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INCREMENT IN WING PROFILE DRAG COEFFICIENT DUE TO THE
DEPLOYMENT OF A SINGLE-SLOTTED FLAP

1. NOTATION AND UNITS
S British
A wing aspect ratio, bZISN
wing span m ft
Cp wing drag coefficient, based on S,
é Copming minimum profile drag coefficient for basic wing
'I'_.: ACpHpmin increment in minimum value of wing profile drag coefficient due
S to flap deployment
c
(@]
o Cpov inviscid trailing-vortex drag coefficient
>
E ACpy component of trailing-vortex drag coefficient due to part-span
b flap effects
o
% CbviscB viscous drag coefficient for basic wing, see Equation (3.9)
E ACpyisc increment in wing viscous drag coefficient due to flap
. deployment
&
EJ CL wing lift coefficient, based on Sv
©
S :
C adueof C
% L max maximum value of C,
= CLming valueof C, for basic wing for minimum Cp;¢ 5,
= see Equation (3.9)
O
8 AC| o increment in wing lift coefficient at zero incidence dueto flap
7 deployment
C chord of basic aerofoil or section, see Sketch 1.1(i) m ft
c’ extended chord of aerofoil or section with flap deployed, see m ft
Sketch 1.1(ii) and Equation (3.5)
Cap aerofail profile drag coefficient, based on ¢
Cdpming minimum value of Cap for basic aerofoil
Acdpmin increment in minimum value of Cap due to flap deployment
Acdpmi ns increment in minimum value of Cap due to flap deflection angle
Cdpo0B value of Cap for basic aerofoil at zero incidence
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Acdpao increment in profile drag coefficient due to flap deployment for

aerofoil at zero incidence, based on ¢

ESDU Copyright material. For current status contact ESDU.

Acdmo8 increment in profile drag coefficient due to flap deflection angle
for aerofoil at zero incidence, based on ¢

Acamo6 increment in profile drag coefficient due to flap deflection angle
for aerofoil at zero incidence, based on ¢’, from Figures 1 and 2

C aerofoil lift coefficient, based on c

CiminB value of ¢, for basic agrofoil at Cap = Cdpming

Cog lift coefficient of basic aerofoil at zero incidence, based on ¢

AC ot increment in ¢, due to flap deployment on aerofoil at zero
incidence, based on ¢

AC| ¢ increment in ¢, due to flap deployment on aerofoil at zero
incidence, based on ¢’

C, wing root (centre-line) chord

C; chord of single-dlotted flap, see Sketch 1.1(ii)

Ac, distance from shroud trailing edge to flap nose measured along
flap datum, positive as shown in Sketch 1.1(ii); see
Equations (3.6) and (3.7)

C extended chord of flap, see Sketch 1.1(ii) and Equation (3.6)

C mean chord of basicwing, S,/ b

K factor, from ESDU Aero F.02.01.08 (Reference 14), applied to
AC, o incaculation of ACp,,, see Example 2 in Section 7.2

Kyisc wing lift-dependent drag factor, see Equation (3.9)

Kyisc aerofoil lift-dependent drag factor, see Equation (3.1)

Ky empirical factor, see Section 3.2

M freestream Mach number

Re Reynolds number based on €

Sw wing planform area

S wing semi-span

As inboard flap extension, from ESDU 97003 (Reference 27), for
modelling fuselage interference, see Example 2 in Section 7.2

Vv freestream velocity

Xemax chordwise position of maximum camber of basic aerofoil or

section, positive aft of leading edge, see Sketch 1.1(i)
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AX

tr

ts

Az

Al/4

A1/41’]

Subscripts
expt
pred

chordwise gap between shroud trailing edge and flap nose,
positive as shown in Sketch 1.1(ii); Ax, isnegativeif flap noseis
forward of shroud trailing edge

chordwise position of boundary-layer transition, measured
positive aft from leading edge, mean of upper-surface and
lower-surface values

chordwise position of shroud trailing edge, measured positive aft
from leading edge, see Sketch 1.1(ii)

gap between shroud trailing edge and flap nose measured normal
to aerofail or section datum, positive as shown in Sketch 1.1(ii);
Az, will be positive for all practical configurations

angle of incidence, of chord line for basic aerofail, of root chord
(as datum) for wing

