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

1. NOTATION AND UNITS
Si British
A aspect ratio2s/c
(al)O basic aerofoil lift-curveslope in incompressible flow ral  rad™!
C. lift coefficient; (lift)/qc for aerofoil, (ift)/qSfor wing
Clo C, at zero angle of attack for aerofoil, basedcon
AC| increment in lift coefficient at zero angle of attack due to

deployment of trailing-edge double-slotted or triple-slotted flap on
aerofoil, based oo (see Item No. 94031)

ACI’_Ot increment in lift coefficient at zero angle of attack due to
deployment of trailing-edge double-slotted or triple-slotted flap on
aerofoil, based og’ (see Item No. 94031)

AC|,,AC|,, increment in lift coefficient associated with deployment of
equivalent first, second, third element of trailing-edge slotted flap on

AC 5 aerofoil with lift-curve slope o1t , based @h , Figures 4,5 and 6
(from Item No. 94031)

Ch pitching moment coefficientpitching momentqc? for aerofoil,
(pitching momentqSc for wing, reerenced ta/4 for aerofoil and
C/4for wing, see Sketch.1

Cino C,,, for aerofoil zero lift, based oc? , see Secfioh

Cioi inviscid value ofC -

Crnao pitching moment coefficient at zero angle of attack for aerofoil,
based orc?2 and referencedctd, approximated a€,, .see
Section7.1

Crwao pitching moment coefficient at zero angle of attack for wing, based
on St and referenced to/4

AC a0 increment in pitching moment coefficient at zero angle of attack due

to deployment of trailing-edge double-slotted or triple-slotted flap
on aerofoil, based oc?  amefferenced t@/4, see Equatio(B.1)
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1} 1}
Ct1 Cio »

h2,1T ! h2,2T !

h2,3T

increment in pitching moment coefficient at zero angle of attack due
to deployment of trailing-edge double-slotted or triple-slotted flap
on wing, based o&T and referencedtd , See Equ@itfh)

increment in pitching moment coefficient at zero angle of attack due
to deployment of trailing-edge double-slotted or triple-slotted flap
on aerofoil, based od2 andeeenced toc'/4 |, seBquation(3.2)

basic (plain) aerofoil chord or wing chord at flap mid-spam ( m
chord with high-lift devices undeployed), see Sketch#ésl.2
andl.3

extended aerofoil chorde. chord with trailing-edge slotted flap m
deployed, see Sketch# andl1.3

wing geometric mean chord m

wing aerodynamic mean chord, see Item No. 76003

equivalent flap chord of first, second, third element of trailing-edfe
slotted flap, see Sketdh2 for double-slotted flap, Sketch3 for
triple-slotted flap

wing root (centre-line) chord, see Skefch m

chord of first, second, third element of trailing-edge slotted flap, isee
Sketchl.2 for double-slotted flap, Sketch3 for triple-slotted flap

increment inc;; C;,, Ci3, see Sketch.2 for double-slotted flap, m
Sketchl.3for triple-slotted flap

extended chord of first, second, third element of trailing-edge slatted
flap, see Sketch.2 for double-slotted flap, Sketch3 for
triple-slotted flap

viscous correction factor used in calculationGyf,
see Equatiorf7.1)

centre of incremental lift at zermgle of attack due to trailing-edge
slotted flap deployment on aerofoil section expressed as fraction of
basic aerofoil chord, measurpdsitive aft from its quarter-chord
position

empirical centre of incremental lift at zero angle of attack associated
with deployment of equivalent first, second, third element of
trailing-edge slotted flap on aerofoil, expresseftasion of

extended chord, measured positive aft from extended aerofoil
guarter-chord position, see Equati¢8s), (3.7)and(3.9)

theoretical values on whidh, ;, h,, hy 5 are based,
see Equation§3.4), (3.6)and(3.8) and Figure 7
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Ji1+ dip 1 iz correlation factor for first, second, third elements of trailing-edge
slotted flap, Figures 1, 2 and 3 (from Item No. 94031)

