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Summary.—This report collects and summarises the results of work that has been done both in this and other
countries on the aerodynamic characteristics of flaps prior to and during the period of the war. The report has both
a philosophical and practical aim, »iz., to demonstrate, as far as possible, such underlying unity as exists.in the
behaviour of the large variety of flaps that have been developed and investigated, and hence to present charts and tables
which will enable designers to predict with acceptable accuracy the characteristics of any particular flap arrangement,

In section 2 a brief description of the various flaps considered is given,and these are also illustrated in Fig. 1. Section
3 is devoted to a discussion of the definitions of the lift, drag and pitching moment increments, based on the normal
and on the effective (extended or reduced) wing chords. Section 4 deals in some detail with split and plain flaps, whilst
section 5 is devoted to the simple slotted flaps of the Handley Page and N.A.C.A. types. A large variety of flaps classified
as high-lift flaps are considered in section 6, these include Fowler flaps, double Fowler flaps, N.A.C.A. single and double-
slotted flaps, single and double Blackburn flaps, Blackburn flaps with flap leading-edge slots, Blackburn flaps with
inset slots, Blackburn flaps with deflected shrouds and Venetian-blind flaps. The main characteristics of these high-lift
flaps are also summarised in Table 2. The effect of wing-body interference on the drag and lift increments of split'and
slotted flaps is discussed in section 7, whilst section 8 summarises the aerodynamic effects of wing leading-edge slots.
The effect of flaps on induced drag is dealt with in section 9. A discussion of the characteristics of nose flaps, with
particular reference to the type developed and tested by Kruger in Germany is given in section 10. A brief discussion
on brake flaps is given in section 11, whilst the allied subject of dive recovery flapsis examined in section 12. Because
of its topical interest, such information as is available on the characteristics of flaps on swept-back wings is summarised
in section 13. Section 14 is devoted to a summary of the main formulae and conclusions developed in the report.

The bibliography at the end was compiled with the object of providing as representative a list as possible of the
main reports and papers to which a reader might wish to refer for more detailed information.

*R.A.E. Report Aero. 2185, received 6th August, 1947.
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Notation
Aspect ratio

Lift-curve slope

Lift-curve slopes corresponding to aspect ratios equal to infinity and
six, respectively :

Wing span

Flap span

Local wing chord

Flap chord

Mean Wiﬁg chord

Chord of nose flap

Effective wing chord (see Fig. 4)

Lift and pitching moment coefficients, respectively, based on ¢
Lift and ﬁitching moment coefficients, respectively, based on ¢

Increments in lift and pitching moment coefficients, respectively,
due to a flap at & — o, = 10 deg

Increments in lift and pitching moment coefficients, respectively,

based on ¢/, at « — o, = 10 deg, for a full-span flap on a wing of
aspect ratio = 6

Profile drag coefficient and induced drag coefficient, respectively
Profile drag coefficient increment due to a flap at o — o, = 6 deg

Increment in C, due to a flap when full span and in the trailing edge
position on a wing of aspect ratio = 6

Increment in C,, C,’ due to a flap when full span on a rectangular
wing :

Pitching moment at zero lift

Increment in C,, due to a flap

Increments due to brake flaps (see section 11)

Maximum lift coefficient

Increment in C, ., due to a flap or slat -
2



Notatton—continued

AC, « Increment in value of C, at the stall, due to a slat

Incremeﬁt in gradient 4C,/dC, measured at C, = 0-8C.,,, due

4(dC,,[dCy) crement
0 a sla

0'8 Cr max

F(A) Function representing variation of lift-curve slope with aspect ratio
(see Fig. 3)

K Function required to determine induced drag of flapped wings (see
Figs. 18, 19, 20)

s; bler + 4)
£ Normal distance from wing surface to chord ﬁne in plane of flap hinge
¢ Maximum wing thickness
sp  Tail semi-span
Vi Distance of inboard end of flap from centre-line of aircraft
o Wing incidence
o, Incidence for zero lift
g  Flap angle
y  Angle of sweepback
‘'  Tany

84, 85, 8,  Functions required to determine the profile drag coefficient increment
of a flap (Figs. 10, 11, 12)

Ay, Agy Ag, Ayy  Functions required to determine the lift coefficient increment of a
flap (Figs. 5,6,7, 8, 9)

Y1 i, iy Functions required to determine the pitching moment coefficient
"~ increments of a flap (Figs. 13, 14, 27) '

¢ - Downwash

Suffices 1 and 2 refer to the first and second flaps, respectively, of a flap combination, suffix w
refers to the wing alone. '




1. Introduction.—The invention of the flap dates back to the very early days of aeronautics.
It may be said to have been born with the aileron when the latter was first used to replace wing
warping as a means of providing lateral control. From then on, the possibilities of the flap as
a device for increasing lift or drag must have been apparent to many. As early as 1914 quite
extensive model tests were made at the National Physical Laboratory by Nayler and others® on
a number of aerofoils equipped with a form of large chord plain flap, and plain flaps were used
on a number of types of aeroplanes during the first World War. Since then, various forms of
flaps have been developed and tested all over the world, ranging in complexity from the simple
split flap to large chord high lift flaps of two or more.components. A detailed historical summary
of the early developments of flaps will be found in Ref. 5.

The flap only became a device of practical importance, however, in the early 1930’s. Very
rapid advances had by then been made in the aerodynamic efficiency and cleanness of aircraft,
accompanied by rapid increase in wing loadings. In consequence, ghding angles had decreased,
and landing and take-off speeds had increased, until landing and take-off difficulties threatened
to offset the advantages of further aerodynamic improvements. The flap was then adopted as
the obvious solution, as it provided both lift to reduce the stalling speed and drag to increase
the gliding angle. For take-off, the advantage of the extra lift due to the flap had to be weighed
against the disadvantages of the drag, but it soon became clear that even with the simple split
flap there was something to be gained at take-off when a moderate setting of the flap was used.
The development of the slotted flap was then stimulated since it promised a relatively small
drag increase at moderate settings for take-off, with a drag increase that could be made com-
parable to that of a split flap at large settings for landing.

The demands of the Fleet Air Arm, with its stringent landing and take-off conditions, have
hastened the development of flaps giving large lift increments. To distinguish such flaps from
the more normal and less ambitious varieties, they will be referred to as high-lift flaps. In recent
years many forms of high-lift flaps have been produced, some of which are in current use, They
all involve some degree of effective wing-area extension and, in consequence, a certain amount
of mechanical complication and extra weight, which must be taken into account in estimating
their value for any particular design. The more ambitious of these flaps promise maximum lift
coefficients of the order of 4-0, and in combination with wing leading-edge slats lift coefficients
of the order of 4-5 are possible?.

During recent years much of the data accumulated in research laboratories all over the world
on flaps of various kinds has been sifted and analysed (see, for example, Refs. 3, 4, 39, 60).
Enough order has been extracted from these data to make it possible to predict with reasonable
accuracy the aerodynamic characteristics of flaps, at least of the simpler kind. The main purpose
of this report is to collect in a convenient form the results of such analyses, and, in addition, to
cover a few aspects of the subject that have so far not been adequately dealt with. '

With the acquisition of war-time German research data it has become clear that sweepback
may offer considerable advantages for high-speed designs. It is, therefore, desirable that some
- reference to the characteristics of flaps on sweptback wings should be made in a review of this
kind. Unfortunately, the available data are neither systematic nor comprehensive enough to
enable adequately reliable quantitative rules to be deduced from them. The discussion given
in section 18 is offered as an interim summary of these data, with the reservation that future
research may render the conclusions out of date and possibly incorrect. Apart from this section,
the report is confined entirely to flaps on wings without sweepback.

2. Brief Descriptions of Types of Flaps Considered.—2.1. Plain Flaps—If a portion of the
rear of a wing is simply hinged, then that portion is defined as a plain flap (see Fig. 1a). The plain
flap is the starting point for all forms of control, and its aerodynamic characteristics will therefore
be dealt with very fully, at least for angular movements up to about 20 deg, in the monographs
dealing with controls. It is not, therefore, proposed to-consider plain flaps in any great detail
over that range of angular movement in this monograph. N
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The effectiveness of the flap derives from the fact that on rotation it changes the camber of
the section and so permits of a change of circulation and therefore, of lift at a given incidence.
The change in chordwise loading produced by a positive setting of the flap is of the type illustrated
in Fig. 2b, having a maximum near the wing leading edge and a secondary peak at the flap
hinge but falling to zero at the flap trailing edge™.

2.2. Split Flaps—The term split flap is normally understood to mean a flap that is formed
by splitting the wing trailing edge in a roughly chordwise direction back to a hinge, about which
the lower portion of the wing trailing edge can rotate, the upper portion remaining fixed (see
Fig. 1b). The definition has tended to become generalised to cover any flap that is hinged on or
in contact with the wing under surface and whose operation does not alter the wing upper surface.
Thus split flaps may lie forward of the trailing-edge position,-as is frequently required for
dive brakes or flaps on sweptback wings, or their line of contact with the wing may slide back as
they open, as for Zap-type flaps (see Fig. 1b). Unless otherwise stated, however, when reference
is made to split flaps in this report, the simple trailing-edge type will be understood.

Split flaps boost the circulation when operated, by increasing the suction behind them and °
therefore at the wing trailing edge, and alleviating the adverse pressure gradient on the wing
upper surface. The resulting change in the chordwise loading distribution is not unlike that for
plain flaps except for the discontinuity in pressure across the split flap and a rather greater suction
at the trailing edge.

2.3. Slotted Flaps—When a portion of the rear of a wing can be rotated to leave a well-defined
slot between it and the rest of the wing, then it is referred to as a slotted flap. It may be simply
hinged just below its nose, as in the case of the Handley Page type of slotted flap (see Fig. 1c)
or it may be operated with a link or track mechanism, as in the case of the N.A.C.A. (Fig. 1d),
Blackburn (Fig. 1e) and Fowler (Fig. 1f, 1g) types of flaps. All slotted flaps have a certain amount
of backward movement when operated.

The lift increments of slotted flaps result from three main factors. The first is the effective
change of camber produced by setting down the flap, as with plain flaps. The second is due to
the flow through the slot re-energising the boundary layer, when the slot is well designed, and so
delaying flow separation from the flap. The third is the increase of effective lifting surface due
to the rearward movement of the flap. In the case of the simple Handley Page type of flap,
the hinge is not very much below the flap nose and the rearward extension is small, the con-
tribution to the lift increment associated with this extension is then comparatively unimportant.
On the other hand, in the case of the Fowler flap, the rearward extension is considerable, being
about the length of the flap chord, and the corresponding contribution to the lift increment is
very important. The Blackburn type of flap is, in this respect, half way between the Handley
Page and Fowler types of flap. It moves about an effective hinge centre set well below the flap
nose, and when fully extended provides a considerable extension of lifting area.

As noted above, the effect of the slot in helping to delay flow separation from the flap and so
boosting circulation depends very critically on the design of the slot. Details of efficient slot
designs cannot be given here ; they are to a considerable extent a function of the wing section
and flap angle, and reference should be made to the separate reports giving the results of tests
of different slot shapes (see, for example, Refs. 54 to 57, 60, 62, 63, 66 to 70, 74, 76 to 78). The
more important dimensions that have been found to lead to successful slot shapes are indicated
in Fig. 1. All that can be said here is that breakaway in the slot must be avoided, and so the
slot must converge steadily from the lower to the upper surface. Further, the flow irom the
slot must merge smoothly into the flow round the wing and flap ; hence, an appreciable length
of lip or shroud to the upper surface of the slot is an advantage. In general, it should be possible
to fit a smooth curve connecting the wing and flap contours.

It is important to realise that if the slot is not efficient it may be worse than no slot at all,
as the flow through it may then stimulate rather than suppress flow breakaway over the flap.
It is this tendency of a well-designed slot to suppress flow breakaway over the flap that gives the
slotted flap its characteristic of low drag at small or moderate flap angles.
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Since the optimum slot shape is a function of flap angle, the shape for the Handley Page
simply-hinged flap is usually designed to be at its best for moderate 6 large flap angles (z.e., 40
to 60 deg). The N.A.C.A. slotted flap, however, was developed, on the basis of a series of fairly
exhaustive tests, to have, as far as the practical requirements of a track permitted, the optimum
shape at all flap settings. The N.A.C.A. type of flap, therefore, provides rather more lift than the
Handley Page type at small to moderate flap angles. The flap paths adopted are given in Table 1.

A typical chordwise loading distribution with a slotted flap is shown in Fig. 2a%. It will be
seen to be similar to that due to a split or plain flap except that there is a much greater intensity
of loading on the flap itself when the flap is slotted (for fuller details of loading distributions
on flapped wings see Ref. 29). :

2.4. Multiple Flaps.—2.4.1. N.A.C.A. double-slotied Slaps®® *% €2 _By providing a second
slotted flap to the rear of a first a more efficient flap system is obtained, since the effective .
camber change is attained more smoothly and a further extension of lifting area is provided.
N.A.C.A. double-slotted flaps of different sizes are illustrated in Fig. 1h, 1i. Just as for the single-
slotted flaps, these were arranged to move on tracks in such a way that the slots were the opti-
mum shapes as far as possible, at all flap angles. Details of the flap paths are given in Table 1.

