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ESDU 76026
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 was monitored and guided by the Aerodynamics Committee. This
Committee first met in 1942 and now has the following membership:

The construction and subsequent development of the Data Item was undertaken by

Particular assistance in the preparation of this Item was received from Mr J.A. Jupp from Hawker Siddeley Aviation
Ltd, Hatfield, and from Mr M.R. Smith and Mr J.W. Gilbert from the British Aircraft Corporation Ltd, Weybridge.
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ESDU 76026
LIFT AND DRAG DUE TO SPOILER OPERATION IN THE GROUND RUN 

CONTENTS

Page

1. NOTATION AND UNITS 1

2. INTRODUCTION 4

3. LIFT COEFFICIENT INCREMENT DUE TO SPOILER OPERATION,  5
3.1 General 5
3.2 The Determination of 5
3.3 The Determination of 8
3.4 Accuracy 8

4. AIRCRAFT LIFT 9

5. AIRCRAFT DRAG 10
5.1 General 10
5.2 Spoilers Affecting Part of Flap Span 10
5.3 Spoilers Affecting Full Flap Span 11
5.4 The Determination of 11
5.5 Frontal Areas of Spoilers and “Spoiled” Flaps 11
5.6 Accuracy 11

6. DRAG COEFFICIENT INCREMENT DUE TO SPOILER OPERATION, 12

7. APPLICABILITY 12

8. DERIVATION 13

9. EXAMPLE 13
9.1 Calculation of δCL  and CL 15
9.2 Calculation of CD and δCD 16

ANALYSIS OF FURTHER DATA AND THE APPLICATION TO “FIXED-SHROUD” SPOILERS 17

A1. INTRODUCTION 17

δCL

∆CLsf
∆CLF

δCD0

δCD

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 76026 A 1977

http://www.avadocuments.com/doc/esdu-76026-a-1977
http://www.avadocuments.com/doc/esdu-76026-a-1977


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

ii

ESDU 76026
A2. CONCLUSIONS 18

A2.1 Coefficient of 18
A2.2 Coefficient of 18
A2.3 Revision of Equation (3.1) 18
A2.4 Errors in predicting 18
A2.5 Value of K for spoilers affecting part of flap span 19
A2.6 The value of 19
A2.7 Errors in predicting CD 19

A3. CHANGES TO EXAMPLE 19

A4. REFERENCES 20

∆CLsf
∆CLF

δCL

δCD0′

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 76026 A 1977

http://www.avadocuments.com/doc/esdu-76026-a-1977
http://www.avadocuments.com/doc/esdu-76026-a-1977


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

1

ESDU 76026
LIFT AND DRAG DUE TO SPOILER OPERATION IN THE GROUND RUN 

1. NOTATION AND UNITS

SI British

wing aspect ratio, b2/Sgross 

wing span m ft

total aircraft drag coefficient on ground in ground roll attitude 
with slats, flaps and spoilers deployed (see Equation (5.1))

* aircraft drag coefficient on ground in ground roll attitude with 
slats and flaps deployed

aircraft zero-lift drag coefficient on ground with flaps and 
spoilers retracted (includes undercarriage and slat drag)

lift coefficient on ground in ground roll attitude with slats 
deployed

net overall lift coefficient on ground in ground roll attitude with 
slats, flaps and spoilers deployed (see Sketch 4.1)

flap chords used in determining cf (see Sketch 3.2) m ft

spoiler chord at mid-span of spoiler combination under 
consideration, measured from hinge line (see Sketch 3.2)

m ft

reference wing chord normal to ¼-chord line (passing through 
¼-chord point of cs) 

m ft

streamwise reference wing chord through mid-span of spoiler 
combination under consideration (see Sketch 3.2)

m ft

frontal area of individual spoiler panel (see Equation (5.4)) m2 ft2

frontal area of those parts of flaps affected by spoilers (assumed 
to extend for three spoiler chords along hinge line outboard and 
inboard of spoiler extremities, see Section 3.3)

m2 ft2

total frontal area of deflected spoilers ( , see 
Equation (5.4))

m2 ft2

A

b

CD

CD

CD0

CLsl

CL

ca
cb 




cf

cn

cs

F

FF

FS ΣF=
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ESDU 76026
part-span factor on vortex drag due to flap deflection (taken as 
0.3 for those cases in which spoilers affect only part of flap 
span (see Section 5.2) and as given by Item Nos Aero 
F.02.01.08 and 09 for those cases in which spoilers affect whole 
of flap span (see Section 5.3))

gross wing planform area (see Sketch 3.1) m2 ft2

planform area of individual spoiler panel, measured from hinge 
line 

m2 ft2

maximum thickness of wing reference section m ft

wing incidence degree degree

portion of total increment in zero-lift drag coefficient due to 
flap deflection on ground arising from those portions of flap 
span unaffected by spoilers (see Section 5.2)

