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ABSTRACT

The sound field of four identical parallel micro-jets, each of 1 mm throat diameter
is investigated. Experimental results on sound gencration of a single jet , show that
the magnitude of the sound pressure level is independent of the frequency of the source
sound, with peak intensity lies at an angle of 36° with the jet axis. Results of four parallel
Jets sound field shows that the four jet arrangement, indicates a similar behaviour to the
single jet case, excluding the region at the jet axis . Overall sound pressure level results
confirm previous conclusion regarding the peak value.

The power watt level results of a single jet is shown to be independent of the sound
source frequency, also it was found that the estimated total spectral acoustic power of a
single jet is independent of the choice of the strip area.

The experimentally correlated overall sound power level with jet velocity shows that
for chioked jets, this power Jevel depends on the fourth power of the jet velocity.

Comparison between results of this resecarch and other experiments conducted on

subsonic jets, shows that the choked jet directivity pattern exhibits a more peaked sound

levels relative to subsonic jets.
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Chapter 1

INTRODUCTION

1.1 General

In recent decades noise has become one of the major environmental problems in the
industrialized countries. It affects not only health by causing Joss of hearing, but it is

2 well known source of stress and annoyance to people. In addition, jt causes property

loss such as damaging structures by fatiguc resulting from repeated stresses, and it peels

paint and cracks wall plaster among other damaging efTects.

At the beginning of the seventies concern was drawn to noise as a major environmental

problem by many activities which have focused on various aspects regarding industrial

and communrity noise. These activiljes include conferences, seminars and workshops.
Furthermore, universities started leaching courses on industrial and environmental noise,

and many research projects were injtinted on Jet noise when there was interest in super-

sonic civilian air transport.

In Jordan, the environment has recent] ¥ become a major concern to the government

and community. Traffic noise and nojse in factorjes among other industrial entitics are of

concern in Jordan. In addition, the noise ol jet biteners used in Jocal bakaries has its own

role in noise generation . 50, the present research is the first step in focusing atteation to
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such as jet flows where flow and flow gradient are inherently present.

Schaflar (8] has studied experimentally the emitted noise spectrum of a cold jet at
a Mach number of 0.9 with Strouhal number values below 0.5, which lead him to iden-
tily essentially the "shear noise” type. While Ahuja [9] produced empirical relations to
correlate and predict accurately the noise of cold and clean jet against doppler corrected
Strouhal number. He has [10] taken measurements of subsonic jet noise produced by a
model jet rig in an anechoic chamber, The noise spectra for three nozzles having diame-
ters of 2.84, 2.4 and 1.5 inches were considered. Tana {11} studied experimentally spectral
and directivity patterns of turbulent mixing noise in the far field from subsonic and fully-
expanded supersonic jet flows. He presented the effect of jet temperature and exit velocity
on the overall sound intensity of the jet. Shocked jets are investigated extensively by his
research [12] , where results are compared directly with the corresponding resulls from
shock-free jets. Moon and Zelazny [13] have studied a circular jet exhausting into an
ambient environment. Detailed turbulence profiles were measured at 28 axial locations
extended from the nozzle exit to 12 nozzle diameters. A noise model was obtained which
predicts accurately spectral distribution and directivity pattern in terms of self and shear
noise components. Also MacGregor et al {14] studied experimentally jet noise specira
and narrow band directivities at jet Mach numbers of 0.5 and 0.9. Comparison between
such results and the theory is included, where experimentally determined correclion for
refraction with theorelically dedicatcd correction for convection are obtained. Long and
Arndt [15] by studying jet noise at low Reynolds number, concluded that the spectral
properties of the jet noise change significantly and the relative aconstic power is found to

be lower when the Reynolds number is below 105, Yamamoto and Acndt [16] studied the
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effect of Reynolds number on the peak Strouhal frequency of a subsonic jet, stating that
although peak Strouhal frequency is a weak function of Reynolds, at higher Reynolds

numbers the peak Strouhal number increases with increasing emission angle.

Bechert et al [17) have conducted experiments on the superposition of a subsonic
turbulent jet flow and pure tone sound coming from inside the nozzle. They made com-
parisons between the radiated sound power in the far field and the transmitied sound
power [rom the nozzle. Parthasarathy et al [18) studied a method of identification and
measurement of core noise and jet noise separately based on cross-correlation of signals
from microphones located at widely separated angles in the far field of the Jjet. Michel
and Fuchs [19] considered the far field condilion itself, where the jet was modeled by a
distribution of 160 discrete, fixed point sources. It was found that while the geometric
near-field effect depends on Strouhal number, the interference near-field effect depends

strongly on Mach number in addition to Strouhal number.

Heated and unheated jets are studied numerically by Maesrello and Bayliss [20], where
the interaction of an atoustic pulse with the experimentally determined mean flow field of
a spreading jet has been simulated. The jet itself is shown as an amplifier of sound. The
difference in the spectra of the heated and unheated Jets can be attributed to differences

in the stability characteristics of the jet.

Shivashankara and Bhat {21] have studied a suppression mechanism of two -paralle]-
Jjet model. Results of their e.xperiments showed that noise from a high-velocity jet is
reduced by placing a second jet of lower velocity parallel o it and on the same side as
the listener. Jet noise reduction is studicd also by Morris et al [22], where the ellect of

introducing a sccond jet of smaller exit arca near to the main jet leads Lo a refractive
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modification in the directivity of noise radiation of the main jet.

It should be noted that the current published experimental and theoretical jet noise
research did not consider small jets, those of about 1 mm. Therefore, no theoretical or
experimental work was done on micro-jets, such as the four parallel jets of burners used
in local bakaries. The current research bridges the available gab in the feld of knowledge
of jet noise.

The literature review presented in this chapter provided the basic knowledge for un-

dertaking the present work.

1.3 The Radiation Field of Sound Source

The character of the radiation field of 2 source noise depends on the distance from this
source. In the source vicinily an appreciable tangential component of the velocity may
exist, because the particle velocity is not necessarily in the direction of wave propagation,
hence, the near-field is such a field where appreciable variations of the sound-pressure
along a given radius exist. The extent of the near-ficld depends on the frequency and the
source dimension.

Far-field condition occurs when the sound pressure level decreases by 6 dB for each
doubling of distance. Within far-ficlds, the particle velocity is primarily in the direction
of the sound wave propagation and the pressure amplitude is inversely proportional to
the distance r from the source. The particle velocity will be in phase with pressure at
distances large compared with the wave length A and ont of phase in the region r is less

than A [23).

The reverberant ficld exist when the reflected waves from the surrounding boundaries
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are superimposed upon the incident field. Fig(1.1) shows the characteristic difference

between near, far, and reveberant fields.

Free
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Fig.(1.1) The variation of sound-pressure level with distance from the source.
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Chapter 2

TEST RIG AND
EXPERIMENTAL PROCEDURE

2.1 Experimental Setup

The test rig shown schemalically in fig.{(2.1) was used in the experimental investigation
of the noise field of a burner used in local bakaries. It is the so called "Arabian-head”
burner Fig.(2.2); which is a well-known burner type in common use here. The burner
consists of four identical parallel jets issuing [rom four nozzles each of 1.0 mm blase
diameter made on the side of 20 um pipe having a thickness of 2.0 mm. While the front
diameter of the nozzle is 6.0 mm. The burner is manufactured locally.

The heat generated from the combustion of the diesel fuel which is injected through the
burner, heats the fuel flow in the pipe up until vaporization occurred, and the combustion
process of fuel vapor procceds.

Two galvanized steel tanks 3.0 mm thick with different volumes are used as reservoirs
of compressed air. The 0.1-25 m® volume tank is required to keep the pressure of the
system constant throughout measuring sound pressure levels; while the 0.04m® volume
tank fitted, with a valve, is used to control the pressure of the air in the pipe. The test rig

is rigidly supported on the solid ground at the mechanical engineering laboratories. The
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Fig.(2.3) The test rig.

Fig. (2.4) Jet assembly.
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3. Linch Condenser Microphone (B&K Type 4165) is fitted with Preamplifier Type

2

(B&K 2619).

4. Band Pass Filter (B&K Type 1618) with 21 third octave filter bands, centre fre-
quencies 21z to 20 KIIz, digital display of selected centre frequency and band width

is provided.

Measuring Amplifier (B&K Type 2610) which covers an overall frequency range

o

from 2Hz up to 200 KIz, with lLold mode for both peak and RMS measurements.

6. Level Recorder (B&K Type 2307) with calibrated strip-chart paper 50 mm width

(B&K Type QP1124} is used to record RMS level as a function of frequency.

2.3 Experimental Procedure

The measuring instruments are connected as shown schematically in fig.(2.6). The
tested sound source is applicd after a step by step calibration procedure suggested by the

operation manual of the Measuring Amplifier is followed.

Band Pass Filter -

1618
® ko soows _ _ __ ____
-"?. LN -2 \ 1
) Recorder .
AQ 0014/A0 0064 COﬂntrol

Level Recarder

¥
2307

Input Ext. | Output
Filier

e ¥ [
Input il:. E:l.

it _4

e | s
Measuring
Amplitier AQ 0014

2608, 2607, 2608 Lag

r o
-

Fig.(2.6) Schematic diagram of the Measuring Instrumentalion
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2.3.1 Single Jet

Sound pressure level of the tested jet can be measured as the following step by step

procedure suggests:

1. The barometric pressure, and the dry and wet bulb temperatures of the ambient

air were measured and recorded at the beginning of each test period.

2. After selection of one jet from the existing four, the remaining three jets are properly
closed by using screwed camps. Then the jet under consideration is centered with

the circle drawn on the ground.

3. The air compressor pressure is selected to be 5.05:9,— ( 490.50 I{pa), and the pressure
differential setting is 1.5%’,— (147.15 Kpa) to ensure compressor switching on if the
pressure becomes less than 3.5 c—fgf’,— (343.35 Ipa), and switching ofl when the pressure

exceeds 6.5-5% (637.65 Kpa).

4. Measuring instruments including Condenser Microphone, Band Pass Filter, Mea-
suring Amplifier and Level Recorder were connected as shown in fig.(2.6) and then

calibrated.

5. Eavironmental noise was then recorded, by seleclion of a proper dellection of the
meler on the Measuring Amplifier, followed by pressing the rnght-hand FILTER

CONTROL MODE switch of the Band Pass IMilter to "Run”.

6. With the volves 2 and 3 of the test rig being closed, the power of the compressor

was set lo "On”.

12
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7. The Condenser Microphone was placed at the required measuring position at ceriain

height from the ground. Typical height of the seven measuring points are tabulated

in table(2.1).

8. The valves 2 and 3 are now opened until the required pressure is reached, then the
right-hand FILTER CONTROL MODE switch of the Band Pass Filter is pressed

to "Run”,

Table (2.1) : Coordinates of The Measuring Points

Augle 'To Horizontal Microphone
Station | jet axis (deg.) | coordinate (m} | height (m)
0 90 2.00 0.32
1 75 1.93 0.84
2 60 1.73 1.32
3 45 1.41 1.74
4 30 1.00 2.06
5 15 0.52 2.26
6 0 0.00 2.32

9. Steps 6 and 7 are repeated for other values of working pressures, to get full scheme

sound pressure levels at different working pressures and various measuring positions.

10. Resulls are deduced from the recorded spcctrograms, compared with environmen-

tally generated noise, then tabulated properly.

2.3.2 Four Jets

Experimental procedure regarding four jets investigation i1s as follows.

1. The screwed clamps used to cover the three jets were removed, then the jet ar-

rangement is centered with Lhe drcle drawn ou the ground.

13
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2. Steps used for single jet measurements of sound pressure level were followed for the

four jets case, resulted with experimental spectrograms.

3. Numerical values of sound pressure levels are deduced from such spectrograms,

compared with environmental noise, and finally tabulated.