2.4.2. Double Fowler flap’®.—The double Fowler flap is illustrated in Fig. 1j. The front flap
is a large chord slotted flap of normal design, the rear flap is a Fowler flap, which when retracted
is housed in the lower surface of the front flap. ‘

2.4.3. Blackburn split and slotted flap®® "* — The Blackburn split and slotted flap is illustrated
in Fig. 1k. The split flap hinges about the leading edge of the slotted flap and is of the same

chord length. It forms the lower face of the slotted flap when retracted, and the two are
geared together by a linkage. '

2.4.4. Slotted flap with slat®® "*.—Following on reports of preliminary tests in France, some
investigations have been made by Blackburn Aircraft Ltd. of a slotted flap with a slat arranged
ahead of the flap in the slot. In the retracted position the flap and slat must fit snugly into the
wing. A typical arrangement tested is illustrated in Fig. 11

2.4.5. Slotted flap with inset slots®® " —A variant on the same theme is the provision of fixed

inset slots in the flap. A typical arrangement as tested at Blackburn Aircraft Ltd. is illus-
trated in Fig. Im.

2.4.6. Slotted flap with deflected shroud®® —Blackburn Aircraft Ltd. have also tested the
possibilities of gearing part of the rear of the upper lip or shroud of the slot to deflect downwards

with the flap, and so helping to smooth the change in effective camber. This arrangement is
illustrated in Fig. 1n.

2.47. N.A.C.A. Venetian-blind flaps™ '*.—Taking the idea of multiple slotted flaps still
further we have the N.A.C.A. Venetian-blind flap, illustrated in Fig. lo. Here a Fowler flap is
replaced by a series of small flaps which separate as the flap opens leaving slots between them.
In the arrangement illustrated there are four component flaps.

3. Definitions of Incvements and of Effective (extended ov reduced) Wing Chords.——3.1. Lift
Coefficient Increment.—It is well known that model measurements of C, ., of wings are pro-
foundly influenced by the test conditions, e.g., scale effect, tunnel turbulence, model finish,
and model size in relation to tunnel size. These effects have so far defied adequate analysis.
Increments in C, _,, due to flaps are also subject to these extraneous effects. It has been found,
however, that increments in lift coefficient due to flaps at a given incidence below the stall are
almost independent of such effects: and for trailing-edge flaps that do not extend the chord
appreciably, the increments are almost independent of incidence over a wide range of incidence. *

* This fact is linked with the basis of most theoretical work on simple trailing-edge flaps, which assumes that the effect

of the flap on lift is equivalent to a constant change of incidence. This change is a function only of the flap chord and
setting and is independent of wing incidence.
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We are mainly interested in the available lift coefficient increments at take-off and landing,
and it has, therefore, been decided®* ®® to adopt the increment at an incidence of 10 deg
above the no-lift angles to define the lift coefficient increment of a flap, as this incidence is
representative of the range of incidence in which we are interested. The increment is generally
written AC,. It may be noted that an analysis by Stewart®” of some flight measurements of
C; e on various flapped wings suggests that the lift coefficient increment AC, is a good
guide to the magnitude of the full scale increment in Cy pay- '

The lift coefficient increment due to a flap is a function of the aspect ratio of the wing. This
point will be dealt with in more detail later, but it may be noted here that for a flap that does not
extend the wing chord, the increment varies with aspect ratio in exactly the same way as does
the lift-curve slope of the wing alone. A curve representing this variation, derived by Levacic
in an unpublished analysis of the latest available experimental data, is shown in Fig. 3 as the
function F(A)/F(6). Tor convenience, the aspect ratio of 60 is taken as standard, unless
otherwise stated, quoted values of lift coefficient increments refer to this aspect ratio.

For a full-span flap, experiments show that the lift coefficient increment is practically inde-
pendent of taper ratio®.

3.2. Profile Drag Coefficent Increment.—The increment in profile drag coefficient due to a
flap at a given incidence is rather more influenced by test conditions than is the lift coefficient
increment. Nevertheless, the influence of test conditions and wing incidence is still sufficiently
small over a wide range of incidence for us to accept the increment at a standard incidence as
a reliable measure of the profile drag characteristics of a flap. Since our main interest is centred
on the effect of the flap drag on take-off the standard incidence has been taken to be 6 deg above
the no-lift angle®*. This increment is written as 4Cp,. :

The profile drag increment of a flap is assumed to be ir}g_qugd‘ggjg of aspect ratio.

3.3. Pitching Moment Coefficient Increment.—The pitching. moment coefficient increment
of a wing due to a flap at a given incidence is always closely correlated with the lift coefficient
increment. Like the latter it is practically independent of test conditions and, if the flap does
not extend the wing chord, it is independent of wing incidence. As in the case of the lift co-
efficient increment, the standard incidence has been taken as 10 deg above the no-lift angle®.
In two important respects the pitching moment coefficient increment differs from the lift
coefficient increment, firstly, theory? shows it to be independent of aspect ratio and secondly
for a full-span flap it is a function of taper ratio.

The pitching moment coefficient increment is written as 4C,, and, unless otherwise stated,
is referred to the wing quarter-chord point.*

3.4. Extended (ov Reduced) Chords.—In correlating results obtained with flaps that extend
the chord with those for flaps which do not, we must introduce the concept of effective or ex-
tended chord or area® °°. .

The definition of the extended chord ¢’ for a full-span flap is illustrated in Fig. 4a. If the flap
is rotated about the point of intersection of the wing and flap chord lines until the two chord
lines coincide, then the distance from the leading edge of the wing to the trailing edge of the
flap in this position is defined as the extended chord.} For a double flap the definition follows
along analogous lines Fig. 4b. The rear flap is first assumed to rotate about the point of inter-
section of the rear flap chord line with the front flap chord line until the two lines coincide, and
then both flaps are rotated about the point of intersection of the front flap chord line and the
wing chord line until these two chord lines coincide. The distance from the wing leading edge
to the new position of the trailing edge is defined as the extended chord.

% There is, of course, an effect on the pitching moment of a complete aeroplane with flaps, due to the change of down-
wash at the tailplane accompanying the change in wing loading caused by the flaps. This effect is not considered here,
but attention may be drawn to the work contained in Refs. 93 to 95.

+ The chord line of a flap is the line that is fixed in the flap and is coincident with the wing chord line when the flap
is fully retracted. '
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In the case of a split flap set forward of the usual trailing edge position, the same process is'
applied to determine the effective (in this case, reduced) chord, see Fig. 4c.

3.5. Increments Based on Effective Chords.—3.5.1. Lift coefficient incvement.—3.5.1.1. Full-
span flaps.—It is reasonable to expect that if we base the lift and pitching moment coefficient
increments on the extended or effective chords and not on the actual wing chords, then it should
be possible to bring results obtained with flaps that extend the chord to conform with results
on flaps that do not alter the chord. In particular, we may expect the increments based on the
extended chord to be independent of incidence. This follows from the fact that the basic geometry
~ of effective wing plus flap does not differ from that of an ordinary wing and flap arrangement,
In the case of a split flap lying ahead of the trailing edge position, and which, therefore, reduces
the effective chord, the same expectation holds, although the reasoning underlying it is some-
what different and more crude. "A split flap on the under surface of a wing can very roughly
be said to increase the pressure ahead of it on the under surface of the wing by a constant amount,
and to decrease the pressure both behind it and on the upper surface of the wing by a constant
amount. It follows that behind the flap the change produced by it in the loading on the under
surface tends to be neutralised by the change in the loading ‘on the upper surface, and the
increments in lift and pitching moment derive almost entirely from the change in loading pro-
duced ahead of the flap. Hence, it may be argued that as far as these overall increments are
concerned, the flap behaves as if it were a trailing-edge flap on a wing of chord equal to ‘the
reduced chord. This argument is approximate and cannot be taken too far ; it will clearly be
inapplicable if the ratio of the flap chord to the distance from the flap hinge to wing trailing edge
is less than some minimum value. However, for flaps hinged not farther forward than about
0-5¢ from the leading edge and of chord not less than about 0-Ic, experiment indicates that it is
acceptable®??,

The lift coefficient based on the effective chord ¢’ is given by

C=C %
and hence the lift coefficient increment based on the effective chord is
Acgzcag—cm, e (1)
where Cy, is the lift coefficient of the plain wing. '
But 4C, = C,— Cyp,, |
and hence ACL’==ACL&C~,——CL,,,(1~—C£,>. T 2)

We can write this equation alternatively as

!

AcLzﬁcL'ﬁc+ch%~1>. e 3)

As already remarked, it is convenient, in developing charts from which lift coefficient incre-
ments can be estimated, to consider the increments for a standard aspect ratio of 6:0. Hence
we require formulae for converting either a measured lift increment 4C; for any aspect ratio
to an increment 4C,’ corresponding to an aspect ratio of 6-0, or conversely for converting from
an increment AC;’ at the standard aspect ratio to an increment 4C; at any aspect ratio.

Referred to the standard aspect ratio and effective chord
=, L FE .
C = Lo F(A)’ .. . - . . . . (4)

where 4 is the aspect ratio of the wing considered, and F(A)/F(6) is the ratio of slopes of the
lift curves at the aspect ratios 4 and 6, and is shown in Fig. 3 as a function of aspect ratio.
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The increment 4AC,’ is then

F(6
ACL - CL’—‘ Cme%
_E®) 1.
'—F(A) [:CLC/ CLw} .

CL, is the lift coefficient of the plain wing at aspect ratio 4.
The increment 4C, is given by

and hence AC, = Cp — Cy,
. F6) ¢ ¢
AC, _F<A)[ACL,_CL,,,<1_C,>].. L (5)
Alternatively ACL ac,’ 2 % -+ CLw<Cc — 1). .. .. .. A (<))

It follows that if we can develop a general process for predicting 4C,’ we should then be able
to determine AC, for the general case of an extending chord flap on a wing of any aspect ratio.*

It may be noted that, unlike AC,’, 4C, is dependent on incidence for a flap that extends
or reduces the chord, since part of 4C, is due to the effective change of chord and is proportional
to wing incidence (7.e., the term containing C,, in equation (6)). From equation (6)

!

ac) = a(5-1), o 0

where a, is the lift-curve slope of the wing alone. It follows that

CI
a=a,, .. .. .. .. . .. . .. .. (8)

where a is the lift-curve slope of the wing plus flap.

3.5.1.2. Part-span flaps.—Our usual problem is to derive 4C; for a part-span flap given 4C,’
- for a full-span flap. The simplest procedure is first to derive 4C; as if the flaps were full-span and
then to apply a factor for converting the lift increment to that for part-span flaps. This factor,
which is discussed in rather more detail in section 4.1.2, is here denoted by 24(b,/0), where
is'the flap span and & is the wing span. It is represented for various taper ratios by the curves of
Fig. 9. These curves are based on theory'®* checked with experimental results.

We have then '
A4C, (part-span flaps) = 4,(b,/b) AC, (full-span flaps). .. .. 9

3.5.2. Pifching moment increments.—3.5.2.1. Full-span flaps (vectangulayr . wing).—Taking
moments about the extended chord quarter-chord point and reducing the moments to coefficient
form in terms of the extended chord, we easily find that

f— e (6Y G c\e
cm_c,,,(c,)+4(1_c,)c,, R 4 1)
where C,, and C, are the pitching moment coefficients and lift coefficients referred to the basic

wing chord and quarter-chord point.

But ac,’' = C,' — C,.,
where C,, = C,, of the wing with flap retracted.

* Strictly, account should have been taken in the above of the change of effective aspect ratio with the operation
- of a flap that extends the chord. The effect is, however, generally small, and in the analysis of a considerable amount of
empirical data it has been found more convenient to ignore it.
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Hence = AC,,,( ) + == CLC <1 ——) — ,,m,[l — C—,)z} .. .. (11)
Or AC, = AC,/ (i—) CLC(~ 1)+ CK) } R 1)

Hence, if we have measured 4C,, C, and C,, we can calculate 4C,’, or, alternatively,
having estimated AC, (and hence C;), 4C,,’" and knowing C,, we can estimate 4C,,.

The pitching moment coefficient increments AC,' are, according to the lifting-line theory,
independent of aspect ratio, but this may not be strictly true for very small aspect ratios.

Since the full-span pitching moment coefficient increments are dependent on taper ratio, it
is convenient to refer to the increments for a rectangular wing as standard and they W111 be
denoted by 4C,,, and 4C,/,.

3.5.2.2. Pa7i~sj)an Sflaps.—As with the lift coefficient increments, the simplest procedure for
estimating AC,, for part-span flaps, given an estimate of 4C,’, for full-span flaps, is first to
estimate AC,, for full-span flaps as above, and then to apply a conversion factor, which is a
function of the flap span and taper ratio. The function is shown in Fig. 14 as u,(8,/0), its deriva-
tion is discussed in more detail in section 4.3.2. Thus

AC,, (part-span flap) = u,(b,/b) 4C,, (full-span flaps). .. .. (13)

4. Split and Plain Flaps.—4.1. Lift Coefficient Increments.—4.1.1. Full-span flaps —Thin
aerofoil theory shows that for a plain hinged flap

AC, = a . (cle) B .. .. .. .. (14)
where a, is the lift-curve slope of the wing, ¢; is the flap chord 2 (c,/c) is the function shown in
Fig. 5 and g is the flap angle. It was, therefore, argued by Young and Hufton* that in the
analysis of experimental data on flaps we could start by assuming

F(A4
AC, = _}'?('(g)) A1(c[c) A4(B) , .. .. .. .. .. .. (15)

where F(A4) is the function relating the wing lift-curve slope and the aspect ratio (Fig. 3) and
A,(B) is a function to be determined from the experimental data and which would presumably
vary from one kind of flap to another.

