74,73 74.:40
A40000:00 7323 76,12 - 75,85
50000.00 ‘ 7133 : 73:73 73+45
43000,00 48,18 7L.83 71.95
OASFL 102,24 d4il.84 111.56




IND NOISE

= 42.7 m/s (MO = 0.,12)

= 0.00

onefthird

occtave band

1/3 octave band SPL — dB(re 2x10 °Pa)

center Angle ¢ (degrees)
frequency 30 20
160.00 101,65 108,40
200,00 10769 109,10
250.+00 105.40 103.85
315,00 94,15 ?8.60
400,00 PL.135 P64+60
, 900,00 88.91 93.10
. 63000 88,40 ?0 .33
800.00 87.91 82.10
1000.00 Bé .+ 65 87.835
1250.00 . 84,91 Bé+35
1600.00 83.91 83.10
'O2000.,00 81.91 82.+60
- 2500.00 80,15 8l.10
. 3180.00 7721 78.35
4000.00 74.31 73.25
5000.00 70.50 72.:45
6300.00 &7 +350 68.95
8000.00 646480 6925
10000.00 67+ 96 69 .40
2500.00 6831 &9 25
16000.00 6696 &7 +40
20000.00 &b lT 4b 35
25000.00 &b+ 40 67410
31500.00 7380 73.70
40000.00 74,91 74,85
50000.00 72.50 72,20
63000.00 70,60 46%9.80
DASFL

110.40

112,91




APPENDIX B

JET NOISE MEASUREMENTS. (DATA CORRECTED FOR
MICROPHONE RESPONSE AND ADJUSTED TO A DISTANCE

OF 2.05m.)
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JET NOISE

Out-of-Wind Microphone
Angle ¢ = 25°

V., = 340 M, = 1.
3 m/s (M; = 1.0)

one—-third

octave band

1/3 octave band SPL - dB(re 2x10-5Pa)

wind speed - vy (m/s)

center
frequency 0.00 30.5 42.7
160.00 &T.+14 72.89 78.89
200.00 &5.14 70.64 7739
250.00 65,14 &2.+14 75+14
315+00 65,89 67+39 73,39
400.00 &7 .39 déb 14 70.89
S06,00 62,14 $.89 68.+39
&30.:00 72.64 68, 64 468,39
B00O .00 75,14 70,89 6984
, 1000.00 78.:14 74.14 72+ 64
OL2E0.00 81.14 78.14 746439
160000 84,14 80.64 79+14
2000,00 86.64 8%.89 B2+ 64
2500.00 8939 87.14 85,39
3190.00 20 .44 88.89 87 .64
4000.00 201,29 89.29 82.04
S000.00 02,49 - 20.49 B?.49
&300.00 ?1L.99 20.49 88.99
o BO0OLOO ?1.29 B?.29 88.04
10000.,00 89.1%9 87.19 85.19
LRE00.00 846,79 85.04 82.29
1 16000, 00 84,44 8l.924 8049
: 20000,00 82.8% B8l:14 80.14
T 25000.00 80.89 79+39 7714
31500.00 80.24 ~78.99 77449
S 40000,00 82.39 g2.14 81.64
- B0000.00 72.:99 79:24 79524
C 463000.00 71.84 71,84 71.84
DASFL 100.584 98 .+64 P7.54




JET NOISE

Out-of-Wind Microphone

Angle ¢ = 30°

. v, = 340 m/s (i, = 1.0)

one-third 1/3 octave band SPL - dB{re 2x10 °Pa)

octave band
wind speed - v, (m/s)

center "
frequency 0.00 30.5 42.7
180.:00 &3+ 68 &4 .00 H8.43
200.00 463+ 68 &4, 00 Hhh+ 68
250.00 63,68 64,00 63+93
31500 G393 44,00 6393
400,00 6568 &4, 00 &3+ 68
S500.00 468,468 46 .00 65+ 43
3000 7118 &8.00 &47.+18
800.00 74.18 o 70+18 68,48
1000.00 77 +43 73.:68 7293
1250.00 g0,18 7718 74.+18
14600.00 82,468 72+93 7B:93
2000.,00 85,48 83.:43 B2.48
2500.00 88.43 859 .68 85,43
I150.00 20.18 B7.48 87 .43
4000.00 21 .83 89.33 N 88.83
5060.,00 22.28 89.78 20.28
430000 P2.03 20.78 20,03
80006.,00 20.83 89,33 89.08
10000,00 868,98 87.73 8&.73
12500,00 B&.358 85.33 84,08
16000,00 84,33 82.48 8273
20000 .00 82.93 80,68 81.18
23000.00 _ 80.48 78.18 78.18
31500.,00 80,78 774953 77.78
40000,00 g1.43 8093 80,468
S0000.00 7903 78.:28 7%.03

43000, 00 7213 70.88 72.68

DASPL 100,30 98, 31, 97,99
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JET NOISE