14
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Chapter 3
RESULTS AND DISCUSSION

3.1 Data Reduction

3.1.1 Introduction

A lemispherical space of four meters diameter with the jet as sound source laying
at the center of the space is well suited to the case of open air above a rigid floor. The
arrangement was used to collect spectral sound pressure levels of a single and four jets
under five gauge pressure settings, 2.5, 3.0, 3.5, 4.0 and 4.5 bar respectively. Each of
the measurements at 15° angle increments with the jet axis, resulting in four measuring
stations with scven measuring points for each station. One of the experimental spec-
trograms of a single jet at 2.5 bar is shown in fig.(3.1), while numerical values of sound
pressure levels (SPL) produced from such spectrograms are tabulated in appendix A.

Two methods of calculating segmental area required to deduce sound power levels
were tested, the first one is by assuming equal area contribution of each of the seven
existing experimental stations, while the other is depending on 15° strip area segments,
These areas were calculated frem the following relationship:

A; = 2nr2 (sin 2 - sin ¢1)

¢l =01 — 75
$2 = 01 + 7.5

15
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where:

A;: arca of segment i, m?

r: radius of the hemisphere,m

f1: angle from the jet axis in degrees at which the measurement is taken.

Briel & Kjar «-Pu-mm. R-ng:_s'o_ &L Recuber:_Ryy § Lg.-n.mﬁ.q, 10— HeWwnSpeed _£2_ misec
pinil SUTL AR L SNPL NN DU SUUL TN GUGL DENN NENL NDN SO DUN AN G SN l— B L AL S B O
o _2933 I— pu— il o s o o o o 1 s e
ﬂ.t o
i (105 X4 wF"
— = ] i
L /ERaTAs L =] R - i -
- - ke : FH — =50, et o B b =
- w —1 T - oy L
Shabiaa— - 1= == ash s o o e e [y
—‘25{ | i M - ¥ T1:X ]
b ILE i el ! I Y S
o ¢ — ——t ! - — — -
—psrfpar L - —— iy e [ B ) e e ot B B ot e H -
F0 — o
—— f 1= === -
. = = { -
e — j— f -~
e et iow b =
—— L. Y o g — it
o - . p— kil i ) oy povousy Yoms x B
e o] 1 : — x s
- T ] - ) i 1 -
s ] 1 1 .
- —— —— 1 : —
Rwe. N ; 7] r o ey Py gy w—" R
”"LﬁBl’ — J- g e T — 2=
:aer.. do : === = =
IR 0 09 w0, %0 1 kHz 2 5 10 20 40D A B C bin
o 2 1] Meskiply Frog: Scawby__r "% Zuwslevs %o <f. {1012r202) A B ClLln

Fig.(3.1) Single jet SPL spectrogram at 2.5 bar

3.1.2 Sound Power level (PWL)

The root mean square pressure can be calculated from the knowledge of sound pres-
sure levels produced from the experimental spectrograms. And directional sound power
emitted by the source is determined Lhrough oul calculating the sound intensity which is

given by:

16
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L = (prme) (3.2)
pe

where:

I::directional sound intensity, ‘:’:;‘

. N
Prms:T00t mean square sound pressure, ;3
pc:characteristics resistance of the medium at a given temperature and pressure.

The density dependent of the speed of sound in any gas c is given by:

c= ﬁ (3.3)

where:
P, gas pressure,r%
v : ratio of specific heat of the gas at constant pressure to the specific heat at constant
volume, this ratio is 1.4 for air
p: density of the gas obtained from thcrmodynamic tables.

The density should be corrected to compensate for the difference between cxperimgn-
tal conditions including temperature and pressure and standard values, then for air :

E_Tu

Peorr ‘: Pt Tl Pat

(3.4)

where:
Peorr © corrected density, ;"3—
P ¢ standard atmospleric pressure, ,%

T,: ' standard temperature, ¢

17
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pat @ air density obtained from tables at p,, and T}
T : measured ambient temperature, °c

p1 : measured atmospheric pressure, ;N,—

The root mean square sound pressure is obtained from sound pressure level as sug-

gested by Beranek [24]:

Prme = DPref 10(52%!‘) (35)

where:

Pres relerence rms sound pressure, usually faken as 2 x 107° ;‘:f,- for air born sound, this
value represents the threshold limit of hearing.

The spectral directional sound power is calculated from:

rms

——
i~
p —

=

W; = IA; = (3.6)

where:

A;: strip area of the required segment, m?

Now total spectral sound power can be calculated through summing out of all direc-

tional sound power components:

W= i Wi (3.7)

where:

W: tlotal spectral sound power, watt

18
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N: number of tested directions=7

When the spectral sound power is known, the sound power level (PWL) can be cal-

culated from {24]:

PWL = 10log, (-

ﬁ;—r:f-) (3.8)

where W, is the reference sound pdwer taken as 1 x 10~12 watt.

Overall sound power level (OAPWL) is determined by adding spectral sound powers
over all frequency bands. Equation(3.8) is used to calculate OAPWL. A similar approach
can be used to calculate over all sound pressure level through adding individual -spectral
sound power overall frequency band, then eqs.(3.6)and (3.5) are used respectively to find

Prms, and finally overall sound pressure level can be calculated from [24]:

SPL = lﬂlogm(z-;ﬂ)z (3.9)
ref

3.1.3 Directivity Index

Most sound source of practical inlerest are some what directive, which means that
oue will measure different sound pressure levels in a given frequency band for different
directions at a fixed distance from the sound source.

Directivity index is a numerical measure of the directivity of sound sources. For a

sound source at an angle & and for a given frequency | directivity index DI; is given by:
DIg = SPLy — SPL,, + 2445 (3.10)

where

SPLg:sound pressure level measured at distance r and angle ¢ from the source,dB.
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SPL, : space-average mean-square sound pressure level determined over the test hemi-

sphere.

The 2.445 dB in this equation is added because the measurement was made over a
hemispherical space having a surface area of 28.63 m? instead of the full measuring sphere
surface area 50.24 m?. The reason for this is that the intensity at radius 7 is 1.76 as large
if a source radiates into the tested hemisphere compared to a full sphere.

To obtain a space-average mean-square sound pressure, the following procedure was

used:

1. Sound pressure level at each microphone position is converted into mean square

pressure ratio multiplied by the corresponding segment area.

2

Al = a10Cwt (3.11)
prcf

where: .
A;: area of the i th test segment, m?

;;L : mean square sound pressure ratio of the segment under consideration.
raf

SPL; : sound pressure level of the tested segment, dB.

2. The A.-_;;”‘?— products are added over all experimental segments, and the result is
raf

2
divided by the total surface arca of the test hemisphere, to get -3,

pref

3. The resulting sum is converted into space-average sound pressure level by the means

of eq.(3.9).
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In the pICSCIlt I‘CSGMCII, and by using linear regression it was found that the sound

power watt level for choked conditions can be expressed mathematically by:

PWL = 10log o (BV;") (3.13)

Where B and n are constants having different numerical values, according to the selec-

tion of area segment in estimating jet acoustic power . Typical experimentally determined

values for B and n are tabulated in table(3.1).

Table (3.1) Typical values of B and n

Condition B n
Single jet 15° area segment 11.351 | 3.012
Single jet equal area segment 21.609 | 2.800
Four jcts 15° area segment 0.664 | 3.005

Four jets equal area segment 0.234 | 3.8360 |
Four jets average 15° area segment 1.156 | 3.498
0.796 | 3.624

Four jets average equal area segment

Results obtained from figs.(3.6) , (3.7) and table(3.1) show that for choked jets with

supersonic speeds this index indicates a lower value near the 4th power, which matches

the 4th power conclusion drawn by Crule [26].
3.5 Directivity of Overall Sound Pressure Level
(3.8) that the maximum sound intensity region lies at

1t can be concluded from fig.

an angle of 36° from the jet axis, while a dillerence of about 2 dB was noticed between

maximum intensity at 36° and that at an angle of 90°from the jet axis.

The four jets directivity pattern of over all sound pressure level shown in fig.(3.9)

suggested a similar behaviour to the single jet case, excluding the region st the jet axis
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where ligh sound pressure levels caused by intemse turbulence occur, leading to high

sound intensities.

The directional characteristics of dioked jet noise will be apparent with some what

more peaked than the usual subsonic jets described by Ribuer [3] , because chock forma-

tion occurs outside of the nozzle and a new source of noise appears in addition to the jet

noise. Fig.(3.10) with directional characteristics of relative overall sound pressure level

gives good agreement with results of subsonic jets. It is shown also that a more peaked

pattern than that of subsonic case can be noticed easily.

3.6 Directivity of Spectral Sound Pressure Level

3.6.1 Single Jet

It was found experimentally, figs.(3.11) to fig.(3.19) that the peak value of the sound

pressure level (SPL) of a single jet over all frequency bands lies at an angle less than

45° with the jet axis. This is i full agreement with Crule [26] and Heller and Franken

of

[27], who stated that for a gas jel, the maximum noise radjated in the annular region

30° to 45° from the jet axis. The behaviour indicated in Fig.(§.18 ) ot 3.0 bar is due to

superimposed environmental noise on the measured sound level.
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This result is explained by the fact that for low frequency sound where turbulence

is isotropic , there will be an interaction between turbulence and mean shear , which

result in "self-noise” having its maximum intensity at 45° to the jet axis. The overall

interaction between turbulence and shear will reduce this peak to an angle less than 45°.

For high frequency sound coming mainly from the mixing region the maximum also will

be at 45°, while the convection eflects will reduce this angle. Typical directivity index of

of 2.5 bar is tabulated in table (3.2) and (3.3).

a single and four jets at a pressure

3.6.2 Four Jets

Four jets directivities of sound pressure levels shown in fig.(3.20) to fig.(3.28) at dif-

ferent } octave frequency bands, suggests full agreement with theoretical background

d inten-

excluding the jet axis, where it was noted that there exist a region of high soun

sity relative to other angles (8 dB difference). This can be explained by the fact that

at the jet axis there will be a very high turbulence region leading to higher rms sound

pressures. Moreover, positions less than 20° from the jet axis are too close to the jet

stream to permit acturate noise measurement, Franken [25] suggested that they make a

negligible contribution to the sound power watt level (PWL) of the entire jet. Experi-

mental results of the present work gives complete justification of such idea.
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Table (3.2) :Directivity Index of a single jet at 2.5

Bar

Angle to jet axis (deg)

Frequency(Hz) 0 15 30 45 60 75 00
10.0 1.50 | 1.47 | 4.07 | 2.84 | 2.34 | 2.72 | 3.0
12.5 1.65 | 2.05 | 4.42 | 2.80 | 2.80 | 2.67 | 2.92
18.0 1.02 | 1.04 | 4.02 | 2.77 | 2.39 | 2.14 | 2.52
20.0 102 | 2.02 | 4.40 | 3.52 | 2.02 | 2.52 | 3.14
25.0 1.67 | 1.05 | 4.17 | 3.05 | 1.92 | 2.42 | 5.05
31.5 1.11 | 1.48 | 4.73 | 3.11 | 2.23 | 2.80 | 3.30
40.0 172 | 1.47 | 4.47 | 3.22 ] 2.35 | 2.97 | 3.10
50.0 1.04 | 3.54 | 4.20 | 3.04 | 2.10 | 2.70 | 4.79
63.0 130 | 4.32 | 4.32 | 2.70 | 2.32 | 2.82 | 4.32
80.0 510 | 1.94 | 4.57 | 2.82 | 2.57 | 2.94 | 3.32
100.0 106 | 1.04 | 4.44 | 2.81 [ 3.06 | 2.04 | 2.04
125.0 115 | 2.15 | 4.40 [ 2.78 | 3.90 | 2.90 | 2.90
160.0 0.00 | 1.86 | 4.49 | 2.74 | 2.40 | 2.86 } 3.11
200.0 1.05 | 1.08 | 4.08 | 2.80 | 2.43 | 2.80 [ 3.05
250.0 1.00 | 1.84 | 4.47 | 3.22 | 2.47 | 2.07 | 3.00
315.0 103 | 2.16 | 4.78 | 2.78 | 2.41 | 3.03 | 3.16
400.0 111 | 1.74 | 4.61 | 3.11 | 2.30 | 3.11 | 3.11
500.0 1.17 | 1.70 | 4.42 | 4.92 | 2.29 [ 2.02 | 3.04
630.0 1.01 | 2.76 | 4.51 | 3.20 | 2.38 | 3.01 { 3.13
800.0 1.0z | 1.76 | 4.52 | 2.76 | 2.52 | 3.02 | 3.02
1000.0 1.14 | 1.76 | 4.52 | 2.76 | 2.52 | 3.02 ; 3.02
1250.0 2.13 | 1.76 | 4.38 | 2.63 | 2.26 | 2.70 | 2.88
1600.0 3.47 | 1.0 | 4.47 | 2.85 | 2.47 | 2.85 | 3.10
2000.0 2,45 | 2.45 | 4.57 | 2.70 | 2.20 | 2.82 | 3.07
2500.¢ 3.78 | 1.05 | 4.40 | 2.78 | 2.15 | 2.65 | 2.00
3150.0 1.62 | 1.44 | 4.57 | 2.82 | 2.44 | 2.82 | 3.07
4000.0 508 | 1.58 | 4.45 | 2.95 | 2.20 | 2.70 | 2.83
5000.0 1.84 | 2.00 [ 4.06 | 2.59 | 2.40 | 2.84 | 3.09
6300.0 1.08 | 1.73 | 4.86 | 2.01 | 2.36 | 2.80 | 3.11
8000.0 2.06 | .80 | 4.80 | 3.30 § 2.43 | 2.93 | 3.18
10000.0 1.00 | 2.12 | 4.74 | 2.74 | 2.74 | 2.99 | 3.24
12500.0 2.04 | 3.17 | 4.67 | 3.04 | 2.92 | 2.92 | 3.04
16000.0 223 | 2.10 | 4.85 | 2.85 | 2.48 | 2.85 { 3.10
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Table (3.3) :Directivity Index of Four jets at 2.5 Dar
Angle to jet axis (deg)

