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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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DRAG DUE TO GAPSROUND UNDEFLECTED TRAILING-EDGE CONTROLSAND
FLAPS AT SUBSONIC SPEEDS

1 NOTATION AND UNITS (see Sketches 1.1 and 1.2)
S British
A wing aspect ratio
ACp drag coefficient increment based on free-stream kinetic
pressure and wing reference area, S
> [AC, C]i drag coefficient increment due to inboard chordwise control
g gap, based on free-stream kinetic pressure and gap planform
s areawg; G
©
g [ACDC]O drag coefficient increment due to outboard chordwise control
o gap, based on free-stream kinetic pressure and gap planform
2 areaWe, Cro
S
‘2 ACpHq drag coefficient increment due to spanwise control gap, based
o on free-stream kinetic pressure and gap planform area w
>
o ACH drag coefficient increment due to spanwise control gap, based
& on free-stream kinetic pressure and wing area between control
= extremities, (Y, —V;)C
et C. wing lift coefficient
£
% C wing chord at mid-span of control m ft
§ C control chord at mid-span of control m ft
O
= C;» Cto control chord at inner, outer extremity m ft
(%]
w
G spanwise gap parameter in Figure 1 and Equation (4.5)
I length of spanwise gap m ft
S, of wing reference area m? ft2
S wing semi-span m ft
Wei» Weo width of inner, outer chordwise control gap m ft
W average value of upper and lower spanwise control gaps, m ft
YWy, + Wg)
Wy spanwise gap normal to control surface for lower surface m ft
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W, spanwise gap normal to control surface for upper surface m ft
Yis Yo spanwise location of inboard, outboard end of control m ft
A wing taper, tip chord/centre-line chord

Subscripts

( )expt denotes experimental value

( )pred denotes predicted value

Hatched area= (y, -V,)c

c
G
See Sketch 1.2
ci ‘ ) ,
Yi Y ‘ [ Section on A-A
Yo \
S

Sketch 1.1 Wing and control planform geometry
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(a) Control (b) Flap
a. Control b. Flap

Sketch 1.2 Control spanwise gap geometry
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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 iswritten in terms of controls theinformation 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 x 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, isincreased while the loading in the vicinity of the gap suffers asignificant decrease
just upstream of the gap and a smaller increase just downstream, The net effect isaloss of overall lift and
an increase in nose-up pitching moment.

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

@ an increase in drag,

(b) an increase in angle of attack at zero lift,
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(© an increase in pitching moment at zero lift,
(d) adlight decrease in lift-curve slope,
(e aminor 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). Itisalso -
known that spanwise gaps affect the control characteristics. The influence on control effectivenessisdealt
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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