V. = 340
J ,

Out-of~-Wind Microphone

Q
Angle ¢ = 40

m/s (Mj = 1.0)

one-third 1/3 octave band SPL - dB(re 2x10-5Pa)
octave band
wind speed - V_ (m/s)
center o
frequency 0.00 30.5 42.7
1460.00 59 .30 &S 70 4929
200,00 450 .75 41 .+50 4275
250,00 57+ 65 6150 41,50
315.00 61,75 61 .80 61.75
400,00 AR.:75 &1+ 50 61.75
S00.00 AT 25 63+00 462,50
630,00 &B.+00 45,50 64 25
800,00 70.50 67 +50 6650
1000.00 73+50 7075 70,00
1250.00 76.+50 74400 73,29
1460000 79.25 76 .50 7094:75
2000.00 82,25 80.00 7925
2500,00 85,00 BR75 81.50
3150.00 87.25 84,74 84.00
4000.00 88.40 B&.1% 85.65
F000.00 89.40 #88.10 87.849
430000 89.460 8B.35 88.35
8000, 00 89 .69 828,15 88,19
10060.00 89.05 87 .30 87.30
128500.00 87.19 85.90 85,65
1600G.00 86.05 B4 .05 83.80
20000, 00 85,00 B3.25 275
25000.00 83.:00 80.75 80,50
31500.00 8R.85 80,60 80 .60
4000000 81.75 glL.25 81.50
5000000 79.:.460 79.10 79,10
6300000 75:20 74.95 74 .45
OASFL 28.65 R .95 246,71

66,



JET NOISE

Out—~of-Wind Microphone

Angle P = 50°

. " V. = 340 = 1.
5 m/s (M3 1.0)

one~third ‘ -
e~thir 1/3 octave band SPL ~ dB(re 2x10  “Pa)

octave band

wind speed - v, (m/s)

center
frequency 0.00 30.5 42.7
160,00 58.48 &0+ 48 64+ 48
200,00 58.23 61423 63,48
250,00 59,98 59,98 6. 23
315,00 ' 59,98 61423 61.98
400,00 59,98 &0+ 98 46223
500.00 61 .98 &1+73 61,48
630,00 64,23 42,98 63.98
800.00 66.73 44,48 66+73
1000,00 69 .23 67423 6623
1250,00 72,48 72 .23 48,98
1600,00 74,73 72,98 70,73
2000, 00 76.98 T 74.48 VR 23
3500 400 791»48 ?6&48 73 973
. 3150,00 81 .48 78,98 77.98
- A000,00 82,468 80.93 80.18
5000 .00 84,55 82,80 2,05
6300 .00 85.68 CBX.93 : 83,18
P 8000,00 86,98 84,73 83.98
10000,00 86.83 85 .33 84,58
C12500,00 85,78 84,03 84.78
L 14000.00 85,81 83.81 83.31
20000 .00 85,53 83.53 83 .53
25000,00 84 .68 81.93 81 .93
- 31500.00 83.63 81.13 81.13
- 40000,00 B1.73 79.98 80,48
50000 .00 79.58 78.08 : - 78.83
43000,00 76,48 75,93 75,48

0AsFL ?4.+12 4417 23.85
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JET NOISE

Out~of-Wind Microphone
Angle ¢y = 60°

¢ V. = 340 M. = -
3 m/s (1:J 1.0)

one~-third

1/3 octave band SPL - dB(re 2x10 °Pa)

octave bhand

wind speed -~ VD {m/s)

center :
frequency 0.00 30.5 42.7
160,00 58, 21 58,91 62441
200,00 G091 59,91 6264
250,00 &0 .41 58,91 &1+41
315,00 58,91 58.91 &0.41
400,00 6191 5891 60+16
500.00 b2 b 58,91 59464
i 630.00 6341 &0.91 60+91
1 800.00 4591 42,91 42,16
. 1000,00 67 .41 b4+ 66 63416
1250.00 71,91 &6+91L b& 441
1600,00 73.91 6216 68414
L R000, 00 730466 70.91 70.16
C2500.,00 75.91 7314 72,91
3150900 ] ' ??+56 ?4&91 74+91
4000.00 78,86 76441 764364
500000 80 .48 S 78.48 78.23
630000 81,86 80,11 7961
8000.00 B2, 41 Bl.16 BO+ 66
10000.00 83,26 Bl.76 81,51
12500, 00 83,46 Bi.21 8%, 21
16000, 00 83,74 8074 81.99
20000,00 B3, 44 : 80 .94 - 80.94
25000.00 872,86 80,84 80.61
- 31500.00 B2, 56 80.31 79.56
40000.00 81,41 7941, 79,91
50000.00 79.76 C 78.24 78.764
63000, 00 76,886 7541 75: 61