(1+9) islift-dependent drag factor due to trailing-vortex wake
for plane, straight-tapered wing, see ESDU 74035 (Reference 16)

flap deflection angle in streamwise plane, see Sketch 1.1(ii)
spanwise distance from wing centre-line as fraction of semi-span
maximum width of body as fraction of semi-span

value of n at inboard limit of flap, see Sketch 1.2

value of n at outboard limit of flap, see Sketch 1.2

wing quarter-chord sweep angle, see Sketch 1.2

local wing quarter-chord sweep angle

wing taper ratio (tip chord/root chord)

part-span flap factor in Equation (3.15), from ESDU Aero
F.02.01.07 (Reference 13) for straight-tapered wings, as
difference of values w, and u, for two inboard flaps extending
fromn = 0 ton, andfromn = 0 to n,, respectively, see
Example 2 in Section 7.2

asin( )., denotes experimental value

expt

asin ( )pred denotes predicted value

Note ‘basic’ is used to denote the aerofoil or wing with flap undeployed.
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Camber line

Flap nose t

(i) General arrangement

s
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Flap datum is rotated aerofoil datum

(ii) Deployed arrangement

;\
/Iap datum

Sketch 1.1 Aerofoil or section on AA below
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Sketch 1.2 Wing notation (flaps undeployed)
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2. INTRODUCTION

To construct the low speed drag polar of a wing with a single-slotted trailing-edge flap deployed, it is
necessary to add to the profile drag coefficient of the basic wing the increment in profile drag coefficient
caused by flap deployment and then add the trailing-vortex drag coefficient for the configuration with flap
deployed. ThisDataltem describes how the profile drag coefficient increment may be estimated for wings
of moderate to high aspect ratio (A>6) and modest sweep (A,,<30°) . It comparesthe overall drag polar
with experimental data to assess the accuracy of the estimate. The method is described in Section 3.
Accuracy and applicability are addressed in Section 4. The Derivation and References are given in
Section 6. Two worked examples are given in Section 7.

3. WING PROFILE DRAG COEFFICIENT INCREMENT

To obtain the increment in profile drag coefficient for a wing due to the deployment of a single-slotted
trailing-edge flap, use is made of the work of Torenbeek (Derivation 1) to model the lift-dependent
contribution. Thisisadded to alift-independent increment that is derived by combining acontribution due
to flap deflection angle with a contribution that makes an explicit allowance for rearward flap tranglation.

3.1 Aerofoil Sections

In Derivation 1 the profile drag coefficient of the basic agrofoil, avay from proximity to maximum ¢, , is
expressed as the sum of a minimum value and a quadratic lift-dependent term, so that

2
Cq = CdpminB"'k\/isc(CI _ClminB) ’ ()

where Cdpming is the minimum profile drag coefficient of the basic aerofail, which occurs when the lift
coefficient is ¢, ;. - By definition, k. isthe aerofail lift-dependent drag factor. With flaps deflected
to give a zero-incidence lift coefficient increment Ac,q,, it was noted in Derivation 1 that experimental
drag coefficients plotted against [¢,—(C;,ig t ¥2AC,or)] as a series of approximately parallel straight
lines for a fixed flap deflection angle, until ¢, approached maximum c;. For a typica case, see
Sketches 3.1(i) and (ii), which show the original drag polars and their replotted form, respectively.

0.20

ESDU Copyright material. For current status contact ESDU.

