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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

S British
A aspect ratio, 2s/t
L lift coefficient; (lift)/qc for aerofoil, ] (lift) /qSfor wing
AC| ot increment in lift coefficient at zero angle of attack due to
deployment of trailing-edge split flap on aerofoil, based on ¢
Ch pitching moment coefficient; (pitching moment)/qc? for
aerofoil, (pitching moment)/qStT for wing, referenced to ¢/4
for aerofoil and T/4 for wing, see Sketch 1.1
AC o0 increment in pitching moment coefficient at zero angle of
attack due to deployment of trailing-edge split flap on aerofail,,
based on ¢2 and referenced to c/4, see Equation (3.1)
AC L iweo increment in pitching moment coefficient at zero angle of
attack due to deployment of trailing-edge split flap on wing,
based on SC and referenced to T/4, see Equation (3.4)
C basic (plain) aerofoil chord (i.e. chord with high-lift devices m ft
undeployed), see Sketch 1.2
C wing geometric mean chord m ft
o wing aerodynamic mean chord m ft
C, wing root chord m ft
C chord of trailing-edge split flap, see Sketch 1.2 m ft
h, centre of incremental lift at zero angle of attack dueto
trailing-edge split flap deflection on aerofoil section expressed
as fraction of chord, measured positive aft from aerofoil
quarter-chord position, see Equation (3.2)
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theoretical value of h,, see Equation (3.3)
flap type correlation factor
flap type correlation factor for sweep

part-span factor; pitching moment coefficient increment due to
part-span trailing-edge split flaps extending symmetrically
from wing centre-line of unswept wing (A, =0) divided by
pitching moment coefficient increment due to full-span
trailing-edge split flaps at same deflection angle and wing
angle of attack

valueof K correspondingto n = n;, Figure 1
value of K correspondingto n = n, Figure 1

wing sweep factor dependent on wing taper ratio and spanwise
extent of trailing-edge flap, Equation (3.5)

valueof K, correspondingto n = n,, Figure2
valueof K, correspondingto n = n,, Figure 2

free-stream Mach number

free-stream kinetic pressure N/m? Ibf/ft2
aerofoil Reynolds number based on free-stream conditions and
c
wing Reynolds number based on free-stream conditionsand T
wing planform area, 2sC m? ft?
wing semispan, see Sketch 1.1 m ft
maximum thickness of aerofail m ft
lowest surface ordinate of basic aerofoil, see Sketch 1.2 m ft
deflection of trailing-edge flap, positive trailing-edge down, deg deg
see Sketch 1.2
spaqwise distance from wing centre-line as fraction of
semispan
value of n at inboard limit of flap, see Sketch 1.1
value of n at outboard limit of flap, see Sketch 1.1
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Ag wing leading-edge sweep angle, see Sketch 1.1
Ay wing quarter-chord sweep angle, see Sketch 1.1
Aq wing trailing-edge sweep angle, see Sketch 1.1
A wing taper ratio (tip chord/root chord)
Subscripts
a0 denotes value at zero angle of attack
=S () expt denotes experimental value
7
';; ( )pred denotes predicted value
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reference centre T — — — — - I
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SeeReference 22 1 4/\

for definition p
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Sketch 1.1 Wing notation (flaps undeployed)
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Sketch 1.2 Deployed split flap notation (at Section AA)
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2. INTRODUCTION

Thisltem provides amethod to obtain the increment in pitching moment coefficient at zero angle of attack,
due to deployment of trailing-edge split flaps, either on an aerofoil or on awing.

For aerofoils the method predicts the centre of lift position, h,, dueto split flap deployment, based on the
thin aerofoil theory of Derivation 19 and modified to obtain correlation with the experimental data of
Derivations5, 6, 12 and 17. Thisiscombined with theincrement in aerofoil lift coefficient calculated from
Item No. 94029 (Derivation 1) to estimate the pitching moment coefficient increment.

For wings with full-span trailing-edge split flaps, factors, dependent on planform geometry, are applied to
the pitching moment coefficient increment on an aerofoil section that isrepresentative of thewing, to alow
for three-dimensional effects. For wingswith part-spantrailing-edgeflaps, additional factorsareintroduced
that are dependent on the wing taper ratio, aspect ratio and sweep as well as on the spanwise extent of the
flap. Derivations 20 and 21 were used as the basis for three dimensional effects, with some adjustment to
the smple theoretical assumptions.

Section 3 describes the prediction method and Section 4 discusses Mach number and Reynolds number
effects. The accuracy and applicability of the method are addressed in Section 5. The Derivation and
References are given in Section 6. Section 7 presents a worked example that illustrates the steps of the
calculation.

3. PREDICTION METHOD

The method of this Item requires the use of Item No. 94029 to determine the lift increment characteristics
of the aerofoil/trailing-edge split-flap combination.

For awing the streamwise section and trailing-edge split flap geometries and angles at the mid-span of the
flap panel are taken to be representative of the wing/split-flap system, see Sketches 1.1 and 1.2. By this
means the effects of spanwise variation are averaged out. Empirical corrections alow for the effects of
wing planform geometry and the spanwise extent of the flaps.

3.1  Aerofail Pitching Moment Coefficient Increment, AC, ;.o

ESDU Copyright material. For current status contact ESDU.

The increment in the pitching moment coefficient at zero angle of attack, for deployment of a split flap on
an aerofoil is

AC w0 = —AC o Ny (3.1)

mta.0

where AC| o, istheincrement in lift coefficient at zero angle of attack due to deployment of asplit flap on
an aerofoil and is obtained from the method of Item No. 94029.

The centre of the lift increment, at zero angle of attack, h,, derived empirically for a split flap deflected
on an aerofoil section, expressed as a ratio of the chord and measured positive aft from the quarter-chord
point, is given by

h, = h,r —0.025 + 0.22(c,/c)2 — 0.0000457(c,/c)(8,°)2 — 0.0436(c,/C)(Z,,/C)8;  (3.2)

where c,/c istheratio of the flap chord to the aerofoil chord,
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