More generally, for flaps that extend the chord, we should have

4C," = _I;((_él)) A(cfc’) A4(B),

and since we have agreed to quote AC;’ always for the standard aspect ratio of 6
ACL, :Zl(Cf/c) Zz(ﬁ). > e « . : .. .. .« .. . (16)

An analysis of a considerable amount of available data on split flaps has established the curves
shown in Fig. 6, with a scatter of within 4- 10 per cent. It will be seen that the effectiveness of
split flaps increases rapidly with wing thickness. Presumably, with increase of wing thickness
the boundary layer on the wing thickens and tends to break away over the rear of the wing.
This tendency is suppressed by the increased suction and more favourable pressure gradient
at the trailing edge produced by the flap. With other types of flap that form part of the wing
upper surface (including slotted flaps), there is an opposing effect due to the sharp cambering
of the wing upper surface in the region of the flap hinge, and in general these two effects then
largely balance, the net effect of varying wing thickness being small.

For flaps that extend the chord, such as Zap or Gouge flaps*, or flaps that reduce the effective
chord, such as flaps lying ahead of the normal trailing-edge position, we apply equation (6)
to determine AC,, having first determined 4C." by means of equation (16) above.

* The Gouge flap is rather like the Blackburn flap (Fig. 1c) but with no slot between the flap and wing.
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Analysis of some experimental data has shown that the corresponding increments for plain
flaps on wings of thickness of about 12 per cent are not appreciably different from those for
split flaps on wings of that thickness. If the argument above is accepted, we may expect that the
increments for plain flaps will not show the variation with wing thickness shown by split flaps.
Therefore, it is suggested that the curve of Fig. 6 for 1,(8) for a wing thickness of 12 per cent
be used for plain flaps on wings of all thicknesses within the usual range.

4.1.2. Part-span flaps.—From calculations of Hollingdale'® one can derive the theoretical
ratio of the lift coefficient increment of a part-span flap of any type to the corresponding incre-
ment for a full-span flap. This ratio is shown as a function of flap span for various taper ratios
in Fig. 9, and is denoted by 4,(f;/b). An analysis of experimental data® has shown reasonable
agreement between experiment and these theoretical curves. Hence, for part-span flaps

AC, = (gfe) alB) 2a(BfB). oo e e e .o (1)

It may be noted that, where a flap has a central cut-out so that the spanwise positions of its
inboard and outboard ends are at 8,,/2 and by,/2 from the centre-line, respectively, then the
part-span correction factor is

Ao(bpafb) — A5(0pf0).
It must be emphasised that the factor 4, applies to all types of flaps.

4.2. Profile Drag Coeffictent Increments—4.2.1. Full-span flaps.—Proceeding on much the
same lines as in the analysis of lift coefficient increments, Young and Hufton* assumed that

AChy = 83(6J6) . 82(B)s - o e e e (18)

where 8, and 6, are functions that were determined from experimental data. The resulting
curves for trailing edge split flaps are shown in Fig. 10a and b.

Tt will be noted that for these flaps the profile drag increment is roughly 1-1 sin®# in terms of
the area of the flap. For a discussion of the profile drag increments of split flaps ahead of the
trailing edge (see section 11).

The data of Ref. 39 indicate that the profile drag increments of plain flaps on wings of thickness
of about 12 per cent are not quite so large as the corresponding increments of split flaps, and they
are reasonably fitted by the function for 6,(8) for plain flaps shown on Fig. 10b. For the reasons
explained above we may expect little variation of these increments with wing thickness, and it
is suggested that the function shown be generally used for plain flaps.

For flaps of the Zap or Gouge type in their fully extended position the increment should be
readily calculable from the plain flap case if allowance is made for the chord extension.

4.2.2. Part-span flaps.—General considerations confirmed by experimental data led Young
and Hufton* to conclude that the drag increment of a part-span flap of any type is proportional
to the area of the flapped part of the wing. Hence, to determine the increment for a part-span
flap we must multiply the increment for a full-span flap by the ratio of the flapped wing area to
the total wing area. The latter ratio, denoted by 8,(0;/0), is shown in Fig. 12 as a function of
flap span for wings of various taper ratios. Thus, for a part-span flap

ACpo = d:(cfc) - 62(6) . 8a(BfB). - oo e (19

If there is a flap cut-out with the inboard and outboard ends given by the spanwise ordinates
b;1/2 and b;,/2, respectively, then

ACpe = 84(csfc) 64(B) [03(brafb) — 83(bpnfb)]. .. .. .. .. (20)
4.3. Pitching Moment Increments—4.3.1. Full-span flaps~—From an unpublished analysis

of the pitching moment increments of plain and split flaps by Haile the curves of Fig. 13 have
been deduced showing the ratio

g1 = — ACm,r/A CL’
as a function of flap-chord/wing-chord (effective) for various thickness/chord ratios. AC; 1s
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here estimated for an aspect ratio of 60. Hence, having obtained an estimate of AC L, we can
estimate 4C,’, from :

a4C,, = — u, AC,". .. . . .. .. .. .. (21)

For flaps that alter the effective chord, as for split flaps ahead of the normal trailing edge
position, we must then apply equation (12) to obtain AC,,. This method is found to be very
satisfactory if the flap hinge is not forward of about 0-5¢ behind the leading edge ; ahead of that
position the concept of reduced chord breaks down. ‘

It is of interest to note that for moderate to large flap ‘chords (i.e., ¢/’ from 0-2 to 0-4) the
value of u, is roughly 0-25, i.e., the extra lift due to a flap acts at about the mid-point of the
extended chord.

4.3.2. Part-span flaps.—If it is assumed (as in Ref. 132) that the chordwise loading of each
spanwise element of the flapped part of the wing is the same as if it were in two-dimensional
flow, and that on the unflapped part of the wing any change in loading is located on the quarter-
chord line, then it is easy to show that the ratio of the pitching moment coefficient increment
to that for a full-span flap on a rectangular wing is given by the factor p,(b,/b), where

bf/2
f ctds

—~b./2

w2 (bs]b) = T (over flapped part of wing), . .. . (22).

where ¢ is the local chord, and ¢ is the mean chord.

An unpublished analysis of experimental data by Haile shows satisfactory agreement with
this factor. The factor is given graphically as a function of flap span to wing span for various
taper ratios in Fig. 14. - :

5. Simple Slotted Flaps (Handley Page and N.A.C A.)—5.1. Lift Coefficient Increments.—
The analysis for slotted flaps was developed by Young and Hufton* on exactly the same lines
as for split flaps. Therefore, we have

ACL" = Ay(cfc’) 24(B) A5(byfb), |
where the functions 4, and 2, are the same for all types of flaps and are given in Figs. 5,9. The
empirical function 2,(g) is shown in Fig. 7b for the Handley Page type of slotted flap and in Fig.
7a for the N.A.C.A. type of slotted flap. As would be expected from the discussion of section
4.1.1 the slotted flaps do not show a marked influence of wing thickness. Further, as noted in
section 2.3, the N.A.C.A. type of flap is appreciably more effective than the Handley Page type

for small to moderate flap angles, but its superiority becomes less marked at the larger flap
angles.

5.2. Drag Coefficient Increments—The analysis of experimental data was again based, as
for split and slotted flaps, on the formula ‘

ACpy = 841(csfc) . 84(B) . 85(byfb), : |
where the function 6,(8,/d) is the same for all types of flaps (Fig. 12). For both the N.A.C.A.
and Handley Page types of slotted flaps the functions é,(c,/c) and 8.(8) were found to be the

same, they are shown in Fig. 11. Tt is of interest to note that for slotted flaps the drag coefficient
increment expressed in terms of the flap area is about 0-5 sin? 8.

Fig. 15a shows a plot of the profile drag coefficient increment against the lift coefficient incre-
ment for. N.A.C.A. slotted flaps of 0-1c, 0-26¢ and 0-4¢ chord on wings of NACA 23012, and
23021 section. It will be seen that, from the point of view of economy of drag for a given lift
increment, there is little to choose between the three flap chords for values of 4C r less than
about 0-7. On the thicker wing there appears to be something to be gained in using an 0-4c
flap rather than an 0-26¢ flap. It will be noted that for flap angles increasing beyond about 40
deg there is little increase in lift but a very rapid increase in drag.
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5.3. Pitciﬁ%g Moment Coefficient Increments—The analysis of the pitching moment coefficient
increments made by Young® for N.A.C.A. type of slotted flaps of chord ranging from 0-1¢ to
0-26¢ showed that on a wing of 12 per cent thickness '

4C,,JAC, = — 0-33
and pwy = AC,JAC, == — 0-29,
where AC, and AC,' refer to aspect ratio of 6.0.
For flaps of larger chord (0-26¢ to 0-4¢)
4C,,JAC, = — 0-31
and gy = AC,  JAC, == — (-26°.

It will be seen that the figures for 4C, ,/AC,' are not very different from the figures one
would deduce from Fig. 13 for split and plain flaps.

As before, for part-span flaps we apply the factor p,(8,/b) given in Fig. 14 to the value of 4C,,
determined by means of the above ratios for a full-span flap on a rectangular wing.

6. High- Lift Flaps.—6.1. General—The remaining flaps to be considered may be classified
as high-lift flaps. They are the Fowler flap, Fowler plus split flap, double Fowler flap, N.A.C.A.
double-slotted flaps, Blackburn slotted flap, Blackburn:slotted plus split flap, Blackburn slotted
flap plus flap leading-edge slat, Blackburn slotted flap with inset slots, Blackburn slotted flap
‘with' deflected shroud, and Venetian-blind flap. An analysis of the experimental data for most
of these flaps was made by Young in Ref. 3. Table 2 summarises the major characteristics of
these flaps. The table includes representative values of measured lift, drag and pitching moment
coefficient increments, increments in C; ., and increments in the slope 'of the C,, vs. C, curve
at C; = 0-8C, ,,,,. The latter is given to provide an indication of the measured effect of the
flap on the stability of the wing at lift coefficients appropriate to the approach glide. Further,
the corresponding values of the lift and pitching moment coefficient increments based on the
extended chord (C,” and 4C,’,) are tabulated as well as the estimated values of 4C,’ (the
method of estimation for the more complicated flaps is discussed in the following section).
Finally, the values of the ratios 4C,/4C, and 4C,/,/]AC, are also given in the table.
It must be emphasised that the amount of available data on which the table is based varies
considerably from flap to flap ; for the flaps with flap leading-edge slats or inset slots and the
Venetian-blind flaps there are little more than single series of test results available.

The table refers to full-span flaps ; for part-span flaps the increments must be multiplied by
the appropriate factors (see Figs. 9, 12, 14) which apply to all types of flaps.

For the single and double Fowler, N.A.C.A. and Blackburn flaps, curves are given in Figs.
15, 16, 17 showing the drag coefficient increments plotted against the lift coefficient increments.
This provides a guide as to what is paid in drag in each case to obtain a given lift increment.
However, in comparing the drag increments of the various flaps, the differences should be seen
in relation to the induced drag. In each case a curve for the induced drag increment is included
for comparison, this increment has been estimated on the assumption that the basic C; of the
wing alone is 0-5.

The Youngman flap®* **%, as fitted to the Barracuda, has not been considered separately here,
since in its high-lift position it does not differ aerodynamically from the Fowler flap.*

6.2. Some Details of the Method of Estimating AC,’.—For the single N.A.C.A. slotted flaps,
and the Fowler and the Blackburn flaps in the fully extended positions, the curve i,(8) of the
N.A.C.A. slotted flaps (Fig. 7a) was used, as explained in section 4.1.1. For the Fowler flaps in

* The distinctive feature of the Youngman flap is its link method of operation, which is arranged to provide it with a
take-off position (moderate lift, low drag), a landing position (high lift) and a braking position (high drag, little change
in lift and trim). ) )
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partially retracted positions, the slots are ineffective and the flaps are virtually extending chord
split flaps, and hence the curves 1,(8) for split flaps (Fig. 6) were used. The Blackburn flaps
rotate about an effective hinge, like the Handley Page slotted flaps, and consequently the slots
are not at their optimum effectiveness for intermediate flap positions, hence for these positions
the Handley Page flap curve (Fig. 7b) was used.

The data of the tests of the various double flaps were analysed as follows. The value of AC,’

for the front or main flap, denoted as 4C,’;, was obtained from Figs. 5, 6, 7, using equation
(16) in the form

AC, = M(efc’) 2a(B 1), .. .. . .. .. .. .. (23)
where ¢, is the front flap chord, ¢’ is the extended chord, and $, is the front flap angle: This
increment was then subtracted from the total measured value of AC,’, and the difference,
denoted by 4C,’,, was attributed to the rear flap. ' Theoretically (see R. & M. 1171%), this should
be the same function of the ratio of the rear flap chord (c;,) to the extended chord (¢) and of the
rear flap angle (8,) as 4C,’, is of ¢;;/c¢" and §,. The process adopted was to assume that

AC s = M{cfc') 245(B3), .. .. .. e .. .. (24)
using the experimental values of AC;’, to obtain empirically the function 1,,(8,). It was
found that the resulting values fitted reasonably closely to a single curve for all types of rear or
auxiliary flaps, and this curve is shown in Fig. 8. Hence, to obtain 4C,’ for any given com-
bination of flaps, we obtain AC,", from equation (23) and 4C,’, from equation (24) and the
total estimated value of A4C,’ is then

ACL, _ ACLII "|" ACLIZ.

The agreement between the estimated and measured values of AC,’ for double flaps shown

in Table 2 is a guide to the general applicability of the curve derived for 4,,(8,) to all types of
flaps. _

Further details on the estimation of AC,’ for the other types of flaps considered will be given
in the following sections dealing with the flaps.