OASFL 93.+50 . B1.41

91,62




JET NOISE
Out-of-Wind Microphone

Angle ¢ = 70°

V. = 340 M, = 1.
. m/s 5 1.0)

one-third 1/3. octave band SPL - dB(re 2xi0” °Pa)
octave band ' . —
"wind speed - V_ (m/s)

center : o _
frequency 0.00 30.5 42.7
1460.+00 98.21 6121 6571
200.00 9946 G074 &34+ 96
250.00 o821 59.21 G221
315,00 o821 60:464 H4.+46
400,00 584,26 6094 &1 .21
900,00 &0 21 64,21 44.21
630 .00 6271 AF.96 63+ 4k
800,00 b4, 446 62,44 63+210
1000.00 S hh 21 &4, 44 64,21
- 1250.00 68,21 Hh A4S 70,71
1600.00 70.21 6846 7321
2000.00 72,21 70 .46 7721
2500.00 74,71 72.96 77471
2150.00 7621 74,21 746.71
4Q00.00 7766 76+164 74691
S000.00 78.78 77:53 76.:78
&6300.00 80.41 79:64 78.14
8000.00 g8l.21 7996 78:.71
1000000 81,81 80.31 7%.81
12500.00 B2.24 84,01 79,01
16000,00 81,04 80.04 78.:29
20000.00 8126 79:76 78.76
25000 .00 BO.16& 78.41 7841
315E00.,00 80,11 -78.11 7761
40000,00 79.:96 78.71 T 7821
H50003G.00 78.81 7731 . 77406
- 20,15

0ASFL

91.79 . 90,84

69.
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JET NJISE

Out—-of-Wind Microphone

Angle ¢ = 80°

V. = 340 m/s (M,
. /s (M

= 1.0)

one—third

octave band

1/3 octave band SPL - dB(re‘leO-SPa)

wind speed - vo (m/s)

13

center -
frequency 0.00 30.5.- 42.7
160,00 S98.30 o7 +80 a1 8%
200,00 61 .30 41 .05 42499
250.00 57 +80 57.80 59.05
313.00 87 .80 G780 58.80
40000 G809 G57.80 w880
¢ 900400 G9.+30 58.30 99 .05
C A30.00 AL T3 &QL QT 40,30
800.00 G305 61430 &1, 05
1600.00 65+ 30 4280 6330
1250.00 68.05 A5G 55 A 05
140G00 69 .80 ‘&7 .55 &7+ 05
2000.00 7L.585 &9 .00 42,05
2500.00 7355 71.+30 71430
3150.00 74,80 7300 72.95.
4004, 00 7620 74 20 73.70
S000.00 77.+70 7534465 73+40
630000 7930 77.5% 77+55
8000.00 8030 . 78,80 78.30
10000.00 .80.085 -78.08 77 .80
12506.00 20.80 78.80 78.05
14600000 79,99 77499 77:70
20000.00 80,00 777G 78,00
250600.00 79,05 77405 74.80
31800.00 7240 7764 7790
40000.00 77« B3 75,85 7334
30000.00 7670 75420 7T 20
A3000.00 73.:45 72.460 72+40
88,895

DASFL

20.42

88.34




JET NOISE

Out—of-Wind Microphone

Angle ¢ = 90

L4 v.
J

= 340

Q

m/s (Mj = 1.0)

one-third 1/3 octave band SPL - dB{re 2x107 °Pa)
aoctave band
wind speed - VO {(m/s)
centex
f£requency 0.00 30.5 42.7
160,00 S8. 646 57 .91 61.91
200.00 6L bé HQ+ 64 4241
o R50.00 57 .64 57 v bd 58.91
i 315T+00 7 e 66 5764 5944
i 400 .00 7,46 57:8646 G846
S00.00 5864 574921 58«94
630 .00 AHQ L Ob NP6 60 ld
80000 &2el6 6091 4021
1000.00 G441 G2+ 41 6241
250 .00 66 4] s, 46 64414
16004+ 00 G816 46491 &5.66
200000 70:41 HB8.91 h8.+14
2500.00 2.16 70.:921 70.:16
3150.00 7366 72.:41 72.16
4000.,00 74,84 73.81 7306
5000.00 7624 75.:26 74,76
A3G0 .00 77 bbb 7h: 86 754646
8O00.00 78,64 7766 . 77+41
10000, 00 781G 7716 77164
~12500.00 78466 79:16 774164
16000.00 72.31 78.31 7731
- 20000.00 7841 7786 77:11
25000.00 74691 760410 70.91
. 31500.00 78.51 77:26 77401
40000.00 7741 7771 7721
CG0000 .00 78.81 - 76406 7481
463000.00 72476 732451 7301
CASPL 59 .259 87.86

88.41

7L.
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JET NOISE

Out-of~Wind Microphone
Angle ¢ = 100°

’ V. = 340 M. = .
_ 3 m/s { 3 1.0)

one-third 1/3 octave band SPL - dB(re 2x10 °Pa)
octave band :
wind speed - V_ (m/s)
center o
frequency .00 30.5 42.7
L&04+Q0 S97 .80 G7.80 6155
200,60 ' 5780 HQ 05 62,08
250,00 "7+ 80 G7.80 G803
319.00 E7.+80 _ o7.+80 38.+80
400,00 S7.+80 U7 +80 a7 +80
F500.00 H8.80 57.80 58.80
- 630,00 A4d.00 - 59895 99.99
' B00.00 62455 40+ 30" 60,55
1000.00 64430 _ 42¢30 61,895
L 125000 G4+ 30 63 BO 6%+ 05
1400.00 68.30 b+ 55 &5+ 55
2000,00 7080 ' 48855 &7 05
2500.00 72,84 70.:30 4%.80
J150.00 ' 73.5%5 75L.80 71 4+30
40060+ 00 749G 72.9% 72,45
© 5000.00 73+920 74.90 74415
630000 77 Q0 75.890 73.80
- 8000.00 78.59 77430 74,80
10000.00 78.80 77+55 77.:55
12500.00 78.30 77.55 76.80
1400000 » 78.20 7770 74495
20000.00 78,00 76.50 7625
25000.,00 74680 o 785430 74.80
3150000 7720 =75 90 73+65
40000 .00 _ 7760 74.83 76460
F0000.00 76,70 753.:95 75.70
HI000.00 73.435 7240 .19
DASPL 88.89 87467 8729

72.