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

Figure 8
Ks flap type correlation factof= 1.0)
Kin flap type correlation factor for wing swees; 1.0)
K, value ofK corresponding t9 = n; , required in Equa(dril)
Ko value ofK corresponding t9 = n, , required in Equa(i®ril)
Ka part-span factor dependent on wing sweep effect, Equ@itba)

and Figures 9a to 9f

KA value ofK, corresponding ig = n; , required in Equa(i®il)

Kro value ofK, corresponding tg = n, , required in Equati®nil)

M free-stream Mach number

p parameter in Equatiof8.14)for K, , see Equatio(8.15)

q free-stream kinetic pressure NIm  Ibf/ft2

R. aerofoil Reynolds number, based oeefrstream conditions arwd

Re wing Reynolds number, based on free-stream conditiong€ and

S wing planform area2st M ft2

S wing semi-span, see Sketth m ft

t maximum thickness of aerofoil m ft

Xis chordwise location of flap-shroud trailing edge, see Skettles m ft
andl.3

Zum maximum upper-surface ordinate of basic a@tp§ee Sketchek2 m ft
andl.3

5,°, &;,°,  deflection of first, second, third element of trailing-edge slotted fidgg deg

5.0 positive trailing-edge down, see SkefcR for double-slotted flap,

t3 Sketch1.3 for triple-slotted flap
n spanwise distance from wing centre-line as fraction of semi-span
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n;
No
No
/\1/4
/\1/2
/\1

A

Subscripts
( )expt

( )med

Moment

reference centr

atC /4.

See Reference 23 vV

for definition.

value ofn at inboard limit of flap, see Sketth

value ofn at outboard limit of flap, see Skefch

wing leading-edge sweep angle, see Skétth deg deg
wing quarter-chord sweep angle, see Skétgh deg deg
wing half-chord sweep angle deg deg
wing trailing-edge sweep angle, see Skdtch deg deg

wing taper ratio (tip chord/root chord)

denotes experimental value

denotes predicted value

centre line

/] /
/,

Sketch 1.1 Wing notation (flaps undeployed)
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Cl
Cet1
' C., = C
Ctl t2 et2
c -
- X, A -
Tzum

| o
e
— _ t1
- First
element

Aerofoil datum (chord line) datuni

N\ Second
element
datunt

Sketch 1.2 Deployed double-slotted flap notation (at section AA)

- ¢ >
. Cet1 N
Cet2
C, c,. '(c:e'—ts'
c t1 ‘ t2 t3

A
ZU m

L First

~ element
datuni
Aerofoil datum (chord line)

Second
N element
Third ', datunt
element § _°
datunt 3

Sketch 1.3 Deployed triple-sitted flap notation (at section AA)

¥ The deflection of the first flap elemerfi,” , is the angle between the aerofoil datureliiee(aerofoil chord line) and the
first element datum line.
The first element datum line is the chord line of the element, defined as the line passing through the centre of thegeading-ed
radius and the trailing edge.

* The deflection of the second flap elemedt;  , is the angle between the first and second element datum lines.
The deflection of the third flap elemerd,; |, is the angle between the second and third element datum lines.
In contrast to the definition of the datum line of the first flap element, the datum lines of the second and third flap atement
the rotated aerofoil datum line considered to be fixed in each element.
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3.1

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 double-slotted or triple-slotted flaps at low speeds, either on an aerofoil
or on a wing.

For aerofoils the method predicts the centre of lift positgn, h, ., hgng , due to deployreach of
element of a double-slotted or triple-slotted flap, based on theagnifoil theory of Derivatioi9 and
modified to obtain correlation with the experimental data of Derivatgpss6, 7, 8, 10, 13, 17 and18.

Each centre of lift position is combined with therement in aeraifil lift coefficient for the correponding
element calculated from Item No. 94031 (Derivat®rio estimate the total pitching moment coefficient
increment. When applied to a multi-element flap, thin-aerofoil theory represents each element as an
‘equivalent’ single-element flap (of chord,, etc, see Sketche4.2 and 1.3), and their moment
contributions are summed.

