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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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
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INCREMENTSIN AEROFOIL LIFT COEFFICIENT AT ZERO ANGLE OF ATTACK
AND IN MAXIMUM LIFT COEFFICIENT DUE TO DEPLOYMENT OF A
TRAILING-EDGESPLIT FLAP,WITHORWITHOUT ALEADING-EDGEHIGH-LIFT
DEVICE, AT LOW SPEEDS

1 NOTATION AND UNITS

S British
A parameter in Equation (4.10) for T, Equation (4.11)
. a theoretical rate of change of lift coefficient with trailing-edge rad™ rad™
Q flap deflection, Equation (4.4)
wl
§ Cim maximum lift coefficient of aerofoil with high-lift devices
= deployed, based on ¢
(@]
§ Cilo lift coefficient at zero angle of attack for aerofoil with high-lift
E devices deployed, based on ¢
E AC increment in maximum lift coefficient due to deployment of
= high-lift devices, based on ¢, Equation (3.2)
>
(8]
= AC| increment in maximum lift coefficient due to deployment of
- leading-edge high-lift device, based on c, see Item No. 94027
‘©
= AC| increment in maximum lift coefficient due to deployment of
g trailing-edge flap, based on ¢, Equation (3.4)
% AC increment in maximum lift coefficient due to deployment of
= trailing-edge split flap, based on6c‘, Equation (4.9), at datum
= Reynolds number R, = 3.5x 10
O
= (AG )y  datumvalueof AG/ . for uncambered basic aerofoil with split
Z flap of ¢;/c=0.2a 67 = 60°, Figure 2
AC| increment in lift coefficient at zero angle of attack dueto
deployment of high-lift devices, based on ¢, Equation (3.1)
AC| o increment in lift coefficient at zero angle of attack dueto
deployment of leading-edge high-lift device, based on c, see
Item No. 94027
AC| ot increment in lift coefficient at zero angle of attack dueto
deployment of trailing-edge flap, based on ¢, Equation (3.3)
AC ot increment in lift coefficient at zero angle of attack dueto
deployment of trailing-edge split flap, based on ¢/,
Equation (4.5)
(Aq_’Ot)OI datum value of AC/ o, f(_)r basic aerofoil with split flap of
c/c=0.2at 37 = 60° Figure 1
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C basic (plain) aerofoil chord (i.e. chord with high-lift devices
undeployed), see Sketch 4.1

c’ extended aerofoil chord (i.e. chord with high-lift devices
deployed), see Sketch 4.1

C; chord of trailing-edge split flap, see Sketch 4.1
Ac, chord extension due to deployment of leading-edge device, see
Sketch 4.1
FR factor for _effect of Reynolds number on ACl_mI and ACLmt ,
see Equation (3.5)
. Jsp correlation factor (efficiency factor) for split flap,
é Equation (4.2)
5; Kim correlation factor for flap deflection, Equation (4.8)
©
§ Kio correlation factor for flap deflection, Equation (4.3)
5
© M free-stream Mach number
;Cj R. Reynolds number based on free-stream conditions and aerofail
c chord c
3
S T theoretical value of AC/ ./AC| ,, Equation (4.10) or Figure 3
,r_é t maximum thickness of aerofoil
(O]
g X chordwise distance aft from basic aerofoil leading edge
g" Xm chordwise location of z,
>
§' Xg chordwise location of boundary-layer separation measured
) from leading-edge of extended chord
&)
ok Zem maximum height of camber line of basic aerofail
Zm maximum lower-surface ordinate of basic aerofoil
2,15 upper-surface ordinate at x = 0.0125c of thickness distribution
' for basic aerofail
S, 8f deflection of trailing-edge flap, positive trailing edge down, see
Sketch 4.1
P leading-edge radius of basic aerofoil, see Sketch 4.1
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Subscripts
( Jexpt denotes experimental value
( Jpred denotes predicted value

2. INTRODUCTION

2.1 Scope of the Item

This Item provides semi-empirical methods for estimating the incremental effects on aerofoil lift at zero
angle of attack and on maximum lift due to the deployment of trailing-edge split flaps, with or without the
deployment of leading-edge high-lift devices, at low speeds.

Section 3 summarises the equations relating the contributions to the total lift increments at zero angle of
attack and at maximum lift arising from the deployment of leading-edge high-lift devices and trailing-edge
flaps. The contributions from leading-edge high-lift devices are obtainable from Derivation 6. Section 4
presents methods whereby the contributions from trailing-edge split flaps are obtained.

Section 5 concerns applicability and accuracy, Section 6 givesthe Derivation and References and Section 7
presents two detailed examplesillustrating the use of the methods.

2.2 Application of Datato Calculation of Total Lift Coefficient ValuesC, g and C, .,

In order to use the data obtained from the present Item in the wider context in which thetotal lift coefficient
at zero angle of attack, C, o, and at maximum lift, C, ,, are required for an aerofoil with high-lift devices
deployed, it is necessary to refer to Item No. 94026 (Reference 8). That Item acts as an introduction to, and
alink between, the Items in the complete series dealing with the incremental effects of high-lift device
deployment on aerofail lift at zero angle of attack and on maximum lift. It describes how the incremental
effects are summed and added to the contributionsfrom the basic (i.e. plain) aerofoil to give thetotal values
CLO and CLm .
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3. LIFT COEFFICIENT INCREMENTSAC, 3 AND AC, 1,

The increments in the lift coefficient at zero angle of attack, AC, o, and at maximum lift, AC| s dueto
the deployment of aleading-edge high-lift device and a trailing-edge flap on an aerofoil are given by the
sum of theindividual increments, i.e.

and AC| = AC y +AC (32)

Lmi Lmt-

The increments in Equations (3.1) and (3.2) are based on the chord, c, of the basic aerofoil.

The values of AC , and AC, ., for various leading-edge high-lift devices are obtainable from Item
No. 94027 (Derivation 6).

For correlation purposes it is more convenient to present the right-hand sides of Equations (3.1) and (3.2)
in terms of increments based on the aerofoil extended chord c¢'. Also, whereasvaluesof AC , and AC,
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can be taken to be independent of Reynolds number, values of AC, ., and AC, . are influenced by
Reynolds number. Thus, for a general trailing-edge flap, Item No. 94028 (Derivation 7) shows that

_C
AC ot = TAC ot (3.3)
c .\~
where Fr = 0.153log,yR. - (3.5

The value of AC/,, in Equation (3.4) is therefore appropriate to the datum Reynolds number
R.=3.5x 10°, for which F = 1, (see Section 5).

Thevalues of AC/;, and AC| . in Equations (3.3) and (3.4) are determined for trailing-edge split flaps
by the methods of Section 4.

4, LIFT COEFFICIENT INCREMENTSAC' ot AND AC'| 1y

First approximations to the lift coefficient increments due to the deployment of trailing-edge flaps can be
obtained from the theory for an equivalent thin hinged plate with empirical correlation factors to account
for the geometry of practica aerofoilsand flaps. To make some allowancefor the effects of chord extension
inthetheory theflap chord ratio and thelift coefficient increments are based on the aerof oil extended chord.
Thisapproach was used in Derivation 5 and was the basis for the methods devel oped for plain trailing-edge
flapsin Item No. 94028 (Derivation 7), which was used as a model for the methods given in the present
Item for trailing-edge split flaps, see Sections 4.1 and 4.2.

Ct
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Sketch 4.1 Trailing-edge split flap with typical leading-edge high-lift device (Krger flap)
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