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ESDU 94028
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 which supersedes in part ESDU 85033, was monitored and guided by the
Aerodynamics Committee. This Committee first met in 1942 and now has the following membership:

The technical work in the assessment of the available information and the construction and subsequent development
of the Data Item was carried out under contract by Mr J.R.J. Dovey.

Chairman
Mr H.C. Garner — Independent

Members
Mr G.E. Bean*

* Corresponding Member

— Boeing Commercial Airplane Company, Seattle, Wash., USA
Dr N.T. Birch — Rolls-Royce plc, Derby
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Dr P.C. Dexter — British Aerospace plc, Sowerby Research Centre, Bristol
Mr J.R.J. Dovey — Independent
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Mr M. Maurel — Aérospatiale, Toulouse, France
Mr J.B. Newton — British Aerospace Defence Ltd, Warton
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ESDU 94028
INCREMENTS  IN AEROFOIL LIFT COEFFICIENT AT ZERO ANGLE OF ATTACK 
AND IN MAXIMUM LIFT COEFFICIENT DUE TO DEPLOYMENT OF A PLAIN 
TRAILING-EDGE FLAP, WITH OR WITHOUT A LEADING-EDGE HIGH-LIFT 
DEVICE, AT LOW SPEEDS
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ESDU 94028
INCREMENTS  IN AEROFOIL LIFT COEFFICIENT AT ZERO ANGLE OF ATTACK 
AND IN MAXIMUM LIFT COEFFICIENT DUE TO DEPLOYMENT OF A PLAIN 
TRAILING-EDGE FLAP, WITH OR WITHOUT A LEADING-EDGE HIGH-LIFT 
DEVICE, AT LOW SPEEDS

1. NOTATION AND UNITS

SI British

parameter in equation for T, Equation (4.14)

theoretical rate of change of lift coefficient with trailing-edge 
flap deflection, Equation (4.2)

rad–1 rad–1

parameter in equation for T, Equation (4.15)

parameter in equation for T, Equation (4.16)

maximum lift coefficient of aerofoil with high-lift devices 
deployed, based on c

lift coefficient at zero angle of attack for aerofoil with high-lift 
devices deployed, based on c

increment in maximum lift coefficient due to deployment of 
high-lift devices, based on c, Equation (3.2)

increment in maximum lift coefficient due to deployment of 
leading-edge high-lift device, based on c, Equation (3.2)

increment in maximum lift coefficient due to deployment of 
trailing-edge flap, based on c, Equation (3.5)

increment in maximum lift coefficient due to deployment of 
trailing-edge flap, based on c', Equation (4.8), at datum 
Reynolds number 

increment in lift coefficient at zero angle of attack due to 
deployment of high-lift devices, based on c, Equation (3.1)

increment in lift coefficient at zero angle of attack due to 
deployment of leading-edge high-lift device, based on c, 
Equation (3.1)

increment in lift coefficient at zero angle of attack due to 
deployment of trailing-edge flap, based on c, Equation (3.4)

increment in lift coefficient at zero angle of attack due to 
deployment of trailing-edge flap, based on , Equation (4.5)

basic (plain) aerofoil chord (i.e. chord with high-lift devices 
undeployed), see Sketch 4.1

m ft

A

at

B

C

CLm

CL0

∆CLm

∆CLml

∆CLmt

∆C ′Lmt

Rc 3.5 10
6×=

∆CL0

∆CL0 l

∆CL0 t

∆C ′L0 t
c′

c
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2

ESDU 94028
extended aerofoil chord (i.e. chord with high-lift devices 
deployed), see Sketch 4.1

m ft

effective chord of leading-edge device, see Item No. 94027 m ft

chord of trailing-edge flap, see Sketch 4.1 m ft

chord extension due to deployment of leading-edge device, see 
Sketch 4.1

m ft

chord extension due to deployment of trailing-edge flap, 
Equation (4.6);  for plain flap

m ft

factor for effect of Reynolds number on  and , 
Equation (3.3)

correlation factor (efficiency factor) for plain flap in 
Equation (4.5), Figure 1

correlation factor for aerofoil geometry in Equation (4.8), 
Equation (4.9)

correlation factor for flap deflection in Equation (4.8); Kt = 0.8 
for plain flap