For wings with full-span flaps, factors, dependent on planform geometry, are applied to the pitching moment
coefficientincrement on a sémh that is representative of the wing, to allow for three-dimensional effects.
Derivations20and21are used as the basis for these factors, with some adjustment to the simple theoretical
assumptions. For wings with part-span flaps, additional faaterstoduced that are dependent on taper
ratio, aspect ratio, sweep and spanwise extent of the flap.

Section3 describes the prediction method and Sedliaiscusses Mach number and Reynolds number
effects. The applicability and accuracy of the method are addressed in Seciiba Derivation and
References are given in Secti@nSection7 provides worked examples illustrating the use of the Item for
an aerofoil and a wing.

PREDICTION METHOD

The method for aerofoils requires the use of Item No. 94031 to determine the lift increment characteristics
of the aerofd/flap combination from which to derive the pitching momengfficient increment.

For wings, thestreamwisesection, flap geometries and angles at the mid-span of the flap panel are taken
to be representative of the wing/flap system, see Skelchek 2 and1.3. The method again requires the

use of ltem No. 94031 to determine the lift incremerdratbteristics of the representative tsauflap
combination from which to derive the section pitching momestfawent increment. Byhis means the
effects of spanwise variation are averaged out. Empirical corrections allow &fettiis ofwing planform
geometry and the spanwise extent of the flaps.

Aerofoil Pitching Moment Coefficient IncrementAC, .o
The increment in pitching momentefficient at zero agle of attack, due to deployment of a double-slotted
or triple-slotted flap on an aerofoil, is obtained from

AC ACI'mw(O(c'/c)z—ACILOt (c'/c)(c'lc-1)/4-C y(c'lc-1)/4+Co(c'/c-1) . (3.2)

mta0 — ma0
Here,ACI'mwO is the increment in piticly moment coefficient at zero angle of attack due to deployment

of a double-slotted or triple-slotted flap on an aerofoil, based on the extended chord, and is evaluated as

AChiao = — [‘]tlAclilh'Z, 1+Jt2AC|:2h'2,2+Jt3AC|:3h'2, 3l(@y)g/21, (3.2)
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andAC, ,, is the increment in lift coefficient at zero angle of attack dueployteent of a double-slotted
or triple-slotted flap on an aerofoil, based on the extended chord, and is evaluated as

AC o = [IACLy +IACE, +I5AC 31(ay) /2T, (3.3)

whereJ;; ,J;, Ji3 AC|; AC|, and\C'; are given in Figures 1 to 6 respectively, reproduced from
Item No. 94031. The basic aerofoil lift-curve sloga, ) , in incompressible flow, may be obtained from
Item No. Wings 01.01.05 (Derivatidr) and the flap deflection angle%,° ,,° ang’ , are in degrees.
The formulae fod,; J;, and,; are included on Figures 1 to 3.

The centre of the lift increment due to the first flap element at zero angle of attagk , , is expressed as
a fraction of the extended chord and measpasitive aft from the quarter-chord point of the extended
aerofoil chord. It is derived empirilba from its theoretical value in Derivatiol® for a hinged plate on a

thin aerofoil and adjusted to allow for chord extension by replacijg ayjthic’ to give
0.25 1— ( Zy/c' — 1)2]1M[1 - (2c y/c' - 1)]
hour = . - (3.4)
O — cos Y(2¢c /¢’ — 1) + [1 - (2c,,/c' — 1)2]Y2
O 0

An incremental adjstment to obtain correlation with experimental data gives
h'2,1 =hy - 4(z,/C) 3 (%l - 1), (3.5)

wherexc/c is the chordwise location of the flap-shroud trailing edge as a fraction of the basic aerofoil
chord andz, /¢ isthe ratio of the maximum upper-surface ordinate to the aerofoil chord, see 3k2tches
and 1.3.

