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LIFT AND ROLLING MOMENT DUE TO SPOILERS ON WINGSAT SUBSONIC
SPEEDSWITH TRAILING-EDGE FLAPSUNDEPLOYED

1. NOTATION AND UNITS
S British
A wing aspect ratio bZISW
ay, wing lift-curve slope, see Section 3.3.1.1 rad rad
b wing span, 2s m ft
é C. wing lift coefficient, based on S,
- AC, increment in C;
[S)
+§ AC, ¢ increment in C; due_ to part-_span spoiler depl oyment on both
3 port and starboard wing semi-spans, see Section 3.3.1
;:-'; AC| increment in C,  due to full-span spoiler deployment, see
E Section 3.3.1.1
=
"t’ ACLSOO two-dimensional value of ACLS, see Sections 3.2 and 3.3.1.1
3 and Figures 1aand 1b
£ C, wing rolling moment coefficient, based on S, and b, positive
= starboard wing panel down
% Cs vaueof C, dl_Je to part-span s_poiler deployment on either port or
= starboard semi-span, see Section 3.3.2
ﬁn (C S)SS value of C, dueto either port or starboard semi-span spoiler
> deployment, see Section 3.3.2.1
o
= C pressure coefficient
2 p
7 c local chord in streamwise direction m ft
Chs spoiler chord aft of flap-type spoiler hinge line, see m ft
Sketches 1.2b and 2.2
Cy value of ¢ at crank station of a cranked wing, see Sketch 1.2a m ft
C; value of ¢ at wing tip, see Sketches1.1aand 1.2a m ft
Co value of ¢ at plane of symmetry (centreline) for straight-tapered m ft
wing, see Sketch 1.1a
(Co)k value of ¢ at plane of symmetry (centre line) for cranked wing, m ft
see Sketch 1.2a
[ standard (or geometric) mean chord, S, /b m ft
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H hess + 2, See Section 3.2 m ft
height of spoiler when deployed, see Sections 2.2 and 3.2 and m ft
Sketches 1.1b, 1.2b and 2.2
het effectivg hei g_ht_of spoiler,_ i.g. deployment hei ght of flat-plate m ft
type spoiler giving same lift increment, see Section 3.2
k correction factor for flap-type spoilers, see Section 3.2 and
Figure 2
K, correction factor applied to spanwise centre of pressurein
Equation (3.13)
M freestream Mach number
g Re Reynolds number, based on € and freestream properties
% Ssptot total spoiler area, solid area plus area of slots, gapsand m? 2
= perforations, see Equations (2.1) and (2.6) for flat-plate and
‘g flap-type spoilers
(S)
o Sy wing planform area m? 2
g S wing semi-span, see Sketches 1.1aand 1.2a m ft
§ Sk spanwise distance from centre-line to crank station of acranked m ft
§ wing, see Sketch 1.2a
E W, body width, measured at widest point, see Sketches1.1aand 1.2a m ft
.f_g Wy spoiler width, measured along face of spoiler, see Sketches 1.1la m ft
g and 1.2a
©
E X streamwise distance from wing leading edge measured parallel to m ft
@ wing local chord, see Sketches 1.1b and 1.2b
§ Xp value of x at spoiler hinge position, see Section 2.2.2 and m ft
; Sketches 1.2b and 2.2
a X value of x at deployed spoiler trailing edge, see Section 2.2.2 m ft
and Sketches 1.1b, 1.2b and 2.2
y spanwise distance from wing centre line (positive starboard), see m ft
Sketches 1.1aand 1.2a
zZg upper-surface ordinate of wing sectionat X, see Sketches 1.1b, m ft
1.2band 2.2
o wing angle of attack measured from centre-line chord deg deg
N1-M 2 , Prandtl-Glauert compressibility factor
c angle of spoiler datum line relative to chord in streamwise plane, deg deg
see Section 2.2.2 and Sketch 2.2
3, angle_of flap-type spoiler deflection about hinge line, see deg deg
Equation (2.2)
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d angle of flap-type spoiler deflection in streamwise plane, see
Sketches 1.2b and 2.2 and Equations (2.2) and (2.5)

il spanwise distance from centre-line as fraction of semispan, y/s,
see Sketches 1.1aand 1.2a

n, value of n at inboard end of spoiler, see Sketches 1.1aand 1.23a,
taken as inboard end of hinge-line for flap-type spoilers

