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THE ESTIMATION OF NEAR-FIELD SOUND PRESSURE LEVELS DUE TO JET

NOISE
1. NOTATION
Cp specific heat at constant pressure of fully-expanded jet J/kg K ft Ibf/slug K
gases

D jet nozzle diameter m ft

f frequency Hz Hz
> L overall sound pressure level dB dB
[a)
(%]
- L, correction tal due to change in jet velocity dB dB
(S)
©
§ Lp correction tal due to change in jet density dB dB
% Lo datum overall sound pressure level dB dB
E n velocity index
3 p ambient pressure Nfm  Ibf/ft?
(@]
- R gas constant for air J/kg K ft Ibf/slug K
.Tg (287 J/kg K) (3090 ft Ibf/slug K)
(O]
g T, jet pipe static temperature K K
-_§° THJ- jet pipe total temperature K K
>
Q.
S \Y mean fully-expanded jet velocity m/s ft/s
o)
= Vo datum fully-expanded jet velocity m/s ft/s
- (610 m/s) (2000 ft/s)

X axial distance from jet pipe nozzle plane, measured in jetm ft

direction

y radial distance from jet axis m ft

o density of jet gases kgfn  slug/f

Po datum density kg/m® slug/ft®

(0.49 kg/n?) (0.000 95 slug/fy

Both S| and British units are quoted but any coherent system of units may be used.
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2. INTRODUCTION

This Memorandum gives a method of estimating the near field sound pressure levels due to high velocity
jet noise from a single stationary conical nozzle.

Detailed noise data from the engine manufacturer should be used for preference but, when this is not
possible, a number of methods of estimation are available. These methods give widely differing results and
after comparing them the following method has been found to give the closest agreement with experimental
results. This method is intended to give a value of the overall sound pressure level that is somewhere nea
the mean. The accuracy of the estimated levels is expected to bew&thin i.e. liEween approximately

60 per cent and 170 per cent of the actual r.m.s. pressure. Under reheat conditions or at jet velocities wel
above the datum velocity, however, the discrepancy could be wider. At jet velocities below about half the
datum velocity,V,, , other sources of noise than pure jet mixing can become significant. In such cases this
method underestimates the apparent jet noise.

The noise levels predicted by the method described here are free field values but do not apply to the field
within a conical surface emanating from the jet nozzle perimeter and expanding at a semi-angle of
approximately 15 degrees relative to the jet axis, since this region contains the turbulent mixing region of
the jet.

This Memorandum is not applicable to the case of “shock cell noise”, a phenomenon which can occur when
a jet nozzle is operating in an over-choked condition. A relatively discrete note is then produced, giving in
a narrow band an intensity much greater than that of the basic jet noise.

3. CALCULATION PROCEDURE

The following information is required as a basis for the computation of the sound pressure level at some
point in the field:

jet nozzle diameter D,
co-ordinates of the point 0,
mean fully-expanded jet velocity V,

jet pipe total temperature THJ-

ESDU Copyright material. For current status contact ESDU.

(1) Evaluatex/D and yD.

(ii) From Figurel, which shows the free field datum noise level contours, read off the datum overall
sound pressure level;  at the positigfD( y/D).

(i) From Figure2, which shows velocity index contours, read off the velocity indakthe position

(D, y/D).
(iv)  Calculate the first part of the velocity correction tefin,,  , from
- VO
AL, =10n IoglO[VOD.

(V) Obtain the second part of the velocity correction tefin,, from Figunghich showsAL, ,
plotted againstog 10(V/VO) for different values af
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(vi) Calculate the total jet velocity correctidy ~ from,

L, = AL, +AL,.
(Vi) Calculate the density of the jet gages |

where P :%
i

_ V2
and TJ- = THj - 2Cp

(viil)  Calculate the density correctidn,

for all jet velocities.

[P;0
where Lp =20log OG0
10[Po0]

(ix) Evaluate the overall sound pressure level (SPL) at the required pointé
L=Ly+L,+ Lp.
This level can be converted to a pressure loading by the use of the relation

r.m.s. fluctuating pressure in Nfng 10(0-05.-4.699
or using Item No. 66018.

x) For a given frequency the spectrum level in decibels relative to an arbitrary overall SPL may be
read from Figurd, after evaluating D/V andx/D. Alternatively, if the spectrum level is required
in terms of pressure loading, this may be found using Figuraking values of D/V andx/D the
spectrum level in (N/R)/Hz relative to 1 N/roverall SPL is read from the ordinate of FigGre
and is then multiplied by the valuelobbtained as a pressure loading in (ix). This gives the pressure
spectrum level for a specified frequency in (I‘%l)/hdz.

USE OF CALCULATED SOUND PRESSURE LEVELS

After the free field sound pressure levels have been estimated, corrections must be made for local effects
for example reflection. When the wave fronts of this noise field strike a structure they are partially reflected,
and the reflection process locally increases the pressure loading on the surface. When the wave front strike
the surface at right angles (normal incidence) the pressure loading is doubled (a 6 dB increase on the
calculated values). If the wave front moves parallel to the surface (grazing incidence) there is no increase
in loading. To allow for this reflection process, it is fairly general engineering practice to add a mean
correction of 3 dB to the calculated free air levels.

The effects of different nozzle arrangements, aircraft configuratietts, should be taken into
consideration.

Further corrections must be made for the case of an aircraft in motion to allow for the effects of the aircraft
velocity and the ambient speed of sound.

An alternative computer-based method that plots overall sound pressure levels for various engine operating
conditions can be seen in Derivati@&n
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6. EXAMPLE

It is required to estimate the r.m.s. sound pressure level and the pressure spectrum level at 300 Hz at |
specific point given the following conditions:

D=061m, x=55m, y=6.7m,
V =670 m/s, Ty = 900K,
R = 287 J/kg K, Cp= 1160J/kg K

P =101 x 18 N/m?.

o
ol
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. X _ 95 _
Firstly D =06 9.02
X = ﬂ =
and 5= 061 11.0
Hence, from Figuré,
Lo =140dB
and, from Figure, by interpolation
n=6.2.
Now AL, = 10x6.2log B/D= 2548
vi 910510

and, from Figures, for |0910(V/V0) = 0.0407 and interpolating fon = 6.2,

AL, =-09dB

so that L, = 25-0.9=1.6 dB.
_ 6707
As Tj— ~>%x1160" 707K
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