Following the model of Equatio(B8.4), the theoretically derived centre of the lift increment due to the
second flap element at zero angle of attack is

, 0.25 1-( X /¢ —1)2 Y 1-(2c,,/c' —1)]
Wy o1 = . (3.6)

u 1 ' ' 2 1/2[|
BT[—COS_ (2c5p/C' =1) +[1—(2c,p/c' = 1)7] E

No adjustment is required to obtain correlation with experimental data, so that

= h'

2,2T ° (3.7)

h32
Similarly, for the third flap element

, 0.25 1-( Zy5/c' —1)2] Y9 1-(2c, /' —1)]
h2’3_|_ = , (38)

u 1 ! ' 2 1/2[|
BT[—COS_ (2co5/c' —1) +[1-(2c z/c' - 1)7] E




-

p— ™
h—
Engineering Sciences Data Unit

3.2

where again no adjustment is required to obtain correlation with experimental data, so that
h'2’3 = h'2’3T : (3.9)

Values ofh’zy1T ,h’2’2T andh'2’3T , determined respectively from Equati®ds, (3.6)and(3.8), are given
in Figure 7 as a function af,;/c' cgp/C’ amg,/c’

The final terms in Equatio(8.1) involving C, ; andC,,, , the lift and pitching momentetficients at

zero angle of attack for the basic aerofoil, provide an approximation teffaet of extesion of the aerofoil

without flap angular rotation. (Note that the term involviag,, is always small compared to the first
two terms in Equatio(B.1)and it is sufficientto us€ =~ in place 6f,,, ,see Sectidh The method

must not be used to obtain pitching moment increments due to extension without rotation of at least one of
the slotted flap elements, since the values due to extension alone are critically dependent on detailed
geometry not accounted for in the method. As shown in Takjéhe minimum validated combined flap
deflection angle for double-slotted flapqéﬁo O = 20°

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

_AC
h, = ——90 (3.10)
AC| o (c'/c)

Wing Pitching Moment Coefficient IncrementAC, .00
For a wing at zero angle of attack the increment in pitching momesitictent due to letted flap
deployment is

AC = K (K, - K,)AC

mtwa 0

+ Ka(Kpg = KAD(AI2)AC), (c/C)tanA,,  (3.11)

mtaO

whereA is the wing aspect ratid, ,,  is the wing quarter-chord sweep anglA%BpI ACapg
arenow calculated from Equatior§8.3) and(3.1), respectively, for the representativeeainwise section
of the wing, taken at flap mid-span.

The part-span factots; aig, are obtained from Figure 8 asdfoscti wing taper ratio and the inboard
and outboard limits of the flamy = n; amg, , respectively.

The flap-type correlation factors for double-slotted and triple-slotted flaps have been derived from the data
of Derivations4, 9, 11, 12 and14to be

Ki = 1.0 (3.12)
and Kin = 1.0, (3.13)
The part-span wing-sweep factofs,; g, , are obtained for slotted flaps from Figures 9a to 9f as
functions of the extended chord ratw/c , and the inboard and outboard limits of the Hap, and

N, respectively, for a range of values of wing taper ratio. Note that for all cases with a full-span flap or an
unswept quagr-chord line the send term in Equatio3.11)has a value of zero.
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4.1

4.2

5.1

5.1.1

The data forK, given in Figures 9a to 9f far=0 , 0.1, 0.2, 0.4, 0.6 aner& ebtained from
Derivation20 for extended flaps in the form

- _=3(1+A) 2_ _ 3 ' _ _ B O
A 4(1””2@0-&1 0.333 1-A)n }[(c e)(1 p)+p} [0.5 0.333 1_7\)} PD. (314

where A is the wing taper ratio

and o = (c'/c)[n = 0.5(1=A)n?] (3.15)

0.5(1+A) —[n—=05(1-A)n2](1-c'lc)

EFFECTS OF MACH NUMBER AND REYNOLDS NUMBER
Mach Number Effects

High local Mach numbers will occur at low free-stream Mach number as a result of high angle deployment
of slotted flaps. Significant Mach number effects will occuregfstream Mach numbers greater than about
0.2, at large values d3§,;° 9§;,° ard,° and at progressively smaller values of these angles as Mach
number is increased. None of the data considered for this Item was for a Mach number greater than 0.2.