JET NOISE

Out-of~Wind Microphone

Angle ¢ = 110°

) V. = 340 . = L.
. . m/s (M:J 1.0)

one-thizd 1/3 octave band SPL ~ dB(re 2x10 °Pa)

octave band

wind'speed - VO (m/s)

center
frequency 0.00 30.5 42.7
160,00 58.21 H59.46 6221
200.00 &1.21 AL.71 62.71
250.00 98.21 S8.21 a8.44
315.00 GE.21 98.21 1R
400,00 a8.21 58 .21 08.46
50000 - 88.21 58,21 a8.21
430400 G994 - E8.71 G2.21
8OO .00 61 .94 H&0.71 60,28
1000,00 &4 .21 6221 HL.71
1250.00 b6+ 21 6376 63 4d
1400.00 67 +96 65.71 64446
2000.00 69 .96 67.71 46,71
2500.00 71.96 AP 4b 68,24
3150.00 72.%96 , 7096 7046
4000.00 73.461 71.:86 7111
8000.,00 74.81 - 7356 7331
$6300.00 7464146 74,91 74.:664
8600.00 77476 76,51 75426
- 10000.00 77 .66 ~ 7616 75. %1
- 12800.00 77+11 7411 746436
- 16000.00 77+36 75.101 78936
20000.00 76461 74.86 74461
2500000 74436 74436 74,84
3150000 77431 , 73.01 739:26
- 40000, 00 73,24 73.:01 7326
. 50000.00 , 74 .54 71.81 2,81
43000.00 73:26 ' 7076 714351
0ASPL 87.87 8410

86402

“

I
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JET NOISE
" Out-of-Wind Microphone

Angle ¢ = 1159

V. = 340 o= L.
5 m/s (MJ 1.0)

~+hi S -
one~third 1/3 octave band SPL - dB(re 2x10 °Pa)

'

octave band :
wind speed - VO (m/s)

center
frequency ~ 0.00 30.5 42.7
160.00 58.50 59,00 652400
200.00 61,25 4190 &5,00
250.00 58.50 58,50 6100
315.00 S58.50 598.50 &1+00
A00.00 G8.590 58,90 &L +00
S00.00 58.30 58+ 50 T 461.00
A630.00 98,50 58.30 ' 61,00
¢ 800.00 6050 A0. 235 61,00
1000+ 00 63425 6250 , 41,00
1250.00 G500 HI W75 H275
160000 6725 65.79 64,75
2000.00 . 62.+00 467.+00 6Ga+ 70
2500.00 71450 &9.50 468450
3150.00 72,50 7180 70.00
4000,:00 73:90 72415 70,90
5000,.00 75359 73:10 7160
4300.00 76420 74,20 73420
10000.00 76,95 75.70 74,470
12800.00 7640 75.90 75,15
14000.,00 76415 79,415 74440
20000.00 7565 74 .40 73:90
2IC00 .00 75490 74,40 73+8658
31500.,00 76.:.95 74 .55 74.05
40000 .00 74,55 72.80 71 .80
90000,00 72.85 71:+40 7060
S3000.00 72.:30 70.30 494+ 30

0ASFL B7.25 85.78 84.77




JET NOISE

In-Wind Microphone

Angle Y = 20°

V. = 340

J

m/s (Mj = 1;01

one—-third

octave band

1/3 octave band SPL - dB(re leO-SPa)

wind speed - Vo (m/s)

center
frequency 0.00 30.5 42.7
160.00 7.9 81 +dé 29+14
200,00 5941 Rrl Y 100.14
250,00 6ledd 792.41 27 +16
315.00 A4 41 79+16 PL+46
400 .00 &7+16 79406 P2.14
500 .00 70:16 7791 B8.16
A30.00 7341 77 + 41 87664
1000.00 7916 7746 216
1250.00 8L.21 7?¢41 g81.91
1400 .00 84.91 81+41 g82.41
2000.,00 B7 64 B3 .46 B83.16
2500.00 20.16 BbH.46 85,46
3150.,00 P2.16 88.64 87466
A000.00 22.31 8%9.81 89.31
S000.,00 PZ+24 20,51 2051
6300400 3246 2L .01 90,51
8000.00 92.81 05k B59.81
1000000 Q0.7 88.946 8846
12500.00 88.31 87.31 87.06
14000.00 85.:94 85.71 Ba.71
25000.00 80,466 8i.41 81,41
21500.00 80.76 BL.76 8l .51
A40000.00 77 . %1 78466 78:21
S0000.00 74,51 75.+81 76.:01
&3000.00 72.:86 73,36 74,11
0ASFL 101 .62 105,60

P

99.+463
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JET NOISE

In-Wind Microphone

Angle ¥ = 30°

V.