Frequency(Hz) o 15 30 45 60 75 00
10.0 8.20 | 1.32 | 2.32 | 2.57 | 2.32 1.45 | 2.82
12.5 773 | 1.35 | 2.35 | 2.60 | 2.35 1.48 | 2.85
16.0 0.05 | 1.45 | 2.20 | 2.33 | 2.20 1.33 | 2.70
20.0 5.04 | 1.69 | 2.44 | 2.50 | 2.44 1.56 | 2.94
25.0 9.28 | 1.53 | 2.28 | 2.41 | 2.28 1.28 | 2.78
31.5 7.8 | 1.86 | 2.306 | 2.49 | 2.30 1.36 | 2.80
40.0 705 | 1.65 | 2.28 | 2.53 | 2.40 1.40 | 2.90
50.0 10.45 | 1.32 | 2.07 | 2.32 | 2.20 1.20 | 2.70
63.0 8.83 | 1.58 [ 2.21 | 2.46 | 2.33 1.33 | 2.83
80.0 8.60 | 1.60 | 2.22 | 2.47 | 2.35 1.35 { 2.85
100.0 6.10 | 1.60 | 2.35 | 2,60 | 2.48 1.48 | 2.08
125.0 6.22 | 1.60 | 2.35 | 2.00 2.47 | 1.47 | 2.97
160.0 6.23 | 1.48 | 2.35 | 2.00 | 2.48 1.48 | 2.08
200.0 6.50 | 1.02 | 2.37 | 2.62 | 2.50 | 1.50 2.87
250.0 10.24 | 1.50 | 2.12 [ 2.37 | 2.24 1.24 | 2.62
315.0 795 | 1.57 | 2.32 | 2.45 | 2.45 1.45 | 2.82
400.0 10.50 | 1.25 | 2.13 | 2.25 | 2.25 1.25 | 2.04
500.0 10.08 | 1.20 { 2.20 | 2.33 | 2.20 1.33 | 2.70
030.0 9.05 | 1.41 | 2.28 | 2.41 | 2.28 1.41 | 2.78
800.0 5.21 | 1.71 | 2.46 | 2.50 | 2.40 1.50 | 2.90
1000.0 5.47 | 1.35 | 2.47 | 2.00 | 2.47 1.60 | 2.97
1250.0 5.22 | 1.47 | 2.47 | 2.00 | 2.47 1.60 | 2.97
1600.0 8.40 | 0.99 | 2.37 | 2.49 | 2.37 1.37 | 2.87
2000.0 3.64 | 0.97 | 2.34 | 2.47 [ 2.34 | 1.34 | 2.84
2500.0 6.83 | 1.08 | 2.46 | 2.58 | 2.40 1.46 | 2.00
3150.0 6.00 | 0.84 | 2.46 | 2.50 | 2.46 | 1.40 2.90
4000.9 6.27 | 1.02 | 2.52 | 2.64 | 2.52 1.52 | 2.89
5000.0 8.70 | 0.54 [ 2.290 | 2.54 | 2.42 1.42 | 2.79
6300.0 10.88 | 0.38 | 2.13 | 2.25 | 2.25 | 1.2 2.63
8000.0 9.27 | 0.77 | 2.27 | 2.40 | 2.40 | 1.40 2.77
10000.0 9.48 | 1.23 | 2.23 | 2.36 | 2.36 | 1.36 2.73
12500.0 10.73 | 1.23 | 2.10 | 2.23 | 2.23 [ 1.23 2.60
16000.0 "10.18 | 0.93 | 2.18 | 2.30 | 2.30 1.30 | 2.68
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Chapter 4

CONCLUSION AND
RECOMMENDATIONS

4.1 Conclu_sion

This research is considered as the first step in studying the sound field, and directivity

pattern of micro-jets, with the atlempl to correlate the sound power watt level with the

jet velocity.

The present investigation of aerodynamic generated noise from a micro- jet source,

offers general concluding remarks, which can be summarized as follows:

1. The sound pressure level (SPL) exhibits a nearly uniform value overall {frequency

spectrum, for both single and four parallel jet arrangements because of the relatively

small dimension of the sound source.

2. Directivity pattern of a single supersonic jet suggests that, the peak sound pressure
Jevel lies at an angle of 36° with the jet axis, which is in a close agreement with

other experimental investigations conducted by Almja[9] and Tana 11].

3. According lo the formation of high lurbulence region, the direclivity pattern of
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the four parallel jets indicates high intensity at the jet axis, otherwise, a relatively

peaked value of (SPL) occurs at 36° from the jet axis.

4 The overall sound pressure level (OASPL) of a single supersonic jet has its peak

value at 36° from the jet axis, with an over all sound pressure behaviour similar to
that of sound pressure levcl.

5. Over all sound power level exhibits a nearly uniform value over all frequency spectra,

except at certain frequencies at which resonance occurs, according to the nearly

constant behaviour of the sound pressure level.

6. The correlation of overall sound power level of single and four parallel jet cases,

indicates a good agreement with the V' model

7. Experimental investigation of supersonic jets indicates that, they have a more

peaked value of (SPL), compared with subsonic jets.

4.2 Recommendations

For further studies in the micro-jet research, the following recommendations may be

stated.

1. It is recommended to use Parallel jet of various diameter ol each nozzle in order lo

suppress noise generation from the ‘Arabian- Ilead’ jet arrangement.

9. Effect of naise suppression schemes previously studied on large jets may be inves-

tigated for micro-jets.
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Various jet arrangements may be investigated, in order to dctermine their role on

the resulted directivity, and spectral sound pressure levels.

The effect of spatial distances on the measured sound pressure levels may be in-

vestigated, in order to determine the relation of sound pressure level with distance

{from the source.

Prediction techniques may be produced, in order to perform a whole correlating

scheme of aerodynamic noise generated by micro-jets.

The noise field of micro-jets having various throat diameters may be investigated

experimentally, and comparalive study between experimental study and large jets

prediction techniques may be applied.
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Table (A.1): Single Jet Spectral SPL in

(dB) for Station 0

Puorking2:5 bar  Fambient :0.904 bar Tymbient 110.0° C
Angle to jet axis (deg)

Trequency(llz) 0 15 0 | 45 60 75 90
10.0 61.250 | 61.125 | 64.625 62.500 | 62.000 | 62.375 62.750
12.5 61.250 | 61.750 | 64.125 62.500 | 62.600 | 62.375 62.625
16.0 61.250 | 61.875 | 64.250 63.000 | 62.625 | 62.375 62.750
20.0 G0.875 | 61.875 | 64.250 | 63.375 61.875 | 62.375 | 63.000
25.0 61.625 | 61.000 | 64.125 | 63.000 61.875 | 62.375 | 65.000
315 60.760 | G1.125 | 64.375 62.750 | 61.875 | 62.500 63.000
40.0 61,250 | 61.000 | 64.000 | 62.750 | GL.875 62.500 | 62.625
50.0 60.750 | 63.250 | 64.000 62.750 | 61.875 | 62.500 64.500
63.0 60.875 | 64.000 | 64.000 62.375 | 62.000 | 62.500 64.000
80.0 61.750 | 61.500 | 64.125 62.375 | 62.125 | 62.500 62.875
100.0 60.625 | 61.500 | 64.000 62.375 | 62.625 | 62.500 62.500
125.0 60.750 | 61.750 | 64.000 62.375 | 63.500 | 62.500 62.500
160.0 60.500 | 61.375 | 64.000 62.250 | 62.000 | 62.375 62.625
200.0 60.625 | 61.250 | 64.250 62.375 | 62.000 | 62.375 62.625
250.0 60.625 | 61.375 | 64.000 62.750 | 62.000 | 62.500 62.625
315.0 60.500 | 61.625 | 64.250 62.250 | 61.875 | 62.500 62.625
400.0 60.625 | 61.250 | 64.125 | 62.625 61.875 | 62.625 | 62.625
500.0 60.750 | 61.375 | 64.000 | 64.500 61.875 | 62.500 | 62.625
630.0 60.500 | 62.250 | 64.000 | 62.750 61.875 | 62.500 | 62.625
800.0 60.500 | 61.250 | 64.000 62.250 | 62.000 | 62.500 62.500
1000.0 60.625 | 61.250 | 64.000 62.250 | 62.000 | 62.500 62.500
1250.0 . 61.750 | 61.375 | 64.000 62.250 | 61.875 | 62.375 62.500
1600.0 62.000 | 61.125 | 64.000 62.375 | 62.000 | 62.375 62.626
2000.0 62.000 | 62.000 { 64.125 | 62.250 61.750 | 62.375 | 62.625
2500.0 63.500 | 61.375 | 64.125 62.500 | 61.875 | 62.375 62.625
3150.0 61.375 | 61.000 | 64.125 62.375 | 62.000 | 62.375 62.625
4000.0 61.750 | 61.250 | 64.125 62.625 | 61.875 | 62.375 62.500
5000.0 61.375 t 61.625 | 64.5600 62.125 | 62.000 | 62.375 62.625
6300.0 B1.500 | 61.250 | 64.375 | 62.125 | 61.875 62.375 | 62.625
8000.0 51.625 | 61.375 | 64.375 | 62.875 62.000 | 62.500 | 62.750

10000.0 61.500 | 61.625 | 64.250 | 62.250 62.250 | 62.500 | 62.750
12500.0 61.625 | 62.750 | 64.250 | 62.625 62.500 | 62.500 | 62.625
16000.0 GL750 | 61.625 | 64.375 | 62.375 | 62.000 62.375 | 62.625

08

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Table (A.2): Single Jet Spectral SPL in (dB) for Station 0

Pworking 3 0 ba.r

Pambient 4.904 bar

To.mbien! :10.0° C

Angle to jet axis (deg)