Reynolds Number Effects

Values ofAC, 1, andAC..qo are derived with an aerofoil lift-curve sldjog) (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 additionakffect of Rgnolds number omAC oAC was found over the ranges of
Reynolds number shown in Tabled and5.2.

mtaO mtwa 0

APPLICABILITY AND ACCURACY

Applicability

Aerofoils

The method given in this Item for estimating the position of the centre of the liftincrement and the increment
in pitching moment cefficient at zero agle of attack due to deployment of a trailing-edge double-slotted

or triple-slotted flap applies only to aerofoils without the deployment of a leading-edge device.

Table5.1 summarises the parameter ranges covered by the experimental data, obtained from Derivations
3,5,6,7,8,10,13 17 and18, correlated by Equatior{8.5), (3.7)and(3.9).
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TABLE 5.1 Parameter ranges for test data for trailing-edge double-slotted and triple-slotted flaps

on aerofoils used in the method of &tion 3.1

Range
Parameter
Double-slotted flaps  Triple-slotted flaps
t/c 0.08 to 0.15 0.15
Z,mlc 0.05 to 0.095 0.086
CylcC 0.056 to 0.227 0.131
Cpl C 0.23 10 0.26 0.244
Cia/C Not applicable 0.161
c'/c 1.02t0 1.23 1.34
Acy/c ~0.115 t0 0.015 -0.02
Ac,,/ ¢ ~0.084 10 0 -0.02
Ac,/c Not applicable -0.007
X! € 0.715 to 0.854 0.850
81" ~10° to 35° 14°
8o’ 10° to 45° 41°
Oi3° Not applicable 20°
182°] + 81" 20° to 80° 55° (= 14° + 41°)
041 +0,° +03° Not applicable 75° (= 14° + 41° + 209
R, x 1076 1.810 8.0 1.8
M <0.2 0.12

5.1.2 Wings

The method given in this Item for estimating the increment in pitching moment coefficient, at zero angle
of attack, due to deployment of a trailing-edge double-slotted flap on a wing, has been shown to be
applicable to straight-tapered wings covering a wide range of planform parameter&.Zabhl@marises

the parameter ranges covered by the experimental data that were obtained from De#dy8fibhsl2,

14, 15and16 and used in the development of the method.

For a wing wheree, /¢ ¢,/c  ogg/c s 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 a total valued€, ;..o - The number of portions required will depend on how rapidly
the ratiocy,/c ,¢,/c orcg/c varies across the span.

10
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No wings with cranked leading or trailing edges or curved tips were included in the analysis. It is suggested
that for such wings the planform parameters — Agg be calculated for the equivalent straighit-tap
planform as defined in Item No. 76003 (Refere28p Careshould be taken with the definition of,/c

Cio/ € andcz/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. In the case of triple-slotted
flaps the validation is for aerofoils but not for wings. However, in view of the satisfactory correlation
obtained for both double-slotted and triple-slotted flaps on aerofoils and for double-slotted flaps on wings
there is no reason to expect poorer correlation for triple-slotted flaps on wings.

TABLE 5.2 Parameter ranges for test data for trailing-edge double-slotted flaps
on wings used in the method of Sectiod.2

Parameter Range
A 3.5 to 10.0
Atan/,, 04 to 6.6
AtanA, 04 to 55
Ao 0 to 49°
Ay -8° to 38°
A 03 to 1.0
t/c 0.07 to 0.18
Z,nlc 0.035 to 0.104
Cp/cC 0.06 to 0.16
Co/ C 0.19 to 04
(ciy+cpp)lc 0.25 to 0.55
Ci1/ Cio 0.27 to 0.56
c'/c 109 to 13
Ac,,/c ~0.025 to 0.01
Ac,,/ C ~0.08 to 0.016
X! C 0.71 to 0.86
8y1° 5° o 45°
8y5° 19° to 40°
8y1° + 81° 24° to 67°
n; 0 to 0.16
No 0.36 to 1.0
Rz x107° 05 to 10.0
M < 0.2

