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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, viz., 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 slottedflaps 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 sIots. 
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 flaps is 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 summa W 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 wing chord 

Chord of nose flap 

Effective wing chord (see Fig. 4) 

Lift and pitching moment coefficients, respectively, based on c 

Lift and pitching moment coefficients, respectively, based on c' 

Increments in lift and pitching moment coefficients, respectively, 
due to a flap at ~ -- ~0 ----- 10 deg 

Increments in lift and pitching moment coefficients, respectively, 
based on c', at ~ ~- a0 = 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 ~ -- c~0 ----- 6 deg 

Increment in CL 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~0 due to a flap 

Increments due to brake flaps (see section 11) 

Maximum lift coefficient 

Increment in CL m~x due to a flap or slat 
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Notation--continued 

A C,~ (st) Increment in value of C,, at the stall, due to a slat 

A(dC,~/dCr)o.SCrmax I n c r e m e n t  in gradient dC,,/dCL measured at CL ---- 0"SCLmax due 
to a slat 

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) 

t~ Normal distance from wing surface to chord line in plane of flap hinge 

l Maximum wing thickness 

s~ Tail semi-span 

y~ Distance of inboard end of flap from centre-line of aircraft 

Wing incidence 

~0 .Incidence for zero lift 

/~ Flap angle 

Angle of sweepback 

F Tan 

1, $ 2, ~ ~ Functions required to determine the profile drag coefficient increment 
of a flap (Figs. 10, 11, 12) 

21, ~ ,  ~ ,  ~2~ Functions required to determine the lift coefficient increment of a 
flap (Figs. 5, 6, 7, 8, 9) 

/~1, ~2, #3 Functions required to determine the pitching moment coefficient 
increments of a flap (Figs. 13, 14, 27) 

s Downwash 

Suffices 1 and 2 refer to the first and second flaps, respectively, of a flap combination, suffix w 
refers to the wing alone. 
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1. Introductio~.--The invention of the flap dates back to t he  very early days of aeronautics. 
I t  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 6 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, gliding 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 consequende, 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 3. 

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 tha t  have so far not been adequatel3; 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. I t  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 quanti tat ive rules to be deduced from them. The discussion given 
in section 13 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. la). 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. I t  is not, therefore, proposed toconsider  plain flaps in any great detail 
over that  range of angular movement in this monograph. 



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 29. 

2.2. Split Flaps.--The term spl!t flap is normally understood to mean a flap tha t  is formed 
by splitting the wing trailing edge m a roughly chordwise direction back to a hing.e,, about which 
the lower portion of the Wing trailing edge can rotate, the upper portion remammg fixed (see 
Fig. lb). 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. lb). 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. I t  nlay be simply 
hinged just below its nose, as in the case of the Handley Page type of slotted flap (see Fig. lc) 
or it may be operated with a link or track mechanism, as in the case of the N.A.C.A. (Fig. ld), 
Blackburn (Fig. le) and Fowler (Fig. If, lg) 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. I t  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 from 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. 

I t  is important  to realise tha t  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. 
I t  is this tendency of a well-designed slot to suppress flow breakaway over the flap tha t  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 to large flap angles (i.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 "°. I t  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 F laps . - -2 .4 .1N.A .C .A .  double-slotted flaps 5~, 58. "~.--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 at tained 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. lh, li. 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 flap76.--The double Fowler flap is illustrated in Fig. lj. 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 GS, 71.--The Blackburn split and slotted flap is illustrated 
in Fig. lk. The split flap hinges about the leading edge of the slotted flap and is of the same 
chord length. I t  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 TM 7°.--Following on reports of preliminary tests ill 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 typicM arrangement tested is illustrated in Fig. 11. 

2.4.5. Slotted flap with inset slots 69, 7°.--A variant on the same theme is tile provision of fixed 
inset slots in the flap. A typical arrangement as tested at Blackburn Aircraft Ltd. is illus- 
trated in Fig. lm. 

2.4.6. Slotted flap with deflected shroud69.--Blackburn Aircraft Ltd. have also tested the 
possibilities of gearing part  of the rear of the upper lip or shroud of tile slot to deflect downwards 
with the flap, and so helping to smooth the change in effective camber. This arrangement is 
illustrated in Fig. ln. 

2.4.7. N.A.C.A.  Venetian-blind flaps ~7, 78.__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 Increments and of Effective (extended or reduced) Wing Chords.q3.1. Lift 
Coefficient Increment.--It is well known that  model measurements of CLmax 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 CL m,x due to flaps are also subject to these extraneous effects. I t  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 tile 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 8' ~' 60 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 d CL. I t  may be noted tha t  an analysis by  Stewarff ~ of some flight measurements of 
CL~ax on various flapped wings suggests tha t  the lift coefficient increment A CL is a good 
guide to the magnitude of the full scale increment in CL ~ax. 

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 tha t  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). For convenience, the aspect ratio of 6.0 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 tha t  the lift coefficient increment is practically inde- 
pendent of taper ratio 3. 

3.2. Profile Drag Coefficent Imrement.--The increment .in profi!e 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 d rag  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 a' ~. This increment is written as A Cv0. 