0.15

P
0.10

0.05

Sketch 3.1 (i) Illustration of variation of Cap with ¢, for basic aerofoil and two flap-deployed cases
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Sketch 3.1(ii) Data of Sketch 3.1(i) replotted to investigate quadratic lift dependence

The interpretation of Sketch 3.1(ii) is that deployment of the flap causes a simple trandlation of the well-
formed parabolic part of the basic aerofoil drag polar through anincreasein the minimum value of ¢, and
a shift to higher ¢; in the location of the minimum. This allows the drag polar of the aerofoil with flap
deployed to be written as

—_ 2
= Copmin * Acdpmi n* Kiiscl € = (Cming t ¥2AC p)] (3.2

Cq
The intercepts on the ordinate axis of Sketch 3.1(ii) define the increment in minimum ¢, as Acdpmm :
dependent on &, . The linearity of the lines shows that %2Ac;, is agood empirical approximation of the
shiftin ¢, of the polar mini mum’. The fact that the lines are nearly paralel establishes that the value of
Kyisc: their slope, isindependent of 6, and the same as the value for the basic agrofoil in Equation (3.1).

ESDU Copyright material. For current status contact ESDU.

For the purposesof analysisand prediction, theincrement in the minimum valueisdivided into acomponent
primarily dependent on flap deflection, but with asecondary dependence on chord extension, and an explicit
flap tranglation term related solely to the chord extension,

so that
ACdpmi n- ACdpmi nd + c:dpmi nB[(C,/C) -1] (33)
due to deflection angle due to trangdlation only
" Seealso the commentsin Appendix A
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Rearward tranglation of the flap affects Acdpmi ns and for the purposes of analysis and prediction the
extended aerofoil and flap chords ¢ and c; , shown in Sketch 1.1(ii), are introduced and Ac;jpmin6 is
correlated as afunction of ¢} /c” and 5, , where

Acdpmin6 =(c"/ c)Ac’dpmmS : (3.9

Note that the generalisation in Equation (3.4) does not remove the need for the inclusion of the explicit
trandation term in Equation (3.3).

The extended chords are defined, see Sketch 1.1(ii), as

¢’ = X+ C} (3.5)

and Ci = G +AC. (3.6)

The increment Ac, can be positive or negative. It is the perpendicular distance between two lines drawn
normal to the flap datum, one to pass through the flap nose and the other to pass through the shroud trailing
edge. When thelinethrough theflap noseis aft of that through the shroud trailing edge, asin Sketch 1.1(ii),
Ac, ispositive. If the line through the flap nose is ahead of that through the shroud trailing edge Ac; is
negative. Section 4 of ESDU 87005 also gives the relationship

Ac; = Azsind, + Ax;cosd,, (3.7

and the values of Az, Ax; and &, will determine Ac, .

Figures 1 and 2 of this Data Item provide values for ACy,ins in terms of c}/c” and §,, for use in
Equation (3.4) and thence in Equation (3.3). Figure 1 applies generally when the position of maximum
camber of the basic aerofail is in the range 0.15c<x,.,<0.65c. Figure 2 applies if the position of
maximum camber iswell aft, 0.70c< Xemax < 0-80c, but only if the flap deflection angle is low, 6t <30°
say. For higher flap deflection angles, 6,>40° say, Figure 1 is to be used for aerofoils with aft camber;
some tolerance should be allowed in the choice between Figures 1 and 2 for 30° <6,<40°. The origin of
Figures 1 and 2, which are based on the data and work underlying the earlier correlations of the profile drag
coefficient increment at zero incidence, Acy, . inN ESDU 87005, is described later in Section 4", See
Section 5.2 for a discussion of the range of applicability of Figures 1 and 2; thisis particularly important
for Figure 2 which is a correlation based on a small number of data.

ESDU Copyright material. For current status contact ESDU.

The explicit tranglation term in Equation (3.3) is an approximate allowance for the additional profile drag
that arises from the increase in surface area when the flap is deployed. The expression in Equation (3.3)
is the simple one commonly used, merely the product of the basic aerofoil profile drag coefficient and the
increase in chord length as a fraction of ¢. The method in ESDU 00027 (Reference 29) may be used to
calculate Cdpming (given as Cpy i,y in the notation of ESDU 00027).