Ny valueof n at crank station, s /s, see Sketch 1.2a

Nms value of n at mid-span of spoiler, see Section 2.3 and

Equation (2.7) and Sketches 1.1aand 1.2a

Mo value of n at outboard end of spoiler, see Sketches 1.1a and
1.2a, taken as outboard end of hinge-line for flap-type spoilers

ﬁp| an value of n at spanwise centre of pressure position due to wing
planform, see Section 3.3.2.1

ASp spoiler sweep angle (sweepback is positive), see Sketches 1.1a
and 1.2a, taken as sweep angle of hinge-line for flap-type
spoilers

Ag sweep angle of wing leading edge, see Sketches 1.1aand 1.2a

Ay, quarter-chord sweep angle of straight-tapered wing, see
Sketch 1.1a

Ay, half-chord sweep angle of straight-tapered wing, see Sketch 1.1a

A taper ratio, c,/c,

c porosity, ratio of spoiler open areato spoiler total area (see
Sections 3.2 and 4.5)

dnps d)no - d)ni , part-span correction factor for lift,
see Section 3.3.1.2

d)n part-span parameter for lift, see Section 3.3.1.2

CI)ni value of (I)n withm = n;, see Section 3.3.1.2

(Dno value of (I)n withm = n, see Section 3.3.1.2

‘Pps ‘Pno - ‘Pni , part-span correction factor for rolling moment,
see Section 3.3.2.2

‘Pn part-span parameter for rolling moment, see Section 3.3.2.2

‘I‘m value of ‘Pn withn = n;, see Section 3.3.2.2

‘Pno value of ‘I‘n withn = n,, see Section 3.3.2.2

Subscript

( )nms vaueat M,

3
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Port semi-span

Starboard semi-span

Spoiler

yn(Eys)

a) Planform geometry
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b) Section A — A" (spoiler mid-span section)

Sketch 1.1 Sraight-tapered wing with flat-plate spoiler
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Port semi-span Starboard semi-span
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Sketch 1.2 Single crank wing with flap-type spoiler
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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. Thesethree attributes, i.e. lossof lift, increasein drag and rapid actuation,
lead to avariety of uses or potential uses on aircraft. These include use
@ asroll control,
(b) for lift dumping,
(c) 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 aso 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 deployment, but without deployed trailing-edge flaps, the effects of which are covered
in ESDU 14005 (Reference 50). The method is based on information contained in Derivations 1 to 33.
Additional useful descriptive or supplementary information is contained in References 34 to 49.

21 Types of Spoiler

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

(a) Flat-plate, or plain, spoiler

ESDU Copyright material. For current status contact ESDU.

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

Spoiler face variations

000" 0 0.0- 0 |

@)
L/\/\‘\/J w

(e) Perforated spoiler (f) Spoiler with hinge-line gap

0 0 0 0 0 O 0 O
O 0 00 o0 oo

|_|_l_|_l_|_l_|_l—|

e

(9) Segmented spoiler (h) Spoiler with notched edge

Sketch 2.1 Types of spoiler

Theflat-plate, perpendicular to the surface (@) 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 sliding 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 beimproved by the use of some porosity,
either inthe form of aperforated surface (€), hinge-line gap (or vent) (), or segmentation (g). Trailing-edge
notching (h) has also been tried.

The method outlined in this Item is based on thefl at-plate type spoiler, with factorsto incorporate flap-type
spoilers and porosity. Neither venting from the lower surface, nor the combination of spoiler with
trailing-edge flap deployment, is considered here, but see ESDU 14005 (Reference 50) which treats those
topics.
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2.2 Spoiler Geometries

Sincethecircular arc spoiler geometry approximates the flat-plate spoiler geometry it istreated in thisData
Item in the same way as a flat-plate spoiler. The flat-plate spoiler and flap-type spoiler are considered in
Sections 2.2.1 and 2.2.2 respectively.

221 Flat-plate spoiler

The spanwise positions of theinner and outer extents of aflat-plate spoiler are y; and 1, respectively, see
Sketch 1.1a.