The profile drag increment of'a flap is assumed to be independent~ .............. ~ ........ o f~__ ._aa~o .  

3.3. Pitc/~ing Moment Coefficient Imrement.--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 3. 
I n  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 coefficien~ increment is written as A C,, and, unless otherwise stated, 
is referred to the wing quarter-chord point.* 

3.4. Exte~ded (or Reduced) Chords.--In correlating results obtained with flaps tha t  extend 
the chord with those for flaps which do not. we must introduce the concept of effective or ex- 
tended chord or area 3' 60 

The definition of the extended chord c' 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 tile 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 unti l  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. 

ff 

g 

* 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. 

t The chord line of a flap is the line that  is fixed in tile 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 increment.--3,5.1.1. Full- 
span f laps.--I t  is reasonable to expect that  i f  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 tha t  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 bas, ic 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. I t  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 
0.5c from the leading edge and of chord not less than about 0.1c, experiment indicates that  it is 
acceptable 13 2. 

The lift coefficient based on the effective chord c' is given by 
C 

CL' = CL 2" 

and hence the Eft coefficient increment based on the effective chord is 
C 

. . . . . . . . . . . . . .  (a) 
where CL. is the lift coefficient of the plain wing. 

B u t  A CL = CL - -  C z . ,  

and hence A CL'== A CL C" -- Cz~ 1 -- ~; . . . . . . . . . . . . .  (2) 

We can write this equation alternatively as 

c' (c' ) A CL : A C / - -  + CL,o -- 1 
c . . . . . . . . . . .  

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 formuiae for converting either a measured lift increment A CL for any aspect ratio 
to an increment A C/corresponding  to an aspect ratio of 6.0, or conversely for converting from 
an increment A Cz' at the standard aspect ratio to an increment A CL at any aspect ratio. 

Referred to the standard aspect ratio and effective chord 
c F(6) 

C j =  CL~, F(A) . . . . . . . . . . . . . . .  (4) 

where A 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 A and 6, and is shown in Fig. 3 as a function of aspect ratio. 
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The increment A CL' is then 
F(6) 

A CL' : CL' -- C~ F (A) 

F(6) [crC - CLw] 
- - F ( A )  g " 

CL~ is the lift coefficient of the plain wing at aspect ratio A. 

The increment A CL is given by 
and hence A CL ---- C L -  Cz~, 

ACz' - -F(A)  ~' -- " 

c' F(A) / c' \ 

/ 

(2) 

I t  follows that  if we can develop a general process for predicting A CL' we should then be able 
to determine A CL for the general case of an extending chord flap on a wing of any aspect ratio.* 

I t  may be noted that ,  unlike A CL', A CL is dependent on incidence for a flap that  extends 
or reduces the chord, since part  of A CL is due to the effective change of chord and is proportional 
to wing incidence (i.e., the term containing CL~ in equation (6)). From equation (6) 

d--~(ACr) = a~ -- 1 , . .  . . . . . . . . . .  (7) 

where a~ is the lift-curve slope of the wing alone. I t  follows that  

C' 
a = a w - ,  . . . . . . . . . . . . . . . . . .  (8)  

6 

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

3.5.1.2. Part-span f laps.--Our usual problem is to derive A CL for a part-span flap given A CL' 
for a full-span flap. The simplest procedure is first to derive A CL 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 A~(b/b), where b I 
is the  flap span and b is the wing span. I t  is represented for various taper ratios by  the curves of 
Fig.  9. These curves are based on theory 16, 4 checked with experimental results. 

We have then 
ACz (part-span flaps) = ~3(b/b) ACL (full-span flaps) . . . . .  (9) 

3.5.2. P#ching moment imrements.--3.5.2.1. Full-span flaps (rectangular 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 tha t  

C,,' = C,, + - ~  1 - -  c-" " . . . . . . . . .  

where C,, and CL are the pitching moment coefficients and lift coefficients referred to the basic 
wing chord and quarter-chord point. 

But A C , . ' =  C~ ' l  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 ACre' = AC,,, CLc - - 2  -- C .... 1 -- 2 . . . . .  (11) 

Hence, if we have measured A C .... CL and C,~,o we can calculate A C,,,', or, alternatively, 
having estimated A CL (and hence CL), A C,~' and knowing C,,,~o we can estimate A C,,, 

The pitching moment coefficient increments 21C,,' 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 dependefit on taper ratio, it 
is convenient to refer to the increments for a rectangular wing as standard and they wiU be 
denoted by A Cm~ and A C~'~. 