free-stream Mach number

Reynolds number based on free-stream conditions and aerofoil 
chord c

theoretical value of , Equation (4.11) or (4.13) or 
Figure 2

maximum thickness of aerofoil m ft

chordwise location of boundary-layer separation measured 
from leading edge of extended chord, Equation (4.12)

m ft

, deflection of trailing-edge flap, positive trailing edge down, see 
Sketch 4.1

rad, deg rad, deg

angular parameter related to location of separation, 
Equation (4.12)

rad rad

angular parameter related to trailing-edge flap chord, 
Equation (4.3)

rad rad

leading-edge radius of basic (plain) aerofoil, see Sketch 4.1 m ft

angle between aerofoil datum and tangent to upper surface at 
trailing edge, see Sketch 4.1

deg deg

c ′

cel

ct

∆cl

∆ct
ct∆ 0=

FR ∆CLml ∆CLmt

Jp

KG

Kt

M

Rc

T ∆C′Lmt/∆C′L0t

t

x ′s

δt  δ°t

θs

θt

ρl

φt°
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ESDU 94028

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 plain trailing-edge 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 8. Section 4
presents methods whereby the contributions from plain trailing-edge flaps are obtained.

Section 5 concerns applicability and accuracy, Section 6 gives the Derivation and References and Section 7
presents two detailed examples illustrating the use of the methods.

2.2 Application of Data to Calculation of Total Lift Coefficient Values CL0 and CLm

In order to use the data obtained from the present Item in the wider context in which the total lift coefficient
at zero angle of attack, CL0 , and at maximum lift, CLm , are required for an aerofoil with high-lift devices
deployed, it is necessary to refer to Item No. 94026 (Reference 9). That Item acts as an introduction to, and
a link between, the Items in the complete series dealing with the incremental effects of high-lift device
deployment on aerofoil lift at zero angle of attack and on maximum lift. It describes how the incremental
effects are summed and added to the contributions from the basic (i.e. plain) aerofoil to give the total values
CL0 and CLm .

3. LIFT COEFFICIENT INCREMENTS ∆CL0 AND ∆CLm

The increments in the lift coefficient at zero angle of attack, , and at maximum lift, , due to
the deployment of a leading-edge high-lift device and a trailing-edge flap on an aerofoil are given by the
sum of the individual increments, i.e. 

(3.1)

and . (3.2)

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

The values of  and  for various leading-edge high-lift devices are obtainable from Item
No. 94027 (Derivation 8).

Subscripts

denotes experimental value

denotes predicted value

  ( )expt

  ( )pred

∆CL0 ∆CLm

∆CL0 ∆CL0l ∆CL0t+=

∆CLm ∆CLml ∆CLmt+=

∆CL0l ∆CLml
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ESDU 94028
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, whereas values of  and 
can be taken to be independent of Reynolds number, values of  and  are influenced by
Reynolds number. Analysis of data in derivations 5 and 7 showed that if the increments in maximum lift
coefficient were correlated at a datum Reynolds number, taken here as Rc = 3.5 × 1066(see Section 5), then
all the Reynolds number dependency could be allowed for through a factor FR , given by

FR = 0.153 , (3.3)

which is unity at the datum.

Therefore, the terms related to the trailing-edge flap on the right-hand sides of Equations (3.1) and (3.2)
become 

(3.4)

and . (3.5)

The values of  and  in Equations (3.4) and (3.5) for plain trailing-edge flaps are determined
by the methods of Section 4.

4. LIFT COEFFICIENT INCREMENTS ∆C'L0t AND ∆C'Lmt

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 practical aerofoils and flaps. To make some allowance for the effects of chord extension
in the theory the flap chord ratio and the lift coefficient increments are based on the aerofoil extended chord.
This approach was used in Derivation 6 and is the basis for the methods developed for this Item, see
Sections 4.1 and 4.2.

Sketch 4.1   Plain trailing-edge flap with typical leading-edge high-lift device (leading-edge droop)

∆CL0l ∆CL0t
∆CLml ∆CLmt

R10 clog

∆CL0t
c′
c
----∆C′L0t=

∆CLmt FR
c′
c
----∆C′Lmt=

∆C′L0t ∆C′Lmt
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