32 Wings
For awingin shock-freeflow, themethodin ESDU 07002 (Reference 32) considersthetotal drag coefficient

of a basic wing as the sum of a viscous drag coefficient Cp ;.5 and an inviscid trailing-vortex drag
coefficient Cpy» SO0 that

Cb = Chvisea * Cpv - (3.8)

" The method does not require the use of any material in Section 4, which is provided only for reference and completeness.
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In ESDU 07002, the viscous drag coefficient iswritten

2
CoviscB = Copming * Kuisc(CL=CLming) (3.9

where Cpp g 1Sthe minimum profile drag coefficient of the basic wing, occurring at the lift coefficient
QLmi B’ and K. isthe lift-dependent drag factor. Prediction methods for those three parameters are
given in ESDU 07002.

With trailing-edge flaps deployed, the wing drag coefficient can be written

Cp = Copming *ACh,is. * Cpv: (3.10)

where ACp;. istheincrease in viscous drag coefficient above the minimum value for the basic wing.
Section’5.2in ESDU 97002 (Reference 26) showshow theinviscid flap-deployed trailing-vortex drag factor
Cpy may be estimated (see also the worked examplesin Section 7).

Theform of Equation (3.2) suggeststhat the drag coefficient of an unswept wing with full-span trailing-edge
flaps may be expressed as

2
Cb = Copming * ACppmin* KiisclCL =(Cpming + 2AC )]+ Cpy (3.11)

where the lift coefficient increment due to flap deployment, AC, ., can be obtained from the method in
ESDU 93019 (Reference 23).

For wings of high aspect ratio and low sweep it is possible to take
ACDPmi n- kwACdpmi n’ (312

with ACqomin evaluated using Equation (3.3) for the streamwise wing section at the mid-span of theflapped
part of thewing (section AA in Sketch 1.2). Thefactor k, isintroduced to be determined empirically from
astudy of wing drag polars.

Experimental data from Derivations 3 to 9 and 11 for straight-tapered, unswept wings with A>6 and
full-span flaps, were compared with the predictions of Equation (3.11)". The comparisons suggest that the
best overall accuracy of prediction is obtained by setting

ESDU Copyright material. For current status contact ESDU.

ky = 0.9. (3.13)
For aswept wing with full-span flaps, the factor cosA,, isintroduced so that
k,, = 0.9cosA,, . (3.19)

The cosA,, factor is similarly employed, with empirical support, in ESDU 74010, 87024 and 06014
(References 15, 21 and 30), when wing flap profile drag increments are derived from streamwise section
data.

* With Cpy = (1+ S)CE /A, and 1+ 8 from ESDU 74035 (Reference 16).
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For wings with part-span flaps the correction factor u isbrought in, so that in the most general case

k,, = 0.9ucosA,, . (3.15)
Mo

The factor u is the planform area ratio sJ' cdn /%25, where n; and n, define the extremities of the
part-span flap, see Sketch 1.2. n

For straight-tapered wings, the method in ESDU Aero F.02.01.07 (Reference 13) provides u. Aninviscid
trailing-vortex drag correction for part-span flaps must of course be included in Cp,,, see Section 5 of
ESDU 97002 (Reference 26) and Example 2 in Section 7.2.

If thewingiscranked, so that thelocal quarter-chord sweep angle, Al/m , isnot constant, or if theflap chord
ratios and flap deflection angle vary spanwise, as may bethe case if thereis more than a single flap panel,
then Acy,,i,, should be evaluated at a number of spanwise stations and ACDPmm obtained by spanwise
integration over the flapped part of the wing, taken to extend from n; ton, i.e.

No
ACppmin = S j 0.9¢08(Ay )JACy mincdn / 725, . (3.16)
N

The method of ESDU 74035 givesthetrailing-vortex drag coefficient of wings with no spanwise variation
of section camber or twist as

1+ 6

where the factor (1+98) alows for departures from an elliptical spanwise loading due to the shape of the
wing planform. Equation (3.17) and the values of (1+98) defined by the wing planform are equally
applicable to awing with full-span flaps deflected, provided that the flap chord ratios and the deflection
angle are constant across the span. The main Figures in ESDU 74035 present (1+9) graphically for
straight-tapered wingsbut theway their use may be extended to cranked wingsisdescribed inthat Dataltem.