J

= 340 m/s (Mj = 1.0)

one—-third

octave band

1/3 octave band SPL - dB(re 2x10_5Pa)

wind speed - v, {m/s)

center
frequency 0.00 30.5 42.7
" . - ,
160000 56+d° 83@52 94&77
200.00 98.27 82.52 93:+77
250.00 59,52 7977 89.77
315,00 462,02 7732 84.77
400,00 &E.02 TEH.77 8277
500.00 68,27 7602 81.32
430G, 00 71,327 75,82 80.77
800.00 74,02 7827 80.02
1000.,00 77 .02 75.02 7252
1250,00 79.52 76.52 79.02
1600,00 B2.77 78.77 : 72.+:52
2000.00 89.77 gl.02 80.92
2500.00 86.77 B3.77 B2.77
2180.00 21L.02 B&.77 85.52
4000.00 22+17 a8.17 86.67
5000.00 24,12 89 .62 J 88.42
6300.00 ?3.87 20,37 89.37
8000,00 93,467 20,42 g9.42
10000.00 21,57 89.57 B%.32
L 2500.00 89.92 89.17 88,67
146000.00 87 .82 87.07 84.82
20000, 00 85,02 84,77 B84.77
29000.00 83.02 83,02 2.92
31500.00 83.37 g2.87 B2.42
40000.00 80.02 72.77 80.02
50000.00 7762 77+12 77.87
63000, 00 75.22 79.72 76.3223
DASFL 101.97 29.34 101,45
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JET NOISE

In-Wind Microphone

Angle y =" 40°

J

V., = 340 m/s (4, = 1.0)

one—~third

octave band

1/3 octave band SPL - dB(re 2x10-5Pa)

wind speed - v, (m/s)

center

frequency 0.00 30.5 42.7
]

160.00 9712 80.00 2307
200,00 G97+12 Bl .50 2207
250.00 98.12 77.80 87 .32
315,00 B0+ 62 7500 84,32
400,00 62,62 74460 83.07
S00.+00 b4+ 67 74.00 80.07
630400 68.12 7397 79+32
800,00 70.62 72.:57 78.07
106000 73.:.62 72.32 77432
1250.00 76412 72.82 76482
- 1600.00 79.12 74,32 74632
2000.00 2,12 76,32 77407
2500, 00 84,62 78.97 7757
31590, 00 87 .37 B1.07 80.07
4000 .00 88.02 82.72 81,22
S5000.00 20.30 84.92 8342
6300, 00 ?1.+50 85,92 84,42
8000.00 ?L.50 B&.47 85.72
10000+00 ?2.30 8737 846.12
12500.00 F2:40 87.22 B46.22
146000.00 20.80 Bé& 12 83.87
20000.,00 88.12 B84 .57 82.82
23000.00 84,80 83,82 83,97
31500, 00 85.50 84.17 B84.42
4000000 82.83 81.82 82,32
- 50000, 00 B81.18 B0O.17 8G.92
63000.00 78.02 78.02 78.27
0ASFL 100.87 26.28 9933
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Angle ¢ = 50°

AY

JET NOISE

In-Wind Microphone

3

= 340 m/s (Mj = 1.0)

one—~third

octave band

1/3 octave band SPL - dB(re 2x10 °pa)

wind speed - Vb (m/s)

center ,
frequency 0.00 30.5 42.7
- : '
160.00 o59.04 86.04 93.04
200.00 O e 29 89,04 100,54
A0 .00 9554 81.94 P2.54
315.00 9754 74679 88.29
400,00 59..79 73,79 84.79
S00.00 &1l.04 7179 B1.04
430,00 &4 .04 7129 7954
g800.00 66.04 7079 78.29
1000.00 68,29 &2.79 78,04
12350.00 71.29 7004 7079
14600.00 7354 71.:04 74,79
2000.00 75.79 7220 74,29
2500.00 78.54 7504 7%.:04
3180.,00 80.29 7604 7979
4000.00 81.99 78.49 77+74
5000.00 84,34 8BGO+ 36 792.61
6300.00 B85.4% 81 .49 80.74
8000.00 87.04 B2.79 82.04
10000.,00 B7 .64 84,14 83.14
1250000 87.84 84,34 82.84
14000.00 86,12 83.37 B2.37
20000.00 85.59 B2.34 81.34
25000.00 - B4.49 Bil.74 80.74
31500.00 8344 80.%4 80.19
40000.00 81.54 79.34 78.79
30000.00 79.89 78.14 77+ 64
63004.00 77 +:49 7649 7624
DASPL 26.35

102,59




JET NOISE
In-Wind Microphone !