6.3. Fowler Flaps.—6.3.1. Single Fowler flaps (Figs. 1f, 1g).—Because of its large chord ex-
tension the Fowler flap is one of the most effective of all flaps for producing lift. We have two
main sources to draw on for information on Fowler flaps, vez., tests done by the N.A.C.A,72t7¢
and tests done at the R.A.E.”®. The more important results of both series of tests are included
in Table 2. As will be seen from Figs. 1f, 1g the housing of the flap in the N.A.C.A. tests was
cut square to the wing lower surface, whereas in the R.A.E. tests the housing was as far as possible
faired. Consequently, in the latter tests rather higher lift coefficient increments and considerably
smaller drag coefficient increments were measured than in the former tests. This is brought
out very clearly in Fig. 16 when the profile drag coefficient increments are plotted against the
lift coefficient increments. The 0-4c Fowler flap as tested at the R.A.E. is in fact the most
economical in drag of all the flaps examined for lift coefficient increments less than about 2-0.

Like the N.A.C.A. slotted flap there is little to gain in lift by increasing the flap angle beyond
about 40 deg. ‘

As remarked above, when not fully extended, the Fowler flap acts much as an extending

chord split flap ; the difference between the flap partially and fully extended is brought out by
a comparison of the dotted and full curves of Fig. 16.

From the columns in Table 2 giving the values of 4C,,/4C; it will be seen that these values
are consistently high. A mean of a large number of values* examined is about —0-43, with a
scatter of within + 10 per cent. The large pitching moment increment associated with a given
lift coefficient increment obtained with this type of flap constitutes its most serious disadvantage.
When we examine the values of 4C,/,/AC," we see that they cluster around a mean value of
—0-27, which is in fair agreement with the corresponding value for split and plain flaps given in

* Table 2 only shows a representative few of the cases considered.
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Fig. 15. This fact, as well as the close agreement shown, between the estimated and measured
values of AC,’, illustrates the consistency of the results obtained with widely dissimilar flaps

when analysed on the basis of effective chord.

6.3.2. Fowler plus split flap.—The results of the R.A.E. tests of a 0-4c Fowler flap combined
with a 0-1c split flap’® are given in Table 2 and are also included in Fig. 16. The split flap was
hinged to the lower surface of the Fowler flap in the trailing edge position. It will be seen that
with the optimum setting (35 deg for the Fowler, 45 deg for the split flap) the split flap helps
to raise the maximum lift coefficient increment from about 2:0 to 2-4 for a surprisingly small
cost in profile drag. The ratio —4C,,/AC; is high and is much the same as for the single Fowler

flap.

6.3.3. Double Fowler flap (Fig. 17).—The front flap of the double Fowler as tested at the R.A.E.
is virtually a 0-4c slotted flap of the N.A.C.A. type, and it is the rear flap which provides the
essential Fowler characteristic by extending backwards from its housing in the front flap to a
distance practically equal to its own chord length. The lift coefficient increment attained by
this combination is the highest of all the flaps examined?®, being about 2-65. The drag coefficient
increment is small ; but like that of the Fowler or Fowler plus split flap the wvalue of
—(4C,,/AC;) 1s high. ‘

Again we may note that for both the Fowler plus split flap and the double Fowler the value of
—(4C,,J]AC,") 1s about 0-23. For a split or plain flap of the same effective chord ratio on a
wing of the same thickness this ratio would be about 0-24 (see Fig. 13).

It is interesting to note that the optimum setting is about 15 deg for the front flap and about
42 deg for the Fowler flap. It is, in fact, usual to find that for double flaps, where the rear flap
extends the chord quite considerably, the optimum front flap angle is relatively small.

6.4. N.A.C.A. Slotted Flaps—6.4.1. N.A.C.A. single-siotied flaps (Fig. 1d).—These have
been dealt with in section 5, but for completeness some representative data have been included

in Table 2.

6.4.2. N.A.C.A. double-slotted flaps (Fig. 1h, 1i)—Comprehensive tests have been made in
America of two sets of double-slotted flaps, a relatively small chord combination, viz., 0-26¢
and 0-1c, and a large chord combination, 0-4¢ and 0-26¢c. The latter was tested on wings of NACA
23012, 23021 and 23030°% section, the former on wings of NACA 23012 section®®. The relative
movements of the flaps when operated are given in Table 1, they are in fact the same as those
adopted for the single flaps. In Fig. 15b, 15c the drag coefficient increments are plotted against
the lift coefficient increments. The optimum flap angles for maximum lift increment combined
with a relatively small drag increment vary slightly with wing section and with flap chords, but
they are in the region of 30 deg to 40 deg for both flaps. With higher flap angles little lift is lost
but there is a rapid increase of drag.

The average values of 4C,,,/AC, and AC,/,]AC," are summarised in the following table :—

ac,, AC, .
ACL ACL’

0-26c, 0-1c flap (NACA 23012) .. .. —0-33° —0-29
0-dc, 0-26¢c flap (NACA 23012) .. .. —0-34 —0-26°
0-4c, 0-26¢ flap (NACA 23021) —0-37 —0-29
0-4c, 0-26¢ flap (NACA 23030) —0-59 —0-43

As with the Fowler flaps, the values of 4C,/,/AC," on the 12 per cent thick wing are in fair
agreement with the corresponding values for split flaps given in Fig. 13. However, the double-
slotted flaps show a surprising increase of 4C,’,/A4C," with wing thickness. This increase
occurs mainly at the higher values of AC;’, and in fact the relation between AC, , andAC,’
. tends to depart from linearity as the wing thicknessincreases. Probably, the difference between
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the type of chordwise lift distribution obtained with slotted flaps and the type obtained with
split flaps becomes more accentuated with wing thickness. With the former rather more of
the lift increment is concentrated at the flap hinge than with the latter and so a rather larger
value of —A4C,’, for a given AC," may be expected, especially on thick wings. However,
the difference does not appear to be serious for wings within the normal practical range of thick-
ness, viz., 0:-1c to 0-2c.

6.5. Blackburn Flaps.—86.5.1. Single Blackburn flaps (Fig. le).—The Blackburn arrangement
is rather more effective than the N.A.C.A. arrangement in exploiting the possibilities of the
large chord flap, presumably because of the longer shroud and somewhat larger chord extension.
From the data listed in Table 2 it will be seen that the flaps tested on the 23018] section®® were
not so effective as those tested on the 0018/12 and 0018 sections®’. These latter flaps were a
later development in which the slot design was improved and the chordwise extension somewhat
increased. It is not surprising to note, therefore, that estimates of 4C,’ for intermediate flap
angles for the flap on the 23018] section gave better agreement with experiment when based
on the Handley Page flap curve for 4,(8) than when based on the N.A.C.A. flap curve, whilst
the opposite was true for the flap on the NACA 0018 section.*

Fig. 17 shows the increments 4C,, plotted against AC, for various flap chords ranging from
0-3¢ to 0:6¢ on the 23018] section, and for the flap chord of 0-5¢ on the NACA 0018 section.
The marked superiority of the latter flap over the corresponding one on the 23018] section is
“again apparent. For lift increments above 1-0 the drag increments of Blackburn flaps are in
general rather higher than those of the other flaps. ‘

The optimum angle for the Blackburn flap is about 50 deg, which is much the same as for the
Handley Page slotted flap.

It will be seen from Table 2 that the pitching moment coefficient increment for a given lift
coefficient is relatively low. The mean value of a large number of observations of 4C,,[4C,
is about —0-27, the corresponding mean value of 4C,/,/4C," is about —0-20. This latter value
is not, however, inconsistent with the curves for 4C,/,/AC," for plain or split flaps given in
Fig. 13, when allowance is made for the large chord of the flap and the fact that nearly all the
tests were made on wings of thickness equal to about 18 per cent. ’

8.5.2. Blackburn split and slotted flap (Fig. 1k).—The Blackburn split and slotted flap has
considerable possibilities where both high lift and variable drag are required®® "*. Fig. 17b
shows the drag increment plotted against the lift increment, and it will be apparent that there
- is a large range of drag for a given lift made possible by varying the split flap angle keeping the
slotted flap angle fixed. Like the single Blackburn flap the double flap involves a relatively small
pitching moment increment for a given lift increment, the mean value of 4C,,/4C, is about
—0-29 and the mean value of A4C,/,[AC," is about —0-24.

6.5.3. Blackburn flap with flap leading-edge slat (Fig. 11).—Amongst the many high-lift devices
tested by Blackburn Aircraft Ltd.is one for which the flap is equipped with a leading-edge slat®® ™.
Such an arrangement has obvious mechanical complications, and the slat and flap must be
designed to fit snugly when retracted into the wing. However, when properly designed it can
be very effective, as it provides both extra chordwise extension and improves the flow over the
flap, bringing the point of separation nearer the trailing edge. This latter effect is very important,
as can be gauged from the fact that thin aerofoil theory, which assumes no flow breakaway,
predicts much higher lift increments at the larger flap angles than is attained in practice. This
is brought out in Figs. 6, 7, where the theoretical curves for 1,(8) are shown dotted for com- -
parison with the experimental curves. This suggests that there is, therefore, a considerable
lift increment still to be gained by suppressing or delaying the flow breakaway from the flap.

* Later tests for which the flap nose was rounded rather more than in the case of the flaps discussed in Refs. 66, 67,
showed the flap characteristics to be less sensitive to the slot dimensions and to small deviations of the flap from the
optimum setting.
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Blackburn Aircraft Ltd. have tested leading-edge slats on 0-4¢ and 0-5¢ chord flaps. The main
data for the two most promising arrangements are given in Table 2. For the (-4c¢ flap it was found
advisable to use a relatively large slat to get a marked improvement of lift. The estimated value
of 4C;" in Table 2 was arrived at by treating the flap plus slat as a single-slotted flap with the
leading edge at the nose of the slat, thus, the estimate includes the effect of chord and flap ex-
tension due to the slat, but not the effect of flow improvement over the flap. A comparison of
the estimated and measured values of 4C,’ ./ for the 0-4c flap shows that in this case there could
have been no appreciable flow improvement. In the case of the 0-5¢ flap, however, the leading-
edge slat, although small, produced a marked increase in the lift increment, a considerable portion
of which must have been due to the resulting improvement of flow over the flap. It is of interest
to note that because of this improvement the drag increment for the optimum setting is relatively
small. The value of 4C,,/4C, 1s about —0-35, but 4C,/,/AC," is in the usual low range for
Blackburn flaps, viz.,, —0-19 to —0-24.

6.5.4. Blackburn flap with inset slots (Fig. 1m).—An obviously related device, that was also
tested by Blackburn Aircraft Ltd., is that of a flap with fixed inset slots®®7°. If the slots are
efficiently designed, then, like the flap leading-edge slat, they produce a general improvement
of the flow over the flap. The important data for the optimum cases tested are given in Table 2.
The cleaning up effect of the slot on the flow over the flap is indicated by the fact that in each case
the measured value of AC,’ is considerably greater than the estimated value, whilst the value
of ACy, is small for the AC, obtained. The values of —(4C,,/4C ) are 0-29 and 0-35 for the
wing with 0-4c and 0-5¢ flaps respectively, but —(A C,..[AC;") varies between the limits 0-225
and 0-25.

The simplicity of this device is largely offset by the fact that unless the slot or slots are sealed
when the flap is retracted, they will cause a serious increase of drag. The tests indicated that for
a slot to function properly it must be cut at a fairly small angle (about 20 deg) to the flap chord.
Hence the opening on the upper surface must occur well back, and it will be very difficult to in-
crease the shroud sufficiently to seal the slot.

6.5.5. Blackburn flap with deflected shroud (Fig. 1n).—One of the most effective devices tested
by Blackburn Aircraft Ltd. consists of a slotted flap with a slightly longer shroud than usual,
and part of the shroud is hinged and arranged to deflect downwards with the flap®®. The shroud
thus smooths over the effective change of camber involved in putting the flap down, and in fact
the combination of deflected shroud and flap acts as a double flap. The main data are given in
Table 2. The lift coefficient increment attained (2-26) is only slightly less than that attained
with either inset slots or a flap leading edge slat, and it probably presents less serious disadvan-
tages than these other devices.

Treating it as a double-slotted flap the estimated value of 4C,’ is almost in exact agreement
with the measured value. If we regard it as a plain front flap and a rear slotted flap the estimated
value of 4C,' is appreciably less than the measured value. This is not surprising, since the slot
is near enough to the shroud hinge to dominate the flow there. The pitching moment coefficient
increments are relatively small, 4C,,/4C; is —0-3, whilst 4C,/,/AC," is —0-18.