Irequency(lz) 0 15 30 45 60 75 90
10.0 61.000 | 64.000 | 64.750 | 62.750 | 62.750 63.000 | 63.375
12.5 GL.500 | 64.000 | 64.875 | 62.750 | 62.875 | 63.000 63.375
16.0 GLEOD | 64.375 | 64.625 | 62.760 | 62.875 { 63.000 63.375
20.0 61.500 | 64.250 | 64.750 | 62.750 | 62.750 | 63.000 63.250
25.0 61.375 | 64.000 | 65.000 } 62.750 | 62.7560 | 63.12b 63.250
31.5 61.250 | 64.000 | 65.000 | 62.750 [ 62.750 | 63.250 63.250
40.0 6L.500 | 64.000 | 64.875 | 62.750 | 62.750 | 63.000 63.500
50.0 61.500 | 63.750 | 64.625 | 62.750 | 62.750 | 63.000 63.6256
63.0 61.500 | 63.750 | 64.625 | 62.750 | 62.750 | 63.000 63.500
80.0 61.500 | 63.500 | 64.500 [ 62.750 | 62.750 | 63.000 63.375
100.0 61.250 | 63.750 | 64.500 | 62.750 [ 62.750 [ 63.000 63.375
125.0 G1.500 | 63.625 | 64.500 | 62.750 | 62.750 | 62.875 63.37b
160.0 6L.760 | 63.875 | 64.500 | 62.750 { 62.750 | 62.875 { 63.375
200.0 GL.750 | 63.625 | 64.500 | 62.750 | 62.750 { 62.875 63.37b
250.0 G1.500 | 63.625 | 64.500 | 62.750 | 62.750 | 62.875 63.375
315.0 61.750 | 63.625 | 64.375 | 62.750 | 62.750 | 63.000 63.375
400.0 61.500 | 63.625 | 64.375 | 62.750 | 62.750 | 63.000 63.250
500.0 61.750 | 63.625 | 64.375 | 62.750 | 62.750 | 63.000 63.375
630.0 61.000 | 63.260 | 64.375 | 62.750 | 62.750 [ 63.000 £63.250
§00.0 G1.500 | 63.500 | 64.250 | 62.750 | 62.750 | 63.000 63.375
1000.0 61.375 | 63.625 | 64.250 | 62.750 | 62.750 | 63.000 | 63.250
1250.0 . || 61.250 | 63.375 | 64.250 | 62.750 | 62.750 63.000 | 63.250
1600.0 61.125 | 63.500 | 61.625 } 62.750 | 62.760 | 63.000 | 63.250
2000.0 61.500 | 64.000 | 64.250 | 62.750 [ 62.750 | 63.000 | 63.250
2500.0 61.000 | 63.500 | 64.250 | 62.750 | 62.625 | 63.000 | 63.250
3150.0 GL.000 | 63.375 | 64.250 | 62.750 [ 62.625 | 63.000 | 63.250
4000.0 GL.125 | 63.625 | 64.375 | 62.750 | 62.625 | 63.000 | 63.250
5000.0 60.875 | 63.750 | 64.500 | 62.750 | 62.625 | 63.000 | 63.250
6300.0 61.125 | 63.125 | G4.500 | 62.875 | 62.625 | 63.000 } 63.250
8000.0 GL.375 | 63.125 | 64.2560 | 62.750 | 62.625 | 63.000 | G3.000
10000.0 GL.125 | 63.125 | 64.250 | 62.625 | 62.625 | 63.000 | 63.000
12500.0 61.250 | 63.625 | 65.000 | 62.625 | 62.750 | 63.000 | 63.000
16000.0 61.120 | 62.750 | 66.375 | 62.625 | 62.750 | 63.000 | 63.000
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Table (A.3): Single Jet Spectral SPL in (dB) for Station 0

Pyorking 3.5 bar

Pambicnt :0.904 bar

Tambient :10.0° C

Angle to jet axis (deg)

Frequency(llz) 0 15 30 45 60 [ 90
10.0 6L.750 | 63.625 | 65.250 | 64.000 [ 64.000 64.000 | 64.000
12.5 61.750 | 63.8756 | 65.125 | 64.000 | 63.875 64.500 | 64.000
16.0 61.125 | 63.875 | 65.125 | 64.000 63.625 | 64.000 | 64.000
20.0 61.125 | 64.125 | 65.000 | 64.1256 | 63.750 65.750 | 64.000
25.0 61.125 | 63.000 [ 65.000 | 64.000 | 64.250 64.875 | 64.000
31.5 61.125 | 63.500 [ 65.000 | 64.000 | G3.875 63.875 | 64.125
40.0 61.750 | 64.250 | 65.000 | 64.000 | 63.875 64.250 | 64.000
50.0 62.000 | 63.750 | 65.000 | 64.000 | 64.500 64.250 | 64.000
63.0 6L.875 | 64.000 | 65.000 | 64.000 | 64.000 63.750 | 64.000
80.0 61.625 | 64.000 | 65.000 | 64.000 { 63.875 63.750 | 64.000
100.0 61.750 | 63.500 | 65.000 | 64.250 | 63.875 63.87H | 64.000
125.0 61.750 | 63.500 | 65.000 | 64.125 | 64.500 63.875 | 64.000
160.0 GL.750 | 63.500 | 65.000 | 64.125 [ 63.875 63.750 | 63.87b
200.0 61.750 | 63.750 | 65.000 | 64.000 [ 63.750 63.625 | 63.875
250.0 61.625 | 64.500 | 65.000 | 64.000 | 63.500 63.625 | 63.875
315.0 61.750 | 64.125 | 65.000 | 64.000 | 63.875 63.625 | 63.875
400.0 61.750 | 64.375 | 65.125 | 64.000 | 64.000 61.000 | 63.875
500.0 62.000 | 61.250 | 65.250 | 64.376 | 63.750 63.6256 | 63.875
630.0 61.750 | 64.250 | 65.250 | 64.250 | 64.125 63.625 | 63.875
800.0 61.7650 | 64.250 | 66.000 | 64.000 | 63.750 | 63.750 63.875

1060.0 61.750 | 64.375 | 65.375 | 64.000 | 63.750 63.625 { 63.875
1250.0 . |l 61.875 | 64.000 | 65.000 | 64.250 63.875 | 63.625 | 64.000
1600.0 62.000 | 63.750 | 65.000 | 64.000 | 63.750 | 63.870 63.875
2000.0 61.875 | 64.000 | 65.000 | 64.000 ] 63.625 | 63.62b 63.87b
2500.0 61.875 | 64.000 | 65.080 | 64.000 | 64.000 63.625 | 63.875
3150.0 GLBTG | 64.250 | 65.250 | 64.000 | 63.625 | 63.750 64.000
4000.0 61.875 | G4.250 { 65.250 { 64.500 | 63.500 63.750 | 64.000
5000.9 61.750 | 04.250 [ 65.125 | 64.000 | 63.750 | 63.625 64.000
6300.0 61.750 | 64.125 | 65.125 | 64.000 [ 63.760 | 63.875 G4.375
8000.0 61.750 | 64.250 | 65.375 | 64.000 | 63.750 { 63.875 64.250
10000.0 61.750 | 64.000 | 66.000 | 64.000 | 64.000 { 63.875 64.250
12500.0 61.625 | 64.000 | 67.125 | 64.000 | 64.000 | 63.750 64.000
16000.0 61.625 | 64.3765 [ 68.000 | 64.000 | 64.500 63.625 | 65.375
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Table (A.5): Single Jet Spectral SPL in (dB) for Station 0

Pw,,,.k;ng 4.5 bar

Pombicnt :0.904 bar

Tombient:10.0° C

Angle to jet axis {deg)

Irequency(ilz) 0 15 30 45 60 75 90
10.0 62.750 | 64.750 | 66.500 | 65.000 | 65.000 | 64.875 | 65.000
12.5 62.750 | 65.125 | 66.625 | 65.000 ]| 65.000 | 64.875 | 65.000
16.0 63.375 | 65.125 | 66.500 | 65.000 | 65.000 | 64.875 | 65.000
20.0 62.625 | 65.000 | 66.500 | 64.875 | 65.000 | 64.875 | 65.000
25.0 62.625 | 65.000 | 66.500 | 64.875 | 65.000 | 64.875 | 65.000
315 62.6250 | 65.500 | 66.500 | 65.000 | 65.000 | 64.875 [ 65.000
40.0 62.625 | 65.000 | 66.500 | 65.000 | 65.000 | 64.875 | 65.000
50.0 62.625 | 65.250 | 66.500 | 65.000 | 65.000 | 64.875 | 65.000
63.0 62.750 | G5.375 | 66.376 | 65.000 | 65.000 { 64.875 | 64.875
80.0 62.750 | 65.375 | 66.375 | 65.125 | 65.000 | 64.875 | 64.875
100.0 62.500 | 65.375 | 66.250 | 64.875 | 65.000 | 64.875 | 64.875
125.0 62.375 | 65.375 | 66.625 | 64.875 | 65.000 | 64.875 | 64.875
160.0 63.750 | 65.375 | 66.000 { 65.000 | 65.000 | 64.875 | 64.875
200.0 62.750 | 65.500 | 66.375 | 65.000 | 65.000 | 61.875 | 64.875
250.0 62.250 | 65.500 | 66.375 | 65.000 { 65.000 | 64.875 | 64.875
315.0 62.500 | 65.500 | 66.375 | 64.875 | 65.000 | 64.875 | 61.875
400.0 62.250 | 65.500 | 66.375 | 64.875 | 65.000 | 6:4.876 | 64.875
500.0 62.625 | 65.500 | G6.375 | 65.000 | 65.000 | 64.875 | 64.875
630.0 62.500 | 65.500 | 66.375 | 64.875 | 65.000 | 614.875 [ 65.000
800.0 62.500 | 65.500 | 66.375 | 64.750 | 65.000 | 64.875 | 64.875
1000.0 62.600 | 65.500 | 66.375 | 65.000 | 65.000 | 64.875 | 64.875
1250.0 . 62.500 | 65.500 | 66.375 | 65.000 | 65.000 | 64.875 | 64.375
1600.0 62.250 | 65.250 { 66.250 | 65.000 | 65.000 | 64.875 | 64.875
2000.0 62.125 | 65.375 | 66.250 | 64.875 | 65.000 | 64.875 | 64.875
2500.0 62.000 | 65.375 | 66.250 | 64.500 { 65.125 | 64.87b | 64.875
3150.0 62.000 | 65.500 | 66.250 [ 64.600 | 65.125 | 64.870h | 64.87b
4000.0 62.000 { 65.500 | 66.375 | 61.500 | 65.125 | 61.875 | 64.875
5000.0 62.000 | 65.375 | 66.375 | 64.500 | 65.125 | (4.875 | G4.875
6300.0 62.375 | 65.500 | G6.250 | 64.500 | 65.125 | 64.875 | 64.875
8000.0 62.500 } 65.500 | 66.250 | 64.500 | 65.000 | 64.875 | G1.875
10000.0 62.250 | 65.375 | 66.250 | 61.875 | 65.000 | 64.875 | 64.875
12500.0 62.750 | 65.375 | 66.250 | G4.875 | 65.000 | 64.875 { 64.875
16000.0 62.750 | 65.375 | 66.250 | 64.875 | 65.000 | 64.875 [ 64.875
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Tuble (A.T): Single Jet Spectral SPL in (dB) for Station 1

Pyorking3.0 bar

Pambl‘ent 0897 bar

Tambient :15.5° C

Angle to jet axis (deg)

Frequency(1lz) 0 15 30 45 60 75 90
10.0 61.000 | 62.875 | 63.000 | 64.500 | 63.125 | 65.000 | 61.500
125 61.500 | 62.000 | 63.500 | 64.500 | 63.250 | 65.000 { 61.250
16.0 61.500 | 63.000 | 63.125 | 64.500 | 63.375 | 64.750 | 61.250
20.0 61.500 | 63.000 | 63.375 | 64.500 | 63.375 | 62.250 | 61.250
25.0 61.375 | 63.500 | 63.000 | 64.500 { 63.500 | 62.875 | 61.250
31.5 61.250 | 62.875 [ 63.000 | 64.500 | 63.375 | 62.250 | 61.375
40.0 61.500 | 62.625 | 62.8756 | 64.500 | 63.375 | 61.750 | 61.375
50.0 61.500 | 61.875 | 63.125 | 64.500 | 63.250 | 62.000 | 61.375
63.0 61.500 | 63.500 | 63.375 | 64.500 | 63.250 | 62.500 | 61.375
80.0 61.500 | 62.500 | 63.250 | 64.625 | 63.125 | 61.625 | 61.500
100.0 61.500 | 62.500 { 63.250 [ 61.625 | 63.125 | 61.625 | 61.500
125.0 61.250 | 62.625 | 63.250 | 64.625 { 63.375 | 61.8756 | G1.500
160.0 61.760 | 61.500 | 63.250 | 64.625 | 63.250 | 61.760 [ 61.375
200.0 61.750 | 61.625 { 63.500 | 64.625 | 63.250 | 61.625 | 61.250
250.0 61.500 | 61.750 | 63.500 | 64.625 { 63.260 | 61.750 | 61.500
316.0 61.750 { 62.500 | 63.375 | 64.500 | 63.125 | 61.500 | 61.500
400.0 61.500 | 62.625 | 63.000 | 64.625 | 63.250 | 61.625 | 61.375
500.0 61.7560 | 61.875 | 63.375 | 64.625 | 63.125 | 61.625 | 61.375
630.0 61.000 | 61.875 { 63.260 | 64.625 | 63.125 | 61.6256 { 61.500
800.0 61.500 | 62.500 | 63.125 | 64.500 | 63.125 | 61.750 | 61.375