Part-span flaps give rise to an increment in the trailing-vortex drag coefficient because they cause an
additional distortion of the spanwise loading. ESDU Aero F.02.01.08 (Reference 14) gives a method for
estimating the increment when the basic wing has an elliptical loading. Other estimation methods may be
used if available. For a cranked wing, methods for calculation of the vortex drag coefficient increment
based on A, A,, and A may be employed by substituting for those parameters values appropriate to the
“equivalent” straight-tapered wing, the geometric construction of which is defined in ESDU 76003
(Reference 17).

ESDU Copyright material. For current status contact ESDU.

A method to allow for fuselage interference effects on flap characteristics is given in ESDU 97003
(Reference 27). With a fuselage present, Cppp,ing 1N Equation (3.11) needs to be supplemented by an
increment in drag coefficient to provide the value appropriate to the basic wing-fuselage combination and
the trailing-vortex drag coefficient also needs to be modified, see Example 2 in Section 7. Appendix A of
ESDU 76003 covers the construction of the “equivalent” straight-tapered wing for a wing-fuselage
combination if thewing is cranked.
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4, ORIGIN OF FIGURES1AND 2

At zeroinci denpe, _the drag coeffi c_i gnt of the bqsic aerofoil, CpooB » isagood app_roxi m_ati_o_n to Copming
and so the zero incidence lift coefficient, Ciog IS agood estimate of Ciming - ON thisbasisit is possible to
relate ACy,in, to theincrementin c at zero incidence, ACy00- by allowing for the fact that with aflap
deployed t?le profile drag coefficient minimum occurs away from zero incidence, at ¢, = C; ;g + ¥2AC, o
on the basis of Equation (3.2), see Sketch 4.1.

WCATNG
Cd

p

Cdprri nB =~ Cdp(xOB

Sketch 4.1 Aerofoil lift and drag coefficients

ESDU Copyright material. For current status contact ESDU.

From the Sketch 4.1, or by substitution of zero incidence valuesin Equations (3.1) and (3.2),

— 2
Ac:dpmin - Ac:dpoco_kvisc(l/ZACIOt) : 4.1)

If Acdpao istreated as the sum of one component due to flap deflection angle and a second due to explicit
flap trandlation

ACdpocO = ACdpocOéS + CdpminB[(C/ [o)-1], (4.2)

and Equation (4.1) can be written

— ’ 2
ACdpmin - ACdpocOEi + Cdpmi nB[(C [c)-1]- kvi sc(l/ZACI Ot) : (4.3)
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Comparison of Equations (3.3) and (4.3) gives

2
ACyoming = ACqpaos ~ Kiisc(Y2ACgr) (4.4)

or with the drag coefficients based on c’,

’ —_ 4 2 4
ACdpmin6 - ACdpocOS - kvisc(VZACIOt) (c/c’). (4.9)
Typically Acy,ins 1S between 5% and 20% smaller than Ac, o5 -

ESDU 87005 provides three Figures that give Acy, o as afunction of c}/c” and St*. The correlations
are subject to the proviso that, for a given flap deflection angle, flap chord and chord extension, the flap
slot gap hasbeen optimised for producing maximum lift coefficient at the stall. The Figuresaredistinguished
from each other by the chordwise position of maximum camber of the basic aerofoil. Thereisno explicit
allowance for rearward translation of the flap.

Figure 2 of ESDU 87005 appliesto aerofoils with forward maximum camber (X5, ~ 0-15¢) . Review of
the data used to construct that Figure, which are mainly from early NACA tests, also reveal sthat there was
little or no rearward flap trandation ( ~0.05c for 6,<20° and only ~0.1c at greater d,). The flap
translation in these cases was an incidental consequence of opening and optimising the slot rather than a
large deliberate chord extension, as for a Fowler-type flap. Moreover, the correlation concentrated on data
for 6,>40°, where the explicit flap trandation effect was only a small part of the total drag coefficient
increment. The values in Figure 2 of ESDU 87005 therefore closely approximate the angular deflection
term AC,dpocOS'

