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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.
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AEROFOIL AND WING PITCHING MOMENT COEFFICIENT AT ZERO ANGLE OF
ATTACK DUE TO DEPLOYMENT OF TRAILING-EDGE SINGLE-SLOTTED FLAPS
AT LOW SPEEDS

1 NOTATION AND UNITS
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S British

A aspect ratio, 2s/t
(a), basic aerofoil lift-curve slopein incompressible flow radt  rad™t
C. lift coefficient; (lift)/qc for aerofoil, (lift)/qSfor wing
ClLos lift coefficient at zero angle of attack for basic aerofoil, based on ¢
AC| o increment in lift coefficient at zero angle of attack dueto

deployment of trailing-edge single-slotted flap on aerofoil, based

on ¢ (see ltem No. 94030)
AC/ increment in lift coefficient at zero angle of attack due to

deployment of trailing-edge single-slotted flap on aerofoil, based

on ¢’ (seeltem No. 94030)
ACI:l increment in lift coefficient associated with deployment of

trailing-edge single-slotted flap on aerofoil with lift-curve slope of

27, based on ¢’ Figure 2 (from Item No. 94030)
Cm pitching moment coefficient; (pitching moment)/ qc? for aerofoail,

(pitching moment)/qSC for wing, referenced to c/4 for aerofoil

and C/4for wing, see Sketch 1.1
Cino C,, for aerofail at zero lift, based on c?, see Section 7.1
Cinoi inviscid valueof C
CiraoB pitching moment coefficient at zero angle of attack for basic

aerofoil, based on ¢2 and referenced to c/4, approximated as Cino

see Section 7.1
AC 00 increment in pitching moment coefficient at zero angle of attack

due to deployment of trailing-edge single-slotted flap on aerofail,

based on ¢2 and referenced to c/4, see Equation (3.1)
AC w0 increment in pitching moment coefficient at zero angle of attack

due to deployment of trailing-edge single-slotted flap on wing,

based on ST and referenced to €/4, see Equation (3.6)
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basic (plain) aerofoil chord or wing chord at flap mid-span (i.e.
chord with high-lift devices undeployed), see Sketches 1.1 and 1.2

extended aerofoil chord, i.e. chord with trailing-edge single-slotted
flap deployed, see Sketch 1.2

wing geometric mean chord

wing aerodynamic mean chord, see Item No. 76003

wing root (centre-line) chord, see Sketch 1.1

chord of trailing-edge single-slotted flap, see Sketch 1.2
increment in ¢, , see Sketch 1.2

extended chord of trailing-edge single-slotted flap, see Sketch 1.2

viscous correction factor used in calcul ation of Cio» Se8
Equation (7.1).

centre of incremental lift at zero angle of attack dueto
trailing-edge single-slotted flap deployment on aerofoil section
expressed as fraction of basic aerofoil chord, measured positive aft
from its quarter-chord position

empirical centre of incremental lift at zero angle of attack due to
trailing-edge single-dlotted flap angular deflection on aerofoil aft
from extended aerofoil quarter-chord position, see Equation (3.4)

theoretical value on which h2’ is based, see Equation (3.3) and
Figure 3

correlation factor for trailing-edge single-slotted flap, Figure 1
(from Item No. 94030)

part-span factor; pitching moment coefficient increment due to
part-span trailing-edge single-slotted flaps extending
symmetrically from wing centre-line divided by pitching moment
coefficient increment due to full-span trailing-edge single-slotted
flaps at same deflection angle, Figure 4.

flap type correlation factor, (= 1.0)

flap type correlation factor for wing sweep, (= 1.0)

value of K corresponding to n = n,, required in Equation (3.6)
value of K corresponding to n = n,, required in Equation (3.6)

part-span factor dependent on wing sweep effect, Equation (3.9)
and Figures 5ato 5f

valueof K, correspondingto n = n;, required in Equation (3.6)
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valueof K, correspondingto n = n, required in Equation (3.6)

free-stream Mach number

parameter in Equation (3.9) for K, , see Equation (3.10)

free-stream kinetic pressure N/m?  Ibf/ft?

aerofoil Reynolds number, based on free-stream conditions and ¢

wing Reynolds number, based on free-stream conditions and ¢

wing planform area, 2sc m? 2
wing semi-span, see Sketch 1.1 m ft
maximum thickness of aerofoil m ft
chordwise location of flap-shroud trailing edge, see Sketch 1.2 m ft
maximum upper-surface ordinate of basic aerofail, see Sketch 1.2 m ft
deflection of trailing-edge single-slotted flap, positive deg deg
trailing-edge down, see Sketch 1.2
spanwise distance from wing centre-line as fraction of semi-span
value of n at inboard limit of flap, see Sketch 1.1
value of n at outboard limit of flap, see Sketch 1.1
wing leading-edge sweep angle, see Sketch 1.1 deg deg
wing quarter-chord sweep angle, see Sketch 1.1 deg deg
wing half-chord sweep angle deg deg
wing trailing-edge sweep angle, see Sketch 1.1 deg deg
wing taper ratio (tip chord/root chord)
denotes experimental value
denotes predicted value
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centreline

>‘

Cr
Moment
reference CM
at C /4.
See Reference 30 y
for definition

Sketch 1.1 Wing notation (flaps undeployed)

tl

Y
A
Y
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A
A4

Aerofoil datum (chord line)

*Flap datum is rotated aerofoil datum

N Flap

datum*

Sketch 1.2 Deployed single-sotted flap notation (at section AA)
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2. INTRODUCTION

This Item provides a method to obtain the increment in pitching moment coefficient at zero angle of attack
due to deployment of trailing-edge single-dotted flaps at low speeds, either on an aerofoil or on awing.

