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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 Iltem was monitored and guided by the Aerodynamics Committee. This Committee
first met in 1942 and at the time of issue had the following membership:

Chairman
Mr A.J. Wells — Independent

Vice-Chairman

Mr P.D. Chappell — Independent

Members

Mr K. Bradbrook — Independent

Mr P. Camacho’ — Boeing, Long Beach, CA, USA

Dr P.C. Dexter — Independent

Mr J.R.J. Dovey — Independent

Prof. K.P. Garry — Cranfield University

Prof. J.M.R. Graham — Imperial College, London

Mr M.J. Green — Independent

Mr J.M. van den Heever — Denel Dynamics, South Africa

Dr G.A. Johnson — BAE SYSTEMS, Advanced Technology Centre, Filton, Bristol
Dr E.H. Kitchen — Rolls-Royce Commercial Aero Engines Ltd, Derby
Mr C.S. Lee — BAE SYSTEMS, Preston

Mr J.-B. Leterrier — Airbus, Toulouse, France

Miss M. Maina — Aircraft Research Association Ltd

Mr R.S.F. de Mello” — Embraer, Brazil

Mr A. Miller — Airbus UK, Filton, Bristol

Mr E. Totland” — Saab AB, Linkdéping, Sweden

Mr J. Tweedie — Short Brothers plc, Belfast.

Corresponding Member

The members of staff who undertook the technical work involved in the initial assessment of the available information
and the construction and subsequent development of the Item were

Mr R.W.Gilbey — Senior Engineer
Mr S.F. Wood — Principal Engineer.

The person with overall responsibility for the work in this subject area is Mr A.J. Clarke, Head of Aerodynamics
Group.
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COMPUTER PROGRAM FOR CALCULATION OF AERODYNAMIC CENTRE OF
WING-FUSELAGE-NACELLE COMBINATIONS

1. NOTATION AND UNITS

This Data Item makes direct use of three Data Items, ESDU 76015, 77012 and 78013 (Derivations 2, 3
and 4). To avoid repetition, the Notation given here is limited to the quantities appearing in Sketches 1.1
to 1.5 and the input and output files for the ESDUpac.

SI British
A aspect ratio of equivalent wing planform, bZ/S , see Equation (3.12)
of ESDU 76015
a lift-curve slope of equivalent wing planform, see ESDU 70011 radian”'  radian'
(Derivation 1)
a, lift-curve slope of nacelle in isolation, based on area wl, see radian!  radian™!
Figure 1 of ESDU 77012 for wing pylon-mounted nacelles or see
Figure 1 of ESDU 78013 for rear-fuselage pylon-mounted nacelles
b span of equivalent wing planform, see Sketch 1.1 m ft
c standard (or geometric) mean chord of equivalent wing planform, = Mm ft
see Equation (3.9) of ESDU 76015
= aerodynamic mean chord of equivalent wing planform, see m ft
¢ Equation (3.10) of ESDU 76015
¢ root chord of true wing planform at side of projected fuselage m ft
planform, see Sketch 1.1
c, root chord of equivalent wing planform, see Sketch 1.1 m ft
Cref general reference chord for stability calculations m ft
¢, tip chord of equivalent wing planform, see Sketch 1.1 m ft
o centre-line chord of equivalent wing planform, see Sketch 1.1 m ft
d width of fuselage at leading edge of root chord of equivalent wing M ft
planform, see ESDU 76015
F parameter used in estimating effect of fuselage on aerodynamic
centre position, see Equation (2.2) and Figure 1 of ESDU 76015
G parameter used in estimating effect of fuselage on aecrodynamic
centre position, see Equation (2.2) and Figure 2 of ESDU 76015
H downwash parameter, see Equation (2.3) of ESDU 78013 radian radian
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height of fuselage at leading edge of root chord of equivalent wing
planform, see ESDU 76015

parameter used in estimating effect of fuselage on aerodynamic
centre position, see Equation (2.2) and Figure 3 of ESDU 76015