11
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5.2 Accuracy

5.2.1 Aerofoils

Sketch5.1 shows the comparison between predicted and experimental valbgs of , the centre of the lift
increment due to the deployment of double-slotted or triple-slotted flaps on an aerofoil, for data from
Derivations3, 5, 6, 7, 8, 10, 13, 17 and18; the rms error is 0.0154 and 90% of the data are correlated to
within £0.02. Sketchb.2 shows the corresponding comparison between predicted and experimental values
of pitching moment cefficient increments, where the rms error 33% and 90% of the data are'c@ated

to within £0.04.

0.35 —
’L//
Q
o
/ /
" /
/ ég’”
0.30 /- -
/ /
/ /
%
o %o v
o / °g /
o o/OO o CC)) /
0.25 ¢ °
/ol /
°© // o og‘g P 4
(hz) expt i O/ 2 ‘?.>°§ o
L ) P
/ 0//
/
0.20 —
/ /
/ /
/ /|
/
/ /
/ /
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/ /
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I /
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0.10 0.15 0.20 0.25 0.30 0.35
(hz) pred

Sketch 5.1 Comparison of predicted and experimental values af,
for deployment of double-slotted and triple-sidted flaps
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Sketch 5.2 Comparison opredicted and experimentalvalues of AC, ..., for deployment of

double-slotted and triple-slotted flaps on aerofoils
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5.2.2 Wings

The comparison between predicted and experimental values of the pitching moment coefficient increment,
AC, twao due to deployment of both full-span and part-span double-slotted flaps is shown on5Sketch

for unswept wings and on Sketbl for swept wings, for data from Derivatiods9, 11, 12, 14, 15 and

16. In the two sketches 86% of the data points are witfi94 and therrorss 00265.

>
L 0.0/
/
~d
L Q°
0.6 - o
i / /
/
) / ®
- /
05 o+
/°/ o
_(Acmt\/\uo) expt : +F /
I S Se S
0.4
I / /
/
/ /
i // /
/
0.3 ~
I / /
/
L / /
0.2 /
// 7 ® Full Span
I . // + Part Span
0.1
/ /
./
e /
I /
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
_(Acmt\/\uo) pred

Sketch 5.3 Comparison opredicted and experimentalvalues ofAC, ..o for deployment of
double-slotted flaps on unswept wings
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Sketch 5.4 Comparison opredicted and experimentalvalues of AC, ., .., for deployment of
double-slotted flaps on swept wings
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6.

6.1.1

6.1.2

DERIVATION AND REFERENCES

Derivation
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7.

EXAMPLES
Example 1: Pitching Moment Ircrement due to a Traling-edge Double-slotted Flap on an Aerofoil

Estimate the increment in pitching moment coefficient at zero angle of attack due to the deployment of a
double-slotted trailing-edge flap installed on a modified NACA-B55 section as shown in Skefth.

The modifications produced a linear profiarwards fron¥5% chord and 65% chord on the upper and
lower surfaces respectively.

The required geometrical parameters are as follows.

Aerofoil Flap
Z,m/c=0.086 X/ ¢ = 0.85
C1/Cc=0.12 §,°=20° Ac,/c=0.02
CofC = 0.24 §,,° =25° Ac,/c=-0.01

The flow conditions aréM = 0.2 anB, = 4.5x 1 , both of which are within the ranges of Fable

The inviscid valueC . , of the pitching moment coefficient for aerofoil zero lift, which may be calculated
by the method in Item No. 72024 (Refere2@p is taken as —0.031 fol = 0.2

The angle of attack for zero lift, which may be calculated by the method in Item No. 98@dre(Re26),
is taken as —1.004° for the given flow conditions.