For aerofoilsthe method predictsthe centre of lift position, h, , dueto single-slotted flap deployment, based
on the thin-aerofoil theory of Derivation 26 and modified to obtain correlation with the experimental data
of Derivations 3, 4, 5, 7, 8, 11, 12, 14, 15 and 21. This is combined with the increment in aerofoil lift
coefficient calculated from Item No. 94030 (Derivation 2) to estimate the pitching moment coefficient
increment.

For wingswith full-span flaps, factors, dependent on planform geometry, are applied to the pitching moment
coefficient increment on a section that is representative of thewing, to alow for three-dimensional effects.
Derivations 27 and 28 are used asthe basisfor these factors, with some adjustment to the simple theoretical
assumptions. For wings with part-span flaps, additional factors are introduced that are dependent on taper
ratio, aspect ratio, sweep and spanwise extent of the flap.

Section 3 describes the prediction method and Section 4 discusses Mach number and Reynolds number
effects. The applicability and accuracy of the method are addressed in Section 5. The Derivation and
References are given in Section 6. Section 7 provides worked examplesillustrating the use of the Item for
an aerofoil and awing.

3. PREDICTION METHOD

The method for aerofoils requires the use of I1tem No. 94030 to determine the lift increment characteristics
of the aerofoil/flap combination from which to derive the pitching moment coefficient increment.

For wings, the streamwise section, flap geometries and angles at the mid-span of the flap panel are taken
to be representative of the wing/flap system, see Sketches 1.1 and 1.2. The method again requires the use
of Item No. 94030 to determine the lift increment characteristics of the representative section/flap
combination from which to derive the section pitching moment coefficient increment. By this means the
effects of spanwise variation are averaged out. Empirical correctionsallow for the effects of wing planform
geometry and the spanwise extent of the flaps.

31 Aerofoil Pitching Moment Coefficient Increment AC ., o
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Theincrement in pitching moment coefficient at zero angle of attack, due to deployment of asingle-slotted
flap on an aerofoil, is obtained from

AC —AC/ o h5 (¢'1)2=AC/ o (¢lC)(C'lc—1)14—C| yg(c’lc—1)/4+C og(c/c—1). (3.1)

mto0 ~

Here, AC,iOt istheincrement in lift coefficient at zero angle of attack dueto deployment of asingle-dlotted
flap on an aerofoil, based on the extended chord, and is evaluated as

AC/or = JyAC)y (ay)/2m (32)

where J;; and AC|:1 are given in Figures 1 and 2 respectively, reproduced from Item No. 94030, and
(ay), is the basic aerofail lift-curve slope in incompressible flow, which may be obtained from Item
No. Wings 01.01.05 (Derivation 1), and §,,° isthe flap deflection angle in degrees.
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The centre of thelift increment at zero angle of attack , h) , isexpressed asafraction of the extended chord
and measured positive aft from the quarter-chord point of the extended aerofoil chord. It is derived
empirically from itstheoretical value in Derivation 26 for a hinged plate on athin aerofoil and adjusted to
alow for chord extension by replacing ¢, /c with c{; / ¢’ to give

0.25[1 - (2¢/;/ ¢’ = 1)2]1¥2 [1 - (2¢/;/ ¢’ = 1)]
hyr = . (3.3)

{n —cosY(2¢{,/ ¢’ = 1) + [1 - (2¢c(y/ ¢’ ~ 1)2]1/2}

Values of héT determined from Equation (3.3) are given in Figure 3 as afunction of c{;/ c’.

Anincremental adjustment to obtain correlation with experimental data gives
h) =hyr —4(z,, /0 (x/c-1), (3.9

where X,/ ¢ is the chordwise location of the flap shroud trailing edge as a fraction of the basic aerofoil
chord and z,,/ ¢ istheratio of the maximum upper-surface ordinate to the aerofoil chord, see Sketch 1.2.

Thefinal termsin Equation (3.1) involving C, j5 and C, o, the lift and pitching moment coefficients
at zero angle of attack for the basic aerofoil, provide an approximation to the effect of extension of the
aerofoil without flap angular rotation. (Note that the term involving C,, , og is aways small compared to
the first two terms in Equation (3.1) and it is sufficient to use C, ) in place of C g, See Section 7.1.)
The method must not be used to obtain pitching moment increments due to extension without rotation,
sincethosevaluesarecritically dependent on detailed geometry not accounted for inthismethod. Asshown
in Tables 5.1 and 5.2, the minimum validated flap deflection angleis 8,,° = 10°.