parameter used in estimating effect of fuselage on aerodynamic
centre position, see Equation (2.2) and Figure 4 of ESDU 76015

length of nacelle forward cowl or overall length of single cowl
nacelle, see Sketch 1.3 (or Figure 1 of ESDU 77012) for wing
pylon-mounted nacelles or see Sketch 1.4 (or Figure 1 of
ESDU 78013) for rear-fuselage pylon-mounted nacelles

overall fuselage length, see Sketch 1.1

free-stream Mach number

integer specifying nacelle location:
1 = wing pylon-mounted nacelles
2 = rear-fuselage pylon-mounted nacelles

fuselage length forward of leading edge of root chord of equivalent
wing planform, see Sketch 1.1

number of cranks in leading edge of true semi-wing planform
total number of nacelles

fuselage length aft of trailing edge of root chord of equivalent wing
planform, see Sketch 1.1

distance of centre of nacelle inlet from wing local quarter-chord

. 2, 2.7
point, (" +z,) , see Sketch 1.3

for wing pylon-mounted nacelles, chordwise distance of nacelle lip
forward of aerodynamic centre of wing-fuselage combination, see
Sketch 1.3

or alternatively,

for rear-fuselage pylon-mounted nacelles, distance of nacelle inlet
aft of wing-fuselage aerodynamic centre, see Sketch 1.4

for rear-fuselage pylon-mounted nacelles, nacelle inlet distance aft
of wing trailing-edge, measured from centre of nacelle inlet, see
Sketch 1.4

for wing pylon-mounted nacelles, chordwise distance of nacelle lip
forward of wing local quarter-chord point, see Sketch 1.3

or alternatively,

for rear-fuselage pylon-mounted nacelles, distance of nacelle inlet
aft of quarter-chord point of centre-line chord of equivalent wing
planform, see ESDU 78013
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chordwise distance of nacelle lip (or inlet) from leading edge of m
aerodynamic mean chord of equivalent wing planform, measured
positive forward for wing-mounted nacelles (see Sketch 1.3) and
positive aft for rear-fuselage pylon-mounted nacelles (see

Sketch 1.4)

area of equivalent wing planform, see Equation (3.11) of m?
ESDU 76015
semi-span of wing planform, 5/2, see Sketch 1.1 m

spanwise distance to side of fuselage at point where leading edge of M
root chord of true wing planform meets side of projected fuselage
planform, see Sketches 1.1 and 1.2

spanwise distance to crank i in leading edge of planform of true m
wing for i = 1,2..., N, see Sketch 1.1

for wing pylon-mounted nacelles, spanwise distance from fuselage M
centre-line to nacelle centre-line, see Sketch 1.3

for wing pylon-mounted nacelles, maximum spanwise width of m
nacelle, see Sketch 1.3 or Figure 1 of ESDU 77012

or alternatively,

for rear-fuselage pylon-mounted nacelles, maximum spanwise width

of single-engine nacelle; half-width of nacelle containing two

engines, see Sketches 1.4 and 1.5 or Figure 1 of ESDU 78013

chordwise location of aerodynamic centre of equivalent wing m
planform, measured positive aft from leading edge of aerodynamic
mean chord of equivalent wing planform, see Sketch 1.3

chordwise location of leading edge of aerodynamic mean chord of M
equivalent wing planform, measured positive aft from apex of
equivalent wing planform

chordwise location of leading edge of ¢ 5 measured positive aft from M
fuselage nose, see Sketch 1.1

chordwise location of aerodynamic centre of wing-fuselage m
combination, measured positive aft from leading edge of

aerodynamic mean chord of equivalent wing planform, see

Sketches 1.3 or 1.4

forward shift in chordwise location of aerodynamic centre due to
presence of fuselage, non-dimensionalised by ¢

forward shift in chordwise location of aerodynamic centre due to
presence of fuselage, non-dimensionalised by ¢ , see Equation (2.2)
of ESDU 76015

chordwise distance of aerodynamic centre of wing-fuselage m
combination, measured positive aft from fuselage nose, see
Sketch 1.2
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