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1. Introduction

Jet noise source location techniques, im particular Polar Correlation [1] and
the Acoustic Telescope {2]|, evaluate an equivalent line source medel of the
actual source distributiom. In practice the sources on a jet engine are
contained within a source repion which has significant displacements from the
jet axis. For example on the RB 211 the inlet duct has a diameter of twelve
acoustic wavelengths at 2000 Hz. This paper will discuss the significance of
the line source approximation and demonstrate the degradation of resolution
which occurs for a source which is moved off axis. .

2. The application of polar correlation to three—-dimensional source
distributions . .
The source imape which 1s obtained using Polar Correlation has previously been
evaluated in terms of a one dimensional source distribution by Fisher et al.ll
However, the same analysis may be applied tn the more peneral case of a three
dimensional distriburion and this highiighrs the effect which the nane
dimensional approximation has on the measured results. In order to evaluate
this effect, the pressure pipnal measured from a three dimensinnal sourre distri-
bution at % in the acoustic far field will be defined in the f[requency domain as

- o ikt .43
px,0) = [ qF e & (2.1)
v .
wvhere q{¥,w) defines the source fluctuations at y and T = % -¥l

Polar Correlation evaluates the source distribution by considering the cross
spectral density between the signals from measurement points at X and Eo.
This quantity may he defined as

6(%,x ) = Ex[p(;.w)p*(;o,m)]. - {2.2)
In this equation the asterisk denotes a complex conjugate and the frequency
dependence of G{X,%p) has been dropped for convenience. In all that follows
the frequency will be kept fixed,

The cross spectral density may be related to the source fluctuations by
rr’

G - f et & (2.3
v

where Q(y) is defined as en effective source strength as viewed from ;n and
defined by

a i o ' - .
o - [ ExlaGaaty, el T 6 2.4)
Yo : e : ,
where t, = %0 - §°| and since measurements are taken on a polar arc of radius

R in the acousti
mated by

¢ far field, the propagation distances r and r' may be npproxi-
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relx-3=r- ¥y oina = yacosa ¢ ..., of|7]2/m)

r'a % ~-§l =R - ypsina - y, cosB + ... of]yl2m)y
sn that °

-’ a-y(sina - sinf) ~ ¥, (cosa - cosB). (2.5)
Also in the amplitude term (rr*) Ve

These far ficld approximations may he incorporated in (2.3) to give for the.

cross spectral density -ikyl(sinn—sinﬁ)-ikyz(cosu—cosﬁ)

- 1 -
Glx,%) = o { q(Fle . dy.  (2.6)

Te obtain the source image Polar Correlation evaluates the inverse Fourier trams-—
form of (2.6} with respect to k(sina-sinB}. However in practice this inverse
Fenrier transform cannnt be explicitly evaluated since G(X,%g) cannot be
measured for values of k({sinn-sinB)>ky wvhere kp? k. This limitation is most
conveniently described by considering G(X,%;) to be miltiplied by a weighting
function w(k(rina~sinR)} which is zero outside the range of measurement whete
ki{sina-sinf) ~ky. Thus the source image is given by the inverse transform:

o

0 (m) = 35 | GEE Yok (sino-sing)yet ¥ (105 8E0B) g (4 (g na-ging)
T o (2.7)

Thea from (?.6) the spurce image is ohtained in terms of the three dimensional
anuree distribution as

Qllzl = ";-'r f Iy, , ¥~ 2)dy (2.8)
w
where
) = -ik(yl—z)(sina—sinﬂ)-ikyicosn—cusﬁ)
Wiy, vy 7) = o= J wik(sina-sinB))e

x d{k(sina-ging)). (2.9)

Thie result describes the effect of the three dimensional source distribution in
torms of 4 threc dimensional window function W{y,.y -2z) which operates on the
actunl distribution ton pive the source image. In assuming that the jet noine
source distribution io one dimensionat it is implied that the sources are
arcurately defined as a function of yy by