3.5.2.2. Part-span f laps.--As with the lift coefficient increments, the simplest procedure for 
estimating A C,, for part-span flaps, given an estimate of A C,,', for full-span flaps, is first to 
estimate A C,~, 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 ff ~(b:/b), its deriva- 
tion is discussed in more detail in section 4.3.2. Thus 

A C~ (part-span flap) = 7~ 2(b:/b) A C,,~ (full-span flaps) . . . . .  (13) 

4. Split and Plain Flaps.--4.1. Lift Coefficient Imrements.--4.1.1. Full-span f laps.--Thin 
aerofoil theory shows that  for a plain hinged flap 

A C L  = a~. l (c : /c )  ~ . . . . . . . . . .  . . . . . .  (14) 
where ¢0 is the lift-curve slope of the wing, c: is the flap chord, 1 ~(Cz/C ) is the function shown in 
Fig. 5 and p is the flap angle. I t  was, therefore, argued by Young and Hufton 4 that  in the 
analysis of experimental data on flaps we could start by assuming 

ACL F(A)  - F ( 6 )  . . . . . . . . . . . .  (15) 

where F(A)  is the function relating the wing lift-curve slope and the aspect ratio (Fig. 3) and 
2(/~) 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 
F(A) 

A C L '  - -  F(6) ,!.~(c:lc') ,,1.~(,8), 

and since we have agreed to quote A CL' always for the standard aspect ratio of 6 
. . . . . . . . . . . . . . .  

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 ± 10 per cent. I t  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 A CL, having first determined A CL' by means of equation (16) above. 

* The Gouge flap is rather like the Blackburn flap (Fig. lc) 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 tor plain flaps will not show the variation with wing thickness shown by split flaps. 
Therefore, if is suggested that  the curve of Fig. 6 for ;~(/3) 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-spa~ f laps . - -From calculations of Hollingdale 16 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 Z3(bflb). An analysis of experimental data 4 has shown reasonable 
agreement between experiment and these theoretical curves. Hence, for part-span flaps 

ACL' = ;tl(cdc') ;t2($) Z3(bdb) . . . . . . . . . . . . .  (17) 

I t  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 bil/2 and bi2/2 from the centre-line, respectively, then the 
part-span correction factor is 

I t  must be emphasised that  the factor 43 applies to all types of flaps. 

4.2. Profile Drag Coefficient Increments.--4.2.1. Full-spa~¢ f/aps.--Proceeding on much the 
same lines as in the analysls of lift coefficient increments, Young and Hufton ~ assumed that  

= . . . . . . . . . . . . . .  ( i s )  

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

I t  will be noted that  for these flaps the profile drag increment is roughly 1 o 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 a 2(/~) 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-spanflafls.--General considerations confirmed by experimental data led Young 
and Hufton 4 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 aa(bi/b ), is shown in Fig. 12 as a function of 
flap span for wings of various taper ratios. Thus, for a part-span flap 

. . . . . . . . . . . . .  (19)  

I f  there is a flap cut-out with the inboard and outboard ends given by the spanwise ordinates 
biJ2 and bj~./2, respectively, then 

- . . . . . . . . .  ( 2 0 )  

4.3. Pitching Moment !ncrements.--4.3.i.  Full-span f laps . - -From an unpunished analysis 
of the pitching moment  increments of plain and split flaps by Haile the curves of Fig. 13 have 
been deduced showing the ratio 

ff 1 = --  A C,,,',/A Cr' 
as a function of flap-chord/wing-chord (effective) for various thickness/chord ratios. A CZ is 
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here estimated for an aspect ratio of 6.0. Hence, having obtained an estimate of A ' CL, we can estimate A C,~'~ from 
A C '  - -  

, , , r  - -  - -  f f l  A CL' . . . . . . . . . . . . . . .  (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 0.5c behind the leading edge ; ahead of that  
position the concept of reduced chord breaks down. 

I t  is of interest to note that  for moderate to large flap chords (i.e., cl/c' from 0.2 to 0.4) the 
value of ff 1 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 f laps.--I f  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 ff 2(bl/b), where 

f ~fl2 C 3 
-~/~ ds 

ff2(b/b) -- g2 (over flapped part  of wing), . . . . . .  (22) 

where c is the local chord, and g 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 

~CL' = ~(cjc') ~(~) ~(b/b), 
where the functions a~ and ,~ are the same for all types of flaps and are given in Figs. 5, 9. The 
empirical function 2 ~(/~) 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 

AC~o = ~ ( c , / c )  . ~ ( ~ )  . ~ ( b , / b ) ,  

where the function ~(bz/b ) 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 O~(cl/c ) and ~(~) were found to be the 
same, they are shown in Fig. 11. I t  is of interest to note tha t  for slotted flaps the drag coefficient 
increment expressed in terms of the flap area is about 0.5 sin 2 ~. 

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, 0.26c and 0.4c chord on wings of NACA 23012, and 
23021 section. I t  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 A CL 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 0.26c flap. I t  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. Pitcl¢ing M o m e n t  Coef f ic ient  I m r e m e n t s . - - T h e  analysis of the pitching moment coefficient 
increments made by Young 3 for N.A.C.A. type of slotted flaps of chord ranging from O.lc to 
0.26c showed that  on a wing of 12 per cent thickness 

A C,~r/A CL -I"- - -  0.33 

and /~ 1 = A C,,/r/A CL' - ~  - -  0.29, 

where ACr and A C / r e f e r  to aspect ratio of 6.0. 

For flaps of larger chord (0.26c to 0.4c) 

A C,,,/A CL ~ - -  0.31 
! and /~ ~ : A C,~ ~/A Cr' - ~  - -  0"265. 