increment in lift coefficient due to flap deflection in free air 
(spoilers retracted) at incidence corresponding to ground 
attitude, arising from those parts of flaps to be affected by 
spoilers (see Section 3.3)

increment in lift coefficient due to flap deflection on ground in 
ground roll attitude (see Sketch 4.1)

lift coefficient increment in free air (slats and flaps retracted) at 
incidence corresponding to ground attitude, arising from split 
flaps with same geometry as spoilers and obtained from Item 
Nos 74009 and 74012 (see Section 3.2)

increment in drag coefficient on ground, in ground roll attitude 
with slats and flaps deployed, due to deflection of spoilers (see 
Equation (6.1))

increment in CD0 due to deployment of flaps and spoilers on 
ground for those parts of flap span affected by spoilers (see 
Section 5.4)

increment in CD0 due to deployment of flaps and spoilers on 
ground for those parts of flap span affected by spoilers, based 
on frontal area of spoilers and those parts of flap span affected 
by spoilers (see Section 5.4)

increment in lift coefficient on ground, in ground roll attitude 
with slats and flaps extended, due to deflection of spoilers (see 
Equation (3.1))

net change* in lift coefficient, on ground in ground roll attitude, 
arising from flap and spoiler deployment (see Sketch 4.1)

spoiler deflection angle, measured in plane normal to spoiler 
true hinge-line degree degree

K

Sgross

Sp

t

α

CD0u∆

CLF∆

CLf∆

CLsf∆

CDδ

CD0δ

C ′D0δ

CLδ

CLrδ

 φδ
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ESDU 76026

NOTE

(i) All aerodynamic coefficients are assumed based on Sgross unless otherwise stated.  

(ii) All increments in aerodynamic coefficients are “untrimmed” values, i.e. they are pertinent to a
constant elevator angle. 

spanwise distance from wing centre-line non-dimensionalised 
with respect to b/2

sweep of line of constant fraction of streamwise chord degree degree

sweep of spoiler equivalent hinge-line, required for use in Item 
No.74009 (see Sketch 3.2) degree degree

taper ratio of equivalent wing planform, tip chord/wing 
centre-line chord

part-span factor on flap lift (Item No.74012) 

sweep of spoiler true hinge-line (see Sketch 3.2) degree degree

Subscripts

denotes inboard station of spoiler or flap

denotes quantity measured in plane normal to wing panel 
¼-chord line

denotes outboard station of spoiler or flap

denotes quantity measured in streamwise plane parallel to plane 
of symmetry

0 pertaining to wing panel leading-edge

1 pertaining to wing panel trailing-edge

* The sign convention adopted is that  is positive for an increase and negative for a decrease.

η

Λ

Λh

λ

Φ

φ

i

n

o

s

¼
½

pertaining to  ¼-chord line
pertaining to  ½-chord line 




   of equivalent wing planform
or  wing panel as appropriate

CLrδ
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ESDU 76026
2. INTRODUCTION 

NOTE: Before using this Item Addendum A must be consulted as it will have a direct bearing on the use of
the Item.  It also deals with the application to “fixed-shroud” spoilers.

One way of reducing the landing ground run of an aircraft with a given brake system is to get as much of
the aircraft weight on to the wheels as quickly as possible after touch-down.  In order to do this the lift has
to be reduced as much as possible and an efficient way of achieving this is to reduce the flap lift drastically.
This is commonly effected by deflecting upwards the rear portion of the flap shroud (see Sketch 2.1) thus
spoiling the slot flow over the first flap element, thereby reducing the flap lift increment.  The deflected
shroud acts additionally as an upper-surface split flap providing download and drag in its own right.

Sketch 2.1  

In practice, with transport aircraft, there are usually several spoiler panels extending over the full flap span,
most of which are operated on the ground but some of which have other, primary, functions as airbrakes,
as lateral control surfaces, or as direct lift control surfaces on the landing approach.

Throughout this Item the generic term “spoilers” will be applied to any upper-surface panel deployed on
the ground.  There are a number of terms ascribed to the different modes of spoiler operation.  For example,
spoilers operated on the ground are commonly referred to as operating in the “lift-dumping” mode in the
UK whereas in the US the term “ground spoiler” mode is often used.

The intention of this Item is to provide a means of estimating the total lift and drag of an aircraft on the
ground in the ground roll attitude following the deployment of deflecting-shroud spoilers.  To do this it is
assumed that the user has a knowledge of the aircraft lift and drag characteristics (spoilers retracted) in
ground effect with and without flaps deployed.  If free air values only are known Item No.72023 will be of
use in estimating the effect of ground proximity.

The total aircraft lift (see Section 4) is calculated using the estimated lift decrease due to spoiler deflection
(see Section 3), and the drag increase due to spoiler deflection (see Section 6) is calculated using the
estimated total drag of the aircraft (see Section 5).
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