Angle § = 60°

V. = 340 r M. = 1.0) .
3 m/s ( 5 1.0)

one-third 1/3 octave band SPL - dB(re 2x10 pa)
octave band : — i
wind speed - V_ (m/s)
centex 2

frequency 0.00 30.5 42.7
14000 "H44+40 76.%90 8565
200.00 83,90 78.90 20,90
250,00 34.+65 78,15 8. 4649
315,00 G6.90 74.90 84.90
400,00 58,469 72.15 81 .40
500.00 6040 71415 7763
630 .00 &2 65 70.:40 77 +40
800,00 49,158 &%+ 40 76.40
1000.:00 Q6+ 90 49.15 75.40
L250.0Q0 6940 . G820 74:65
La00 .00 75105 : 469 .60 73+15
20006.,00 73.+15 71,10 731G
28900.00 75,65 72.90 74.15
3150.00 77:15 74 .65 74.:45
4Q00 .00 78.35 70460 7560
S000.00 80.97 783.22 77497
H300.00 81.85 79.10 7860
8000.00 83,19 80,465 79470
10000.00 84,29 g81.75 81,25
12500.00 84.20 81 .45 80.70
14000.00 83.48 50.48 79.48
20000.00 B2.,45 80.70 7%.:99
25000.00 81.835 : 79 .85 78.85
31300.900 81.55 79430 78.80
40000.,00 . 7%.20 77465 7715
50000.,00 ' 78.75 77 .00 , 76.00
6300000 78,35 76235 75.:460
DASFL 93:39 2179 Q430

79.
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JET NOISE

In-Wind Microphone

V. = 34
5 0

Angle ¢ = 70°

m/s (M = 1.0)

one-third

octave band

1/3 octave band SPL - dB(re 2x10“5Pa)

wind speed - VO {m/s)

center
frequency 0.00 30.5 42.7
160,00 851.78 75,03 84.53
200.00 T2.53 7953 89.03
250,00 5303 77.78 828.03
I15.,00 55.03 74,03 85.28
400,00 O7.28 70.93 80.53
500,00 59.03 A9+ 53 7778
630,00 61.53 49 .53 76.:53
800.00 63.78 48.78 76.28
1000.00 65,93 &8.03 75.03
1250.00 68,03 68,28 74,03
1600.00 6% T3 68.78 73.03
2000.00 71.78 70.28 72,28
2500.00 74.:.03 72,28 73.28
3150.00 75,53 73.03 73.28
4000,00 76.98 74+48 74.48
S5000.00 78,10 76.:60 75.8%5
A300 .00 79.73 77.+,48 77.23
B0O00O .00 80.78 78,53 78.03
10000.00 82.13 79.38 78.88
12500,00 81.83 79.08 78.33
146000.00 80.61 78,36 77:86
20000.00 80.58 78.08 78,08
25000.00 79.73 7723 76,98
31500.,00 78.93 77.18 76468
40000,00 77.78 7578 75.93
S0000.00 7713 7543 75.38
63000.00 7648 74.73 74.48
DASFL L.45 24,22

20.10

oo



JET NOISE

In-Wind Miecrophone

Angle o = 80° SR
S DODUCIBILITY OF i

Vs = 340 m/s (Mj = 1.0} PEIGIAL PAGE IS FGOR

one thlrd 1/3 octave band SPL ~ dB(re leO"SPa)
octave bhand —
wind speed - V_ (m/s)
center °__
frequency 0.00 30.5 42.7
- 160,00 49,58 7483 82,08
200,00 49 .83 75,08 8%.58
250,00 51.08 77.08 84.3%
315.00 B3.33 7933 82.33
400.00 U5.83 70.33 78.33
0000 57.58 69,58 76.33
H30 .00 6033 H9.58 759.549
800.00 G2+ 33 68 .08 74.83
1000.00 a4 .83 &7+ 83 74,08
1250.00 67 ¢33 &7 .+83 73:33
1600.00 68 .58 68,08 72:33
2000.00 70.83 CA9.08 71.83
250000 72,33 71.08 72.33
Z180.,00 74,08 72,08 72.+33
400000 7548 73.+48 73.48
S000.00 76.93 74.93 74.48
630000 79.08 76 .83 764,83
800000 80.08 78,08 7783
10000.00 80.98 78.5538 77 .83
12500.00 - 80.58 78.33 78.:08
146000.00 79.98 7773 77 .48
20000.00 79.03 77 .38 746,78
25000,00 78.08 . 75.83 7533
31500.00 78.48 76648 74443
40000.,00 76.63 74.88 74,38
50000.00 7423 74.73 74.73
63000 .00 75418 7393 73.18
0ABFL 20,04 89.18 92.22

g

8l.
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JET NOISE

In-Wind Microphone

Angle P = 90°

AY

. = 340 (M, = 1.0}
3 m/; (M:1 1 0)

one~third

octave band

1/3 octave band SPL - dB(re leO—SPa)

wind speed - v, (m/s)

center
frequency 0.00 30.5 42.7
140,00 48,50 72530 81,50
200,00 48,25 7125 72470
2890.00 49,00 71,30 81.25
315,00 51.50 7L+25 7979
A00.00 894,90 70,350 7830
500,00 56425 &9 28 7780
63000 58.50 &% .00 7650
800,00 A1 .00 &8 .25 7625
1000.,00 G325 67«25 7475
1250,00 65+ 00 &7 .59 74,25
1600400 6725 67+ 00 72890
200000 6925 48,590 72325
2500.00 7L+ 25 70.25 72,25
3150.00 72.25 71.75 72,00
AQ000.00 73.%0 72.90 73.1%8
OO0 . Q0 75,85 74 .35 74,35
&300.00 7700 7575 75,90
8000,00 78.75 77425 C7hHTE
10000.00 792+00  77.80 - 77,00
12500.00 72475 78.00 7750
- 14000,00 78,40 7690 76,465
20000.00 77.70 - 746.40 7595
23000.00 VG785 759,00 79.00
21500,00 77.10 7635 75.85
- AQ000,.00 74,80 - 74,55 73.80
50000,00 74.20 74,40 73.90
&H3000.00 74.8% 73.85 73410
OASPL 88.59 88.10 G1.00