I t  will be seen that  the figures for A C,,'~/A Cr' 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/~(bi/b ) given in Fig. 14 to the value of A C,,, 
determined by means of the above ratios for a full-span flap on a rectangular wing. 

6. H i g h .  L i f t  Fla15s. - -6 .1 .  G e m r a l . - - T h e  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 

w i t h  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 CLm,x and increments in the slope [of the C,,, vs. CL curve 
at CL ---- 0.8CL max. 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 A C,,'~) are tabulated as well as the estimated values of A CL' (the 
method of estimation for the more complicated flaps is discussed in the .following section). 
Finally, the values of the ratios A C,,,/ACL and A C , , / , / A C /  are also glven in the table. 
I t  must be emphasised that  the amount of available data on which the table is based varies 
considerably from flap to flap ; for the flaps wi th  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 Cz of the 
wing alone is 0.5. 

• The Youngman flap TM ~0, 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. S o m e  Detai ls  o f  the M e t h o d  o f  E s t i m a t i n g  A CL'.--For the single N.A.C.A. slotted flaps, 
and the Fowler and the Blackburn flaps in the fully extended positions, the curve 13($) 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 22(/3) 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 A CL' 
for the front or main flap, denoted as A CL'I, was obtained from Figs. 5, 6, 7, using equation 
(16) in the form 

zlCL'~ = ~.l(Cr/C' ) Z,(/31) . . . . . . . . . . . . . . . . .  (23) 
where csl is the front flap chord, c' is the extended chord, and/3 ~ is the front flap angle, This 
increment was then subtracted from the total measured value of A CL', and the difference, 
denoted by  Z CL' 3, was at tr ibuted to the rear flap. Theoret ical ly  (see R.  & M. 11711 ~), this should 
be t he same  function of the ratio of the rear flap chord (ci2) to the extended chord (c) and of the 
rear flap angle (/3 ,) as A CL'~ is of csl/c' and 131. The process adopted was to assume tha t  

zICL'2 = A(cjc') ~22(/3,) . . . . . . . . . .  (24) 
using the experimental values of /1Cj2 to" obtain empir ica l ly ' the  function i',2(/3:i. I t  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 A CL' for any given com- 
bination of flaps, we obtain d CL'~ from equation (23) and / I  CL', from equation (24) and the 
total  estimated value of A CL' is then 

A CL' : A Cr'l + A C j2. 

The agreement between the estimated and measured values of A CL' for double flaps shown 
in Table 2 is a guide to the general applicability of the curve derived for 2 22(/32) to all types of 
flaps. 

Further  details on the estimation of 3 CL' 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 f laps (Figs. If, lg).--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, viz., tests done by the N.A.C.A. 72 to 74 
and tests done at the R.A.E. 76. The more important  results of both series of tests are included 
in Table 2. As will be seen from Figs. If, lg 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 f laps 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 A C~/A CL ff will be seen tha t  these values 
are consistently high. A mean of a large number of values* examined is about --0.43, with a 
scatter of within 4- 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 A C,,'~/A CL' we see tha t  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 representat ive few of the cases considered. 
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Fig. 13. This fact, as well as the close agreement shown, between the estimated and measured 
values of ACr', 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 f lap.--The results of the R.A.E. tests of a 0.4c Fowler flap combined 
with a 0.1c split flap 76 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. I t  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 --A C,,,,/A CL is high and is much the same as for the single Fowler 
flap. 

6.3.3. Double Fowlerflap (Fig. l j ) . - -The front flap of the double Fowler as tested at the R.A.E. 
is virtually a 0.4c slotted f lap 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 70, being about 2.65. The drag coefficient 
increment is small;  but  like that  of, the Fowler or Fowler plus split flap the value of 
-- (A C,~,/A Cr) is high. 

Again we may note that  for both the Fowler plus split flap and the double Fowler the value of 
--(A C,,';/A CL') is 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). 

I t  is interesting to note that  the optimum setting is about 15 deg for the front flap and about 
42 deg for the Fowler flap. I t  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-slotted fla~s (Fig. ld).--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. lh, l i) .--Comprehensive tests have been made in 
America of two sets of double-slotted flaps, a relatively small chord combination, viz., 0.26c 
and 0-1c, and a large chord combination, 0.4e and 0.26c. The latter was tested on wings of NACA 
23012, 23021 and 230306~ section, the former on wings of NACA 23012 section 5s. 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 A C,,,/A CL and A C,,/,/A CL' are summarised in the following table : - -  

A C,,,, A C~', 
A CL A CL' 

0"26c, 0"lc flap (NACA 23012) . . . .  --0"335 --0"29 
0"4c, 0"26c flap (NACA 23012) . . . .  --0.34 --0.265 
0.4c, 0.26c flap (NACA 23021) . . . .  --0-37 --0.29 
0-4c, 0.26c flap (NACA 23030) . . . .  --0.59 --0.43 

As with the Fowler flaps, the values of AC,,'~/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 A C,,'~/ACL' with wing thickness. This increase 
occurs mainly at the higher values of A CL', and in fact the relation between A C,/~ andACL' 
tends to depart from linearity as the wing thickness increases. 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 --AC,,'~ for a given zlCL' may be expected, especially on thick wings. However, 
the difference does not appear to be serious for wings within the normi l  practical range of thick- 
ness, viz., 0.1c to 0.2c. 

