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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 of the Engineering Sciences Data Unit on this series is monitored and guided by Technical Committees

of the Royal Aeronautical Society. The Committee responsible for this particular Data Item was the Performance
Committee, which first met in 1946, and has the following constitution:

Chairman

Mr C.F. Toms — Hunting Aircraft Ltd

Members

Mr D.G. Brown — de Havilland Aircraft Ltd

Mr J.R. Collingbourne — Royal Aircraft Establishment

Mr D.W. Kew — Loughborough University of Technology
Mr P. Robinson — Hawker Siddeley Aviation Ltd

Mr G.E. Rogerson — Bristol Aircraft Ltd

Mr R.T. Shields — Aeroplane and Armament Experimental Establishment
Mr J.C. Stevenson — Consultant

Mr R.H. Whitby — British European Airways

The members of staff of the Technical Department of the Royal Aeronautical Society associated with the
Performance Comittee were Dr A.J. Barrett and Mr J.A. Shaw.
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APPROXIMATE ESTIMATION OF DRAG OF WINDMILLING PROPELLERS
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APPROXIMATE ESTIMATION OF DRAG OF WINDMILLING PROPELLERS

1. NOTATION AND UNITS
510 3
AF activity factor per blade = 10 E(L) d(i) -
16 /5, D\R R
c chord of blade at radius r ft
C. design lift coefficient at 0.7R (This is obtained by integrating the design -
des pressure distribution at zero incidence around the section at 0.7R with

respect to the chord and dividing by chord x dynamic head)
Cp power coefficient = P x 550 / (pn3D5) -
CF,350 power coefficient of “standard” propeller of TAF = 350 -

S 2.4

Cy thrust coefficient= T / (pn"D ") -
CTS50 thrust coefficient of “standard” propeller of TAF = 350 -
D propeller diameter ft
J advance ratio' = 1.688 x V / (nD) -
N engine rotational speed rpm
n propeller rotational speed rps
P power absorbed by propeller (—P = power transmission from propeller to hp

engine)
R propeller radius ft
T thrust (=T = windmilling drag) Ibf
TAF  total activity factor (= AF x number of blades) -
\ airspeed, TAS kn
04, blade angle measured from section chord line at r = 0.7R degree
(6)0_7)S blade angle measured from section chord line plotted in graphs applicable degree

to “standard” propeller with zero lift angle at r = 0.7R of 3.1°
€y zero-lift angle taken as 7.3C|_d degree

es
P density slug/ft3
T The factor 1.688 is the converstion from knots to ft/sec.
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2. NOTES

This Data Item presents a simplified method for the estimation of the drag of windmilling propellers. It
must be emphasised, however, that the curves should only be used to provide a first estimate. A comparison
of answers obtained by this method with those obtained for various cases by a more rigorous method
suggests that this Item will yield solutions to within £10 % of those predicted by the more rigorous method
in 60% of cases. The remainder lie within +20 %. However, it is assumed in this comparison that the blade
angle when windmilling is known. Also, if the value of ‘CP involved, lies in the range —0.02<‘CP <0,
the percentage error may be higher. If it is required to investigate small magnitudes of thrust and drag, as,
for example, in consideration of zero thrust for stall tests, it will be necessary to consult the propeller
manufacturer.

Figures 2a, 2b, 3a and 3b are propeller characteristic charts plotting power coefficient and thrust coefficient,
respectively, against blade angle at 0.7 radius for various values of advance ratio. The curves are plotted
for a standard propeller of TAF = 350 and no-lift angle at 0.7 radius of 3.1°. If the propeller under
consideration has a zero-lift angle ¢, at 0.7 radius which differs from 3.1°, then the value of the true blade
angle at 0.7 radius is related to the value used on the graphs by

007 = (0g7)g +31-¢, .

Similarly, if the propeller has a total activity factor which differs from 350, the values of power and thrust
coefficients applying to the propeller are related to those used in the graphs by

TAF

TAF
% 2Ar
Paso © 350

CP - Tas0 x 350 °

and C; =

Typical values of ¢, at 0.7R are 3° for propellers designed for high cruise efficiency, 4° for propellers
designed to give good mean performance at take-off and during cruise and 5° for propellers designed for
high take-off thrust.

The activity factor is a function of blade planform and, if unknown, it is suggested that the values in
Sketch 2.1 be taken as a guide for single blades.
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PLANFORM Coffin or Double Inverted Taper
Taper Paddle Taper Parallel or Trapezoidal
)
SHAPE
ACTIVITY —
FACTOR 80 100 130 140 150
PER BLADE

Sketch 2.1 Relationship between activity factor and blade planform
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