Sketch 7.1 Flap Geometry
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1)

)

Obtain CLO and Cmm0

For the modified NACA 65-215 section, from Item No. Wings 01.01.05 (Derivatignfor
boundary-layer transition at the leading edge

(a;), = 5.62 rad™l.

(Although a more accurate estimate of the lift-curve slope is available by the method of Item
No. 97020 (Referenceb), the value from Item No. Wings 01.01.05 is used because the method of
that Item was employed in the original correlation of flap ligfficient increments.)

The angle of attack for zero lift is given as —1.004°

so that CLog=—5.62x(-1.004/ 57.3) = 0.10.

As remarked in Sectio8.1, the term in Equatio(8.1) involving C, ., is always small congped

with the first two terms so it is acceptable to assume that for the basic aerofoil the pitching moment

at zero angle of attack is equal to the pitching moment at zero.éiftC ., = C. . This
assumption is exact for all cases in which the aerodynamic centre is at tleg-gbhartipoint.

The inviscid value ofC,,, aM = 0.2 is given &,; = -0.031 . Figure 1 of Item No. 87001
(Reference24) provides a viscous correction factgmwhich can be approximated by the equation

0.7

—C.__.
_ _ o []___moi Tt . . .
F =1 0.29{smm—o.29 > D} , Where the angle is measured in radians, (7.1)

so that =

0.7
_ 0.0311
1 - 0.29 sin (203110
9{ ' Do.zgzﬂ}

0.917 ,

and hence, through the assumption noted above,

C = C,., =FC

ma 0 mo moi

0.917x (- 0.03)
~0.028 .

Obtain c'/c, ceﬂ/ ¢' and Cet2/ c'

From the definitions of Sketch?2, the dimensions of Sketdhl give

ct'1 /c = ctllc + Actllc
= 0.12+ 0.02
= 0.14,
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ctzlc = ctzlc + Actzlc

0.24- 0.01
0.23,

and the aerofoil extended chord ratit/c is

c'/c xtslc+ Ct'1/C+Ct'2/C
0.85+ 0.14+ 0.23

1.22 .

The equivalent chords of the first and second flap elements are

Cen/C = Cy/C+cllc
= 0.14+ 0.23
= 0.37
and
CeralC = Gyl C
= 0.23,
so that
Cer/C = (Coyy/C) 1 (c'/C)
= 0.37/1.22
= 0.303
and
Cepp/C' = (Cgopl/C) /(c'/c)
= 0.23/1.22
= 0.189.

3) Determine AC ,

From Equatior(3.3), for a double-slotted flap

AC!o = [JgACH; +I,AC,,](ay) J2m

21
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in which, from
Figurel with §,,° = 20°,

J., = 1.154

t1l

and, from Figuret with 6,,° = 20° andc,/c’ = 0.303,

AC = 1.068.

L1
Also,

Figure2 with §,,° = 20° gives

J, = 1.40

(note that),, is afunctiod,,° , nd,° )

and Figure 5 withd,,° = 25° and,,/c’ = 0.189 gives
AC , = 0.712.

Therefore, from Equatio(v.2),

AC, . = (1.154x 1.068+ 1.40< 0.7]2x 5.62/( 2)

(1.232+ 0.997F x 5.62/( 2m)
1.994 .

LOt
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4) Determine h2, 1

From Equatior(3.4), with the inverse cosine evaluated in radians,

0.25[ 1— (X /¢ — 1)2]M2[1 - (2¢,, /¢’ - 1)]

2,1T

g -1 , ' 0
En— cos (2cyy/c' =1) +[1—(2c,,/c' - 1)2]1/2E

0.25[ 1— ( 2x 0.303- J2]¥2[1 — (2 x 0.303— 3]

En— cos™}(2 x 0.303— 1 +[1-(2x 0.303- 1)2]1/2%
H 0
0.1536 ,

Alternatively, the value ohé o could be read from Figire

From Equatior(3.5)

h'2’1 = h'2’ 7 —Hz,m 0)1-5(th/ c-1)

0.1536— 4x ( 0.08pL5 x (0.85— 1)
0.1687 .