1000.0 61.375 | 61.750 | 62.875 | 64.500 | 63.125 { 62.250 | 61.375
1250.0 . 61.250 | 62.500 | 63.000 | 64.500 | 63.125 | 62.125 | 61.375
1600.0 61.125 [ 61.500 | 63.000 | 64.500 | 63.125 | 62.000 | 61.250
2000.0 61.500 | 64.375 | 63.125 { 64.500 | 63.125 | 61.875 | 61.250
2500.0 61.000 | 61.750 | 63.125 | G4.625 { 63.000 | 61.876 | 61.250
3150.0 61.000 | 61.875 | 63.376 [ 64.500 | 63.000 [ 62.000 | 61.250
4000.0 61.125 | 61.500 | 63.500 | 64.500 [ 63.125 | 61.750 | 61.250
5000.0 60.875 | 61.875 | 63.500 | 64.500 { 63.375 | 62.125 | 61.250
6300.0 61.125 | 62.625 | 63.375 | 64.500 | 63.125 | 62.250 | 61.250
8000.0 61.375 { G1.500 | 63.375 | 64.500 | 63.500 | GL.500 { 61.250
10000.0 G1.125 | 62.500 | 63.500 | 64.376 | 63.500 | 61.750 | 61.250
12500.0 61.250 { 61.750 { 63.500 | 64.375 ( 63.600 | 61.750 | 61.250
16000.0 61.125 | 61.125 | 63.125 | 64.750 | 63.125 | 61.750 | 61.250
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Table (A.8): Single Jet Spectral SPL in (dB) for Station 1

Porking:3.5 bar

P, obicns :0.897 bar

Tambl’ent :115.5° C

Augle to jet axis (deg)

Trequency(Mz) 0 15 30 45 60 75 90
10.0 61.750 | 62.375 | 63.250 | 65.000 | 64.250 | 62.875 | 66.750
126 61.750 | 62.250 | 63.125 { 64.875 | 64.000 | 62.000 | 65.000
16.0 61.125 | 62.375 | 63.375 | 64.875 | 64.125 | 62.000 | 65.625
20.0 61.125 | 62.125 | 63.500 | 65.125 | 64.125 | 62.000 | 63.250
25.0 61.125 | 63.000 | 63.500 | 65.000 | 64.125 | 62.000 | 62.500
31.5 61.125 | 62.500 | 63.500 { 65.000 | 64.000 [ 62.000 | 62.125
40.0 61.750 | 63.500 | 63.375 | 65.000 | 63.875 | 62.125 | 62.250
50.0 62.000 | 62.125 { 63.250 | 65.000 | 63.750 | 62.000 | 62.125
63.0 61.876 | 62.375 | 63.750 | 65.000 | 63.750 | 61.875 | 62.250
80.0 61.625 | 62.250 | 63.125 | 65.000 | 63.750 | 62.000 | 62.000
100.0 61.750 | 63.000 | 63.375 ] 65.000 { 63.750 | 62.375 | 62.000
125.0 61.750 | 63.250 | 63.500 | 65.000 ] 63.750 | 62.000 | 62.000
160.0 61.750 | 63.000 | 63.375 | 64.875 | 63.875 | 62.250 | 62.000
200.0 61.750 | 63.000 | 63.625 | 65.000 { 63.875 { 62.000 | 62.000
250.0 61.625 | 62.000 | 63.625 | 65.000 | 63.750 | 61.87b [ 62.125
315.0 61.750 | 63.250 | 63.250 | G5.000 | 64.000 | 61.875 { 62.375
400.0 61.750 | 62.250 | 63.500 | 65.000 | 64.000 | 62.000 | 62.250
500.0 62.000 | 66.250 | 63.250 | 65.000 | 63.750 | 62.000 | 62.250
630.0 61.750 | 63.125 | 63.250 [ 65.000 | 63.750 | 62.000 | 62.000
800.0 61.750 | 62.250 | 63.125 | 65.000 | 63.875 | 61.750 | 62.250
1000.0 61.750 | 63.250 | 63.125 | 65.000 | 63.875 | 61.750 | 62.250
1250.0 . 61.875 | 61.750 | 63.500 | 65.125 | 63.875 | 61.750 | 62.000
1500.0 62.000 | 62.750 | 63.375 | 65.000 | 63.8756 | 61.750 | 62.125
2000.0 61.875 | 64.000 | 63.250 [ 65.000 | 64.000 | 61.750 | 62.125

2500.0 61.875 | 62.250 | 63.625 ) 65.000 | 64.000 | 61.750 | 62.126
3150.0 G1.875 { 62.125 | 63.G25 | 65.000 | 63.875 | 61.750 ] 62.000
40G0.0 61.875 | 62.125 | 63.750 ] 65.000 | 63.750 | G1.750 | 62.280
5000.0 61.750 | 62.500 | 63.500 | 65.000 | 63.875 | 61.750 | 62.125
6300.0 61.750 | 62.000 | 63.500 | 65.000 | 63.750 { 61.750 | 62.000
8000.0 61.750- | 63.000 | 64.000 | 65.125 | 63.750 | 61.750 | 62.000
10000.0 61.750 | 62.875 | 63.260 | 65.000 | 63.625 | 61.750 { 62.000
12500.0 61.625 | 62.750 | 61.000 | 65.000 | 63.625 | 61.750 | 62.500
16000.0 61.625 | 63.125 | 63.375 | 65.000 | 63.750 { 61.875 | 62.250
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Table (A.9): Single Jet Spectral SPL in (dB) for Station 1

Porking 4.0 bar

Panxfu’eﬂt :0.897 bar

Tambienl :15.5° C

Angle to jet axis {(deg)

Frequency(Hz) 0 15 30 45 60 75 90
10.0 62.500 | 62.500 | 64.375 | 65.750 { 64.750 | 62.750 | 62.500
12,6 62.375 | 62.500 | 64.375 | 65.760 | 64.760 | 62.600 | 62.500
16.0 62.375 | 62.375 | 64.375 | 65.760 | 64.750 | 62.500 | 62.370
20.0 62.125 | 62.875 | 64.125 | 65.750 | 64.750 | 62.500 | 62.375
25.0 62.125 | 65.000 | 64.250 | 65.750 | 64.750 | 62.500 | 62.375
31.5 62.500 | 63.875 | 64.000 | 65.750 | 64.750 | 62.500 | 62.375
40.0 62.500 | 63.375 | 64.000 | 65.625 | 64.750 | 62.500 | 62.500
50.0 62.500 | 63.375 | 64.250 | 65.750 | 64.625 | 62.5600 | 62.375
63.0 62.500 | 63.000 | 64.375 | 65.750 | 64.625 | 62.125 { 62.375
80.0 62.750 | 62.750 | 64.125 | G5.750 | 64.625 | 62.500 | 62.375
100.0 62.500 | 62.625 | 64.125 | 65.750 | 64.625 | 62.750 | 62.375
125.0 62.600 | 62.500 | 64.000 | 65.750 | 64.625 [ 63.750 | 62.375
160.0 62.500 | 62.500 | 64.250 | 65.625 | 64.625 | 62.760 | 62.375
200.0 62.500 | 62.625 | 64.375 { 65.625 | 64.625 | 62.760 | 62.375
250.0 62.500 | 62.625 | 64.375 | 65.625 | 64.625 ] 62.625 | 62.375
315.0 62.375 | 62.625 | 64.375 | 65.750 | 64.500 | 62.625 | 62.375
400.0 62.125 | 62.625 | 64.000 | 65.500 | 64.500 | 62.625 | 62.375
500.0 62.250 | 62.625 | 64.000 | 65.500 | 64.375 | 62.750 | 62.375
630.0 62.250 | 63.500 | 64.260 | 65.500 | 64.375 | 62.750 | 62.375
800.0 62.250 | 62.500 | 64.375 | 65.750 | 64.375 | 62.625 | 62.375

1000.0 62.250 | 62.625 | 64.250 | 65.625 | 64.375 | 62.625 | 62.500
12660.0 . 62.250 | 62.625 | 64.250 | 65.625 | 64.375 | 62.750 | 62.500
1600.0 62.500 | 62.625 | 64.000 | 65.625 | 64.375 | 62.750 | 62.500
2000.0 62.500 ] 62.625 | 64.250 | 65.625 | 64.375 [ 62.750 | 62.500
2500.0 62.500 | 62.500 | 64.250 | 65.625 | 64.375 | 62.750 | 62.375
3150.0 62.250 | 62.750 [ 64.250 | 65.625 | 64.500 | 62.750 | 62.250
4000.0 62.250 | 63.000 | 64.375 | 65.625 | 64.375 | 62.875 | 62.625
5000.0 62.250 | 63.000 | 64,375 | 65.375 | 64.375 | 62.875 | 62.500
6300.0 62.125 | 64.250 | 64.3756 | 65.500 | 64.375 | 63.125 | 62.625
8000.0 62.375 | 62.625 | 64.125 | 65.500 | 64.250 | 62.750 | 62.200
10000.0 62.375 | 62.750 [ 64.125 | 65.625 | 64.375 | 62.750 | 62.625
12500.0 62.250 | 62.625 | 64.375 | 65.625 | 64.375 | 62.625 | 62.500
16000.0 62.725 | 63.125 | 64.375 | 65.625 | 64.375 | 62.725 | 62.500
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Table (A.10): Single Jet Spectral SPL in (dB) for Station 1

Pyorking 4.5 bar Pymbient 0.897 bar Tambiene :15.5° C
Angle to jet axis (deg)

Itequency(1lz) 0 15 30 45 60 75 90
10.0 62.750 [ 63.375 | 64.750 | 66.375 [ 65.000 | G3.875 | 62.875
12.5 62.750 | 63.375 | G4.500 | 66.375 [ 65.000 | 65.500 | 62.875
16.0 62.375 | 63.375 | 64.500 | 66.250 | 65.000 | 64.000 | 62.875
20.0 62.625 | 63.375 | 64.125 | GG6.250 | 65.000 | 64.000 | 62.875
25.0 62.625 | 63.375 | 64.500 | 66.250 | 65.000 | 64.500 | 62.875
315 62.625 | 63.376 | 64.500 | 66.250 | 64.625 | 63.7560 | 63.000
40.0 62.625 | 63.250 | 64.500 | 66.250 | 64.625 | 63.500 | 63.000
50.0 62.625 | 63.500 | 64.250 | 66.375 | 64.375 | 63.500 | 63.000
63.0 62.750 | 63.500 | 64.250 | 66.375 | 64.500 | 63.750 | 63.375
80.0 62.750 | 63.250 | 64.500 | 66.375 | 64.625 | 64.250 | 63.000
100.0 62.500 | 63.250 | 64.750 ] 66.375 | 64.375 | 63.875 | 63.250
125.0 62.375 [ 63.375 | 65.000 | 66.250 | 64.375 | 63.500 | 63.125
160.0 63.750 | 63.376 | 64.750 | 66.375 | 64.375 | 63.375 | 63.000
200.0 62.750 | 63.250 | 64.750 | 66.375 | 64.500 | 63.250 | 63.000
250.0 62.250 | 63.250 | 64.750 | 66.250 | 64.625 | 63.375 | 63.000
315.0 62.500 | 63.375 | 64.750 | 66.375 | 64.625 | 63.250 | 62.875
400.0 62.250 | 63.375 | 64.875 | 66.375 | 64.500 | 63.250 | 63.000
500.0 62.250 | 63.375 | 64.500 | 66.375 | 64.625 | 63.250 | 63.000
630.0 62.500 | 63.375 | 64.250 [ 66.500 | 64.500 { 63.375 | 63.000
800.0 62.500 | 63.750 | 64.750 | 66.250 | 64.500 [ 63.375 | 63.000