6.6. Venetian-blind Flaps (Fig. 1lo).—Venetian-blind flaps have at various times aroused a
certain amount of interest, since, if their slots function properly, their lift increments should
approach the theoretical plain flap values. The results of such tests as have been made, however,
have been rather disappointing”” 7®. Representative data are included in Table 2. The main
conclusmns of these tests are :(—

(1) The optimum spacing of the slat components appears to be one slat- chord length and
there is no advantage in using a large number of small slats rather than a small
number of large slats.
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(2) With the arrangements illustrated in Fig. lo, the optimum position occurs for the system
set at an angle of 60 deg, the individual slats being set at an angle of 40 deg. The lift
coefficient increment is then higher and the drag coefficient increment is lower than
for the corresponding Fowler flap (see Table 2). The main advantage of the slotting
derives from the fact that it enables the optimum angle of the flap as a whole to be
higher than that of the unslotted flap. The measured and estimated values of 4C,’
are in fact, in good agreement. : :

(3) Slat arrangements can be found for which the slat angles differ from each other, giving
~even higher lift increments than the one illustrated, but generally these involve a
considerably greater drag increment. '

(4) The pitching moment increments are high, —(A‘C,,,,/A C.) being of the order of 0-5,
whilst —(4C,/,/4C,’) varies from 0-27 to 0-31. -

8.7. Some Concluding Remarks on High- Lift Flaps.—It will be clear from the foregoing and
a comparison of the columns in Table 2 that the method given in sections 4 and 6.2 for estimating
AC," and hence 4C, is very satisfactory for almost all types of high-lift flaps, except for
cases where a particular device is used for cleaning up the flow over the flap itself, as, for exaniple,
where the flap has a leading-edge slat or inset slots. Some discretion is necessary in. estimating
AC;" where the flap is not fully extended, when it must be decided whether any slots are
functioning badly, moderately, or with optimum effectiveness. As already anticipated in section
6.2, in the first case it is best to use the split or plain-flap curves for 4,(8) (Fig. 6) depending on
the arrangement ; in the second case the Handley Page slotted-flap curve is recommended
(Fig. 7b) and in the third case the N.A.C.A. slotted-flap curve should be used (Fig. 7a)

The tabulated values of 4C,,/AC,’ suggest that there is a fair consistency between all types
of flaps and that a rough estimate of 4C,/, can be obtained, aftér. calculating 4C,’, by assuming
4C,/,JAC," = — 0-25. From this estimate of AC,’, the value of 4C,, can be calculated
using equation (12). Exceptions to this rough rule occur for N.A.C.A. slotted flaps on wings of
thickness greater than about 21 per cent. We might go further and note that for each type of
flap on wing sections of thin to moderate thickness the ratio 4C,,[AC, is roughly constant
and independent of flap chord and angle and of whether the flap is single or double. Mean values
for this ratio for the main types of flap are as follows :— : '

Plain and split flaps .. .. . .. —0-25
Slotted flaps (Handley Page and N.A.C.A)) .. —0-33
Blackburn flaps .. .. .- .. .. —0-29
Power flaps. . .. .. .. e —0-43

No simple unifying rules can be given for estimating 4Cy,, as this is largely the result of an
increase in form drag produced by the flap and hence is very sensitive to slot design. A study
of the values given in Table 2 should, however, provide a good guide to the probable value
of ACp, in any particular case. ‘

7. Wing-body Interference—An analysis of such data as there are available from both model
and full-scale tests on the effect of wing body interference on the effect of flaps was made by
Young and Hufton*. This analysis indicates that, as far as the drag increments are concerned,
the effect is favourable for split flaps and unfavourable for slotted flaps. In the latter case,
the effect may be partially exaggerated by the difficulty in flight on a full-scale aeroplane of
ensuring the correct slot shape free from serious distortion effects under load. Rough rules
suggested by the analysis, are that for split flaps :

ACpy (with interference) = 0-85 4Cp, (without interference)
and for slotted flaps

ACp, (with interference) = 1-4 ACp, (without interference).
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The analysis did not indicate any marked systematic interference effects on lift coefficient
increments ; in general, the effect was negligible, although in a few cases it was appreciable.

8. Flaps Combined with Wing Leading-edge Slats.—Some of the high-lift flaps discussed above
have been tested in combination with wing leading-edge slats,®® "2, ‘

The data are scanty but an analysis has been made by Young in Ref. 3 and the main con-
clusions suggest the following relations for full-span slats of chord lengths within the range
0-15¢ to 0-3c set at about 40 deg to the wing chord line :—

. slat chord ‘
(i) ACL pax = 33 wing chord’ gpprox.,
. slat chord
(i) 4C,, & = 09 W,‘appmx.,
(i) Ao, = 10 deg (+ 3 deg),

oG -
(iv) A(d CL)O'SCLM_Ols (& 0-07%),

where 4C,,, is.the change in pitching moment coefficient at the stall produced by the slat,
and Aoy, is the change in stalling angle produced by the slat. These increments are additive to

those produced by the flap.

9. Effect of Flaps on Induced Drag.—In considering the effect of flaps on drag we have so
far only considered the effect on profile drag, but flaps may have an important effect on induced
drag. This latter effect has been considered theoretically by Young in Ref. 96, where the induced
drags of elliptic wings with flaps of various span and various cut-outs have been determined.
It is shown that the induced drag can be put in the form

' C.? K(ACL)? , o

Cm__ﬂAﬁ_ — .. .. . .. .. . (25)
where C, is the total lift coefficient of wing plus flap, AC; is the lift coefficient increment due
to the flap, and K is a function of the flap span and cut-out and of the ratio of the aspect ratio
(4) to the two-dimensional lift-curve slope of wing (a,). The function K is reproduced in Figs.
18, 19, 20; these figures correspond to Aja, = %, 1-0 and 2-0 (i.e., 4 = 4,6, 12 approximately),
respectively. ‘ ‘

- It will be seen that the above formula for Cp; takes the form of the usual elliptic loading term
(C.*nA) plus a term which arises from the departure of the loading of the flapped wing from the
elliptic ; it is clear that the latter term can be very important. For a given net flap span this
term appears to be least for a cut-out of about 0-1 wing span. It is suggested that where
the plan form of the unflapped wing departs appreciably from the elliptic the first term in the
above expression for Cp; should be replaced by (C.*=A) (1 + ) where 7 is the appropriate
correction factor for non-elliptic plan form given by Glauert in Ref. 12.

Similar calculations made for flaps that extend the chord®® showed that, when the induced
drag was expressed in the form of equation (25) above, the chord extension made a negligible
difference to the factor K.

10. Nose Flaps.—Thin high-speed wing sections with fairly small nose radii of curvature
tend to have low maximum lift coefficients, because of the tendency to flow breakaway induced
by the sharp wing nose at incidence. It has been suggested that the nose flap might overcome
this difficulty. Two forms of nose flap have been developed, one suggested and tested in Germany
by Kruger®”*®1°" the other has been suggested in this country.* :

* Recent evidence® indicates that the Germans were interested in the second form as well as the first,
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Kruger’s nose flap is illustrated in Fig. 21a. It is hinged at the wing leading edge and rotates
out from under the wing and in its optimum position it is set at an angle of about 130 deg to the
wing chord. As with a wing leading-edge slat, it does not have a marked effect at incidences
below the stalling incidence of the plain wing, but it prolongs the lift curve and delays the stall
for several degrees. In effect, it transfers the stagnation point of the wing to the rounded leading
edge of the nose flap, and hence, instead of having to pass round the sharp leading edge of the
- wing at high incidences, the flow is presented with the easier problem of negotiating the flap
upper surface and the small discontinuity of curvature at the flap wing junction.

Fig. 21 summarises some of the more important results obtained with this type of flap. The
effectiveness of the flap decreases rapidly with increase of wing nose radius of curvature (o). As will
‘be seen from Fig. 21d, for a value of (ofc)/(t/c)* greater than about 1-0, the flap reduces the
lift. Fig. 21b shows the effect of varying the flap angle, the wing section tested is a high speed
one with a fairly sharp nose. It will be seen that there is a marked deterioration of effectiveness
for flap angles less than the optimum, and it is evident that as the flap is brought into operation
rather peculiar and sudden changes of lift and trim must occur. The effect of varying the flap
chord at the optimum angular setting on this wing section is illustrated in Fig. 2Ic. Some
representative curves of lift, drag and pitching moment for this section with and without a
0-2¢ split flap set at 60 deg and nose flaps of various chords are shown in Fig. 22.

The alternative arrangement involves simply hinging the front portion of the wing making, in
effect, a plain leading edgeflap (see Fig. 21a). Thisideaisnot new (such aflap was tested in 1920 by
Harris and Bradfield)® but it may have applications to modern high-speed aircraft. It operates
in much the same way as Kruger’s nose flap, but it may be expected to be much less sensitive
to nose radius. It has the advantage that the change in camber, and hence the changes in lift,
drag and pitching moment that accompany setting. down the flap would take place in an even
manner and not in the sudden large jumps associated with the Kruger nose flap. Further, a
variety of settings can be used up to the optimum, so that it may be used, if coupled with the
trailing edge flap, to provide an adjustable camber to the wing under the pilot’s control, suitable
camber being chosen for take-off, climb and landing. Some recent preliminary tests have been
made at the R.A.E. of a leading-edge flap about 0-2¢ in chord on a 74 per cent thick bi-convex
section ; with the flap set down about 30 deg the increase in C, ,, was about 0-4. Combined
with a plain trailing-edge flap of about 0-25¢ in chord the C,,, attained was 1-9, as compared
with the Cp ., of the plain wing of 0-65.

Both types of leading-edge flap have the disadvantage that their installation would probably
eliminate all possibility of achieving far back transition and hence low drag.

11. Brake Flaps.—11.1. General.—Arising out of the improvements in aerodynamic design’
and cleanness, that have been made during the last decade, has grown the need for brake flaps
for certain types of aircraft. The main applications of brake flaps that developed during the war
were to dive bombers, torpedo dropping and to high-speed fighters (particularly night fighters).
A further application which has received consideration is to the reduction of the landing run
of aircraft.

The brake flap generally takes the form of a flap of relatively small span and chord, and in
operation it is frequently set at right angles to the wing surface, although sometimes smaller
angles are used. It may be plain or perforated, and it may be attached to the upper or lower
surface of the wing ; sometimes flaps on both surfaces in combination are used. Occasionally,
the landing flap of a wing has been designed to include a setting at which it can be used as a brake
flap. Alternative suggestions include the fitting of brake flaps to the fuselages of aircraft, or the
use of parachutes or reversed pitch airscrews. It is not, however, proposed to deal with these
alternatives in this report, which will be confined to the usual types of brake flap as fitted to the
wings of an aircraft.

- The main requirement of brake flaps is, of course, to provide drag for rapid deceleration, but
in general it is desirable that they should have as little effect as possible on lift, trim and stability.
For night fighters this is most important, but for dive bombers a small change of trim is
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permissible. Quick operation is also generally desirable. A further requirement is that in operation
they should not induce unpleasant buffeting or vibration of the controls or of the aircraft as a
whole.

Generalisations, based on existing data, of a kind that will enable a designer to predict all
the important characteristics of brake flaps for any given design are impossible. The best that
can be done is to discuss the relations between these characteristics and the factors that control
them in a broad and mainly qualitative manner, and to refer the reader to existing summaries
or collections of data (e.g., Refs. 110, 111, 118) for more detailed guidance.

11.2. Drag.—For brake flaps we are interested in the drag increment at a constant lift rather
than at a constant incidence.

The main variables of which the drag increment of a brake flap is a function are its area, geo-
metry, chordwise position, the wing thickness and the lift coefficient. Very roughly, one can say
that at small values of C; the drag coefficient increment of a brake flap in terms of its area is
about 1-1 sin?g when the flap is at the wing trailing edge, and this coefficient rises with forward
movement of the flap to nearly 3 sin® § when the flap is at about the wing quarter-chord point ;
the drag coefficient increment then falls rapidly if the flap is moved ahead of that pomt At a
C, of 05, the drag coefficient increment of the flap on the lower surface is about 1-5 sin® g if the
flap is at the trailing edge and falls slightly if the flap is moved forward ; with the flap on the
upper surface the increment is only about 0-2 to 0-3 sin® § when the flap is at the trailing edge
but it rises rapidly with forward movement of the flap to about 4-5 sin® # when the flap is at the
quarter-chord point. In Ref. 110 it is suggested that some consistency of data can be obtained
by expressing the increment in terms of the area Sf , where

: S; = byles + t4), .. (26)
bsis the span of the flap, ¢;is the chord of the ﬂap, t is the normal distance from the wing surface
to the chord line in the plane of the flap hinge.

Some representative values of the drag coefficient increment based on S, and denoted by
ACyp are reproduced from Ref. 110 in Fig. 23c.¥* Where more than one flap is used, the drag
coefficient increments can be taken as additive.

Brake flaps are frequently perforated or slotted to reduce buffeting and vibration. The esti-
mated drag increments should be reduced in the proportion of open area to total flap area,
except in the case of round perforations for which the available evidence suggests the estimated
values should be reduced in the proportion of half the open area to total flap area.

11.3 Lift.—Thelift effect of aflap aft of about 0-5¢ on either the upper or lower surface of a wing
can be estimated with fair accuracy from the curves of Figs. §, 6, using the concept of reduced
chord.t Alternatively, the detailed results collected in Refs. 110 and 111 may be used for
guidance. In Ref. 110 the device has been used of expressing the lift coefficient increment in
terms of S/, ¢.¢., the increment is expressed as

ACELZACLSEI]“ . .. .o . .. .. .o (27)

Mean curves of ACy; as a function of chordwise position of flap, deduced from a fair quantity
of data, are reproduced in Fig. 23a. The scatter is fairly considerable, however, and these curves
should only be used to give a rough estimate, the method suggested above is probably more
accurate. _

In general, the lift effects of two flaps are additive, although there is a recorded case*** where
with flaps on both surfaces the lift was even less than with the single flap on the upper surface.

11.4. Pifching Moment.—The pitching moment change produced by a brake flap derives from

(1) the change in the wing pitching moment due to the flap,
(2) the change in downwash produced at the tail plane.

* There must clearly be some lower limit to the size of flap chord for which this method of representation can apply,
since the method gives a drag increment other than zero when ¢, = 0.

T For upper surface flap AC;’ is negative.
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Generally speaking, a lower surface flap.ait of about the mid-chord point produces a nose-
down change in the pitching moment of the wing, whilst if it is forward of the mid-chord point
the change is nose-up. For an upper-surface flap the changes are of opposite sign. For flaps
aft of about 0-5¢ the changes can be predicted with fair accuracy using the method described
in Section 4.3.2. Alternatively, the collected data of Refs. 110, 111 can be studied for guidance.
Whitby and Bigg''® have also suggested that if the pltohmg moment increment is expressed

in the form . ,
ACpy = AC,° J S o8
- (bf , (28)

then a rough guide can be obtained to 4Cgy using the figure reproduced in Flg 23b.