Wy - Q@Y drpdys. {2.10)
¥? ¥3

However in practice this approximation is only valid when the window function
N(y?.yl-z) is independent of v3. Glearly for values of kyz(cnsn-conn)tfl this
appooximation will hold, but in ptactice this may nor always he the case. The
critical parameters are the maximum displacement (cosamax~crsR) and the non-
dimengional off-axis displacement y /& (where A is the acoustic waveleopth and
k=2a/2). A numerical study has betn undertaken to define the window function
(2.9} in rerms of these paramnters using B=0,mp,. = 109, 309, and ya/x= 0,5,
10, 15, The results of this study are shown in terms of a distorted Barlett
window [unction in Figs. 1 and 2, and these demonstrate that for small aperture
anptes of ny,, = 107 there is ne significant errnr for of f-axis displacements
of up to 15 waveleonpths. However for the larger apertures there is a sipnifi-
cant krror Lor all displacements. From these rvesults it wonld appear that a
fimit of ky, (cosnpay—cosf}«n{2 ensures no sipnificant off-axis displacement
errorT. :
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3. Application' of thé acoustic telescepe to three-dimensional source
distributions

The analysis used above may be extended to the Acoustic Telescope described by

Billingsley and Kinns [Zlﬂ ~ If it is assumed that the sources within the distri-

bution ate &11 incolierent and the distance from the jth microphone in the tele-

scope to the focal point is Lj, then the evaluated gource image is given by

N ~ik(r;-Ly) 2
Q) = [ QG [L e I gy (3.1)
By using the far field ap%roximation for r; given above the summation in the
integral (3.1) may be represented as a window function given by
—ik(yl-z)sinu.-iky cosa, 2
Wy -2,y = | Ie ] T3 0.2

2 .

j=1

This summation has been evaluated numerically and the images of an nff-axia
point source are illustrated for a typical case in Fig.3. These results show
similar characteristics as those for Polar Correlation, the distortion.
increasing with off-axis displacement, Comparing equation (2.9) and equation
(3,2) 'shows that in both cases the error is a function of ky, {cosag,,1).

Since!the telescope uses a smaller aperture to obtain the equivalent resolution,
the distortion is correspondingly less for a given off-axis displacement.

4, 'The source imape from an incoherent ring source

To model broadband noise emitted from a by-pass duct, consider a ring of eqnal
amplitude, incoherent sources. The crass spectral density mearured betwacn
points in the acoustic far field will be

Q

n
Q2 f elkacus&(cosu—cosﬂ) 25 (xacosa-cosp)
gz o

Glx,x) = —=
o 23R ~n

for sources at y, = 0 and strenpth Q/2ra per unit lenpth. The amplitude data
is therefore weighted by the Zero order Bessels fumetion J,( ) with argument
ka{cosn-cosB). This will start to have a significant effect an the data when
ka(cosn-cos@)> n/5, and will result in a broaderning of the source image.
Howevér the apparent distortion on the source image will not be important until
Jol )<0.5, which corresponds to kn(cosumax-coss)>ﬂ12, as hefore. This places
a Finlte limit on the resolution which may be obtained of a ring source, since
Gmax 18 restricted by this criterion. For a given radius and a given value of
Omaxs an upper limiting frequency and maximum resolution may be defined which
satisfy this criterion. These are given in Tahle 1 for ring source of 4'
radius.

de =

TARLE 1 .
max Maz.Freq. max. Tesolution (ft)
10 4.6 kHz 1.4°
20° 1165 Wz 2.82¢
30° 524 Mz 4,2'

when modelling & ring source for the curve Fitting method given by Fisher {3].
the etfective mean source strength ¢ will be reduced by more than 5% when
ka{cosa—cosf)>n/5, For instance with a 4' radius ring source, this eriterion
ig invalidated for a 30° aperture at frequencies ahove 210 Hz, unlras the
appropriate correctiops are made.
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