1000.0 62.500 [ 63.125 | 64.250 | 66.250 | 64.625 | 63.250 | 62.875
1250.0 . 62.375 | 63.250 | 64.375 | 66.250 | 64.750 | 63.250 | 62.875
1600.0 62.250 | 63.250 | 63.750 | 66.250 | 64.750 | 63.375 [ 62.875
2000.0 62.125 | 63.250 | 63.750 | 66.250 | 64.500 | 63.250 | 62.750
2500.0 62.000 | 63.125 | 64.125 | 66.250 | 64.500 | 63.125 | 62.875
3150.0 (62.000 | 63.250 | 64.500 | 66.250 | 64.500 | 63.125 | 62.875
4000.0 62.000 | 63.250 { 64.500 [ 66.250 | 64.500 | 63.125 | 63.000
5000.0 62.000 | 63.250 | 64.500 | 66.250 [ 64.500 | 63.125 | 63.000
6300.0 62.375 | 63.260 | 64.750 | 66.250 | 64.500 [ G3.125 | 63.250
8000.0 62.500 | 63.250 | 64.750 | 66.250 | 64.500 | 63.250 | 63.000
10000.0 62.250 | 63.250 | 64.250 | 66.250 | 64.625 | 63.250 | 63.125
12500.0 62.750 | 63.125 ) 64.250 | 66.250 | 64.625 | 63.250 | 62.875
16000.0 62.750 | 63.625 ] 64.250 | 66.250 | 64.625 | 63.000 | 62.875
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Table (A.11): Single Jet Spectral SPL in (dB} for Station 2

Pworkl'ng 2.5 bar

Pambient :0.897 bar

Tambient :115.5° C

Angle to jet axis (deg)

Irequency(1lz) 0 15 30 45 60 75 90
10.0 61.250 | 61.000 | 64.000 | 63.250 | 61.000 | 62.500 | 62.37b
12.5 61.250 | 60.750 | 64.000 | 63.250 | 61.250 | 62.500 | 62.375
16.0 61.250 | 61.250 | 64.000 | 63.250 | 60.875 | 62.250 | 62.375
20.0 60.875 | 60.875 | 64.000 | 63.250 | 61.000 | 62.87b | 62.375
25.0 6L1.625 | 60.750 | 64.000 | 63.250 | 61.500 | 62.625 | 62.375
315 60.750 | 61.375 | 64.000 | 63.260 | 62.125 | 62.500 | 62.375
40.0 61.250¢ | 60.875 | 64.000 | 63.125 | 61.500 { 62.500 { 62.375
50.0 60.750 | 60.872 | 64.000 | 63.125 | 60.875 | 62.500 | 62.375
63.0 60.875 | 60.875 | 64.000 | 63.125 | 61.125 | G2.750 | 62.375
80.0 61.750 | 61.125 | 64.000 | 63.125 | 61.125 | 62.500 | 62.375
100.0 60.625 | 61.250 | 64.000 | 63.125 | 61.125 | 62.600 | 62.375
125.0 60.750 | G0.875 | 64.000 | 63.125 | 60.875 | 62.500 | 62.375
160.0 60.500 { GO.B75 | 64.000 | 63.125 | 61.600 | 62.250 | 62.375
200.0 60.625 | 61.000 | 64.000 | 63.125 | 60.875 | 62.375 | 62.375
250.0 60.625 | 61.000 | 64.000 | 63.125 | G1.500 | 62.375 | 62.375
315.0 G0.500 | 60.750 | 64.000 | 63.125 | 6L.000 | 62.375 | 62.375
400.0 G0.626 | 60.875 | 64.000 { G3.125 | 61.000 | 62.625 | 62.375
500.0 60.750 | 61.000 | 64.000 | 63.000 | GO.875 [ 62.250  62.375
630.0 60.500 | 61.00¢ | 64.000 | 63.000 | 61.000 | 62.250 § 62.375
800.0 60.500 | 60.750 | 64.000 | 63.000 | 61.000 | 62.500 | 62.250
1000.0 60.625 | 60.750 | 64.000 | 63.000 | 61.000 | 62.375 | 62.250
1250.0 . 61.750 | 61.000 | 64.000 | 63.000 | 61.000 [ 62.750 | 62.250
1600.0 62.000 | 60.875 { 64.000 | 63.250 | 60.750 | 62.500 | 62.250

2000.0 62.000 | 60.875 | 64.000 | 63.250 | 6L.000 | 62.500 | 62.250
2500.0 63.500 | 61.000 | 64.000 { 63.350 | 60.750 | 62.250 | 62.375
3150.0 $1.375 | 60.875 | G4.000 | 63.2560 | 60.750 | 62.250 | 62.375
4000.0 61.750 | 61.000 | 64.000 | 63.875 [ 61.250 | 62.260 | 62.2H0
5000.0 61.375 | 60.625 | 64.000 | 63.250 { 61.625 | 62.375 | 62.250
6300.0 61.500 | 60.750 | 64.000 | 63.125 § 62.000 } 62.375 | 62.250
8000.0 G1.625 | 60.875 | 64.000 | 63.125 | 61.500 | 62.250 | G2.250
10000.0 61.500 | 60.87b | 64.000 } 63.125 | 60.760 | 62.500 | G2.250
12500.0 61.625 | 61.125 | 64.000 | 63.125 | 61.125 | 62.500 | 62.250
16000.0 61.750 | 61.000 [ 64.000 | 63.125 { 61.125 | 62.250 | 62.250
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Table (A.12): Single Jet Spectral SPL in (dB) for Station 2

Porking:3.0 bar

Pambient 0.897 bar

Tnmb:'ent :15.5° C

Angle to jet axis (deg)

Frequency(Ilz) 0 15 30 45 60 75 90
10.0 61.000 | 62.125 | 65.000 | 64.250 { 61.750 | 63.375 | 64.750
12.5 61.500 | 64.500 | 65.000 | 64.250 | 61.750 | 63.375 | 63.500
16.0 61.500 | 63.250 | 65.000 | 64.250 | 61.875 | 63.250 | 63.500
20.0 61.500 | 62.375 | 65.000 | 64.250 | 61.625 | 63.250 | 63.500
25.0 61.375 | 62.000 | 65.000 | 64.250 | 61.625 | 63.250 | 63.500
3L.5 61.250 | 62.000 | 65.000 | 64.250 | 61.750 | 63.500 | 63.500
40.0 61.500 | 6L.750 | 65.000 | 64.250 | 61.625 | 63.250 | 63.500
50.0 61.500 | 61.750 | 65.000 | 64.250 { 61.625 | 63.250 | 63.500
63.0 61.500 | GL.875 | 65.000 | G4.250 | 61.750 | 63.250 | 63.375
80.0 61.500 | G1.875 | 65.000 | 64.125 | 61.750 | 63.500 | 63.250
100.0 61.250 | 61.875 | 65.000 | 64.125 | 61.750 | 63.250 | 63.250
125.0 $1.500 | 61.750 | 65.000 | 64.125 § 61.625 | 63.250 [ 63.125
160.0 61.750 | 61.625 | 65.000 | 64.125 | 61.625 | 63.125 | 63.250
200.0 61.750 [ 61.750 | 65.000 | 64.125 | 61.625 [ 63.125 | 63.250
250.0 61.500 | 61.750 | 65.000 | 64.125 | 61.625 | 63.125 | 63.250
315.0 61.750 | 61.750 | 65.000 | 64.125 | 61.625 | 63.125 | G3.250
400.0 61.500 | 61.750 | 65.000 | 64.125 | 61.125 | 63.125 | 63.250
500.0 61.750 | 61.750 | 65.000 | 64.125 { 62.000 | 63.125 | 63.250
630.0 61.000 | 62.750 | 65.000 | 64.125 | 61.875 | 63.125 | 63.250
800.0 61.500 | 62.500 | 65.000 | 64.125 | 61.625 | 63.125 | 63.250
1000.0 61.375 | 62.000 | 65.000 | 64.125 ) 61.625 | 63.250 | 63.250
1250.0 . 61.250 | G2.000 | 65.000 | 64.125 | 61.625 | 63.250 | 63.250

1600.0 61.125 | 63.500 { 65.000 | 64.125 | 61.750 | 63.125 | 63.125
2000.0 61.500 | 61.875 | 65.000 | 64.125 | 61.625 | 63.250 | G3.125
2500.0 61.000 | 62.750 | 65.000 | 64.125 | 61.625 | 63.250 | 63.125
3150.0 61.000 | 62.000 | 65.000 | 64.125 | 61.625 | 63.250 | 63.125
4000.0 61.125 | 62.125 | 65.000 { 64.125 | 61.625 | 63.250 | 63.125
5000.0 G0.875 | 62.375 | 65.000 | 64.125 | 61.500 | 63.250 | 63.125
6300.0 61.125 | 62.250 | 65.000 | 64.125 | 61.500 | 63.250 | 63.125
8000.0 61.375 | 62.000 | 65.000 | 64.125 | 61.500 | 63.375 | 63.125
10000.0 61.125 | 63.500 | 65.000 [ 64.125 | 61.500 | 63.375 | 63.250
12500.0 61.250 | 62.125 | 65.000 | 64.125 | 61.625 | 63.260 { 63.250
16000.0 61.125 | 61.875 | 65.000 | 64.125 | 61.500 | 63.500 | 63.2560
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Tuble (A.13): Single Jet Spectral SPL in (dB) for Station 2

Poorking 3. bar

Pambfcnt :0.897

Tambient :15.5° C

Angle to jet axis (deg)

Frequency(Hz) 0 15 30 45 60 75 90
10.0 61.750 | 62.625 | 65.875 | 65.000 | 62.375 | 63.875 | 64.000
12.5 61.750 | 62.750 | 65.750 | 65.500 { 62.500 | 63.875 | G3.875
16.0 61.125 | 63.125 | 65.750 | 65.000 | 62.500 { 63.876 | 64.000
20.0 61.125 | 62.500 | 65.750 | 65.000 | 62.375 | 63.875 | 63.875
25.0 61.125 | 62.500 | 65.750 | 65.000 | 62.375 | 63.875 | 64.000
3L.5 61.125 | 62.500 | 65.750 { 65.000 | 62.375 | 63.875 | 64.000
40.0 61.750 | 62.625 | 65.625 | 65.000 | 62.375 [ 63.750 | 64.000
50.0 62.000 | 62.600 | 65.625 | 64.875 | 62.250 | 63.750 | 64.000
63.0 61.875 | 62.500 | 65.625 | 64.875 | 62.375 | 63.760 | 64.125
80.0 61.625 { 62.625 | 65.625 | 64.875 | 62.375 | 63.750 | 64.000
100.0 61.750 | 62.500 | 65.625 | 64.875 | 62.375 | 63.750 | 63.875
125.0 61.750 | 62.375 | 65.625 | 64.875 | 62.250 | 63.750 4 64.000
160.0 61.750 | 62.375 | 65.625 | 64.875 | 62.250 | 63.7560 | 63.875
200.0 61.750 | 62.750 | 65.625 | 64.87H | 62.625 | 63.750 | 63.875
250.0 61.625 | 62.500 | 65.625 | 64.875 | 62.375 | 63.750 | 63.875
315.0 61.750 | 62.500 | 65.625 | 64.875 | 62.250 { 63.750 | 64.000
400.0 61.750 | 62.625 | 65.625 | 64.875 | 62.250 | 63.750 | 61.000
500.0 62.000 | 62.500 | 65.625 | 614.875 [ 62.375 | 63.7560 | 63.875
630.0 61.750 | 62.500 | 65.625 | 64.875 | 62.250 | 63.760 | 64.000
800.0 61.750 | 62.500 | 65.625 | 64.875 | 62.250 | 63.750 | 64.000