Flat-plate spoilers are aligned perpendicular to the section chord line. The spoiler deployment height, h,
isthe distance from the top of the deployed spoiler to the aerofoil contour and zg isthe section ordinate of
the upper surface at the spoiler chordwise position, see Sketch 1.1b. The spoiler sweep angle, ASIO , for a
flat-plate spoiler is a so shown in Sketch 1.1a, with sweepback angles measured positive. For some tapered
unswept wings the spoiler could be swept forward and inthiscase Ay hasanegative value. For flat-plate
spoilers xg isthe streamwise distance from the aerofoil leading-edge to the spoiler.

Thetotal area, Ssptot , of adeployed flat-plate rectangular spoiler is

Ssptot = MW, (2.1)
which is the solid plus open areas of the spoiler (see Sketches 2.1(€) to 2.1(h)), where w is the spoiler
width, see Sketch 1.1a

2.2.2 Flap-type spoiler

The spanwise positions of the inner and outer extents of a flap-type spoiler (n; and n,) are taken at the
spoiler hinge line, see Sketch 1.2a

For flap-type spoilersthe streamwise distance, x4, fromtheaerofoil leading-edgetothespoiler trailing-edge
is dependent on the spoiler deflection angle. A spoiler datum line is defined in this Item as a straight line
connecting the spoiler hinge to the spoiler trailing edge when the spoiler is undeployed, see Sketch 2.2.
The spoiler deflection angles §,, and & are then measured from that datum. The deflection 3, isarotation
about the hinge line and d is arotation in the streamwise plane, see Sketch 2.2. The angle of the spoiler
datum line relative to the chord lineis SC in the streamwise plane, see Sketch 2.2.

ESDU Copyright material. For current status contact ESDU.

For flap-type spoilers ¢, ¢ is the spoiler chord aft of the hinge and the spoiler sweep angle, Agp is the
sweep of the hinge line, see Sketch 1.2a. Spoiler sweepback angles are measured positive, consequently
spoiler sweep forward angles have negative values. For most practical spoiler and wing section geometries
9. issmall enough to be neglected and therefore from geometric considerationsthe spoiler deflection angle,
d, in the streamwise vertical-planeis

o= tan_l[tanShcosAsp} . (2.2)
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To section
leading edge

Spoiler datum
line

Section chord line

Sketch 2.2 Deployed flap-type spoiler geometry (streamwise section at spoiler mid-span)

For flap-type spoilers the streamwise distance, x, from the aerofoil |leading-edge to the spoiler trailing
edge is dependent on the spoiler deflection angle.

From the geometry in Sketch 2.2 and since 8, is small enough to be neglected, X is obtained to a good
approximation using

Xg= X, + C,,sCOSOy, (2.3)

where X, isthe streamwise distance from the aerofoil leading-edge to the spoiler hinge line.

For flap-type spoilers h is the distance from the spoiler trailing-edge to the aerofoil contour measured
perpendicular to the section chord, see Sketch 2.2. Since d., is small enough to be neglected the spoiler
deployment height, h, is obtained to a good approximation using

h= cpeSinds. (2.4)

ESDU Copyright material. For current status contact ESDU.

Analysisindicatesthat for 6,<10° Equations (2.3) and (2.4) provide very good approximations of x, and
h respectively. Most practical spoiler and wing section geometries have 5.< 10°.

At the chordwise position X, the section ordinate of the upper surfaceis z; and its value is dependent on
the deflection angle of the flap-type spoiler. Rearranging Equation (2.4) gives the spoiler deflection angle
intermsof h, so that

. -1 h
o =sin [E;J (2.5)

Thetotd area, S, of aflap-type rectangular spoiler is

ptot ’

Ssptot = ChWs> (2:6)

which is the solid plus open areas of the spoiler (see Sketches 2.1(e) to 2.1(h)), where w is the spoiler
width, see Sketch 1.2a.
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2.3 Wing Section at Spoiler Mid-span

The wing section at the mid-span of the spoiler isdefined in astreamwise vertical plane, see Sketches1.1a
and 1.2a. Its spanwise location, n,,,, isthe mid point between the inner and outer spanwise extents of the

spoiler, i.e.

