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ESDU 92039
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 technical work in the assessment of the available information and the construction and subsequent development
of the Data Item was undertaken by

Chairman 
Mr H.C. Garner — Independent

Vice Chairman
Mr P.K. Jones — Independent

Members
Mr G.E. Bean*

* Corresponding Member

— Boeing Aerospace Company, Seattle, Wash., USA
Dr N.T. Birch — Rolls-Royce plc, Derby
Mr K. Burgin — Southampton University
Mr D. Choo* — Northrop Corporation, Pico Rivera, Calif., USA
Dr T.J. Cummings — Short Brothers plc
Mr J.R.J. Dovey — Independent
Mr S. P. Fiddes — University of Bristol
Dr K.P. Garry — Cranfield Institute of Technology
Mr P.G.C. Herring — Sowerby Research Centre, Bristol
Mr R. Jordan — Aircraft Research Association
Mr K. Karling* — Saab-Scania, Linköping, Sweden
Mr R. Sanderson — Deutsche Airbus GmbH, Bremen, Germany
Mr A.E. Sewell* — McDonnell Douglas, Long Beach, Calif., USA
Mr M.R. Smith — British Aerospace Airbus Ltd, Bristol
Miss J.Willaume — Aérospatiale, Toulouse, France.

Mr P.D. Chappell — Head of Aircraft Aerodynamics Group.
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ESDU 92039
DRAG DUE TO GAPS ROUND UNDEFLECTED TRAILING-EDGE CONTROLS AND 
FLAPS AT SUBSONIC SPEEDS
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ESDU 92039
DRAG DUE TO GAPS ROUND UNDEFLECTED TRAILING-EDGE CONTROLS AND 
FLAPS AT SUBSONIC SPEEDS

1. NOTATION AND UNITS (see Sketches 1.1 and 1.2)

SI British

wing aspect ratio

drag coefficient increment based on free-stream kinetic 
pressure and wing reference area, Sref

drag coefficient increment due to inboard chordwise control 
gap, based on free-stream kinetic pressure and gap planform 
area wci cfi 

drag coefficient increment due to outboard chordwise control 
gap, based on free-stream kinetic pressure and gap planform 
area wco cfo

drag coefficient increment due to spanwise control gap, based 
on free-stream kinetic pressure and gap planform area 

drag coefficient increment due to spanwise control gap, based 
on free-stream kinetic pressure and wing area between control 
extremities, (yo – yi)c

wing lift coefficient 

wing chord at mid-span of control m ft

control chord at mid-span of control m ft

, control chord at inner, outer extremity m ft

spanwise gap parameter in Figure 1 and Equation (4.5) 

length of spanwise gap m ft

wing reference area m2 ft2

wing semi-span m ft

, width of inner, outer chordwise control gap m ft

average value of upper and lower spanwise control gaps, 
½(wsu + wsl) 

m ft

spanwise gap normal to control surface for lower surface m ft

A

CD∆

CDc∆[ ]
i

CDc∆[ ]
o

CDs∆
wsl

CDs′∆

CL

c

cf

cfi cfo

G

l

Sref

s

wci wco

ws

wsl
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ESDU 92039
spanwise gap normal to control surface for upper surface m ft

, spanwise location of inboard, outboard end of control m ft

wing taper, tip chord/centre-line chord

Subscripts 

denotes experimental value 

denotes predicted value

Sketch 1.1   Wing and control planform geometry  

a. Control b. Flap

Sketch 1.2   Control spanwise gap geometry

wsu

yi yo

λ

  ( )expt

  ( )pred

A

A′

Hatched area = ( yo – yi )c

Section on A-A′

See Sketch 1.2cfo

cf

c

cfi

wci
yi

yo

s

wco

l

wsu

wsl ws = ½(wsu + wsl)

wsu

wsl

(a) Control (b) Flap
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ESDU 92039
2. INTRODUCTION

This Item provides methods for estimating the drag penalty due to gaps round undeflected trailing-edge
controls and flaps on aircraft at subsonic speeds. The effects of gap geometry and the benefits of sealing
are also considered. Although the Item is written in terms of controls the information is equally applicable
to undeflected flaps. The qualitative effects of control gaps on the wing aerodynamic characteristics and
the effect of control section and wing section profile mismatch on control gap drag are discussed in
Section 3. The method of estimating the drag increment due to unsealed or sealed gaps is presented in
Section 4. Section 5 outlines the applicability and provides an assessment of the accuracy. Section 6 lists
the Derivations and References used in preparing the Item and Section 7 gives a worked example of the
use of the methods.

3. CONTROL GAP EFFECTS

Gaps round controls are necessary to allow unhindered control movement under all flight conditions.
However, even when the necessary gap widths are restricted to the minimum, they can have significant
effects on the wing aerodynamic characteristics, as was shown in Derivation 2 for tests on a rectangular
wing panel in two-dimensional flow. The wing was fitted with part-span trailing-edge controls with gaps
of different widths, the spanwise gaps differing in profile from lower to upper surface according to the
control leading-edge shape. The wing had a supercritical section (RAE 2815) and the tests were carried out
for a Mach number of 0.665 over a range of lift coefficients up to about 0.7 and Reynolds numbers of 5,
10 and 15 × 106 based on wing chord.

The tests (Derivation 2) showed that a spanwise gap affects the chordwise pressure distribution over the
full aerofoil. Under lifting conditions the loading on the forward part of the aerofoil, roughly ahead of
maximum thickness, is increased while the loading in the vicinity of the gap suffers a significant decrease
just upstream of the gap and a smaller increase just downstream, The net effect is a loss of overall lift and
an increase in nose-up pitching moment.

The force tests showed that gaps round trailing-edge controls give

(a) an increase in drag,

(b) an increase in angle of attack at zero lift,

(c) an increase in pitching moment at zero lift,

(d) a slight decrease in lift-curve slope,

(e) a minor forward shift in aerodynamic centre position.

The effects (a), (b) and (c) would still be expected with chordwise, but no spanwise, gaps. Data for the
effect of spanwise gaps on lift-curve slope are given in Item No. Aero C.01.01.04 (Reference 4). It is also
known that spanwise gaps affect the control characteristics. The influence on control effectiveness is dealt
with in Reference 4 while methods for the effects on control hinge moments are referred to in Section 10
of Item No. Aero C.04.01.00 (Reference 5).
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