1000.0 61.750 | 62.500 | 65.625 | 64.875 | 62.250 | 63.875 | G3.875
1250.0 . G1.875 | 62.875 ) 65.625 { 64.875 | 62.250 | 63.8756 | 03.875
1600.0 62.000 | 62.750 | 65.625 | 64.875 | 62.250 | 6J.875 | 04.000
2000.0 61.875 | 62.625 | 65.625 | 64.875 | 62.250 | 63.750 | G3.875
2500.0 61.875 | 62.625 | 66.625 | 64.875 | 62.250 | 63.750 | 63.875
3150.0 6L.875 | 62.625 | 65.625 | 64.875 [ 62.250 | 63.750 | 63.875
4000.0 61.875 | 62.875 | 65.625 | 64.875 | 62.500 | 63.750 | 63.875
5000.0 61.750 | 62.625 | 65.625 | 64.875 [ 62.250 { 63.750 | 63.875
6300.0 61.750 | 62.500 | 65.625 | 64.875 | 62.250 | 63.7560 | 63.750
8000.0 61.750 | 62.500 | 65.625 | 64.875 | 62.250 | 63.7560 | 63.625
10000.0 61.750 | 62.500 | 65.625 | 64.875 | 62.250 | 63.750 | 63.875
12500.0 61.625 | 62.625 | 65.625 | 64.875 | 62.250 | 63.750 | 63.750
16000.0 61.625 | 62.875 { 65.625 | 64.875 | 62.250 | 63.750 | 64.000
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Table (A.14): Single Jet Spectral SPL in (dB) for Station 2

Porking*1.0 bar

Fambient :0.897 bar

Tumbient :15.5° C

Angle to jet axis (deg)

Frequency(Hz) 0 15 30 45 60 75 90
10.0 62.500 | 63.250 | 66.375 | 65.750 | 62.875 | 64.500 { 61.250
12.5 62.375 | 63.375 | 66.375 | 65.750 | 62.875 [ 64.500 | 64.125
16.0 62.375 | 63.000 | 66.375 | 65.750 | 62.875 [ 64.500 | 64.000
20.0 62.125 | 64.125 | 66.375 | 65.750 | 62.875 | 64.500 | 64.000
25.0 62.125 | 63.500 | 66.375 | 65.750 | 62.875 | 64.500 | 64.000
31.5 62.500 | 63.000 [ 66.375 | 65.750 | 62.875 | 64.500 | 64.000
40.0 62.500 | 63.375 | 66.375 | 65.750 | 62.875 | 64.600 | 64.000
50.0 62.500 | 63.125 | 66.375 | 65.750 | 62.875 | 64.500 { 64.000
63.0 62.500 | 63.250 | 66.375 | 65.625 [ 62.875 | 64.500 | 64.000
80.0 62.750 | 63.000 { 66.250 | 65.625 | 62.750 | 64.500 | 64.000
100.0 62.500 | 63.375 | 66.250 | 65.625 | 62.750 | 64.500 | 64.000
125.0 62.500 [ 63.125 | 66.250 | 65.625 | 62.875 | 64.500 | 64.000
160.0 62.500 | 63.125 | 66.250 | 65.625 | 62.875 | 64.500 | G4.250
200.0 62.500 | 63.125 | 66.250 | 65.625 | 62.875 | 64.500 | 64.000
250.0 62.500 | 63.250 | 66.250 | 65.625 | 62.8756 | 64.500 | G4.000
315.0 62.375 | 63.125 | 66.250 | 65.625 | 63.125 | 64.500 | 64.000

400.0 62.125 | 63.625 | 6G.250 | 65.625 | 63.000 | G4.500 | 63.875
500.0 62.250 | 63.125 | 66.250 | 65.625 | 62.875 | 64.500 | 63.875
630.0 62.250 | 63.125 { 66.250 | 65.625 | 62.875 | 64.500 | 63.875
800.0 62.250 | 63.125 | 66.250 | 65.625 | 63.000 | 64.375 | 63.875
1000.0 62.250 | 64.000 | 66.250 | 65.625 | 62.875 [ 64.375 | 63.875
1250.0 . 62.250 | 63.250 | 66.250 | 65.625 | 62.875 | 64.375 | 63.875
1600.0 62.500 | 63.125 { 66.250 | 65.625 | 62.875 | 64.375 | 63.875
2000.0 62.500 | 63.000 | 66.250 | 65.625 | 62.875 | 64.375 | 63.875
2500.0 62.500 | 63.750 | 66.250 [ 65.625 | 62.875 | 64.500 | 63.875
3150.0 62.500 | 63.000 | G6.250 | 65.625 { 62.875 | 64.500 | 63.875
4000.0 62.500 | 63.250 | 66.250 | 65.625 | 62.875 | 64.500 | 63.875
5000.0 62.500 | 63.375 | 66.250 | 65.625 | 62.875 | 64.500 | 63.875
6300.0 62.125 | 63.750 | 66.250 | 65.500 | 62.750 | G4.500 | 63.875
80000 62.375 | 63.125 | 66.250 [ 65.500 | 62.750 | 64.500 | 63.875
10000.0 62.375 | 63.250 | 66.250 | G5.500 | 62.75Q | 64.500 | G3.875
12500.0 62.250 | 63.500 | 66.250 | 65.600 { 62.750 § 64.500 | 63.875
15000.0 62.750 | 64.250 § 66.250 | 65.500 | 62.625 | 64.500 | 63.750
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Tuble (A.15): Single Jet Spectral SPL in (dB) for Station 2

Porking 4.5 bar

Pambient :0.897 bar

Tambient :15.5° C

Augle to jet axis (deg)

Frequency(Ilz) 0 15 30 45 60 75 90
10.0 62.750 [ G3.750 | 66.750 | 66.250 | 63.500 | 65.000 | G5.000
12.5 62.750 | 63.750 | 66.750 | 66.250 | 63.500 | 65.000 | 65.000
16.0 62.375 | 63.625 | 66.750 | 66.250 | 63.500 | 65.000 | 65.000
20.0 62.625 | 63.625 | 66.750 | 66.250 { 63.500 | 65.000 | 65.000
25.0 62.625 | 63.625 | 66.750 | 66.250 | 63.375 | 65.000 | 65.000
31.5 62.625 | (3.625 | 66.750 | 66.250 | 63.375 { 65.000 | 65.000
40.0 62.625 | 63.625 | 66.750 | 66.250 | 63.375 | 65.000 [ 65.000
50.0 62.625 | 63.625 | 66.750 | 66.250 | 63.375 | 64.875 | 65.000
63.0 02.750 | 63.625 | 66.750 | 66.250 ( 63.375 | 65.000 | 65.000
80.0 62.750 | 63.625 | 66.750 | 66.250 | 63.375 | 65.000 | 65.000
100.0 62.500 | 63.750 | 66.750 | 66.250 | 63.375 | 64.875 | 64.875
125.0 62.376 | 63.500 | 66.750 | 66.250 | 63.375 | 64.875 | 64.875
160.0 63.750 | 63.500 | 66.750 ) 66.250 | 63.375 | 64.875 | 64.875

200.0 62.750 ] 63.500 | 66.750 | 66.250 | 63.375 | 64.875 | 64.875
250.0 62.250 | 63.625 | 66.750 | 66.250 | 63.375 | 64.875 | 64.875
315.0 62.500 | 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
400.0 62.250 | 63.500 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
500.0 62.625 | 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
630.0 62.500 | 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
800.0 62.500 | 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
1060.0 62.500 | 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | 61.875
1250.0 62.375 | 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | G4.875
1600.0 62.250 | 63.750 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
2000.0 62.125 | 63.750 | 66.750 | 66.125 | 63.375 | 64.875 | G1.875
2500.0 62.000 § G}.750 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
3150.0 62.000 | 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | G4.875
4000.0 02.500 ) 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
5000.0 62.500 { 63.625 | 66.750 [ 66.125 | 63.500 | 64.875 | 64.875
6300.0 62.375 | 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
8000.0 62.500 | 63.625 | €6.750 ] 66.125 | 63.375 | 64.875 | 64.875
10000.0 62.250 | 63.625 | 66.750 | 66.125 | 63.500 | 64.875 | 64.875
12500.0 62.750 | 63.625 | 66.750 | 66.125 | 63.500 | 64.875 | 64.875
16000.0 62.750 | 63.625 | 66.750 | 66.125 | 63.375 | 64.875 | 64.875
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Table (A.16): Single Jet Spectral SPL in (dB) for Station 3

Puorking:2.5 bar Ponbient 0.897 bar Tormbient :15.5° C
Angle to jet axis (deg)

Frequency(llz) 0 15 30 45 60 75 g0
10.0 61.250 | 60.375 | 61.750 | 60.625 | 61.375 | 61.000 | 60.250
12.5 61.250 [ 60.500 | 61.375 | GO.750 | 61.500 | 61.000 | 60.125
16.0 61.250 | 60.375 | 61.375 | 60.750 | 61.250 | 61.000 | 60.125
20.0 60.875 | 60.875 | 61.375 [ 60.625 | 61.000 | 61.125 | 60.000
25.0 61.625 | 60.625 { 61.375 | 60.625 | G1.125 [ 61.000 | 59.87b
31.5 60.750 | 60.500 | 61.750 | 60.625 | G61.250 | G0.875 | 60.000
40.0 61.250 | 60.250 | 61.625 | 60.625 | 61.125 | 61.000 | 6G0.000
50.0 60.750 | 60.625 | 61.7560 | 60.625 | G1.250 | 61.000 | 53.875
63.0 60.875 | G0.500 | 61.2500 | 60.625 | 61.250 | 61.125 | 59.875
80.0 61.750 | 61.125 | 61.375 { 60.750 { 61.125 | 61.250 | 59.625
100.0 60.625 | 61.500 | 61.250 | 60.750 | 61.250Q | 61.500 [ 60.000
125.0 60.750 | 60.375 { 61.760 | 60.750 | 61.625 | 61.250 | 60.000
160.0 60.500 | 61.000 | 61.500 | 60.625 | 61.750 | 61.000 | 59.87h
200.0 60.625 | 60.750 [ 61.625 | GL.125 | 62.000 | 61.000 | 69.875
250.0 60.625 | 60.376 | 61.625 | 60.625 | 61.500 | 60.875 | 59.875
315.0 60.500 | 60.000 | G1.500 | G0.6G25 | 61.250 | 61.000 | b9.750
400.0 60.625 | 6D.000 | 61.625 | 60.625 | 61.375 | 61.000 | 59.875
500.0 60.750 | 60.375 | 60.750 | 60.625 | 61.375 | 61.250 | 59.875
630.0 G0.500 { 61.500 | 61.000 | 60.625 | 61.375 [ 61.000 | 59.625
800.0 60.500 | 60.875 [ 61.200 [ 60.625 | GL.750 | G1.000 | 59.625

1000.0 60.6256 | 61.250 | G1.000 { 60.625 [ GL.500 | 61.500 | £9.750
1250.0 « || 61.750 ] 60.375 | 60.750 | 60.62% | 61.375 | G1.000 | §9.750
1600.0 62.000 | 60.250 | 60.625 | 60.75C¢ | 61.500 | 60.875 | 60.000
2000.0 62.000 | 60.625 | 60.625 [ 60.750 [ 61.625 | 61.000 | 59.500
2500.0 63.500 { 60.000 [ 60.750 | 61.000 { 61.250 | 60.875 | 59.750
3150.0 61.375 | 60.250 | ©60.875 | 61.500 | 61.375 | 61.2560 | 59.875
4000.0 61.750 | 60.125 | 60.875 [ 60.500 [ 61.250 ! 62.750 | 69.750
5000.0 61.375 | 60.125 | G0.875 | 60.625 ; 61.250 | 61.500 | 59.750
6300.0 61.500 | 60.250 | 60.875 | 60.625 | 61.125 | 61.000 | 59.875
8000.0 61.625 | 60.250 | 60.875 | 61.500 | 61.250 | 61.000 | 54.625
10000.0 G61.500 | 60.125 | G0.875 | 61.250 | 61.125 ] 60.750 | 59.500
12500.0 61.625 | 60.000 | 60.875 | 60.750 [ 61.125 | 60.875 | 59.750
16000.0 G1.700 { GO.250 | 60.875 | 060.750 j G6L.250 | 61.000 | 59.625
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Table (A.17): Single Jet Spectral SPL in (dB) for Station 3