The data used to construct Figure 1 of ESDU 87005, whichisfor 0.20C < X< 0.65¢C, are sparse but are
for more modern dataand for all 6, there was a deliberate rearward flap trand ation, of between 0.13c and
0.31c. If an explicit allowance for flap trandation is made separately from the effect of flap deflection
angle, then arepetition of the original manipulation of the datathat led to Figure 1 of ESDU 87005 produces
acorrelation that would be adequately represented by Figure 2 of ESDU 87005. Consequently, Figure 1
of this Data Item has been produced by making use of Equation (4.5) to adjust Figure 2 of ESDU 87005
and it provides Ac’dpmi ns 1N the extended range of applicability 0.15C<X ., / €<0.65.

Figure 3 of ESDU 87005, which appliesfor aerofoilswith aft camber, 0.70¢ < X, < 0.80c , isagain based
on sparse datafor flapswith deliberate rearward trangation, ~ 0.13c and ~ 0.25¢ for thetwo cases covered.
It gives a much lower profile drag coefficient increment than the Figures for more forward X - A
remanipulation of the original data with explicit alowance for rearward flap translation and use of
Equation (4.5) resultsin Figure 2 of this Data | tem, which provides Acy, ins When 0.70c <X, < 0.80c.
However, Figure 2, is only recommended for use if 6,<30°; for aeI’OFOHSWI'[h aft camber and 8,>40°,
Figure 1 is recommended and caution is needed for mtermedlate 8, , see Section 5.2.

ESDU Copyright material. For current status contact ESDU.

" ESDU 87005 uses the capitalized notation ACf ;¢ -
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5. ACCURACY AND APPLICABILITY
51 Accuracy

Sketches 5.1 to 5.17 compare the predicted drag polars for unswept wings with full-span flaps against
experimental values from Derivations 3 to 9 and 11. In all these cases the position of maximum camber
wasintherange 0.15<X,... / ¢<0.65 and Ac’dm06 wastaken from Figure 1. Sketches5.18t0 5.20 show
comparisonsfor the swept wing of Derivation 10; thiswing has a section with rearward maximum camber,
so predictions with Ac’ ., .5 taken from Figure 1 and from Figure 2 are both included. It is seen that the
use of datafrom Figure ]I_O isbetter at 8, = 40°, while datafrom Figure 2 work better at 6, = 10° and 25°.
Itisto be noted that the construction data for Figure 2 did not include cases for §,>30°.

Sketch 5.21 compares the predicted and experimental values of Cpy at C| = 0.7C| hax and Sketch 5.22
thevaluesat C;, = 0.9C| ,,,- The agreement iswithin £10% in both cases .

Sketch 5.23 repeats Sketch 5.6 but now includes a prediction obtained by simply combining the vortex drag
contribution with Cp . ,\g @nd a profile drag coefficient increment that is independent of C, . Such an
increment is, for example, provided by ESDU Aero F.02.01.06 (Reference 12) (ACp, in the notation of
that Dataltem), and it would replace the second and third terms of Equation (3.11). Thisisan approximation
that is often made when the means of estimating the lift-dependent contribution are not available. Making
an allowance for the lift dependence of the profile drag coefficient gives a noticeably improved modelling
of the variation of C with C, .

Sketch 5.24 shows a prediction of the drag polar for a configuration from Derivation 10, where a wing
mounted just below mid-height on acircular fuselage of 0.14b diameter had flaps extending outboard from
the fuselage side to 60% of the wing semi-span. With the inclusion of fuselage-flap interference effects,
estimated using the method of ESDU 97003, and a part-span trailing-vortex drag term, obtained by the
method in ESDU Aero F.02.01.07, the agreement with experiment is similar to that for full-span flaps on
an isolated wing. See also Example 2 in Section 7.2.