6.5. Blackburn Flaps.--6.5.1. 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 23018J section 66 were 
not so effective as those tested on the 0018/12 and 0018 sections 67. These latter flaps were a 
later development in which the slot design was improved and the chordwise extension somewhat 
increased. I t  is not surprising to note, therefore, tha t  estimates of ~ C / f o r  intermediate flap 
angles for the flap on the 23018J section gave better agreement with experiment when based 
on the Handley Page flap curve for ~ 2(/~) than when based on the N.A.C.A. flap curve, whilst 
the opposite was true for the flap on tile NACA 0018 section. * 

Fig. 17 shows the  increments z~ CD0 plotted against J CL for various flap chords ranging from 
0.3c to 0.6c on the 23018J section, and for the flap chord of 0.5c on the NACA 0018 section. 
The marked superiority of the latter flap over the corresponding one on the 23018J 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. 

I t  will be seen from Table 2 tha t  the pitching moment coefficient increment for a given lift 
coefficient is relatively low. The mean value of a large number of observations of A C,,,~/A CL 
is about --0.27, the corresponding mean value of/1C,,/~/~ CL' is about --0.20. This latter value 
is not, however, inconsistent with the curves for ~ C,~'~/A C j  for plain or split flaps given in 
Fig. 13, when allowance is made for the large chord of the flap and the fact that  n.early al l  the 
tests were made on wings of thickness equal to about 18 per cent. 

6.5.2. Blackburn split and slotted flap (Fig. lk) . - -The Blackburn split and slotted flap has 
considerable possibilities where both high lift and variable drag are required 68' 71. 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 ~ C,,,~/~ CL is about 
--0.29 and the mean value of zl C,~'~/A CL' is about --0.24. 

6.5.3. Blackburn flap,with flap leading-edge slat (Fig. l l ) .  Amongst the many high-lift devices 
tested by Blackburn Aircraft Ltd. is one for which the flap is equipped with a leading-edge slat 69, 70 
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~(/~) 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 tile flow breakaway from the flap. 

* La te r  tes ts  for which the  flap nose was rounded  ra the r  more t han  in the  case of the  flaps discussed in Refs. 66, 67, 
showed the flap character is t ics  to be less sensi t ive to the  slot dimensions and  to small  devia t ions  of the  flap from the 
op t imum sett ing.  
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Blackburn Aircraft Ltd. have tested leading-edge slats on 0-4c and 0.5c chord flaps. The main 
data for the two most promising arrangements are given in Table 2. For the 0-4c flap it was found 
advisable to use a relatively large slat to get a marked improvement of lift. The estimated value 
of d CL' in Table 2 was arrived at by  t r e a t i n g t h e  flap plus slat as a single-slotted flap with the 
leading edge at the nose of tile 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 A CL' for the 0.4c flap shows that  in this case there could 
have been no appreciable flow improvement. In the case of the 0.5c 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. I t  is of interest 
to note tha t  because of this improvement tile drag increment for the optimum setting is relatively 
small. The value of A C,,,~/A CL is about --0.35, but A C,,~',/A CL' is in the usual low range for 
Blackburn flaps, viz., --0.19 to --0.24. 

6.5.4. Blackburn flap with inset slots (Fig. lm). - -An obviously related device, tha t  was also 
tested by  Blackburn Aircraft Ltd., is that  of a flap with fixed inset slots 69, 70. 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 A CL' is considerably greater than the estimated value, whilst the value 
of A Coo is small for the A CL obtained. The values of -- (A C,,r/A CL) are 0.29 and 0.35 for tile 
wing with 0.4c and 0.5c flaps respectively, but --(A C,,/,/A CL') varies between the limits 0.225 
and 0.25. 

The simplicity of this device is largely offset by the fact tha t  unless the slot or slots are sealed 
when the flap is retracted, they will cause a serious increase of drag. The tests indicated tha t  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 f lap with deflected shroud (Fig. In) . --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 69. The shroud 
thus smooths over the effective change of camber involved in putt ing 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  at tained 
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 A CL' 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 A CL' is appreciably less than the measured value. This is not surprising, since the slot 
is near enough to tile shroud hinge to dominate the flow there. Tile pitching moment coefficient 
increments are relatively small, A C,n,/A CL is --0.3, whilst A C,,',/A CL' is --0.18. 

6.6. Venetian-blind Flaps (Fig. lo).--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 77,78 Representa t ive  data are included in Table 2. The main 
conclusions of these tests are : - -  

(1) The optimum spacing of the slat components appears to be one slat-ch0rd 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 ttlan 
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 A CL' 
are in fact, in good agreement. 

