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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

This Data Item has been compiled by ESDU under a contract with Ministry of Defence (Procurement Executive); it
forms part of the Aeronautical Series of ESDU, is numbered in that Series, and is in the same format.

The work of the permanent professional staff of ESDU on this particular ltem was monitored and guided by the
following Work Party:

Prof. I.C. Cheeseman — University of Southampton

Mr D.G.M. Davis — Dowty Rotol Ltd

Mr J.W. Leverton — Westland Helicopters Ltd

Dr M.V. Lowson — Westland Helicopters Ltd

Mr J.G. Russell — Dowty Rotol Ltd

Mr B. Schofield — Hawker Siddeley Aviation Ltd, Hatfield
Dr S.E. Wright — University of Southampton

which was appointed by the Aircraft Noise Committee, who first met in 1971. The Aircraft Noise Committee, which
also approved the final draft, 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 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

Corresponding Member

The work on this Item was carried out in the Environmental Projects Group of ESDU under the supervision of
Mr A.G.R. Thomson. The member of staff who undertook the technical work involved in the initial assessment of
the available information and the construction and subsequent development of the Iltem was

Mr R.F. Lambert — Executive Engineer.

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.

Documents

Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 76020 A 2011


http://www.avadocuments.com/doc/esdu-76020-a-2011
http://www.avadocuments.com/doc/esdu-76020-a-2011

ESDU 76020

ESTIMATION OF THE MAXIMUM DISCRETE FREQUENCY NOISE FROM

ISOLATED ROTORS AND PROPELLERS

CONTENTS
1. NOTATION
2. NOTES

2.1 General

2.2 Rotational (Discrete Frequency) Noise Prediction
2.3 Presentation of Data

2.4 Assumptions Made in Derivation of Figures

25 Directionality

2.6 Range of Applicability

3. DERIVATION AND REFERENCES
4. EXAMPLE
FIGURES

APPENDIX A - COMPUTER PROGRAMS
Al
A2 EXAMPLE

ESDU Copyright material. For current status contact ESDU.

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 76020 A 2011

Page

W W W W NN DN

7to12

13
13
14

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-76020-a-2011
http://www.avadocuments.com/doc/esdu-76020-a-2011

ESDU 76020

ESTIMATION OF THE MAXIMUM DISCRETE FREQUENCY NOISE FROM
ISOLATED ROTORS AND PROPELLERS

1. NOTATION
SI Units British Units
ag ambient speed of sound m/s ft/s
B number of blades in propeller or rotor
Cr thrust coefficient, K/c
é D diameter of propeller or rotor disc m ft
wl
s l,to I, component sound pressure levels dB dB
g 2,2
9 K non-dimensional thrust coefficient, 4T/(xD"pV,")
(%2}
g Ll first harmonic sound pressure level, I+l + 1+ 1,415 dB dB
(%]
g Lo m™ harmonic sound pressure level, (m>1), Ly +1g+1 dB dB
=
t M, propeller or rotor blade tip Mach number, nnD/a,
b
= m harmonic number
o « .
e n propeller or rotor rotational speed rev/s rev/s
S
%D pt power supplied to propeller or rotor W ft Ibf/s
§ Pref reference pressure for sound pressure level (see Table 1.1)
O
§ T thrust generated by propeller or rotor N Ibf
Ll
Vi propeller or rotor blade tip speed m/s ft/s
X distance from centre of propeller or rotor disc to observer — m ft
B angle between line joining centre of propeller or rotor deg deg
disc to observer and upstream axis of rotation
p density of air kg/m?3 slug/ft3
c (blade area)/(disc area), where blade area is total
untwisted planform blade area of B blades of rotor or
propeller

* The rotational speed, entered as computer program input, must be described in rpm.
T For the computer program input, power must be entered in kKW if SI Units are used or in horsepower if British Units are used.
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TABLE 1.1
Pref Units

0.0002 dyn/cm?
20 u N/m?
4177 x 1077 bf/ft2

Both Sl and British units are quoted but any coherent system of units may be used.

2. NOTES
2.1 General

Aerodynamically induced noise from rotors and propellers is conveniently separated into two parts, a
discrete frequency component, occurring at a fixed frequency interval, called rotational noise and a
broad-band component called vortex noise. Rotational noise is usually the dominant noise component in
the low frequency region of the noise spectrum of rotors and propellers; however, for helicopter rotors the
vortex noise may make a significant contribution to the noise spectrum at relatively low frequencies (above
250 Hz) and is likely to exceed the contribution of rotational noise in the perceived noise level.