The changes in downwash at the tail plane produced by brake flaps result from'the accom-
panying changes in wing loading distribution. Broadly speaking, inboard flaps produce an
increase in downwash, and hence a nose-up moment, and outboard flaps produce a small upwash,
and hence a nose- ~down moment. Fig. 23d is reproduced from Ref. 110 and shows some typical
curves illustrating the variation with v,/s; of the quantity
de b )
AC, b .. . . .. e .. - (29)

where ¢ is the downwash at the tail, y; is the distance of the 1nboard end of the flap from the
centre-line of the aircraft, and s; is the tail semi-span.

ACBE =

Generalisation is, however, impossible, the variables are too many and the data too haphazard
and unsystematic. All that can be noted here is that in any given case it is not impossible to
choose a position of the flaps so as to have-the total change in pitching moment of the aeroplane
zero at a given lift coefficient or at a given incidence.

We may note, in passing, the use of a slotted flap, set at a negative angle to the wing chord
line near the tra111ng edge, which can be arranged to produce a large drag with practically no
change of trim or lift (see, for example, the Youngman flap, Refs. 111, 118).

12. Dive- Recovery Flaps.—It has been observed that various types of aircraft have shown
considerable reluctance to recover from high-speed dives. In such-cases, when beginning the
recovery, little response is experienced to quite a large stick movement and stick force, and the
normal acceleration is small. This phenomenon has been attributed in part to the development of
a shock-stall spreading from the wing root section outwards, and in consequence the downwash
at the tail is reduced and the capacity of the wings to develop Tift is reduced. A method of coping
with this difficulty which has been widely adopted is the fitting of dive-recovery flaps. These

are small under-wing flaps situated about one third of the chord back {rom the leading edge
fairly near the root section.

Their effect in helping the recovery is a multiple one. They increase the pitching moment
of the wing in the nose-up direction and, further, they increase the lift of the wing and hence
the normal acceleration. Since this lift helps to restore the circulation over the centre section,
where it had been reduced by the shock-stall, the downwash at the tailplane is consequently
increased and hence the nose-up pitching moment is still further increased. The net effect
is that the aeroplane with dive-recovery flaps recovers steadily at an appreciably higher lift
coefficient, and therefore, higher normal acceleration, than without the flaps.

It is shown in Refs, 120, 121 that in the recovery from a dive the pitching moment C, rapldlyv
settles down to a small Value which may be neglected for the purpose of predicting the recovery,

if the derivative (a C

) is large. This derivative is the rate of change of pitching moment
M

coefficient with lift coefficient at constant Mach number, and its value will be large under the
same conditions that make the recovery of an aeroplane from a high-speed dive sluggish and
difficult, viz., if there is a reduction of downwash at the tailplane and a reduction of lift-curve
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slope of the wing. Hence, if we know the change of lift coefficient at zero C,, produced by a dive-
recovery flap we can assess the change in normal acceleration produced by it and the consequent
speeding up of the recovery from a high-speed dive.

A summary of the available data on dive-recovery flaps has been compiled by Bridgland*Z2®.
It is clear from this summary that the data are much too scanty to permit of the development
of any reliable method of prediction of the characteristics of these flaps. The problem is a very
complex one, since we require to be able to predict the wing lift and pitching moment increments
due to the flaps and the accompanying changes in downwash at the tail plane at Mach numbers
at which the wing is shock-stalled. Bridgland suggests that, in the absence of wind-tunnel
tests, the low-speed increments in lift, pitching moment and downwash can be roughly estimated
from the curves of Fig. 23, derived by Whitby and Bigg'*® from brake-flap data, and empirical
corrections should then be made, based on high-speed tunnel tests on models of a Tempest and of
a Lightning'®® '**. Where possible, however, it is advisable to do model tests in a high-speed
tunnel. '

Bridgland concludes that a flap area of about 0-01 of the wing area is generally required, if

the flap is well inboard. If the flap is-so far outboard, as to have little effect on the downwash

- at the tailplane (or in the case of tailless aircraft), the flap areas will then need to be some three
or four times this amount.

Dive-recovery flaps very readily cause buffeting of the wing and tailplane and to avoid this
it is generally necessary to confine the flap angle to about 20 or 30 deg.

18. Flaps on Swept-Back Wings.—13.1. General.—As a result of German research demonstra-
ting the appreciable increase in the shock stalling Mach number of a wing to be gained by sweep-
back, the wuse of sweep-back is becoming common for high-speed designs. In addition,
sweep-back is of importance for tailless designs. The use of sweep-back, however, carries with it
certain disadvantages ; in particular, the maximum lift coefficient of a wing, espec1ally when
flapped, decreases with sweep-back. As mentioned in section 1, it is desirable, therefore, that this
report should .include some remarks on the characteristics of flaps on swept- ~back wings.
Unfortunately, the available data are far from comprehensive or completely reliable. British
research on swept-back wings has, in the main, been of an ad hoc character ; German work has
perhaps been more systematic, but the bulk of it has been done at low Reynolds numbers (of
the order of 0-5 X 10°). As a result there is a considerable scatter in the results analysed, and
the broad generalisations inferred should be accepted as an interim guide pending more com-
prehensive and reliable tests.

13.2. Lift Cocfficient Increments.—A number of German and British reports have been
analysed '** * ** ; the data cover angles of sweep-back varying from —10 to 45 deg, taper ratios
from 1:1 to 4-29: 1 aspect ratios from 4-8 to 6-5, Reynolds numbers from 2-5 x 10° to 54 x 10¢,
split and slotted ﬂaps and flap spans varying up to full span. The lift coefficient increments have
been extracted from the data and each has been divided by the corresponding increment for
a wing with zero sweep-back. Where measurements of the latter were not available an estimate
has been made. Values of the resulting ratio (written 4C;/4C,(y = 0)) are shown plotted in
Fig. 24b as a function of angle of sweep-back (y). The scatter is clearly very large, and it is
impossible to extract from the data any consistent variation associated with scale effect or taper
ratio. A mean curve has been drawn through the points as a tentative guide to the variation of
the Lift increment with sweep-back. If we accept this curve, we see that for small angles of
sweep-back the lift increment increases slightly, and reaches a maximum for about 10 deg of
sweep. Beyond that angle it falls slowly, for 40 deg of sweep- back the curve suggests a reduction
of the lift increment of about 15 per cent.

For flaps on the unswept centre portions of U wings, the analysis suggests that a reasonable
estimate of the lift increment can be obtained if the sweep-back is neglected. For flaps set forward
of the trailing edge, however, the evidence indicates that the fall in lift increment with position
forward of the trailing edge is about half as great as the est1mated fall but the evidence is very
sketchy.
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18.8. Maximum Lift Coefficient Increments—Because of the marked effect of sweep-back in
reducing the stalling angle of a flapped wing, it was thought desirable to examine the variation
of the ratio AC; 1, [ACs mex (y = 0). The values of this ratio are shown plotted in Fig. 24a
against sweep-back angle. The effect of sweep-back on 4C, ., is clearly very appreciable
and a mean curve has been drawn through the plotted points. The curve is actually the function
cos®y ; there is no theoretical reason for choosing this function, but it provides a convenient
mean for the points. It is important to note that for aspect ratios not covered in the tests
analysed, the variation of AC, .., with y may be different.

The reduction in stalling incidence due to sweep-back is presumably associated with the lateral
pressure gradients, which encourage the boundary layer near the wing trailing edge to drift
towards the tips and hence produce an early tip stall. Therefore, we might expect scale effect
to play an important part in controlling the reduction of C, ., but no consistent scale effect
was to be noted in the data examined.

ACp,
(ACpo) =0
possible and the resulting values are shown plotted in Fig. 25. Again we may note a considerable .
scatter. The mean curve suggested is the function cos y, 7.c., ‘

ACp,
— = CoSy. .. . .. . .. .. 30

This curve gives a reduction in the drag increment of about 23 per cent for a sweep-back angle of
40 deg.

13.4. Drag Coefficient Increments.—The ratio was similarly determined where

18.5. Pitching Moment Coefficient Incvements.—The pitching moment increment due to a flap
on a swept-back wing can be split up into two parts. The first part derives from the change in
pitching moment about the local aerodynamic centre of each spanwise element of the flapped part
of the wing ;.on an unswept wing this provides the total change in pitching moment due to
a flap. The second part derives from the change in spanwise lift distribution over the wing
produced by the flap and located on the spanwise locus of aerodynamic centres. In general,
the first part is negative in sign, whilst the second part is positive, and to avoid large changes
of trim when flaps are set down it is desirable to keep the net increment small.

An accurate yet speedy method for estimating the loading distribution on a swept-back wing
with flaps has yet to be developed. However, an approximate method has been developed by
Dent and Curtis*®®, which in the absence of anything more reliable, is acceptable for providing
a preliminary design estimate.

If we assume C,, varies linearly with C,, then we can write

c,,,:cﬁ,oJr(Z—g’QcL‘:. R 1)

where C,,, is the pitching moment coefficient at zero lift. Hence, if we can estimate the changes
m C,, and 4C,/dC, (ie., AC,, and 4 (dC,jdC;) respectively) due to flaps, we can estimate the
total change in C,, at'a given C,. To calculate these changes Dent and Curtis took the spanwise
loading on a swept-back wing to be given by the Schrenk-Thorpe approximation?, which assumes
that the lift distribution is the mean of a lift distribution proportional to the local chord and
incidence (measured from the local no-lift angle) and the ideal (or elliptic) lift distribution.
At zero lift the latter is zero over the whole span. The flap is assumed to produce a local change
in C,,, given by its two-dimensional characteristics, and a local twist or change in effective
incidence. The change in lift distribution to this twist is assumed to be located on the quarter-
chord line. If the flap is in the normal trailing edge position, the twist produced by it is given by
= ACy .. (32)
A . .

where AC;, is the standard lift coefficient increment (as defined in section 3.5) due to the flap
when full span on an unswept wing of aspect ratio equal to 6. If the flap is not in the trailing edge
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position then the corresponding change in twist near zero lift is given approximately by
7 A 4
o o, Alu @
c as ¢

where ¢’ is the effective chord.

(33)

On the basis of these assumptions Dent and Curtis have calculated the increment AC,.0 fqr
flaps of various spans and at various chordwise positions on wings of various taper ratios. Their
final formula for 4C,,, takes the form

AC,0 = usdC,y +-‘1‘29 A8 Tuy oo e e (34)

where 4C,, is the full-span pitching moment increment as defined in section 3.3 on an unswept
wing, .
¢ uo is the conversion factor for part-span flaps, already discussed in sections 3.5.2.2
and 4.3.2, and shown in Fig. 14, | :

@, is the two-dimensional lift-curve slope of the mean wing section,

I'=tan y (y = angle of sweep-back),

M furéction of wing taper ratio, flap span and flap chordwise position, shown in Figs.

7a, b, c. :

The first term on the right-hand side of equation (40) represents the contribution due to the
local change of C,,, on each spanwise element of the flapped part of the wing, the second term
represents.the contribution due to the change in spanwise loading at zero lift caused by the flap.
For an unswept wing the latter term is zero.

From equation (38) we can write

A .
—ACLfFILL?, . .. . .o .. « . (35)
8

a
ACmD = U ZA Cmr _{__2;
and using the ordinary lifting-line theory for elliptic loading, we have
a 1

2a, 15

Hence, we can write

A
Acm0=M2AC1n7+itgFM3AC'Lf . ‘e . ’ . e . (36)

From sections 4, 5, 4C,, is given by

. ACy = 2a(cfc) A4(B), _
where 1,(c/fc) is given in Fig. 5, and 4,(8) is given in Fig. 6 for split and plain flaps and Fig. 7
for slotted flaps.

For flaps in the normal trailing edge position (see, for example, section 4.3)
- Acmr == IMIACLf: '
where u, is given in Fig. 13 for split and plain flaps ; for slotted flaps se¢ section 5.3.

For flaps not at the trailing edge we must calculate 4C;'; (see equation (16),section 4.1.1) and
hence 4C,,, and finally apply equation (12) of section 8.5.2.1 to determine 4C,,,.*

Dent and Curtis*®? have compared the results of their formula with some experimental results,
and they conclude that the formula provides an acceptable guide to the magnitude of the
pitching moment change at zero lift for preliminary design purposes. A further comparison
has since been made for a number of other experimental results, and it is concluded that the

* Dent and Curtis gave curves for 4C,, and d;, deduced from split-flap data on NACA 230 sections, for use with
equation (40) ; the above procedure is, however, more in line with previous sections of this report and is more general.
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formula for 4C,, is generally correct to within --0-03 for sweep-back angles less than about
30 deg. For larger sweep-back angles the method may become unreliable.

For the change in 4C,,/d C, due to flaps, Dent and Curtis arrived at the formula

A(%%Z):—KZAF e, (37)

-where K, is given as a function of flap span for various flap chordwise positions and taper ratios

in Fig. 26. It is doubtful whether great reliability can be placed on this formula, but in general
the overall effect is small. When the flap is in the normal trailing edge position, theory shows
that 4(dC,[dC)) is zero.

14. Summary of Main Formulac and Conclusions.—14.1, Lift Coefficient Mcmments.——lél.i.l.
Full-span flaps—The lift coefficient increment for aspect ratio equal to 6, based on the ex-
tended chord, is given by :

ACL" = 2a(efc’) 2.2(8)
where 2,(c;/c’) is given in Fig. 5 (all flaps), A
%4(B) is given in Fig. 6 for split and plain flaps, and in Fig. 7 for slotted flaps.
For double flaps o
AC, = 4C + 4C,
where 4C,"y = Ay(cn[c’) 12(B4)
and  A4AC. ; = Ai(crafc’) 152(82)
22 (B5) is given in Fig. 8. , , ‘
To obtain the lift coefficient increment based on the basic ‘wing chord (4C;) for any aspect
ratio 4 we use the equation _ - '
B , ¢ F(A) ¢’
A0 =AC/ T Fi + G (5 = 1)
where F(4)/F(6) is given in Fig. 3.