+n.
= o (2.7)

ms 2

24 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 deployment height, h, and shape of the spailer, its chordwise
position, the aerofoil section and angle of attack o, Mach number, and Reynolds number. With finite wings
the separation will also 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 deployment heights and forward spoiler positions. The boundary for the
free-stream flow is hence changed, the free stream is effectively displaced from the origina surface and
thus the aerofoil generates a different lift and has a different zero-lift angle of attack. The distribution of
pressure coefficient, Cp, around the aerofoil is changed, typically as shown in Sketch 2.3. Ahead of the
spoiler pressure is increased resulting in a download; behind the spoiler pressure is decreased giving an
upward force; on the lower surface pressure is decreased, again giving a download. The loss of lift can
come as much from the lower surface as the upper.
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Sketch 2.3 Typical pressuredistribution with spoiler
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The depth of the region of separated flow at the aerofail trailing-edge is in part related to the spoiler
deployment height, and in part to the aerofoil shape and angle of attack, see Sketch 2.4. The extent of flow
separation on a spoiler attached to a flat-plate at zero angle of attack is dependent on spoiler deployment
height, h, see Sketch 2.4 (a). When the spailer is attached to an aerofoil at zero angle of attack the extent
of flow separation is dependent on both h and z,. The dashed line in Sketch 2.4(b) indicates the extent of
separation due to the effect of h and the continuous line indicates the extent due to the combined effects
of h and z,. The extent of flow separation on a spoiler attached to an agrofoil at varying angles of attack
isdependent on h and z, and o.. The lower dashed line in Sketch 2.4(c) denotes the extent of separation
due to the effect of h and the upper dashed line denotes the extent due to the combined effects of h and
z . The continuous linein Sketch 2.4(c) indicatesthe extend of flow separation due to the combined effects
of hand z, and o.

The zero-lift angle of attack is dependent on the depth of the region of separated flow at the aerofail
trailing-edge. The change in zero-lift angle of attack can be correlated against a total height equivalent to
the spoiler deployment height plus the section ordinate at the spoiler position (as in Derivation 14). The
variation due to angle of attack can be related to spoiler chordwise position.

Extent of separation

h* /dependent onh

(R —
., |
\

(a) Flow separation from spoiler on flat plate at oo = 0

Extent of separation

h+ /dependent onhand z

(b) Flow separation from spoiler on aerofoil at oo = 0
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Extent of separation

/dependent onh,z and o

(c) Flow separation from spoiler on aerofoil ato >0

Sketch 2.4 Parameters affecting extent of flow separation

Typical variations of lift coefficient increment due to spoiler deployment, AC, ., (usualy negative, i.e. a
decrement) are shown in Sketch 2.5. The variation of lift with deployment height isusually non-linear, and
particularly so when the flow re-attaches, or when atrailing-edge flap is deployed.

Documents
11 Document Sharing Hub

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 14004 2014


http://www.avadocuments.com/doc/esdu-14004-2014
http://www.avadocuments.com/doc/esdu-14004-2014

ESDU 14004

_ACLS

No spoiler

ESDU Copyright material. For current status contact ESDU.

Aft spoiler,

flow separated

——

=

Flow reattached

.

Sketch 2.5 Lift increment
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Typical variations of lift with angle of attack for various spoiler deployment heights and spoiler positions
are shown in Sketches 2.6(a) and (b). Note in particular that the lift curve with fixed spoiler deployment
height is essentially linear over part of its range, bounded at low angles of attack by conditions that allow
theflow to re-attach, and at high angles of attack by the approach of stall. Note also that the lift-curve slope
varies with the chordwise position of the spoiler and that the low angle of attack cut-off occurs at different
angles of attack for different spoiler deployment heights.

No spoiler

\

With spoiler

(b) Low aspect ratio wing

Sketch 2.6 Typical lift characteristics
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3. METHOD
This Dataltem presents an empirical method for predicting thelift coefficient increment (usually negative,
i.e. adecrement) and rolling moment coefficient due to spoiler deployment on the upper surface at subsonic
speeds. The two-dimensional lift characteristics of the section at the mid-span position of the spoiler are
first determined, and the corresponding three-dimensional lift and rolling moment characteristics are then
deduced.

31 Wing Section at Spoiler Mid-span
The method requires knowledge of spoiler and wing section geometries at the mid-span position of the
spoiler, defined in Section 2.3. The spanwise position and chord of the wing section at the mid-span of the
spoiler are obtained using Sections 3.1.1 and 3.1.2, respectively.

