ESDU 90030

Issued November 1990
With Amendments A and B
November 1999

Lift and rolling moment due to

ESDU Copyright material. For current status contact ESDU.

Endorsed by
The Royal Aeronautical Society

Copyright Engineering Sciences Data Unit

Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 90030 B 1999

spoilers on wings with flaps
undeflected at subsonic speeds

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-90030-b-1999
http://www.avadocuments.com/doc/esdu-90030-b-1999

ESDU 90030

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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 youfr_i
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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1. NOTATIONSAND UNITS
S British

A wing aspect ratio
C, lift coefficient
AC increment in lift coefficient due to spoilers on both wings,

flap undeflected
ACLSOo two-dimensional value of ACLS, see Figures 1laand 1b
dC, /da wing lift-curve slope rad rad—t
C, rolling moment coefficient due to starboard spoiler, flaps

undeflected
Cp pressure coefficient
C wing chord m ft
Chs spoiler chord aft of hinge (see Sketch 1.3) m ft
T wing geometric mean chord m ft
H Ner + Zg m ft
h “height” of spoiler when deflected (see Sketches 1.2 m ft

and 1.3), taken as ¢, .sin & for flap-type spoiler
het effgctive_ hfaight of sppiler, i.e. height of flat-plate type m ft

spoiler giving same lift decrement
k correction factor for flap-type spoilers (see Figure 2)
M free-stream Mach number
S wing planform area m? 2
S wing semi-span m ft
Xp chordwise position of spoiler hinge (see Sketch 1.3) m ft
X chordwise position of spoiler trailing edge (see Sketches m ft

1.2 and 1.3), taken as X, + ¢, c0sd for flap-type spoiler
y lateral distance from wing centre-line m ft
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moment arm for lift increment due to single spoiler, flaps m
undeflected (see Section 3.2.2)

ordinate of wing section at X, (see Sketches 1.2 and 1.3) m

incidence (synonymous with angle of attack for purpose of deg
this Item)

compressibility parameter, (1 — M?)%

spoiler deflection about hinge line deg

spoiler deflection in streamwise plane, where deg
tandg = tandy, X CosA,

y/s

Yo/S

2 + My)

moment arm correction terms (see Section 3.2.2,

Equation (3.11) and Figure 4)

sweepback of spoiler hinge line (see Sketch 1.1) deg
sweepback of spoiler trailing edge (see Sketch 1.1) deg
sweepback of wing mid-chord line deg

wing taper ratio, c,/c,

porosity, ratio of spoiler open areato spoiler total area (see
Section 3.1)

part-span correction factor for lift (see Section 3.2.1 and
Figure 3)

inboard end (of spoiler)
outboard end (of spoiler)
root

spoiler

tip

two-dimensional value

2
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Sketch 1.3 Flap-type spoiler (Section on AA”)
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2. INTRODUCTION
Spoilers may be used on both upper and lower surfaces of wings, but they are used most frequently on the
upper surface. A “spoiler” attached to the upper surface of awing will cause the flow to separate, literally
“spoiling” theflow, and usually resulting in aloss of lift and increasein drag. The spoiler isusually adevice
that can be actuated very quickly. Thesethreeattributes, i.e. lossof lift, increasein drag and rapid actuation,
lead to avariety of uses or potential uses on aircraft. These include use
@ asroll contral,
(b) for lift dumping,
(© asan airbrake,
(d) for direct lift control (DLC), i.e. controlling lift without change of attitude,
(e for load alleviation,
()] as ameans of reducing the hazard of trailing vortices to following aircraft.
Spoilers also have other, non-aeronautical uses, such as the prevention of overspeeding of wind turbines.
Spoilers may be placed at any chordwise position, have various spanwise extents, and be used in isolation
or in combination with flaps and ailerons. The parameters of interest will depend upon the particular
application. In addition to steady lift, drag and rolling moment there may be interest in the time varying
characteristics (for (e) above), in pitching and yawing moments, and in the hinge moments and power
required for actuation. This Item presents a method for predicting the lift and rolling moment due to
upper-surface spoiler deflection, but without trailing-edge flap deflection, the effects of which are covered
in Item No. 92002 (Reference 48). The method is based on information contained in Derivations 1 to 32.
Additional useful descriptive or supplementary information is contained in References 33 to 47.

2.1 Types of Spoiler

Various types of spoiler areillustrated on the upper surface of an aerofoil or wing in Sketch 2.1.

T
—={

(a) Flat-plate, or plain, spoiler

(b) Circular-arc spoiler (c) Flap-type spoiler
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(d) Spoiler with lower-surface venting

Spoiler face variations
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(e) Perforated spoiler (f) Spoiler with hinge-line gap
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(9) Segmented spoiler (e) Spoiler with notched edge

Sketch 2.1 Types of spoiler

Theflat-plate, perpendicular to the surface (a) is geometrically the simplest, and often used in wind-tunnel
testing.

The circular arc (b) approximates to the flat plate, rotation is more convenient than the dliding motion of
the flat plate, but a deep cut through the wing structure is still required.

The flap-type spoiler (c) is the one usually used on aircraft. Other more complicated forms of spoilers
include venting of air from the lower surface of the wing (d), or the use of air jets.

The non-linear and buffeting characteristics of spoilers can often be improved by the use of some porosity,
either in the form of a perforated surface (€), hinge-line gap (f), or segmentation (g). Trailing-edge
notching (h) has also been tried.

The method outlined in this Item is based on the flat-plate type spoil er, with factorsto incorporate flap-type
spoilers and porosity. Neither venting from the lower surface, nor the combination of spoiler with
trailing-edge flap deflection, is considered here, but see Iltem No. 92002 (Reference 48) which treats those
topics.
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2.2 Spoiler Characteristics

The action of a spoiler on an aerofoil is to create separated flow. The extent of the separation in a
two-dimensional flow depends upon the deflection and shape of the spoiler, its chordwise position, the
aerofoil section and incidence, Mach number, and Reynolds number. With finite wings the separation will
al so depend upon the wing planform (aspect ratio, taper ratio, sweep) and the spanwise position and extent
of the spoilers. The separation may extend upstream of the spoiler, and the downstream separation may
re-attach for small deflectionsand forward spoiler positions. The boundary for the free-stream flow ishence
changed, the free stream is effectively displaced from the original surface and thus the aerofoil generates
adifferent lift and has a different zero-lift angle. The pressure distribution around the aerofoil is changed,
typically as shownin Sketch 2.2. Ahead of the spoiler pressureisincreased resulting in adownload; behind
the spoiler pressure is decreased giving an upward force; on the lower surface pressureis decreased, again
giving adownload. The loss of lift can come as much from the lower surface as the upper.
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Sketch 2.2 Typical pressuredistribution with spoiler

The depth of separation at the trailing edge is in part related to the spoiler deflection, and in part to the
section shape and incidence (see Sketch 2.3). The changein zero-lift angle can be correlated against a total
height equivalent to the spoiler height plusthe section ordinate at the spoiler position (asin Derivation 12).
The variation due to incidence can be related to spoiler chordwise position.
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