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ESDU 96027

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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 Propeller Noise Working Party on
behalf of the Aircraft Noise Committee:

Mr R.T. Hale — Raytheon Corporate Jets Inc., Harrow

Mr P.R. Kearsey — Civil Aviation Authority, Airworthiness Division
Mr P. Newton — Department of Trade and Industry

Dr A.B. Parry — Rolls-Royce plc, Derby

Mr R.C. Payne — National Physical Laboratory, Teddington

Dr N. Peake — University of Cambridge

Mr D.C. Riordan — Short Brothers plc, Belfast.

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

Prof. 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 the Noise and Structural Dynamics Group.
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ESTIMATION OF THE UNSTEADY LIFT COEFFICIENT OF SUBSONIC
PROPELLER BLADES IN NON-AXIAL INFLOW

1. NOTATION

ST
a, upwash component of velocity on blade section m/s
C, (k) unsteady lift coefficient at k™ load harmonic
o)
- c local chord m
wl
o+
@ ¢y speed of sound m/s
=
c
8 - N/
@ F force per unit span m
© .
2 F (1) complex Fresnel integral
o+
§ J,(X) Bessel function of order #» and argument X
=
E k loading harmonic
E; M Mach number in flight path direction
o . . 2 .2 172
‘é M, section relative Mach number [= (M2 troM;) ]
fm M, tip rotational Mach number [= Q r,./col
S
Q- .
& r, radius of propeller m
)
g o radial coordinate normalised by r,
S Sears function

Sit (6, M) high frequency compressible Sears function

Si (6, M,) low frequency compressible Sears function

S, compressible Sears function
S.. incompressible Sears function
t argument of complex Fresnel integral

For footnotes see end of Notation section
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X, Y, z flight Cartesian coordinates (see Sketch 3.1)

o, angle of pitch of propeller axis relative to flight axis deg deg
(see Sketch 3.1)

o, angle of yaw of propeller axis relative to flight axis deg deg
(see Sketch 3.1)

¢ variable of integration

by compressibility factor [= oM, / (1 —Mf)] rad rad

Po ambient air density kg/m? Ib/ft®

c reduced frequency [= k(Qc / (2¢,M,))] rad rad

Q rotational speed of propeller rad/s’ rad/s’

1 1bfis approximately equal to 32.2 pdl (poundals).

T For the user’s convenience, the rotational speed of the propeller is input to the program in revolutions/minute.

2. INTRODUCTION

This Item permits the user to calculate the unsteady local lift coefficient of a blade aerofoil section of a
subsonic propeller with non-axial inflow. This forms part of the data input required by the propeller noise
program in ESDU 11005 (Reference 5). The analysis is a three-dimensional one; it permits the orientation
of the propeller axis to be described by the angles of yaw and pitch relative to the flight axis. These are
Euler angles and are defined in Section 3. This Item is applicable to an aircraft on a steady straight line
flight path which need not be horizontal.

With axial inflow into a propeller, each blade aerofoil section has a constant angle of incidence to the airflow
and therefore a constant or steady load. With non-axial inflow each aerofoil section has a changing angle
of incidence to the airflow during a single rotation and therefore an unsteady load on it. An unsteady lift
coefficient is therefore associated with each section.
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The loading waveform, i.e. the variation of the load at any fixed point on the blade as a function of time,
has a period that is equal to the time taken for one rotation of the blade. In general, many data points may
be required to describe the lift coefficient as a function of time. It is much easier to describe the waveform
in terms of loading harmonics. Then, only a few complex harmonic coefficients are needed to represent the
waveform. This is also the required form of unsteady load coefficient input to the propeller noise prediction
program in ESDU 11005.

3. THEORY

In ESDU 11005 non-axial inflow is described by the Euler” angles of yaw, pitch and roll defining the
orientation of the propeller axis relative to the flight axis. That convention is preserved in this Item, but
with the angular inflow being described by just the angles of yaw and pitch. Sketch 3.1 shows how these

The Euler angular coordinate system has become a standard in aerodynamics (Reference 4). The final position is obtained by, or described
by, consecutive rotations in the order of yaw, pitch and roll. Prior to any subsequent rotation each axis occupies the position into which
it was carried by the earlier rotation.
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