311 Spanwiseposition of wing section at spoiler mid-span, 1,
The spanwise position of the wing section at the spoiler mid-span is given by Equation (2.7), i.e.

_no+ni
ms ~ 2

3.1.2 Chord of wing section at spoiler mid-span
Equations (3.1) to (3.3) below give the basic chord, ¢, for awing section in a streamwise direction at any

given spanwise position i for straight-tapered wings and wingswith asingle crank. The chord of thewing
section at the mid-span position of the spoiler can therefore be obtained using these equations with

N =MNpys-

For a straight-tapered wing
C = Cy—N(Cyr—Cp, (3.0

where ¢, and c, are the wing centre-line chord and tip chord respectively, see Sketch 1.1a.

ESDU Copyright material. For current status contact ESDU.

For awing with asingle crank

c= (co)k—%([(co)k—ck] for 0<n<n, (3.2

n-n
and c= ck—[ﬁj [c,—c] for  m<N<10, (33)

where (Co)y is the centre-line chord, c, , isthe chord at the crank station and ), isthe spanwise position
of the crank station, see Sketch 1.2a

3.2 Two-dimensional Characteristicsat 1,

The spoiler characteristicsillustrated in Sketch 2.6 show thelift coefficient increment varying linearly over
much of the angle of attack range. In the present analysis a linear variation of lift coefficient increment,
AC,, with angle of attack is assumed, with limitations as outlined in Section 4.6.
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Thevarious aerofoil section and spoiler parameters are obtained at the mid-span position of the spoiler, i.e.

T]I'T]S'

Figureslaand 1b" givethe two-dimensional lift coefficient increment, AC, . ,atlowspeedat oo = 0 and
10° respectively. The lift coefficient increment is given as a function of spoiler chordwise position x//c
and the parameter H/c, where

H = hy+ 2, (34)

in which z is the section ordinate at the spoiler position (see Sections 2.2.1 and 2.2.2) and h; is an
effective spoiler height, where

(1) for aflat-plate spoiler with no porosity
hess = h (the spoiler deployment height), (3.5):
(i) for aflat-plate spoiler with porosity of the form illustrated in Sketches 2.1(e) to 2.1(h) |
het = h(1—0), (3.6)23

where ¢ isthe total open area (of slots/gaps/perforations) as a fraction of the total (solid plus open) area
of the spailer, SS see Equation (2.1),

ptot *
(iii)  for aflap-type spoiler with no porosity
heit = hk, (3.7)

where k is afunction of spoiler deflection angle, given in Figure 2, and

(iv) for aflap-type spoiler with porosity of the form illustrated in Sketches 2.1(e) to 2.1(h)

he = hk (1-0), (3.8)

ESDU Copyright material. For current status contact ESDU.

and the value of Ssptot used to obtain ¢ is obtained using Equation (2.6).
33 Three-dimensional Char acteristics

The method is applicable to both straight-tapered and cranked wing geometries. If the wing is cranked, an
equivalent straight-tapered wing planform is required, see ESDU 76003 (Derivation 25). Equations given
in ESDU 07002 (Derivation 32) can be used to construct the equivalent strai ght-tapered wing geometry for
awing with a single crank. Two worked examples are given in Section 6. Examples 1 and 2 illustrate the
use of the method for a straight-tapered wing and a cranked wing respectively.

Section 3.3.1 evaluatesthelift-coefficient increment dueto deployed spoilers on both the port and starboard
wing semi-spans. Section 3.3.2 eval uatesthe rolling moment coefficient due to adeployed spoiler on either
the port or starboard semi-span.

* Figures laand 1b were constructed using data obtained from wind-tunnel tests where the experimental set-up allowed two-dimensional
flow to be approximated.
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3.3.1 Lift coefficient increment dueto deployed spoilers, AC, ¢

This section presents an empirical method for predicting the increment in lift coefficient due to deployed
spoilerson the upper surfaces of both the port and starboard wing semi-spans. Thelift coefficientincrement,
AC, ¢, dueto spoilers deployed on both semi-span wing panelsis

AC ¢ = ® AC ¢, (39)

where AC, . isthelift coefficient increment due to a full-span spoiler and @ . is a part-span factor for
spoiler lift. A full-span spoiler is defined in this Data Item as extending from the wing centre-line (1 = 0)
tothewingtip (n = 1.0) on both port and starboard semi-spans.