JF? NOISE

In-Wind Microphone

‘Angle ¥ = 100°

vy = 340 m/s (3j»= ;-0)“

one—third

octave band

1/3 octave band SPL - dB(re 2x10 >Pa)

wind speed ~’VO (m/s)

center
frequency 0.00 30.5 42,7
160.00 47 . 469 72.:.49 81 .44
200,00 A7+ 6% 72:69 81.44
250.00 47 A4 7L.94 72 .44
315.00 F0.+44 7144 78.44
400,00 03+69 70.69 78,19
S00.00 559.44 69 44 76.:44
" &30.00 S6.94 49 .19 75.24
800.00 52.94 &8.19 74,44
1000.00 64l:94 67.19 73.:.24
1250.,00 6444 66«94 72.94
1600.00 6é e 44 66469 71 .44
20006.00 68.94 &7 + 44 70: 69
2500.00 70,69 62.19 70.24
3130.00 71.924 70.19 7119
4000,00 73:+84 71.84 7184
S000.00 74,79 73.54 73.04
&6300.00 7649 74,94 74569
80Q0.00 7794 74.19 75.94
10000.00 78,49 7644 76.44
12500.,00 78,44 74924 746.24
16000,00 77.84 76,59 76,09
20000.,00 74.89 73:.64 . " 74.89
25000.00 75.94 74,49 74.44
31500.00 76.79 73:04 759.04
40000.0Q0 74 .49 73.49 7374
50000 .00 75.09 73.84 73.59
63000.00 74.04 73.29 73:.04
NASFL 88.:03 87.44 20.43

83.



JET NOISE
In-Wind Microphone

Angle ¥ = 110°

V. = 340 m/s (M. = 1.0)
5 : /s ( 5 1 }

one thlrd 1/3 octave band SPL ~ dB({re 2x10—59a)
octave band S
wind speed -~ V_ (m/s)
center °

frequency 0.00 30.5 42.7
16G.:00 47 .30 72.:80 82.80
20000 47 .55 72.80 B2.548
250,00 46.80 72.80 7980
315,00 48.595 71,85 : 72.80
400.00 S1.80 7109 78.55
500.00 G559.80 7030 77.05
630,00 57.05 70,05 76430
800.00 a8.59 6830 74.80
1000.00 61.80 67« 30 73.55
1250.00 6395 4680 7330
14600.00 65,5958 66055 71.30
2000.00 A&7+ 55 66+ 80 7130
2300.,00 62 .80 68,80 70.80
3180.00 71.0G 69+ 30 70.80
4000.00 72.:20 70.95 70.95

S000.00 73.90 72.+40 78,40
S300.00 75.:350 74.00 73450

8000.00 7710 75.35 78433 -
10000.00 7750 76 .00 759.25
12500.00 774+40 7870 7570
16000.00 78620 74 .20 74,49
20000.00 74.95 73,98 73.95
2HO00.00 75320 7420 73.:95
31500.00 764+10 74 .85 74.460
40000.,00 7435 : 73,35 73.10
50000.00 73.40 71.90 7215
A3C00 .00 72,85 71.85 7135

0ASFL 86.22 Bb6.76 ) 20+67




JET NOISE

In-Wind Microphone

Angle y = 115°

V. = 340
n IR

n/s (M; = 1.0)

one-third

octave band

1/3 cctave band 8PL - dB(re 2x10"5Pa)

wind speed - VO (m/s)

center
frequency 0.00 30.5 42.7
160:00 47473 71 .48 79.73
200.00 47423 71,23 79.98
25000 46,98 70.98 79473
315.00 48.73 70 .48 79.48
400.00 50.98 62,98 77.98
500,00 G923 69 .23 746448
63000 5723 6B.73 75.98
800.00 58,23 67.73 75.23
1000:00 59.98 66448 73,98
1250.00 6323 66423 73.48
1600.00 64473 65,48 71,23
2000.00 6698 66+ 23 70.98
2500.00 4923 &7.98 70,48
3150.00 70,48 69,23 70.23
4000.00 7213 70.63 70.88
5000400 73.83 72,33 72.33
6300.00 74.68 73.468 72,93
8000.00 76453 7553 75.03
10000.00 74693 7543 75.18
12500.00 77463 75.63 75,88
16000.00 75.68 74,88 74463
20000.00 73,13 73.63 73463
* 25000,00 75.13 73.88 74.38
31500.00 75.78 74.78 74,33
40000.00 74.03 72,78 73.03
J0000.00 73.08 71.58 71433
&3000.00 72.53 71.28 70.78
B& .32 89.81

0ASPL

86 +63

85.