(5) Determine h2, 5

From Equatior(3.6), with the inverse cosine evaluated in radians,

0.25] 1— (X /¢’ — 1)21Y2[1 - (2¢ ,/c' - 1)]

h2, 2T

%T[— cos—l(ZCetzlc' —1) +[1-(2c,Jc' - 1)2]1/2§

0.25[ 1— ( 2x 0.189- J2]¥2[1 — (2 x 0.189— 3]

%ﬂ— cos1(2x 0.189—- 1) +[1—-(2x 0.189- 3)2]1/2§

0.1887.
Alternatively, as before the value could be read from Figure

From Equation(3.7)

h2,2 - h2,2T
0.1887 .
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(6) Determine AC, ;40

From Equatior(3.2), for a double-slotted flap,

ACmigg = ~[3AC 1hy 4 +JpAC 5h, 5] (ap),/2m

= —[1.154x 1.068x 0.168# 1.408 0.7% 0.1§875.62/ 2)
= —[0.2068+ 0.188] x 0.8945

= -0.3532 .

(7 Determine AC, 140

From Equatior(3.1)

AC —ACy 140 (€1€)2 = AC| o (c'/c)(c'lc —1) /4

mtaO =

-Clolc'fc=1) 14+ C,o(c'/c—1)

~0.3532x 1.22 - 1.994x 1.22x (1.22— }/4
~0.10x (1.22— /4 - 0.028x ( 1.22- }
— 0.5257— 0.1338— 0.0055— 0.0062
— 0.6712
—0.671.

0

The centre of incremental lift expressed as a fraction of the basic aerofoil chord and referred to its
guarter-chorgosition is obtained by evaluation of Equat{@nl0)from which

_Acmtch
AC| i (c'/c)
_ 0.6712

1.994x 1.22
0.276.

h, =
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Example 2: Pitching Moment Ircrement due to a Traling-edge Double-slotted Flap on a Wing

7.2
Estimate the increment in pitching moment coefficient at zero angle of attack for a Reynolds number
Rz = 4.5x 1® and a free-stream Mach numblér= 0.2 for a wing with a part-span double-slotted
trailing-edge flap as shown in Sketél2 The wing has the planform parameter values
A = 8,N, = 25 andA = 0.4
and across the whole span the streamwise section is the modified NAG2165rofile which was used
in Example 1.
The flap has the same streamwise geometrical parametbsasused in Example 1 and extends from the
wing centre-line to 60% of the wing semi-span.
centre line

Moment

reference

ce[ltre

atc/4.

Sketch 7.2 Wing planform with deployed flap

The derived sweep anglég, = 27.5 afhg = 17° (see Item No. 760&f8réhce23), the parameter
Atan/\; = 4.16 the Mach number and the Reynolds number all lie within the ranges shown ob.Zable
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Determine AC

mtwa 0

In addition to the incremental efficients

AC o = — 0.671.
and
AC' oy = 1.994
for the aerofoil section from Example 1, various factors are needed to detef@ing. . from

Equation(3.11)
The flap type correlation factois; — akg, are given by Equaf®i®)and(3.13)as
Ki = Kip = 1.0,

From Figure 8 fom; = 0

and forn, = 0.6 and\ = 0.4

K, = 0.788,

From Figure 9d foA = 0.4 ¢'/c=1.22 angd; =0

and forn, = 0.6

Kno = 0.0526.

Therefore, from Equatio(8.11)

AC = Ki(Ky = K)AC 0 + Kin(Kag = Kai) (AI2)AC] o, (€' /C)tanA

mtwa 0
= 1.0x (0.788— ( x (-0.671) + 1.0 x (0.0526— 0 x (8/2) x 1.994x 1.22x tan 25
= —0.5287+ 0.2387
= —0.290.
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