Rotational noise is usually regarded as that noise which is directly attributable to the steady and fluctuating
lift and drag forces on the propeller or rotor. The noise is radiated at low frequencies and shows up on
narrow-band analysis as a series of “peaks”, or discrete frequencies, which are harmonically related to the-
blade passage frequency. ;

The rotational noise predicted in this Item does not include the component of noise called blade slap. This
noise source is exclusive to rotors and results from the interaction between a blade and a concentrated vortex’
generated by the preceding blade. When it occurs blade slap is usually the dominant source of aerodynamic
noise and in these cases this Data Item should not be used to predict peak values of discrete frequency noise.

The method of prediction provided in this Data Item is a tentative one based on the best available data.
Because of the lack of test data it is not possible to account for all the discrepancies between measured data
and predictions from the simple theory which is adopted as the basis of the Item. Section 2.6 indicates the
accuracy to be expected and the limitations listed in that Section should be noted.
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A computer program to perform the estimation, described in Appendix A, is included.
2.2 Rotational (Discrete Frequency) Noise Prediction

It is well known that using present complex theoretical methods (References 13, 14 and 15) it is possible
to predictaccurately only the lower harmonics of rotational noise (m less than about 4) because of difficulties
in estimating higher harmonic blade loads. The simple prediction method provided in this Item is expected
to be no less accurate than the more complicated procedures at the first harmonic level and provides higher
harmonic rotational noise levels within a predictable tolerance over a greater range of harmonics than the
more complicated methods. Generally the air induced by a propeller or rotor is of a turbulent nature due
to such effects as cross-winds, atmospheric turbulence and upstream rotor disturbances. The blades then
experience fluctuating forces which in turn produce fluctuating levels of discrete frequency and broad-band
noise. This fluctuation in noise level is demonstrated by experimental data which show a high degree of
scatter when generated by nominally similar rotor or propeller operating conditions.
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2.3 Presentation of Data

This Data Item gives a method of estimating the peak harmonic sound pressure levels from isolated rotors
and propellers. The data are based on static measurements, mostly from rigs, from which the effect of
ground reflection has been removed. Figures 1to 5 provide components of the first harmonic sound pressure
level in terms of non-dimensional parameters. Arithmetic summation of these components gives an estimate
of the first harmonic sound pressure level. Figures 6 and 7 provide corrections which should be added to
the first harmonic sound pressure level to obtain estimates of higher harmonic sound pressure levels.

24 Assumptions Made in Derivation of Figures

The base for the prediction method (Derivation 2) is provided by the Gutin first harmonic sound pressure
level. The Gutin theory assumes that the blade loads are concentrated at a single point on the blade; for
this Item the load point is assumed to be 0.8 times the blade radius from the centre of the propeller or rotor
disc.

To reduce the measured values of first harmonic sound pressure level to free air values, 6 dB was subtracted
from the measurements to account for the effect of ground reflection. Tests have shown that at the relatively
low frequency of the first blade passing frequency the ground acts as an almost perfect reflector.

No allowance was made for atmospheric attenuation in the measured data. Since none of the measured
data was recorded at distances greater than 150 m (500 ft), and the harmonic frequencies considered are
low, atmospheric attenuation would be negligible.

25 Directionality

Both the first harmonic of rotational noise and the total rotational noise are generally at a maximum in the
range 90° < <120°. Within this range of 8 the variation of rotational sound pressure level is small. In
using the Gutin theory to derive the basic uncorrected first harmonic rotational noise level the value of 3
was taken to be 105°.

2.6 Range of Applicability

The data presented may be used for helicopters and propeller driven aircraft in static or low forward speed
(below 40 knots) conditions but the contributions from engines, or from wing, fuselage or ground reflection
are not included. Helicopters in ground effect may produce higher noise levels than those predicted. For
conventional propeller driven aircraft, where the propeller induced flow is in the flight direction, there is
likely to be a reduction in the discrete frequency noise levels in flight.
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The data are confirmed by available test data for the range of the parameter P/a,T from 0.02 to 0.3, and
for D/x from 0.015 to 0.33 (maximum x = 150 m). Within these ranges, the difference between calculated
and measured first harmonic sound pressure levels is within £3 dB for 75 per cent of available data, and
for higher harmonics (m #10) the difference between calculated and measured sound pressure levels is
within £10 dB for 93 per cent of available data.

Outside these ranges the Data Item should be used with some caution. In particular at values of x greater
than about 150 m, consideration should be given to the reduction of estimated sound pressure levels due
to atmospheric effects.
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