(3) Slat arrangements can be found for which the slat angles differ from each other, giving 
e v e n  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 CL) being of the order of 0.5, 
whilst --(A C,,/,,/A CL') varies from 0.27 to 0.31. 

6.7. Some Concluding Remarks on High-Lift Flaps.--I t  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 
A CL' and hence A CL 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 example, 
where tile flap has a leading-edge slat or inset slots. Some discretion is necessary in  estimating 
A CL' 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 2 ~(~) (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 A C,~'~/A CL' suggest that  there is a fair consistency between all types 
of flaps and that  a rough estimate of A C,,/~ can be obtained, after  calculating A CL', by assuming 

( ~  , f A (  ~ , _ _  A,~ , /  ,~L -- -- 0.25. From this estimate of A C .... the value of A C .... 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 A C,,,~/ACL is roughly constant 
and independent of flap chord and angle and of whether tile 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 '~ .A.dX.)  .. --O.83 
Blackburn flaps . . . . . . . . . .  --0.29 
Power flaps . . . . . . . . . . . .  --0.48 

No simple unifying rules can be given for estimating A C~0, 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 A C~o in any particular case. 

7. Wing-body I~terfere£ce.--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 b y  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 

A C~0 (with interference) : 0.85 A Cv0 (without interference) 
and for slotted flaps 

A C,v0 (with interference) = 1-4 A C~0 (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, 68' 7 

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 
0.15c to 0.3c set at about 40 deg to the wing chord line : -  

slat chord 
(i) A Cz max -----3"3 wing chord' approx., 

slat chord 
(ii) A C,~ <,t.) = 0-9 wing c h o r d '  approx., 

(iii) A ~x(st.) = 10 deg (4- 3 deg), 

/d  C,,,, 
(iv/ ~(,2C-;)0"~ax = 0"15 (4- O'O7°>, 

where AC,~(~.~ is . the change in pitching moment coefficient at the stall produced by  the slat, 
and A %,.~ 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 I~duced 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 be~en determined. 
I t  Js shown that  the induced drag can be put in the form 

CL2 K(ACL) 2 . . . . . . . .  (25) 
C~ -- ~A ' + ~A " " . . . .  

where C~ is the to ta l  lift coefficient of wing plus flap, A CL 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 
(A) to the two-dimensional lift-curve slope of wing (a0). The function K is reproduced in Figs. 
18, 19, 20; these figures correspond to A/ao = §, 1.0 and 2.0 (i.e., A = 4, 6, 12 approximately), 
respectively. 

I t  will be seen that  the above formula for Cv~ takes the form of the usual elliptic loading term 
(CL ~]~A) plus a term which arises from the departure of the loading of the flapped wing from the 
elliptic ; i t  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. I t  is suggested that  where 
the plan form of the unflapped wing departs appreciably from the elliptic the first term in the 
above expression for Cv~ should be replaced by (CL2/~A) (1 + z) where ~ 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 96 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. I t  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 Kruge r97' 98,100, the other has been suggested in this country.* 

* t~.ecent evidence 99 indicates that the Germans were interested in the second form_ as well as the first, 

19 



Kruger's nose ftap is illustrated in Fig. 21a. I t  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 (e). As will 

'be seen from Fig. 21d, fQr a value of (~/c)/(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. I t  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 ~he optimum angular setting on this Wing section is illustrated in Fig. 21c. Some 
representative curves of lift, drag and pitching moment for this section with and without a 
0.2c 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). This idea is not 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. I t  has the advantage tha t  the change in camber, and hence the changes in lift, 
drag and pitching moment that  accompany setting, down the flap would take  place in all 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 0.2c in chord on a 7½ per cent thick bi-convex 
section ; with the flap set down about 30 deg the increase in CL max was about 0"4. Combined 
with a plain trailing-edge flap of about 0.25c in chord the CL max attained Was 1.9, as compared 
with the CL m~ 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 . - - l l .1 .  Gemral.--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. I t  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. I t  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. D r a g . - - F o r  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 CL the drag coefficielit increment of a brake flap in terms of its area is 
about 1.1 sin"/~ when the flap is at the wing trailing edge, and this coeffÉcient rises with forward 
movement of the flap to nearly 3 sin s/~ when the flap is at about the wing quarter-chord point ; 
t h e  drag coefficient increment then falls rapidly if the flap is moved ahead of that  point. At a 
CL of 0.5, the drag coefficient increment of the flap on the lower surface is  about 1.5 sin" ~ 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 s/~ when the flap is at the trailing edge 
but  it rises rapidly with forward movement of the flap to about 4.5 sin"/3 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 S / ,  where 

S /  = b~(c~ + tl), • . . . . . . . . . . . . .  (26) 
b I is the span of the flap, c I is the chord of the't]ap, tl 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 
ACBv 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 L i f t . - - T h e  lift effect of aflap aft of about 0.5c on either the upper or lower surface of a wing 
can be. estimated with fair accuracy from the curves of Figs. 5, 6, using the concept of reduced 
chord.i- 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 / ,  i.e., the increment is expressed as 

S ACBL = A CL~- . . . . . . . . . . . . . . .  (27) 

Mean curves of A CBL as a function of chordwise position of flap, deduced from a fair quant i ty  
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 ~11 where 
with flaps on both surfaces the lift was even less than with the single flap on the upper surface. 