14.1.2. Pari-span ﬂaps.—For part-span flaps of all types we have
ACL (part span) — ls(bf/b) A CL (full span)
where 2,(8;/b) is given in Fig. 9.

14.2. Drag Cocfficient Increments.—14.2.1. Full-span flaps.—For split, plain and slotted flap
of the Handley Page or N.A.C.A. variety ‘

. : ACpo = d4(crfc) 64(8) | :
where 6,(c//c) and 8,(8) are given in Fig. 10 for split and plain flaps and in Fig. 11 for slotted
flaps. For other types of flaps, see Table 2 and Figs. 15, 16, 17.

14.2.2. Part-span flaps.—For part-span flaps of all types we have

ACDO (part span) == 63(bf/b) . ACDO (full span) .

where 8,(b,/b) is given in Fig. 12.

14.3. Putching Moment Coefficient Increments—I14.3.1. Full-span flaps (rectangular wing).—

We have
: Acm’r

ac, #a(gc)

where u,(c;/c’) is given in Fig. 18 and 4C,  is for A = 6. This figure was derived from split

and plain flap data but. the curves for ¢#/c = 0-12 and 0-21:are applicable to all types of flaps.
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To obtain 4 C,, from 4C,’, we have the equation

su=aci (= G EE 1) v ea €Y 1]

Alternatively, we can obtain 4C,, more directly, if somewhat less accurately, by using the
following relations :(— ‘
4% = p1(cfc), from Fig. 18, for split and plain flaps,
= — 0-34, for single and double N.A.C.A. slotted flaps,
— 0-43, for single and double Fowler flaps,

='— 0-27 to —0-3, for single and double Blackburn flaps and a single Blackburn flap
with deflected shroud,

= — 0-35, for Blackburn flap with leading-edge slat,
= — 0:3 to —0-35, for Blackburn flap with inset slots,
= — 0-5, for Venetian-blind flaps.

For these relations 4C, corresponds to 4 = 6.

I

14.3.2. Pan‘—s;bdﬂ flaps.—TFor part-span ﬁapsiof all types
A Cm (part span) — M 2(bf/b) A Cmr (full span)
where u,(,/b) is given in Fig. 14.

| . 14.4. -High-Lift flaps.—For the other mairi characteristics and the geometry of the high-lift
flaps considered see Table 2 and Fig. 1. - ‘

14.5. Wing-body Interference.—To allow for wing-bedy interference, | empirical évidence
suggests that for split flaps ‘ : ‘ :

A CDO (with interference) — OSSA C po (without interference)
and for slotted flaps
A C Do (with interference) — 1 -4-A C Do (without interference) ,

There is no significant indication of interference effects on lift increments.

14.6. Wing Leading-edge Slats—The effects of wing leading-edge slats are roughly additive
to those of flaps and when full span are given by '

slat chord
ACLmax = 33 m, approx.,
slat chord

ACm o = (-9 m, aApprox.

Aoy = 10 deg (+ 3 deg), .

A4(0C,[0C0g ¢, ., = 0-15 (4-0-07°)

14.7. Effect of Flaps on Induced Drag.—The induced drag of a flapped elliptic wing is given by
_ G 4G
Coo= g T K4

where K is a function of flap geometry and A/a, is given in Figs. 18, 19, 20.

14.8. Kruger’s Nose Flap.—The characteristic of Kruger’s nose flap are illustrated in Figs.
21, 22. ‘The reduction in its effectiveness with increase of wing leading edge radius of curvature
is noteworthy (see Fig. 21d).

14.9. Brake Flaps—Rough estimates of the effects of brake flaps on lift, drag and pitching
moment can be obtained from the curves of Fig. 23.
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14.10 Flaps on swept-back wings.—On swept-back wings of moderate aspect ratio, the available
evidence suggests very broadly that (see Figs. 24, 25) :—

AC+ max = cos®y, approx
ACLmax (7 = O) V’ pp v
A COSy, approx
ACDO (V == O) v, 4P v

. 4 o .
whilst E(TCL:——) is given by the curve of Fig. 24b.

The change in C,,, due to flaps on swept-back wings is given (to within 4-0-03) by the formula
Ar '
4 Cm(] =4 Zcmr +

Tg Hs3
where u, is given in Fig. 14,
and u, is given in Fig. 27,
AC,, is the increment in C,, due to the flap when full span on a rectangular wing,

AC,, is the increment in C; due to the flap when full span in the trailing edge position on
an unswept wing of aspect ratio = 6,

and I' = tan y (y = angle of sweep-back).

ACLf}

15. Acknowledgements.—It will be clear from the foregoing and the Bibliography that in
compiling this report the author has drawn very heavily on sources of information additional to
the official Establishments in this country. In particular, he would like to acknowledge the
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TABLE 1
Table of Flap Paths for N.A.C.A. Small Double Flap (NACA 23012)

TABLE 1(a) TABLE 1(b)

dﬁe,lg %1 Y1 dilg (ﬁfg F2 Ye

0 8-36 3-91 : 0 0 322 1-58
10 5-41 363 - 20 10 1-55 1-52
20 3-83 3-45 20 20 1-32 1-50
30 2-63 3-37 20 30 1-06 1-50
40 1-35 2-43 40 20 0-32 1-50
50 0-5 1-63 40 30 0-06 1-27
60 0-12 1-48 40 40 0-25 0-59

TABLE 1(c)

Table of Flap Paths for N.A.C.A. Large Double Flap

B4 10 deg | 20 deg | 30 deg {40 deg | f, 0 10 deg | 20 deg | 30 deg | 40 deg | 50 deg

NACA [ | 11
923012 v, | 5

0
-5 5-50 3-50 1-50 —0-50 %y | 836 550 4-00 2-50 1-50 0-50
86 5-50 5-50 3-50 1-50 Yo 391 375 375 3-25 2:25 1-75

NACA [x, | 115 8:50 | 4-50 2:50 1-50 Xy 8-33 5-00 3-50 0:50 0 0
23021 ¥y | 920 950 [ 850 6:50 4-50 Vo 4-85 6-00 5-00 3-00 2:50 { 2-50

NACA [« | 175 14-5 10-5 6-50 4-50 %y | 1166 | 10-50 5-50 150 | 050 |—0-50
23030 y. | 14-8° | 150 140 | 120 4-00 Yo 9-90 | 10-00 | 10-00 8-00 7-00 4-00

NOTE:

CHORD LINE

%, and y, are co-ordinates (given asa percentage of the wing chord) of the nose of the first flap relative to the first slot
lip as origin and axis taken parallel and normal to the wing chord line. x, and.y, are similarly co-ordinates of the nose
of the second flap relative to the second slot lip as origin and axis taken parallel and normal to the first flap chord line,
(See sketch above.)
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_ TABLE 2
Main Characteristics of High Lift Flaps

Flap |FlapAngles| Extended AC, ACpy 4C,,. A (d Cm) ACy A4C,, 4C,) .
Type of Wing Chords B1, Bo Chord (et =0tq+10deg)| (x=0t+6 deg) |(ot =0to+10deg)| 4 Cy max ac, AC, AC, . AC,  dcC, Remarks Ref.
Flap, etc. Section rfc, Crafc deg c'fe A =6 A =86 4 =86 (Cp=08 Cj max ) | (Measured)| (Measured)| (Estimated) (Measured)| (Measured)
Fowler Clark Y 0-2 15 1-085 0-445 0-015 —0-169 0-48° —0-063 0-35 —0-109 0-35 0-38 0-31 4 C;' Estimated as for Split Flap ) 74
. (tle=0-117) | 02 30 1-185 1055 0-036 —0-443 113 —0-089 078 — 0236 079 0-42 0-30 2| 74
. (t[c=0-117) 0-3 20 1-181 0-695 0-033 —0-268 0-718 —0-078 0-48 —0-129 048 0-39 0-27 4 C;’ Estimated as-for Split Flap & 74
) (tle=0117) | 03 30 . 1-365 0-048 —0-610 1-44 —0-101 ' 0-45 |74
. (tle=0-117) | 03 40 1-280 1-545 0-085 —0-691 1-52 —0-067 1-08 —0-293 1-02 0-45 0-27 (S| 7
' (t/c=0-117) 0-4 20 1-265 0-86 0-039 —0-354 0-74 —0-058 0-49 —0-123 0-50 0-41 0-25 A C;' Estimated as for Split Flap < 74
» (tlc=0117) 04 25 1-365 1-26 0-043 —0-605 1-45 —0-170 0-73 — 186 0-84 0-48 0-25 ' 74
' {tc=0-117) 04 40 1-365 1-77% 0-099 —0-85 1-78 —0-088 1-13 —0-304 1-11 0-48 0-27 3 74
" H.P. 51 0-4 40-7 1-3685 2:02 0-042 —0-82 1-82 —0-113 1-27 —0-291 1-13 0-41 0-23 76
{t/c=0-16) :
Fowler + {t]c=0-16) 0-4, 0-1, 34-8, 45 1-365 2-38 0-052 —1-00 2:10 —0-049 1-53 —0-371 1-45 0-42 0-24 R.A.E. Tests 76
Split Flap : ,
DIz)uble Fowler | (¢/c=0-16) 0-4, 0-4, 13, 41-7 1-41 2-65 0-100 —1-075 2-45 —0-037 1-575 —0-346 1-49 0-41 0-22 J 76
N.A.CA. N.A.CA 01 20 1-018 0-42 0-004 —0-135 0-44 —0-007 0-40 —0-124 0-45 032 0-31 58
Slotted 23012 01 50 '1-030 0-75 0-024 —0-202 0-64 —0-007 071 —0-179 0-69 027 0-25 58
. 23012 026 20 1-045 0-68 0-007 —0-221 0-65 0-008 0-62 —0-186 0-69 0-33 0-30 54, 58
. 23012 0-26 40 1-070 1-15 0-057 —0-387 1-02 0-041 1-02 —0-299 1-02 0-34 0-29 54, 58
» 23012 04 20 1-076 1-005 0-014 —0-304 0-97 —0-017 0-875 —0-234 0-82° 0-30 0-27 62, 56
v 23012 0-4 30 1-100 1-38 0-026° —0-416 1-28 1-18 —0-207 1-06° 0-30 0-25 62, 56
" 23012 0-4 40 1-120 1-30 0-1138% —0-367 1-34 1-08 —0-2587 1-185% 0-28 0-24 62, 56
N.A.CA. 23012 0-26, 0-1 20, 20 1-076 1-17 0-015- —0-391 1-01 0-013 1-055 —0-317 1-06 0-33 0-30 58
Double Slotted | 23012 0-26, 0-1 40, 40 1-100 1-67 0-099 —0-553 1-31 0-150 1-445% —0-401 1-45 0-33 0-28 58
N.A.CA. 23012 0-4, 0-26 20, 20 1-139 1-59 0-052 —0-54 1-50 0-03 1-325 —0-354 1-32 0-34 0-27 62
Double Slotted | 23012 0-4, 0-26 30, 30 1-160 2-095 0-114 —0-71 1-73 0-025 1-70 —0-493 1-64 0-34 0-29 62
,, N.A.CA, 0-4, 0-26 20, 20 1-118 1-495 0-061 —0-56 1-68 0-002 1-26 —0-398 1-33 0-37 0-32 62
v 23021 0-4, 0-26 40, 30 1-183 2-13 0-187 —0-78 1-94 0-19 1-68 —0-467 1-64 0-37 0-28 62
v N.A.CA. 0-4, 0-26 20, 20 1-132 1-75 0-067 —0-86 1-96 0-05 1-48 —0-615 1-32 0-49 0415 . 62
" 23030 0-4, 0-26 40, 30 1-220 2-30 0-126 —1-40 2-35 0-125 1-78 —0-83 1-68 0-61 0-47 : 62
’ 23030 0-4, 0-26 40, 40 1-242 2-32 0-2265 —1-38 2-41 0-125 1-79 —0-785 1-74 0-59 0-44 62
Blackburn 23018] 03 20 1-060 0-52 0-013 —0-131 0-49 —0-024 0-45 —0-099 0-55 0-25 0-22 4 C,' Estimated from H.P. Flap Curves 66
Slotted 23018} 0-3 50 1-145 1-25 0-082 —0-338 1-25 +0-010 1-00 —0-202 1-04 0-27 0-20 66
,, 23018] 0-4 20 1-055 0-62% 0-034 —0-162 0-56° 0 0-55 —0-128 0-62 0-26 0-23 A.C," Estimated from H.P. Flap Curves 66
" 04 50 1-126 1-42 0-130 . —0-372 1.225 -+0-020 1-17 —0-239 1-18 0-26 0-20 66
v 23018] 05 20 1-065 0-66° 0-046 —0-165 0-67 —0-006 0-57° —0-115 0-69 0-25 0-20 A C,' Estimated from H.P. Flap Curves 66
. 0-5 50 1-17 1-58 0-161 —0-379 1-45 — 1-315 —0-205 1-29 0-24 0-16 66
. 0018/12 0-5 45 1-205 1-88° 0-110 —0-522 1-575 —0-018 1-43% —0-267 1-29 0-28 0-19
. t/c=0-15
. %\T/.A.C.A.) 0-5 25 1-105 1-18° 0-034 —0-350 1-41 —0-064 1-00% —0-249 { [ 079 0-29° 0-25 A4 C,’ Estimated from H.P. Flap Curves 67
1 1-005 AC,’ Estimated from N.A.C.A. Flap 67
" 0018 0-5 45 1-194 1-60 0-117 —0-425 1-54 —~0-059 1-224 —0-224 1-26 0-27 0-18 Curves
0018 05 55 1-24° 1-78% 0-160 —0-489 1-60 —0-003 1-295 —0-230 1-28 0-18 67