3;.3.1.1 Lift coefficient increment dueto full-span spoiler, AC,

The lift coefficient increment, AC, -, due to a full-span spoiler on a wing is obtained by scaling the
two-dimensional lift coefficient increment, AC, ., in proportion to the ratio of wing lift-curve slope to
the nominal two-dimensional value 2rt per radian. Hence,

ACLSF = ——2—7'{— Ay (3.10)

where a,,, isthe wing lift-curve slope which is obtained using ESDU 70011 (Derivation 21).

Values of AC| - are obtained for oo = 0 and o = 10° by using Equation (3.10) with values of AC, |
obtained from Figures 1aand 1b. Asfor the two-dimensional characteristics, alinear variation of AC|
with angle of attack is assumed, with limitations as outlined in Section 4.6.

3.3.1.2 Part-span factor for spoiler lift, @

The part-span factor for spoiler lift, ® ., alowsfor a part-span spoiler and is determined using

ps’

) o, (3.12)

ps = q)no_ ni

ESDU Copyright material. For current status contact ESDU.

where d)no is the value of a part-span parameter for lift, d)n , Wwithn = n, and d)ni is the value of d)n
with m =n;. Vaues of ® . and d)no are obtained from Figures 4a and 4b at positions n; and .
Figures 4a and 4b were constructed using wind-tunnel test data for flat-plate spoilers, see Section 5 of
ESDU TM 172 (Derivation 33). These figures are applicable to both flat-plate and flap-type spoilers, see
Section 4.

3.3.2 Rolling moment coefficient due to a deployed spoiler, C,

This section presents an empirical method for predicting the rolling moment coefficient, C,, due to a
spoiler deployed on the upper surface of either the port or starboard wing semi-span. The two worked
examples given in Section 6 illustrate the use of the method. Example 1 predicts C,; due to a spoiler
deployed on the starboard semi-span of astraight-tapered wing and Example 2 predicts C, ; dueto aspoiler
deployed on the port semi-span of a cranked wing.
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Therolling moment coefficient, C, ¢, dueto adeployed spoiler on either the port or starboard semi-spanis
obtained using

Cis = Pps(Cig) (3.12)

Ssi

where (C|S)ss is the rolling moment coefficient due to a semi-span spoiler and ‘I’ps is a part-span factor
for spoiler rolling moment. A semi-span spoiler is defined in this Data Item as extending from the wing
centre-line (n = 0) tothewingtip (n = 1.0) on either the port or starboard semi-spans.

3.3.2.1 Rolling moment coefficient due to semi-span spoiler, (C,))

The rolling moment coefficient, (C, S)ss’ due to a semi-span spoiler on the starboard wing panel is

AC
LsF, =
(Cls)ss - 45 kanplan’ (3.13)

where ﬁman is the spanwise centre of pressure position due to wing planform geometry and k, is a
correction factor applied to 1y 5 - The rolling moment coefficient, (C S)ss' due to a semi-span spoiler on
the port wing panel isobtained using Equation (3.13) but with opposite sign. Equation (3.13) was devel oped
from Equations (A3.1) and (A4.1) in Appendix A.

InESDU TM 172 1 plan IS defined as the component of wing spanwise centre of pressure due to the wing
planform without any geometric or aerodynamic twist . Figures 6a to 6f, obtained from an investigation
using the Multhopp-Richardson program in ESDU 95010 (Derivation 29), provide val ues of ﬁp|an for
quarter-chord sweep angles of A,, = 0, 10°, 20°, 30°, 40° and 45°, respectively for straight-tapered
planform geometries. Values of n plan &t intermediate quarter-chord sweep angles may be obtained to a
very good approximation using linear interpolation. Values of taper ratio, A, and a reduced aspect ratio
parameter, A,/1— MZCOSZA%, where A iswing aspect ratio and M is freestream Mach number, are used
to obtain 1pan in Figures 6ato 6f.

When a spoiler extending across the starboard semi-span is deployed the resulting distribution of local lift
coefficient increment on the starboard wing panel carries over onto part of the port wing panel. This causes
the spanwise centre of pressure position due to the deployment of a semi-span spoiler to be further inboard
than 1 plan- The correction factor, k,, which is derived in Appendix A accounts for this effect and is
obtained as a function of aspect ratio using Figure 3.