86 .

10.

" REFERENCES

Packman, A.B.; Ng, K.W.; and Paterson, R.W.: Effect of
Simulated Forward Flight on Subsonic Jet Exhaust Noise.
ATAA Paper No. 75-869, June, 1975.

Beulke, M.R.; Clapper, W.S.; McCann, E.O.; and
Morozumi, H.M.: A Forward Speed Effects Study on Jet
Noige from Several Suppressor Nozzles in the NASA/Ames
40- by 80~ Foot Wind Tunnel. NASA CR-114741, 1974.

Strout, Frank G.: Flight Effects on Noise Generated by
the JT8D-17 Engine in a Quiet Nacelle and a Conventional
Nacelle as Measured in the NASA Ames 40- by 80-Foot Wind
Tunnel. Report to NASA Ames Research Center under
Contract No. NAS 2-8213, 1975.

Cocking, B.J.; and Bryce, W.D.: Subsonic Jet Noise in
FPlight Based on Some Recent Wind Tunnel Tests. AIAA
Paper No. 75-462, March, 1975.

DeBelleval, J.; Chen, C.Y.; and Perulli, M.: Investigation
of Inflight Noise Based on Measurements in an Anechoic
Wind Tunnel. Paper presented at the Sixth International
Congress on Instrumentation and Aerospace Simulation
Facilities, Ottawa, Canada, September, 1975.

Plumblee, H.E., Jr., ed.: A Study of the Effects of
Forward Velocity on Turbulent Jet Mixing Noise. Report
t0 NASA Lewis Research Center under Contract No. NAS3-
18540, 1975.

S

Kadman, Y.; and Hayden, R.E.: Design and Pegformance of
High-Speed Free~Jet Acoustic Wind Tunnel. AIAA Paper

Ffowecs Williams, J.E.: The Noise from Turbulence
Convected at High Speed. Phil. Trans. Royal Society,
A255, 1963, pp. 469-502.

Sarohia, V. and Massier, P.F.: Important Flow Field
Effects on Jet Noise Under Flight Conditions. Paper
presented at the Workshop on Effects of Forward Velocity
on Jet Noise, NASA Langley Research Center, January, 1976.

Ribner, H.S.: The Generation of Sound by Turbulent Jets.
Advances in Applied Mechanics, Vol,., 8, Academic Press,
IIIC. r 1964) PP- 104_178-



11.

12.

13.

14.

15.

16.

17.

18,

19.

20.

21.

22,

Mani, R.: The Influence of Jet Flow on Jet Noise, Part I,
The Noise of Unheated Jets. J. Fluid Mech., 73, 1976,
pR. 753-778.

Tester, B.J.; and Morfey, C.L.: Developments in Jet
Noise Modeling - The Theoretical Predictions and
Comparisons with Measured Data. J. Sound and Vib., 46,
pp. 79-103.

Morse, P.M.; and Ingard, U.: Theoretical Acoustics.
McGraw-Hill Book Co., Inc., 1868, pp. 699-700.

Cole, J.BE.; and Sarris, I.I.: Theoretical Results
Pexrtinent to Measurements of Jet Noise in Wind Tunnels.
Proceedings of the Third Interagency Symposium on
University Research on Transportation Noise, University
of Utah, pp. 467-474, 1975.

Ahuja, K.K.; and Bushell, K.W.: An Experimental Study
of Subsonic Jet Noise and Comparison with Theory. J.
Sound Vib.,, 30, 1973, pp. 317-341.

Rudd, M.J.: A Note on the Scattering of Sound in Jets
and the Wind. J. Sound Vib., 26, 1973, pp. 551-560.

Candel, S.; Guedel, A.; and Julienne, A.: Refraction
and Scattering of Sound in an Open Wind Tunnel Flow.
Paper presented at the Sixth International Congress on
Instrumentation and Aerospace Simulation Facilities,
Ottawa , Canada, 1975.

Amiet, R.K.: Correction of Open Jet Wind Tunnel
Measurements for Shear Layer Refraction. AIAA Paper
No. 75-532, March, 1975.

Tester, B.J.; and Burrin, R.H.: On Sound Radiation
from Sources in Parallel Sheared Jet Flows, From the
Generation and Radiation of Supersonic Jet Noise.
Lockheed-Georgia Company Report LG75ER0010, 1974,
pp. 1-28 to 1-56.

Shubert, L.K.: Numerical Study of Sound Refraction
by a Jet Flow, Part II: Wave Acoustics. J. Acoust.
Soc. Amer., 51, 1972, pp. 447-463.

Anon: Proposed Pormat for Revising Aerospace Information
Report No. 876. Society of Automotive Engincers.,

Stone, J.R.: Interim Prediction Method for Jet Noise.
NASA TM X-71618.

87.



s

88.

23.

24,

Anon: Instructions and Applications for Bruel and
Kjaer Microphone Cartidges Type 4135/36. Bruel and
Kjaer, Copenhagen, Denmark, May, 1963.

Anon: Frequency Response of the Model 4136 1/4"

Microphone with 0ld and New Nose Cones. Bruel and
Kjaer, Cleveland, Ohio, Octobex, 1975.



