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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the following Jet Noise Working Party on behalf
of the Aircraft Noise Committee:

Mr W.D.Bryce — Royal Aircraft Establishment, Pyestock

Mr L.W.llIston — British Aerospace plc, Military Aircraft Division, Weybridge
Dr P.Pack — Rolls-Royce plc, Derby

Mr R.A.Pinker — Royal Aircraft Establishment, Pyestock

Dr P.J.R.Strange — Rolls-Royce plc, Derby

Mr R.J.Woodrow — British Aerospace plc, Civil Aircraft Division, Hatfield

The Aircraft Noise Committee, first met in 1971 and now has the following membership:
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Chairman

Mr R. Pinker — Independent

Members

Mr S. Arrowsmith” — European Aviation Safety Agency (EASA), Germany

Mr W.D. Bryce — Bryce Research (Member Emeritus)

Ms C.L. Burley* — NASA, Langley Research Center, USA

Mr P.J. Hopkins — Rolls-Royce plc, Derby

Dr I. Imamura* — Japan Aerospace Exploration Agency, Japan

Dr P. Joseph — Institute of Sound and Vibration Research, Southampton

M. P. Lempereur — Airbus France, Toulouse, France

Mr C.J. Mead — QinetiQ, Farnborough

Mr D. Patience — BAE SYSTEMS, Farnborough

Mr W.J. Readman* — European Aviation Safety Agency (EASA), Germany

Dr D. Rhodes — Civil Aviation Authority, Environmental Research &
Consultancy Department (ERCD), London

Mr D.C. Riordan — Bombardier Aerospace Short Brothers plc, Northern Ireland

Corresponding Member

The construction and subsequent development of the Data Item were undertaken by

Dr C.B.Chinoy — Head of Aircraft Noise and Structural Dynamics Group
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PREDICTION OF SINGLE-STREAM JET NOISE IN FLIGHT FROM STATIC
CIRCULAR-NOZZLE DATA
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A.1  NOTATION
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PREDICTION OF SINGLE-STREAM JET NOISE IN FLIGHT FROM STATIC

CIRCULAR-NOZZLE DATA

1. NOTATION
a, ambient speed of sound
f; frequency of sound, as heard by a stationary observer,
emanating from ajet in flight
g fo frequency of sound emanating from a stationary jet
)
wl
‘g m velocity exponent in Equation (4.1)
= :
S M flight Mach number =\, /a,
2 OASPL overall sound pressure level
7
% r radial distance from centre of nozzle exit to observer
§ SPL one-third octave band sound pressure level
2 ASPL noise level reduction from static to flight conditions
<
'P:_’, Ty ambient temperature
©
E Tis static temperature of jet flow
®
> A flight speed
S
3 \4 fully expanded jet velocity relative to nozzle
(%]
. Vel relative jet velocity = \4 -\,
0, sound emission angle between jet exhaust axis and
observer for ajet in flight (see Sketch 1.1)
6J sound emission angle between jet exhaust axis and
observer for a stationary jet
T temperature function defined in Equation (4.3)
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-— Aircraft position at time of sound reception
-— Aircraft position at emission time

Va

ViV,

~engine jet axis

Sound reception angle Sound emmission angle Be

Observer
Sketch 1.1

2. INTRODUCTION

This Item provides a computerized method for predicting pure jet flyover noise spectrafrom noise spectra
measured from, or predicted for, astationary jet. The changesin noiselevelsfrom static to flight conditions
areoftenreferredto asstati c-to-flight effects. The computational procedureisa most identical to the method
described in Derivation 1 and is applicable to single-stream jets with circular nozzles.

There are three basic changes in noise spectra when going from static conditions to flight conditions. The
first isthe spectral shape change which arises from changesin jet refraction due to flight. The second and
third changes are the shifts in amplitude and frequency arising from the effects of motion on the source.
The approach used in this Item considers the change in jet refraction by an angle transposition and uses
empirical correlations of experimental data to predict amplitude and frequency changes.
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3. SPECTRAL SHAPE CHANGES

It is assumed that the changes in spectral shape in going from static to flight conditions may be attributed
solely to changes in jet refraction. This leads to a simple angle transposition such that a static jet noise
spectrum at an emission angle, q , Will havethe same spectral shape asaflight spectrum at another emission
angle, 0, .

The flight emission angle 0, corresponding to a given static angle can be obtained explicitly from the
relationship in Derivation 1.

cos6.
cosf, = ———l—0o0 (3.1)

~ 1-0.65M cos), '

There are of course, no refraction effects at 90 degrees.
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As the minimum value of 6, is O degrees, it is evident from Equation (3.1) that for values of 6J below
cos” [1/(1+065 Ma)] there is no equivalent flight angle Also, by substituting 6 = 180 degrees in
Equation (3.1), the maximum value of 6, isgiven by cos™ [1/(1+065 M)] .

4, AMPLITUDE AND FREQUENCY EFFECTS

The sound pressure levels of a static spectrum are reduced in flight by an amount given by

ASPL = 10 logy (Vj Vi)™ (4.1)

The velocity exponent, mis given by the relationship
m=54-1+4.2[1-0.5(\ /VJ- )] (Vj lag)coso,
(M lagit3(0.5 cosf, —1) sin26,

+1(\f /ag) [1-2(V, /] )cos ] cosby, (4.2)
where the temperature function, t (Derivation 2) is given by

2
12[T. JTy-1
o : [Ti/To—1l s 4.3)
[(T,o/ To) =117+ 0.05[(T, o/ To) +0.7] [ /a]

Thislatter expression from Derivation 2 isamodified version of that given in Derivation 1. The difference
between the two derivations is only apparent at temperature ratios between 1.0 and 1.5, where the above
equation is more consistent with jet noise theory.

The other effect of going from static to flight conditionsin jet spectrais afrequency shift. The ratio of the
flight to static frequenciesis given by

k
f

S

= [1-(V4/V)) I[1+1.20(V,/V,) SinO][1+0.2 Sin“26e cos’6,~0.081] (4.4)
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5. CALCULATION METHOD

The method allows the prediction of flight spectra at various emission angles and propagation distances,
from a database containing static jet noise spectra from a single-stream jet. The database must include jet
noise spectra, at arange of sound emission angles, for the same jet operating conditions as the flight case
of interest. Therequired database may be obtained by measurement or may be predicted using ESDU 98019
(Reference 6).

The method normalizesthe static jet database to unit distance so that extrapol ation to any required distance .
using the inverse square law can be readily performed.
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