Pwo,.k;ng 3.0 bar

Pamlu'gng 0897 bar

Tambient 15.5° C

Angle to jet axis (deg)

Frequency(1lz) 0 15 30 45 60 75 90

B 10.0 61.000 | 61.500 | 62.000 § 61.625 | 61.750 | 61.500 | 60.500
12.5 61.500 | 61.250 | 62.125 | 62.375 | 61.750 | 61.375 } 60.500
16.0 61.500 { 61.000 | 61.8756 { 61.875 | 61.760 | 61.600 | 60.625
20.0 61.500 | G1.625 | 61.750 | G1.625 | 61.750 | 61.625 | 60.625
25.0 61.375 | 63.250 | 61.875 | 61.625 | 61.750 | 61.500 | 60.625
J1.5 61.250 [ 61.250 | 61.875 | 61.625 | 62.000 | 61.250 | 60.500
40.0 61.500 | 61.125 | 62.125 | 61.625 | 61.875 | 61.500 | 60.6500
50.0 61.500 | 61.750 { 62.000 | 61.500 | 61.750 | 61.250 | 60.500
63.0 G1.500 ! 61.375 | 63.500 | 61.500 | 6£.750 | 61.250 | 60.500
80.0 61.500 | 60.875 | 61.750 | 61.625 | 61.750 { 61.375 | 60.600
100.0 61.250 | GL.125 | 64.000 | 61.500 | 61.750 § GL.375 | 60.500
125.0 61.500 | 61.125 | 62.000 | 61.500 | 61.875 | 61.375 { 60.500
160.0 61.750 § 6O.875 | 62.000 | 61.500 | 61.875 | 61.375 } 60.62b
200.0 61.750 | 61.000 | 62.000 | 61.500 | 61.750 { 61.375 | 60.625
250.0 61.500 | GL.000 | 61.875 | 61.500 [ 61.875 | 61.200 | 60.500
315.0 61.750 | 60.750 § 61.750 | 61.500 { 61.625 | 61.250 | G0.500
400.0 G1.500 | 61.125 | 61.750 | 61.375 | 61.750 | 61.250 | 60.500
500.0 G1.750 | G1.250 | GL.750 | 61.375 | 62.000 | 61.250 [ 60.500
630.0 61.000 | 61.250 | 62.000 | 61.375 | 61.625 | 61.250 | 60.500
800.0 61.500 | 63.625 [ 61.750 | 61.3756 | 61.750 | 61.375 | 60.500
1000.0 G1.375 { 62.000 | 61.625 | 61.375 | 61.750 | 61.375 | 60.500
1250.0 . |l 61.250 | 61.000 | 61.750 | 61.375 [ 61.750 [ 61.500 | 60.500
1600.0 61.125 | GU.875 | 62.000 | 61.500 | 61.750 | 61.625 | 60.500
2000.0 61.500 | 60.750 | 61.875 | GL.750 | 61.7560 | 61.500 | 60.5G0
2500.0 61.000 | GO.750 | 61.625 | 61.6256 | 61.760 | 61.625 { 60.500
3150.0 61.000 | G1.87H | GL.7H0 | 62.625 | 61.750 | 61.375 | 60.500
4000.0 G1.125 | 6L.000 | 61.750 | 65.000 | 61.750 | 61.600 | 60500
5000.0 60.875 | 61.000 | 61.750 | 62.375 | 61.750 | GL.500 | G0.500
6300.0 G1.125 | 60.875 | 62.000 ] 61.750 | 61.625 | 61.750 | 60.500
8000.0 61.375 § 60.875 | 61.875 | 61.500 | 61.750 | G1.500 | G0.500
10000.0 61.125 | 6O.760 | 61.7560 | 61.750 | 61.760 | 61.5600 | 60.500
12500.0 61.250 | 61.250 | 61.750 | G1.50Q | 61.760 | G1.500 | G0.500
16000.0 61.125 | 60.875 | 61.625 | 62,250 | 61.750 | 61.500 | 60.500
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Table (A.23): Four Jets Spectral SPL in (dB) for Station 0

Fyorking:3-5 bar

Pymbient :0.902 bar

Tambient :116.0° C

Angle to jet axis (deg)

Irequency(Hz) 0 15 30 45 60 75 90
10.0 79.3756 | 66.000 | 67.875 | 67.625 | 67.375 | 66.375 | 67.875
125 72.000 | 65.875 | 67.875 | 67.62b | 67.375 | 66.3756 | 67.875
16.0 75.000 { 65.500 (| 67.875 | 67.625 | 67.375 | 66.375 | G7.875
20.0 71.250 | 66.000 | 67.875 { 67.625 | 67.375 | 66.375 | 67.875
25.0 71.500 | 65.875 | 67.875 | 67.626 | 67.375 | 66.375 | 67.875
3L.5 78.250 | 65.625 | 67.750 | 67.625 | 67.375 | 66.375 | 67.750
40.0 73.375 | 65.625 | 67.875 | 67.625 | 67.375 | 66.375 | 67.750
50.0 75.125 | G5.500 [ 67.750 | 67.625 | 67.375 | 66.375 [ 67.750
63.0 70.750 [ 65.500 | 67.750 | 67.625 | 67.375 | 66.375 | 67.750
80.0 73.250 [ 05.875 | 67.750 | 67.625 | 67.375 | 66.375 | 67.750
100.0 75.000 | G6.870 | 67.750 | 67.625 | 67.375 | 66.375 | 67.750
125.0 75.875 | 65.375 | 67.750 | 67.625 | 67.375 | 66.375 | 67.750
160.0 73.875 | 65.625 | 67.750 | 67.625 | 67.375 | 66.375 | 67.750
200.0 70.876 | 656.750 [ 67.750 | 67.625 | 67.375 | 66.375 | 67.750
250.0 73.375 | 6G.25h0 | 67.750 | 67.625 | 67.375 | 66.375 | 67.750
316.0 72.750 | 65.500 | 67.750 | 67.625 | 67.375 { 66.375 | 67.750
400.0 74.500 | 65.6256 | 67.750 { 67.625 [ 67.375 | 66.375 | 67.750
500.0 75.250 | 065.625 | 67.750 | 67.625 | 67.375 | 66.375 | 67.750
630.0 74.000 | 65.750 [ 67.750 | 67.62b { 67.375 [ 66.375 { 67.750
800.0 75.625 | 65.750 | 67.500 | 67.500 | 67.37b { 66.375H | 67.750
1000.0 72.125 | 66.500 | 67.625 | 67.5040 | 67.375 | 66.375 | 67.750

1250.0 - 74.625 | 65.750 | 67.625 { 67.500 | 67.375 | 66.375 ) 67.750
1600.0 76.000 | 65.625 | 67.G25 | G7.500 | 67.375 | 66.375 | 67.625
2000.0 77.000 | 65.750 | 67.500 | 67.500 | 67.375 | 66.375% | 67.625
25600.0 71000 | 65.620 | 67.500 | 67.500 1 67.3756 | G6.375 | 67.626
3150.0 75.750 | G5.87H | 67.500 | 67.500 | 67.3756 | G6.375 | 67.625
4000.0 71.500 | 65.62h | 67.500 | 67.500 | 67.375 | 66.375 | 67.625
9000.0 77.000 | 65.500 ) 67.500 | 67.500 { 67.250 | GG.375 | 67.625
6300.0 71.750 | 65.625 | 67.500 | 67.500 { 67.250 | 66.375 | 67.625
8000.0 72.625 | (5.750 | 67.500 | 67.500 | 67.250 ] 66.375 | 67.625
10030.0 73.875 | 65.500 | 67.375 | G7.500 { 67.250 { 66.250 | 67.625
12500.0 72,750 | 65.500 | 67.375 | 67.500 | 67.250 | 66.250 | 67.625
16000.0 73.500 | G5.250 | 67.375 | 67.375 | 67.250 | 66.250 | 67.625
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Table (A.25): Four Jets Spectral SPL in (dB) for Station 0

Pworking 4.5 bar

Piinbient:0.902 bar

Tarnbien! :16.0° C

Angle to jet axis (deg)

Frequency(Hz) [ 0 5 | 30 | 4 [ 6 | 7 | 00
10.0 75.0256 | (G7.260 | 69.125 | 68.875 | 68.500 | 67.500 [ 68.875
12.5 77.000 | 66.750 | 69.000 | 68.875 | 68.500 j 67.500 | 68.875
16.0 75.750 | 67.1256 | €9.000 { 68.875 | 68.500 | 67.500 | 68.875
20.0 74.500 | 67.250 [ €9.000 | 68.875 | 68.500 | 67.500 | GB.87b
25.0 77.000 | 67.2b0 | 69.125 | 68.875 | 68.500 | 67.500 | 63.875
31.5 75.500 | 66.875 | 69.000 ! 68.875 | 68.600 | 67.600 | 68.875
40.0 77.500 | 66.875 | 69.000 [ 68.875 | 68.500 | 67.500 | 68.875
50.0 76.750 | 66.875 | 69.000 [ 68.875 | 68.500 | 67.500 | 68.875
63.0 73.000 | 67.000 | 69.000 | 68.875 | 68.500 | 67.500 | 68.875
80.0 75.375 | 66.750 | 69.000 | 68.875 | 68.500 | 67.500 | 68.875
100.0 76.500 | 66.875 | 69.000 | 68.87H | 68.500 | 67.500 | 68.875
125.0 75.500 [ 66.875 | 69.000 | 68.875 | 68.500 | 67.500 | 68.875
160.0 73.250 | 66.75C | 69.000 | 68.750 | 68.500 | 67.500 | G8.875
200.0 76.250 | 66.875 | 68.875 | 68.750 | 68.500 | 67.500 | 68.875
250.0 75.000 1 66.625 | 69.12b | 68.875 | 6B.500 | 67.500 | 68.875
315.0 76.000 | 67.125 | 68.875 | 68.750 | 68.500 | 67.500 | 68.875
400.0 77.500 | 67.000 | 68.875 | G8.750 | 68.500 | 67.500 | 68.875
500.0 77.625 | 66.500 | 68.875 | 68.750 | 68.500 | 67.500 | 68.875
630.0 73.750 | 66.875 | 68.875 { 68.7560 | 68.500 | 67.500 | 68.875
800.0 71.500 | G6.250 | 68.875 | 68.750 | 68.500 | 67.500 | 68.875
1000.0 76.000 | 66.375 | 68.875 | 68.750 | 68.500 | 67.600 { GB.875

1250.0 - 77.000 ] 66.750 | 68.87h | 68.750 | 68.500 | 67.500 | G8.750
1600.0 74.165 { 6G.375 | 68.875 | 68.750 | 68.500 | G7.500 | 68.750
2000.0 75.250 [ 66.625 | 68.750 | 68.750 | 68.500 | 67.500 | 68.750
2500.0 76.250 } 67.250 | 68.625 | 68.750 [ 68.5600 | 67.500 [ 68.750
3150.0 74.500 | 67.000 | 68.750 | 68.7560 | 68.375 | 67.500 | 68.750
4006.0 75.125 | 066.250 | 68.750 | 68.760 | 68.375 | 67.5600 | 68.750
5000.0 78.000 | 66.500 | 68.7560 | 68.750 | 68.375 | 67.500 | 68.750
6300.0 75.875 | 66.500 | 68.750 | 68.625 | 68.375 | 67.500 | 68.750
8000.0 77.000 | 66.250 | 68.625 | 68.625 | 68.375 | 67.375 | 68.750
10000.0 76.000 | 66.625 | 68.6256 | 68.625 | 68.37H | 67.375 | GB.T50
12530.0 73.500 | 66.500 | G8.625 | 68.625 | 68.37b | 67.375 | 68.750
16000.0 72.000 | 66.750 | 68.625 | 6B8.625 | 68.375 | 67.375 | G8.750
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