11.4. Pi tching M o m e n t . - - T h e  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 mus t  clearly be some lower l imi t  to the  size of flap chord for which this me thod  of represen ta t ion  can apply ,  
since the  me thod  gives a drag  increment  o ther  than  zero when c s = 0. 

-~ F o r  uppe r  surface flap A C~' is negat ive.  
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Generally speaking, a lower surface f l ap  aft 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 0.5c the changes can be predicted with fair accuracy using the method described 
in Section 4.3.2. Alternatively, the collected data of Refs. 110, 11i can be studied for guidance. 
Whi tby  and Bigg 11° have also suggested that  if the pitching moment increment is expressed 
in the form 

ACB~= A C ~  /(~=-,~ ~ (28) - . . • • • • . • • . . . . .  

c 

then a rough guide can be obtained to A CaM using the figure reproduced in Fig. 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 yJsr of the quant i ty  

As b~ . . . . . . .  . (29) 
ACe,-- ACL b . . . . . . . .  

where e is the downwash at the tall, y~ is the distance of the inboard end of the flap from the 
centre-line of the aircraft, and sr is the tail semi-span. 

Generalisation is, however, impossible, the variables are too many and the data too haphazard 
and unsystematic. All tha t  can be noted here is tha t  in any given case it is not impossible to 
choose a position of the flaps so as to have<he 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 trailing 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). 

i2. 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, a n d  the 
normal acceleration is small. This phenomenon has been attr ibuted 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 lift 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 from 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 sh0ck-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 normM acceleration, than without the flaps. 

I t  is shown in Refs, 120, 121 that  in the recovery from a dive the pitching moment C,~ r ap id ly  
settles down to a small value, which may be neglected for the purpose of predicting the recovery, 

(a co,,  if the derivative \~C--L/M is large. This derivative is the rate of change of pitching moment 

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 redt/ction 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 b y  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 1"5 
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 isshock-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 Whi tby  and Bigg 1~0 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 1"", 19, 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 i s 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. 

13. 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 use 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, especially when 
flapped, decreases with sweep-back. As mentioned in section 1, it is desirable, therefore, tha t  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 × 106). 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. L/ft Coefficient Increments.--A number of German and British reports have been 
analysed 136 ,o l a s  ; 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. × 105 to 5-4 × 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 A C~/A CL(~, = 0)) are shown plotted in 
Fig. 24b as a function of angle of sweep-back (7). 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 tentat ive guide to the variation of 
the lift increment with sweep-back. If we accept this curve, we see tha t  for small angles of 
sweep-back the lift increment increases slightly, and reaches a maximum for about 10 deg of 
sweep. Beyond tha t  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 estimated fall but the evidence is very 
sketchy. 
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13.3. 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 tile variation 
of the ratio A CL m~x/A CL max (7 --= 0). The values of this ratio are shown plotted in Fig. 24a 
against sweep-back angle. The effect of sweep-back on A CLmax iS clearly very appreciable 
and a mean curve has been drawn through the plotted points. The curve is actually the function 
cos37 ; there is no theoretical reason for choosing this function, but it provides a Convenient 
mean for tile points. I t  is important  to note that  for aspect ratios not covered in tile tests 
analysed, the variation of A CL m~x 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 CL ma~ but no consistent scale effect 
was to be noted in the data examined. 

ACoo 
13.4. Drag Coefficient Imremenfs.--The ratio (A Coo) 7 ---- 0 was similarly determined where 

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 7, i.e., 

ACo0 
(A C o o )  = 0 - c o s  . . . . . .  . . . . . . . . .  ( 3 0 )  

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

13.5. _Pitching Moment Coefficient Increments.--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 tile 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 182, which in the absence of anything more reliable, is acceptable for providing 
a preliminary design estimate. 

If we assume Cm varies linearly with CL, then we can write 
{dc,,q 

c,,, = c,,,o + . . . . . . . . . . . . . . .  (31)  

where C,,,o is the pitching moment coefficient at zero lift. Hence, if we can estimate the changes 
in C,,,0 and dC,,JdCL (i.e., A C,,o and A (dC,~/dCL) respectively) due to flaps, we can estimate the 
total change in C,,, a t 'a  given CL. 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,,0, given by its tw0-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 

= . . . . . . . . . . . .  (32) 
a 6  . . . .  

where A CL: 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 iift is given approximately by 
C' A CL/ c '  --  ~: . . . . . . . . . . . . . . . .  (33) 
C a 6 C 

where c' is the effective chord. 

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

d0 
AC,,o = ff2AC,,, +- ~ A,~:l-'ff~ . . . . . . . . . . . .  (34) 

where A C~, is the full-span pitching moment increment as defined in section 3.3 on an unswept 
wing, 

ff 2 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, 

do is the two-dimensional lift-curve slope of the mean wing section, 
/1 = tan 7 (y = angle of sweep-back), 

ft, function of wing taper ratio, flap span and flap ehordwise position, shown in Figs. 
27a, b, c. 

