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ESDU 12001
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 Aircraft Noise Committee. This Committee
first met in 1971 and now has the following membership:

The person with overall responsibility for the work in this subject area is Dr C.B. Chinoy, Head of the Aircraft Noise
and Structural Dynamics Group.

Chairman
Mr R. Pinker — Independent

Members
Mr S. Arrowsmith*

* Corresponding Member

— 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
Prof. P. Joseph — Institute of Sound and Vibration Research, Southampton
M. P. Lempereur — Airbus France, Toulouse, France
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
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PREDICTION OF  TURBINE NOISE FROM AERO-ENGINES
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ESDU 12001
PREDICTION OF  TURBINE NOISE FROM AERO-ENGINES

1. NOTATION

 

number of blades in last rotor stage of turbine

speed of sound at turbine exit m/s

ambient speed of sound m/s

broadband directivity function dB

discrete tone directivity function dB

spectrum shape function dB

frequency Hz

fundamental blade passage frequency of last rotor stage of turbine, 
defined in Equation (3.4)

Hz

correction factor for nozzle exits (see Page 3) dB

peak SPL for broadband noise dB

SPL of fundamental turbine tone dB

flight Mach number

turbine shaft rotational speed rev/min

reference sound pressure ( Pa) Pa

ambient air pressure Pa

spherical coordinates (see Appendix A)

stator-rotor gap-chord ratio (see Sketch 3.1)

one-third octave band sound pressure level, re dB

ambient air temperature K

total temperature at turbine exit (Sketch 1.1, station 5) K

relative tip velocity of last stage of turbine m/s

turbine mass flow kg/s

B

cL

c0

DB i 

DD i 

F f/ f0 

f

f0

K

LB

LD

Ma

N

pref 2 10
5–=

p0

r   

S /C

SPL pref

T0

T5

VTR

W
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ESDU 12001

Sketch 1.1   Idealized engine station designation†

2. INTRODUCTION

This Item allows the user to estimate the noise levels in one-third octave bands emanating from the turbine
within a gas turbine engine. The engine may be either static or in flight.

The prediction program accompanying this Item is based on a modified version (Derivation 2) of the Smith
and Bushell method (Derivation 1).  The method is an empirical one in that the prediction of noise is based
on the correlation of engine measurements of turbine noise which have been deemed to emanate from the
last stages of an aero-engine.  As a consequence, it does not consider explicitly such factors as, for example,
detailed blade geometry, hub-to-tip ratio and tone cut-off effects.

The paucity of available measured turbine noise data in the open literature has meant that this Item has not
been validated by ESDU in the usual way.  ESDU, however, has been made aware of a need for an Item
that allows turbine noise to be estimated and therefore this Item is being issued.

Feedback from our users would be appreciated.

angle between direction of aircraft motion and sound propagation path degrees

nominal engine angle (see Sketch 5.1) degrees

angle between engine exhaust axis and direction of sound propagation degrees

angle between aeroplane flight path and engine axis degrees

† The station numbers shown here are consistent with those in Reference 4.



i

j
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1
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ESDU 12001
3. EMPIRICAL MODELLING

The current prediction procedure considers the noise emanating from the turbine as the sum of two
components: broadband noise and tonal noise.  Both components are considered to vary with the relative
tip velocity of the turbine’s last stage, the local speed of sound at the turbine exit and the turbine mass flow.
In addition, the tonal components have been seen to be dependent on the stator-rotor spacing.

Flight has an effect on sound pressure levels.  Sound pressure levels are considered to change in flight by
a fourth power ‘Doppler’ amplification factor.

The Doppler frequency shift for relative motion between source and observer is also included in the
program.

3.1 Broadband Component

The peak one-third octave band SPL at a distance of 1m is given by

 dB, (3.1)

where , the speed of sound at the turbine exit is calculated from

m/s. (3.2)

and  is a directivity function shown in Figure 1†.  The third-octave sound pressure level spectrum
is then obtained by applying a spectrum shape function, , shown in Figure 3, as follows:

, (3.3)

where , the fundamental blade passage frequency of the last rotor stage of the turbine is given by

. (3.4)

3.2 Discrete Tonal Components

The SPL of the fundamental turbine tone at a frequency of  at a distance of 1m is given by

(3.5)

 dB + ,

where  is a directivity function shown in Figure 2†,  is the stator-rotor spacing as shown in
Sketch 3.1. For internally mixed turbofan exhausts where the primary nozzle exit is upstream from the
secondary nozzle exit, Derivation 2 suggests that a factor  be applied, where  dB.  is otherwise
zero.

† In the computer program, multi-ordered polynomials are used.
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ESDU 12001

Sketch 3.1   

The frequency of the fundamental or first discrete tone is  given by Equation (3.4).

Test data indicate that the second harmonic ranges from 8 to 20 dB below the first harmonic i.e. the
fundamental.  The current prediction procedure assumes that harmonics fall off at a rate of 10 dB per
harmonic.  In practice, the higher harmonics are of little importance because of their very high frequencies

In the program, the first five tones are added to the broadband spectrum given in Equation (3.3) to provide
the total turbine noise. 

4. ACCURACY

The paucity of available turbine noise measured data has not allowed ESDU to validate this Item. However,
some turbine noise data available to the NASA-Lewis Research Centre for several turbofan engines have
been compared in Reference 5 with predictions using the method described in Derivation 2, which is very
close to the method in this Item.  The prediction errors range from –6 dB to 8 dB.

5. APPLICATION

The one-third octave band spectrum is calculated by adding the discrete tones to the broadband spectrum.
The resulting spectrum at the reference 1m reception point is then adjusted to the source-receiver distance
specified by the user.

In circumstances where the relative tip speed of the rotor is not known, a rough approximation can be made
using 0.7 of the rotor tip speed.

The basic method as described in Section 3 provides sound pressure levels as a function of , the angle
to the engine axis. Unless the engine axis is parallel to the flight path, this angle is different from , the
angle used to specify the location of the aeroplane (see Sketch 5.1) by the user. The program requires the
user to enter the value of the angle , the angle between the flight path and the engine axis.

The equivalent  for the specified  is calculated automatically using the relationship

, (5.1)

which means that the correction is only valid in the flyover plane and not in the sideline direction.

The prediction can be carried out for  in the nominal range of 40 to 160 degrees. For a static engine,
. 
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i




i 

i  +=

i
 0=

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 12001 2012

http://www.avadocuments.com/doc/esdu-12001-2012
http://www.avadocuments.com/doc/esdu-12001-2012