0-27

H.P. is abbreviation for Handley Page
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TABLE 2—continued

Flap Angle

Flap Extended AC, ACy acC,., A(B o _4ac,, AC,,
Type of Wing Chord v P Chord |(et=0to-+-10deg)! (ot =0ty ~-6 deg) (ot =0ty +10 deg)| A C; max ac) ViNory AC,) . ac, AC, TAC,
Flap, etc Section | ¢fyfcy cfsfc deg c'/C = = 4 =6 (C,= 08 Cy max) | (Measured)| (Measured)| (Estimated) (Measured)| (Measured)
Blackburn N.A.CA. 0-5, 0-5 25, 20 1-105 2-07 0-104 —0-609 2:10 —0-044 1-79 —0-440 1-73 029 0-25
Split & Slotted | 0018 0-5, 0-5 30, 35 1-185 2:415 0-189 —0-679 2:17 —0-045 2:10 —0-522 1-97 0-28 0-25
R.A.E. High| 05, 0-5 35, 25 1-156 2:31 0-193 —0-664 2:09 —0-049 1-94 —0-429 1:97 0-29 0-22
Speed tfe= | 05, 0-5 35, 35 1-156 2-29 0-208 —0-660 2-08 —0-660 1-91 —0-432 1-90 0-29 0-23
Blackburn Flap | B.A.0018/12 | 0-5, slat 50 1-1335 2-28 0-143 —0-780 193 . 0 1-52 —0-293 1-35 0-34 0-19
with Flap Lead- chord
ing Edge Slat =0-086¢ . :
Composite | 0-4, slat 40 1-24 1-631 0-097 —0-569 1-72 — 1-17 —0-283 1-23 0-35 0-24
section |chord 0-19¢
{t/c=0-18) .
Blackburn Flap | B.A.0018/12 [ 0-5, 2 inset 50 1-285 2-33 0-117 —0-820 2:06 0 1-63 —0-360 1-28 0-35 022
- with Inset Slot slots
Composite {0-4, 1 inset 40 1-09 1-60 0-052 —0-487 1-55 — 1-42 —0-351 1-19 0-29 0-25
section slot
(t/c=0-18)
Composite 1| (-4, 1 inset 40 1-12 2:05 0-048 -—0-602 1-60 — 1-75 —0-418 1-20 0-29 0-24
section slot
(tc=019)
Blackburn Flap | B.A.0018/12 |0-5, Shroud| Flap Angle,  1-27 2-26 0-122 —0-675 1-78 0 1-62 —0-299 { 1-63 0-30 0-18
with Shroud deflected =50 X 1-42
Deflected =0-08¢ Shroud
Angle=17
Venetian N.A.CA. | 04c Flap B.=30 1-37 1-265 0-021 —0-61 1-46 —0:043 0-72 —0-222 0-96 0-48 0-31
Blind Flap 23012 |madeupof|f;=pf=f3
4 slats =f,==30 ;
(Clark Y | p.=606 1-37 1-87° 0-037 —0-96 1-93 —0-080 1-16 —0-329 1-13 0-51 0-28
section) | By =F,=F3
0-1¢ each | =p£,=40
B.=60 1-37 - 1-928 0-133 —0-96 211 —0-060 1:20 —0-327 1-13 0-50 0-27
ﬂ1=40
po=60
B3=50
Ba=70

Remarks Ref.
68
68
68
68
AC," Estimated as for Single-slotted 69
Flap of 0-57¢ chord at 50 deg
AC;" Estimated as for Single-slotted 70
Flap of 0-5¢ chord at 40 deg
69
70
70
AC;" Estimated as for Double-slotted 69
Flaps
AC,' Estimated for Plain Front Flap
and Rear Slotted Flap
A C;" Estimated for Single-slotted Flap 77
at 30 deg
AC;' Estimated for Single-slotted Flap 77
at 60 deg
A€, Estimated for Single-slotted Flap 77

at 60 deg .
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R.A.E. Report No. BA 1233 (and addendum). A.R.C. 2082a.
1936, (Unpublished.)
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in the Compressed Air Tunnel. A.R.C. Report No. 3574, 1938.
(Unpublished.)

Wind Tunnel Investigation of a Handley Page 15 per cent Slotted
Flap. A.R.C. 3605. 1938. (Unpublished.)

Wind Tunnel Investigations of an NACA 23021 Airfoil with Various
Arrangements of Slotted Flaps. N.A.C.A. Report No. 664. 1939.

Wind Tunnel Investigation of an NACA 23021 Airfoil with Various
Arrangements of Slotted Flaps. N.A.C.A. Report No. 677. 1939,

Wind Tunnel Investigation of an NACA 23012 Airfoil with Two
Arrangements of a Wide Chord Slotted Flap. N.A.C.A. Tech. —
Note No. 715. 1939.

Wind Tunnel Investigation of an NACA 23021 Airfoil with Two
Arrangements of a 40 per cent Chord Slotted Flap. N.A.C.A. Tech.
Note No. 728. 1939.

Wind Tunnel Investigation of an NACA 23012 Airfoil with a Slotted
Flap and three types of Auxiliary Flap. N.A.C.A. Report No. —
679. 1939.

Experiments on an NACA 230‘71 Aerofoil with a 15 per cent Handley
Page Slotted Flap in the Compressed Air Tunnel. R. & M. 2305.
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A Comparison Between Different Types of Slotted Flaps. A.R.C.
4635. 1940. (Unpublished.)
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60 per cent chord flap (section 7)
Blackburn Report No. WT. 26/39. 1939.
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Preliminary Tests on a New Type of High Lift Flap. Blackburn
Report No. WT. 44/40. 1940.

Systematic Tests on Large Chord Flaps with Single and Multiple
Slots. Blackburn Report No. WT. 74/41. 1941. A.R.C. 5380.
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March, 1941.

Wind Tunnel Investigation of Effect of Interference on Lateral
Stability Characteristics of Four NACA 23012 Wings on an
Elliptical and a Circular Fuselage and Vertical Fins. N.A.C.A.
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teristics Behind Plain and Flapped Wings. -N.A.C.A. Report
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Downwash and Wake Behind Plain and Flapped Aerofoils. N.A.C.A.
Report No. 651. 1939.
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A.R.C. 7115. 1943.
See also Ref. 74.
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Fic. 17. Increments in profile drag coefficient L. L.
(o = oty + 6 deg, A = 6) against increments F1e. 18. Factor K for calculating induced drag of an elliptic

in lift coefficient (ot = oty + 10 deg, 4=86). ‘ wing with part-span flaps and cut-out. Afa, = 3.
Blackburn flaps. :




0S

’ 0G CUT=-OUT 0-2 CUT-0uT] oﬁi CUT-oUT
40 g \ 20 '
| NO CuT-0uT -/
. /
NO CUT-OUT " py— v
=a. . /
\\ ( et )2 ; : FLAP SPAN/
i ' \ r
\ 8 ACL \ /t
2.0 \ 1/
30 — A
' o4 CUT-OUT \ 0 cur=\/
K= : ‘/ / N S‘L’,TT,
% .S'L 2 \\ s ’
Gy 8 L7 /
y / /
|_o-2curou ) / 7 o NET/,
/ / : FLAP >/
/ ) 5F’AN/
\ / ; . i
20 - /.’ ’ / Y
: 03 NET 4 - 2+0 7 p;
\ / / . : /
\ 0.1 FLAP SP;W / ) 05 NET /
\eur / . /
Ve / /
\wour\ - / AV
- / . ~ p //
CDL.—.-CJ.Z ( | + S ) : 04 NE.T// , - 2 ) i
S TA FLAP / ’ . Co. =t (14
> L TA ;
e.? SPAN, ;
= == AGS L7 05 NET
= E‘”‘ =1\ d c,? ac
o A SAINN\ X Fuap sy A ‘ =T S
i . T TA - u ~
o AN > ezre” !
Qo= L C_ FOR INFINITE e, ’
’ SPAN : Q.=cl ¢ FOR INFINITE SPAN
oC SPAN WING=G6APPROXN \ P e‘ = :(., WING + €, APPROX.
[ AC, =LIFT COEFFICIENT INCREMENT &]%\7 A a c.= 'B';E g.g“i'ﬁf;" INCREME
OF FLAP s ' : |
FLAP SPAN
Ci=LIFT COEFFICIENT OF ' b C, = LIFT COEFFICIENT OF
WING & F‘TAP = WING + FLAP
° oz o o6 ©-8 e & 13 oF oG o8 O

OVERALL FLAP 5PAN / WING 5PAN.

Fic. 20. Factor K for calculating induced drag of an
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Frc. 21.  Characteristics of Kruger’s nose flap.
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Fic. 23. Typical curves of variation of AC,,, ACy,, ACyy
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Fic. 24. Effect of sweep-back on (a) AC, 44y (b) AC,, due to flaps.
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Fic. 25. Effect of sweep-back on 4C,, due to flaps.
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F1c. 27. The function u, for determining the pitching moment increment of flaps on swept-back wings.

J4260 Wt.13/806 K9 10/51 D&Co. 34(263

55

PRINTED IN GREAT BRITAIN




%

R. & M. No. 2622
(10,766)
A.R.C. Technical Report

Publications of the |
Aeronautical Research- Council

ANNUAL TECHNICAL REPORTS OF THE AERONAUTICAL RESEARCH COUNCIL
, (BOUND VOLUMES) , '

Aerodynamics General, Performance, Airscrews, Flutter and Spinning. 4os. (40s. gd.)
Stability and Control, Structures, Seaplanes, Engines, etc. 5os. (50s. 104.)

1936 Vol. L
~ Vol. IL.

1937 Vol. I. Aerodynamics General, Performance, Airscrews, Flutter and Spinning. 4o0s. (4os. 10d.)

Vol. IT. Stability and Control, Structures, Seaplanes, Engines, etc. 6os. (615.)
1938 Vol. I. Aerodynamics General, Performance, Airscrews. 50s. (5IS.) ,

Vol. II. Stability and Control, Flutter, Structures, Seaplanes, Wind Tunnels, Materials. 30s. (30s. 94.)
1939 Vol. 1. Aerodynamics General, Performance, Airscrews, Engines. 5os. (50s. 11d.)

Vol. II. Stability and Control, Flutter and Vibration, Instruments, Structures, Seaplanes, etc.

635, (648. 2d.) , ‘
1940 Aero and Hydrodynarriics, Aerofoils, Airscrews, Engines, Flutter, Icing, Stability and Controf,
Structures, and a miscellaneous section. 50s. (515.)
1941 Aero and Hydrodynamics, Aerofoils, Airscrews, Engines, Flutter, Stability and Control, Structures.
63s. (64s..2d.) \ , ‘
1942 Vol. I. Aero and Hydrodynamics, Aerofoils, Airscrews, Engines. 75s. (76s. 3d.)

Vol. II. Noise, Parachutes, Stability and Control, Structures, Vibration, Wind Tunmnels. 47s. 64.
(48s. 5d.) ' : : : '

7 1943 Vol. 1. (In the press.)

Vol. I1. (In the press.)

ANNUAL REPORTS OF THE AERONAUTICAL RESEARCH COUNCIL—

103334 1s. 6d. (1s. 8d.) 1937 28. (2s. 2d.)
1934-35 1s. 6d. (15. 8d.) 1938 - 15. 6d. (15. 84.)
April 1, 1935 to Dec. 31, 1936. 45. (45. 44.) 193948 3s. (35. 2d.)

INDEX TO ALL REPORTS AND MEMORANDA PUBLISHED IN THE ,ANNUAI; TECHNICAL

REPORTS, AND SEPARATELY—

April, 1950 - - - - R.&M.No.2600. 25 6d. (25. 734.)

AUTHOR INDEX TO ALL REPORTS AND MEMORANDA OF THE' AERONAUTICAL RESEARCH
COUNCIL— , : S

1909-1949 ~ - - = - R& M. No. 2570. 158. (155, 34.)

INDEXES TO- THE TECHNICAL REPORTS OF THE AERONAUTICAL RESEARCH COU_NCIL——

December 1, 1936 — June 30, 1939.  R. & M. No. 1850. 15. 3d. (15. 43d.)
-July 1, 1939 — June 30, 1945. R. & M. No. 1950. 1s. (15, 13d.)
July 1, 1945 — June 30, 1946. R. & M. No. 2050. 15. (15. 134.)
July 1, 1946 — December 31, 1946. R. & M. No. 2150. 15. 3d. (15. 434.)
January 1, 1947 — June 30, 1947. R. & M. No. 2250. 15. 3d. (1S. 434.)

July, 1951 - - R. & M. No. 2350 1. gd. (1S, 1034.)

DPrices in brackets include postage.

Obtainable from

HER MAJESTY’S STATIONERY OFFICE

York House, Kingsway, London ¥.C.2 ; 423 Oxford Strest, London W.1 (Post Orders : P.O. Box
No. 569, London S.E.1) ; 134 Castle Street, Edinburgh 2 ; 39 King Street, Manchester 2 ;2 Edmund -
Street, Birmingham 3 ; 1' &% Andrew’s Crescent, Cardiff ; Tower Lane, Bristol 1 ; 80 Chichester

- Street, Belfast OR THROUGH .4NY BOOKSELLER

8.0. Code No, 23-2622