5.2 Applicability

The method is applicablein low-speed freestream flow to wings with trailing-edge single-dl otted flaps, for
wingswith aspect ratios of 6 and above and quarter-chord sweep anglesup to 30°. For agivenflap deflection
angle, flap chord and chord extension, the flap slot gap is assumed to be optimised to produce maximum
lift coefficient at the stall. The basic wing must satisfy the applicability requirements of ESDU 07002 if
the method of that Data Item is used to estimate K and C| ing-

ESDU Copyright material. For current status contact ESDU.

visc

The Reynolds number range of the data used for this Data Item was 0.6x106 to 7><106 , but most of the
aerofoil dataleading to Figures 1 and 2 were for Reynolds numbersin therange 2.6x10" to 3.5x10"; see
ESDU 87005 whereit is argued that effects of Reynolds number above thisrange will be contained within
the overall accuracy band (+ 0.20Acj,, o) Of the correlation inthat Data Item. The thicknessto chord ratio
ranged from 0.09 to 0.21 and the extended flap chord ratio varied from 0.15 to 0.42. Wing aspect ratios
were between 6 and 9, with A,, up to 28°. The predicted drag polar will not be valid very close to
C\ max» @d 0.9C, .., should be used as an upper bound on C, . Anestimate of thevalueof C ... may
be made by the method of ESDU 91014 (Reference 22). That method is incorporated in the method of
ESDU 96003 (Reference 25), which provides the lift curve for wings with flaps deployed; the method of
ESDU 96003 is programmed in ESDUpac A9931 that accompanies ESDU 99031 (Reference 28).

" Derivation 1 gives a prediction method for ACyymin that is completely different from that of this Data Item. The use of that method, in
modified form, has been studied but provides no advantage in prediction accuracy over the method of this Data Item.
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On the basis of the extensive range of data for flap deployment on aerofoils used in the preparation of
ESDU 87005 and the more modest range of data for wings studied in the preparation of this Data Item,
Figure 1isrecommended for the prediction of Ac’dmo8 whenever the basi ¢ mid-span section of the flapped
part of the wing has aposition of maximum camber intherange 0.15c<x.... <0.65c, for flap deflection
angles 0<3,<60°. OnFigure1, theareaenclosed by brokenlinesindicateswheretest datawereavailable.

Aft camber

The data for cases where the position of maximum camber is well aft are very few in number. Data for
flap deployment on only two aerofoils were considered in ESDU 87005, for X, = 0-70c and 0.80c,
with §,<30°. Derivation 10 provides a single set of data for flap deployment on a wing, with
Xemax = 0-75C, asreviewed in Section 5.1 above. Onthat basis, Figure 2 is tentatively recommended for
use when 0.70c <X, <0.80c for §,<30°, at |least as an illustration of the low profile drag coefficient
increments that can occur with aft camber. However, Figure 1 is to be preferred for 6, > 40° because the
datain Sketch 5.20 showed that the low drag increments suggested in Figure 2 would not be maintained at
high flap deflection angles. Care asto which Figure should be used is needed for sections with aft camber
and deflection anglesintheintermediate range, 30° < 8, <40°, becausethevaluesof Ac’y, o5 @€somuch
lower in Figure 2 than in Figure 1. On Figure 2 the area enclosed by broken lines emphasises the small
range where data were available.

ESDU Copyright material. For current status contact ESDU.
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Planform with flap undeployed

8
g
o
g
o

I N N S N I R
I S R L ]
o A K
Co B
R A
A Fo
T not
R il
R =
| | | | [
Lo 2 m m
T B
Co = ol
N S T S T olol
Co 5888
Lo !
T T T T |
IR |
s i Ep |
] oo
0 <
o o

*NAS3 10LIUO0D SNILIS JU4INd 404 ‘|eldlew 1y3iuAdod NAs3

0,A=1

/c’ = 0.17 and ¢’/c = 1.03

(Derivation 5)

6’A1/4:

Sketch 5.1 Drag polarsfor wing with A
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and extended chord ratios ¢
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Planform with flap undeployed

Deployed flap
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Derivation 6

Sketch 5.2 Drag polarsfor wingwith A
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and extended chord ratios ¢
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Planform with flap undeployed
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Derivation 6
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Sketch 5.3 Drag polarsfor wingwith A
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