ESDU Copyright material. For current status contact ESDU.

Values of (C|S)ss are obtained for oo = 0 and o = 10° by using Equation (3.13) with values of AC|
obtained from Section 3.3.1.1. Asfor the AC, - characteristics, alinear variation of (C, S)SS with angle
of attack is assumed, with limitations as outlined in Section 4.6.

* Geometric twist isthe angle between adatum chord and the local chord at agiven spanwise station. A wing with spanwise varying camber
exhibits aform of twist known as aerodynamic twist.
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3.3.2.2 Part-span factor for spoiler rolling moment, \I’pS

The part-span factor for spoiler rolling moment, ¥ ., alowsfor apart-span spoiler and isdetermined using

ps’

¥ Yois (3.14)

ps = ano_ ni

where ‘Pno is the value of a part-span parameter for rolling moment, lI’n , withn =n, and ‘Pm isthe
value of ‘I’n with n = n, . Values of ‘I‘ni and ‘Pno are obtained from Figures 5a and 5b at positions n;
and m, . Figures 5aand 5b were constructed using wind-tunnel test datafor flat-plate spoilers, see Section 5
of ESDU TM 172. These figures are applicable to both flat-plate and flap-type spoilers, see Section 4.

4, ACCURACY AND APPLICABILITY

The method appliesto both straight-tapered and cranked wing planforms with or without abody and with
trailing-edge flaps undeployed. Since the deployment of a spoiler results in an increment of lift, whichis
not influenced by twist, the method is applicable to both twisted and untwisted wings, see Section 3.1 of
ESDU TM 172 (Derivation 33).

Test data obtained from Derivations 1 to 13, 15 to 19 and 30 are presented in Sketches 4.1 to 4.4. The
database consists of both semi-span and full-span wings. Lift coefficient increment test datawere taken for
deployed spoilers on both semi-span and full-span wings. However, the C, database was limited to
deployed spoilerson full-span wings. Only afull-span wing model can adequately account for the spanwise
centre of pressure position due to the deployment of a spoiler on one semi-span, see Section 3.3.2.1. Test
datawere not avail ablefor spoilers deployed on both semi-spans of afull-span wing. All of the wind-tunnel
models used in Derivations 1 to 13, 15 to 19 and 30 had a single spoiler deployed on either the port or
starboard semi-span. Thelift coefficient increment test data are therefore taken to be equal to AC, /2 and
predicted valuesof AC| /2 are compared with test datain Sketches 4.1 and 4.3.

Sketches 4.1 and 4.2 compare AC, /2 and C,4 data, for flat-plate spoilers, predicted by the method of
Section 3.3 with wind-tunnel test data. Tables 4.2 and 4.3 give details of the wind-tunnel models and test
conditions for flat-plate spoilers on wing-aone and wing-body geometries respectively.

Sketches 4.3 and 4.4 compare AC, /2 and C,4 data, for flap-type spoilers, predicted by the method of
Section 3.3 with wind-tunnel test data. Table 4.4 gives details of a wind-tunnel mode with a flap-type
spoiler onacranked wing withabody. Tables4.5 and 4.6 give detail sof straight-tapered wind-tunnel models
andtest conditionsfor flap-typespoil erson awing-a onegeometry and wing-body geometriesrespectively.

ESDU Copyright material. For current status contact ESDU.

The majority of the AC, /2 test datain Sketches 4.1 and 4.3 are predicted to within £0.03 . Sketches 4.2
and 4.4 show that most of the C, test data are predicted to within +0.003..

Thevariationof AC, ; and C, ¢ withthedeflectionangle, 6, , of aflap-type spoiler isgenerally non-linear.
Sketches 4.5 and 4.6 present test data showing examples of the non-linear variations of AC, /2 and C|
with 6,, respectively. In these sketches data predicted using the method of this Data Item are shown to
compare favourably with the test data.

The limits of applicability of Reynolds number, Mach number, spoiler sweep angle, spoiler span, and
porosity arediscussed in Sections4.1t04.5. Applicablelimits of spoiler deployment height and wing angle
of attack are given in Section 4.6. The ranges of applicability for various geometric and flow parameters
are summarised in Section 4.7.
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