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Introduction

In our quantitative jet noise approach the acoustic pressure is directly rela-
ted to the turbulent pressure Sluctuations, 3oth fields are separately analy-
sed and their respective space-time structure corpared. Azimuthal conerence
data of model jets and a jei engine reveal that the pressure is always gover-
ned by & few lower—order azimuthal Fourier constituents. This underlines the
importence of ‘coherent structures’ in the jet mixing regior and will faeili-
tate the numericai evaiuation of the source integral which is under way.

Direct couplirg of pressureé near and far fields

By using Lighthill's equmtion, ¢ne may write the far Tield pressure power -
spectral density as
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with Mach number M = u,/ay, 3trouhal number St = £+Dfu,, Helmholtz number
fie = f+D/a, = 3t-M, sound field coordinates x;, source field coordinates y;.

far field distance R, and radiation amngle 8. Woygp is the cross spectral,

density of the guantity § = (xix-lﬂz){ncicj - tijg + p - pal, and the exo-
aentiml is an interference functibn. The eguaticns are made dimernsionless with
the density p, outside the jet, the exit veloeizy u, and the nozzle diameter D.

Tne occurrance of He as a characteristic parareier rellects interference
rethanisres typicel of a coherently rediating source velume.

In the case of an axisymmetric jet the azimuthal ¢-dependence of the integrand
may be described by a Fourier series {1], and nence Hpn corposed by & surm of

azimuthal constituenrts of order m -~ =
W - I st IR ST gV eV L . {(2)
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H?1 2,m is the =*" azimuthel constituent of the cross spectral densivy Wayap
o

, and Fyy 1s an interference function which Zepends on m and on the axial
and radial positions-of the two annular volume elements dV y and _dV,-. As
Py, varies with m, it causes different direetivities lfor each constituent and,
in particular, a very pocr overall radiation efliciency for larger m.

For the mean flov-turbulence (MT) interactiorn ef an unheated jes, each azimu-
thai consiiTuert ‘WQigsMI,m can be related to B corresponalng conslisuent
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"aipz,m ©F the pressure rield inside the jet (2.
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In contrast to Wgigp the cross spectral density Wpjpo is directly measurable {3].
The nev interference Tunctions Fp. p and Fy depend on He and 8. Fp p i5 a func-
tion of m and the radiel positions of the twe anpular volume elements dVgq and
dVgo, and, in addition, of the mean veloeity gradient within these elements.
Fr,n becomes zero if at least one of the two volume elements is lecated outside
the jet. Fy alsoc depends on the axial displacement of the ring elements.

- Hear field results

The pressure ¢ross spectral density measurements in the source region prove the
description by azimuthel constituents to be a very useful one, since a small
number of constituents is sufficient. Figure 1 shows two measured distributions
W 1p2(b¢) at St = 0.45 inside a model jet with and without a centerbody as
shown. .

. ) o — : .

With M = 0.15 the jet Mach number is low but in ref. [L] it was shown that the
structure of a subsconie jet is hardly influenced by M.

The curves decay only gradually with increasing 4¢ vhich results in a low number
of relevant azimuthel constituents. Thus, not only are the higher order consti-
tuents particularly poor radimtors but also their magnitude in the jer pressure
field is found to be small. This holds true for the most relevant -ange of
Strouhal numbers 0.2 < 5t < D.T.

The mode distribution of the case with centerbody has éhahged a little in favour]

"of the m > 1 constituyents with B corresponding reduction of the axisymmetrice

component. This may be taken as evidence of how difficult_it is to influence
these large scale structures.
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Figure 2 shows a comparison of the near field of a ccld jet and a 28 kN thrust
jet engine which was cperated at 12 ki '[_5; Tne engine results show a very
strong zero and first component. The higher order modes seem to have already
decayed somewhat.
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Far field results

Figure 3 shows far field correlations by MAESTRELLO (€] at & = 50°. Their
Fourier analysis revealed [51 a dominant @ = 2 eonstituent Tor St = 0.375 at
this angle 8. More recent measurements by SUVE [7] st & = 60° and 30°, how-
ever, show again strong n = O and 1 conatituents at trese smaller angles in
acebrdance with ref. [1).
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Conciusions

{1} A small nusber of azimuthal constituents dominates the pressure near field.
Jet turbulence therefore mppears &5 large scale structured.

{2} Anequally smallnumber is found to dominete the far field.

(3) Each far field constituent is directly courled to the corresponding consti-
tuent witsin the jet.

(k) As the kizaer order constituents show no relevant contributicn to the far
Tield, o: the lov order constituents in the source region have te bde
ceasured, -nis reduces the amount of measurements necessary for solving the
Lighthil: integral.

(5] BSecause o the large scale sources of the near field, tne Helmholtz number
He = 3t*¥ comes in as a sealing parameter in jet noise prediction schemes.
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