The centre of incremental lift at zero angle of attack due to flap deployment, expressed as a fraction of the
basic aerofoil chord and referred to its quarter-chord position, is obtained from

_ACmtocO

" = (ol (35)

ESDU Copyright material. For current status contact ESDU.

32 Wing Pitching Moment Coefficient Increment AC, ... o
For awing at zero angle of attack the increment in pitching moment coefficient due to single-slotted flap
deployment is

AC = K (Ky = KDAC 0+ Kin(Krg = KA D(AT2)AC) o, (1 C)tan Ay, (36)

mtwo0

where A isthe wing aspect ratio, A, isthe wing quarter-chord sweep angle, and ACLOt and AC .0
are now calculated from Equations (3.2) and (3.1), respectively, for the representative streamwise section
of the wing, taken at flap mid-span.

Thepart-spanfactors K; and K, are obtained from Figure 4 asfunctions of wing taper ratio and theinboard
and outboard limits of the flap, n = n; and n, respectively.

The flap-type correlation factors for single-slotted flaps have been derived from the data of Derivations 6,
13, 17,19, 20 and 22 to 25 to be
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K; = 10 (3.7)

and Ky = 10. (38)

The part-span wing-sweep factors, K ,; and K, /, are obtained for single-slotted flaps from Figures 5a
to 5f asfunctions of the extended chord ratio, ¢/c, and theinboard and outboard limits of theflap, n = 7,
and n, respectively, for arange of values of wing taper ratio. Note that for all cases with afull-span flap
or an unswept quarter-chord line the second term in Equation (3.6) has a value of zero.

The data for Ka given in Figures 5a to 5f for A =0, 0.1, 0.2, 0.4, 0.6 and 1 were obtained from
Derivation 27 for extended flapsin the form

= M 2_ _ 3 ’ _ _ _ _
A 4(1+}\+k2){[0.5n 0.333(1-A)n }[(c lo)(1 p)+p} [0.5 0.333(1 }»)} p}, (3.9
where A isthewing taper ratio

and p = (c/e)[n = 05(1 = 4)n?] , (3.10)
0.5(1+ X)) —[n —05(1 —A)n2](1-c'/c)

4. EFFECTSOF MACH NUMBER AND REYNOLDSNUMBER

41 Mach Number Effects
High local Mach numberswill occur at low free-stream Mach number as aresult of high angle deployment
of slotted flaps. Significant Mach number effectswill occur at free-stream Mach numbersgreater than about
0.2, at large values of d,,°, and at progressively smaller values of this angle as Mach number isincreased.
None of the data considered for this Item was for a Mach number greater than 0.25.

4.2 Reynolds Number Effects

ESDU Copyright material. For current status contact ESDU.

Values of AC, ;.o OF AC, o0 ar€ derived with an aerofail lift-curve slope, a,, (obtained from Item
No. Wings 01.01.05), which is dependent on Reynolds number. For the data used in the derivation of this
Item no additional effect of Reynolds number on AC, .. .o or AC ..o Was found over the ranges of
Reynolds number shown in Tables 5.1 and 5.2.

5. APPLICABILITY AND ACCURACY
5.1 Applicability
511 Aerofails

Themethod giveninthisltem for estimating the position of the centre of thelift increment and theincrement
in pitching moment coefficient at zero angle of attack due to deployment of atrailing-edge single-slotted
flap applies only to aerofoils without the deployment of aleading-edge device.
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Table 5.1 summarisesthe parameter ranges covered by the experimental data, obtained from Derivations 3,
4,5,7,8,11, 12, 14, 15 and 21, correlated by Equation (3.5).

TABLE 5.1 Parameter rangesfor test data for trailing-edge single-slotted flaps
on aerofoils used in the method of Section 3.1

Parameter Range
t/c 0.10 to 0.30
Z,ml C 0.060 to 0.165
Cp/cC 025 to 040
c'lc 1.04 to 1.32
Ac,/c —-0.054 to 0.037
X/ C 072 to 1
87° 10° to 60°
R.x 1076 10 to 9.0
M <024

512 Wings

The method given in this Item for estimating the increment in pitching moment coefficient, at zero angle
of attack, dueto deployment of atrailing-edge single-slotted flap on awing, has been shown to be applicable
to straight-tapered wings covering a wide range of planform parameters. Table 5.2 summarises the
parameter ranges covered by the experimental data that were obtained from Derivations 6, 9, 10, 13, 16
to 20, 22 to 25 and used in the devel opment of the method.

For a wing where ¢, /c is not constant, the flap should be divided into several spanwise portions, a
calculation made separately for each portion, using its mid-span geometry, and the results summed to
provide atotal value of AC .- The number of portions required will depend on how rapidly the ratio
Ci,/ ¢ varies across the span.

Nowingswith cranked leading or trailing edges or curved tipswereincluded intheanalysis. Itissuggested
that for such wings the planform parameters A and A4, be calculated for the equivalent straight-tapered
planform as defined in Item No. 76003 (Reference 30). Care should be taken with the definition of ¢, /c
and the user of the final result should be aware of the non-validated use of the method for such wings.

The method has only been validated for wings without leading-edge devices.
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