The first term on the right-hand side of equation (40) represents the contribution due to the 
local change of C,,o on each spanwise dement  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 

+ aoA d CL:F#3 . . . . . . . . . .  (35) A C~o = ff 2A C,., 2 a .  " " 

and using the ordinary lifting-line theory for elliptic loading, we have 
d0 1 

2a6 1"5 

Hence, we can write 

AC,.o = ff2dc,, ,  + ~.5 r~,Ac.~:  . . . . . . . . . . . .  (36) 

From sections 4, '5, A Cz: is given by 
= 

where 2,ic:/c) is given ill Fig. 5, and Z 2(/~) 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) 
- -  A C,~, = ff ~A CL:, 

where ff~ is given in Fig. 13 for split and plain flaps ; for slotted flaps see section 5.3. 
For flaps not at the trailing edge we must calculate A CL': (see equation (16), section 4.1.1) and 

hence A C,,', and finally apply equation (12) of section 3.5.2.1 to determine A C~,.* 

Dent and Curtis 132 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 A C~, and ~:, deduced f rom split-flap da ta  on NACA 230 sections, for  use with 
equat ion (40) ; the above procedure is, however,  more  in line with previous sections of this repor t  and is more  general. 
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formula for A C,,o is generally correct to within 4-0.03 for sweep-back angles less than about 
30 deg. For larger sweep-back angles the method may become unreliable. 

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

d( \ - ~ 2  = -  K~AF . . . . . . . .  . . . . . .  (37) 

where K2 is given as a function oY 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 A (d C,,/dCL) is zero. 

14. Summary of Main Formulae and Conclusions.--14.1 Lift Coefficient increments.--14.1.1. 
Full-@an f laps . - -The lift coefficient increment for aspect ratio equal to 6, based on the ex- 
tended chord, is given by 

A c 2  = z l(c:/c') zW) 
where Z,(cl/c' ) is given in Fig. 5 (all flaps), 

Z 2(fl) is given in Fig. 6 for split and plain flaps, and in Fig. 7 for slotted flaps. 
For double flaps 

A CL' : A Cr'l + A CL'2 , 
where ACr'~ = k~(ci1/c' ) k2(t~l) ' - 
and ACL'2 = X~(ci~/c' ) ,1~(~2) " 

z 2~ ($ 2) is given in Fig. 8. 

To obtain the lift coefficient increment based on the basic wing chord (4 CL) for any aspect 
ratio A we use the equation 

ACt = A C t ' -  - -  + CL,~ c ' _  1 

where F(A)/F(6) is given in Fig. 3. 

14.1.2. Part-@anflaps.--For part-span flaps of all types we have 
ACt (p .~ ,  ~ . , , )  = X,(bl/b ) z l  Cr (full span) 

where ~(bz/b ) is given ill Fig. 9. 

14.2. Drag Coefficient Increments.---14.2.1. Full-@an f laps.--For split, plain and slotted flap 
of the Handley Page or N.A.C.A. variety 

NeD0 -~. (~l(Cf/c) ~2(~) 
where d~(cz/c ) and ~ ~(/~) 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 flalhs.--For part-span flaps of all types we have 
A C~o ¢p~t  ~ p ~ )  = d3(bl/b ) "A C~o (full span) 

where d3(bl/b ) is given in Fig. 12. 

14.3. Pitching Moment Coefficient Increments.--14.3.1. Full-span flaps (rectangular wing).--  
We have 

A C,,'~ 
 cL' - 

where ff~(ci/c' ) is given in Fig. 13 and ACL' is for A = 6. This figure was derived from split 
and plain flap data  b u t  the curves for t/c ---- 0.12 and 0.21" are applicable to all types of flaps. 
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To obtain A C .... from A C,/, we have the equation 

= - 1  +'C,,~ ~ 7 ~ - 1  AC,,,~ AC,.',. 4 c 

Alternatively, we can obtain A C .... more directly, if somewhat less accurately, by using the 
following relations : - -  

A C,,r 
Z CL -- ff l(ci/c), from Fig. 13, 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 A CL corresponds to A = 6. 

i4.3.2. Part-@an flaps.--For part-span flaps of all types ' ' 

C m (part span) : /2 2(bf/b) A C,,r (full span) 

where ff 2(b/b) is given in Fig. 14. 

14.4. :HighcLift flaps.--Foi; the other main 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-body interference, empirical evidence 
suggests that  for split flaps 

/] CDO (with interference) = 0 " 8 5 4  CDO (without interference) 

and for slotted flaps 
A CDo (with interference) : I "4Z] CDO (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 
ACrmax = 3"3 wing chord '  approx., 

slat chord 
A C,,, (st) = 0 " 9  wing chord'  approx. 

A ~(st) = 10 deg (+  3 deg), 
A(~C, , , /~CL)o .8OLmax = 0 " 1 5  ( + 0 " 0 7 5 )  

14.7. Effect of Flaps on Induced Drag.--The induced drag of a flapped elliptic wing is given by 
C~i Cc ~ A CL ~ 

- -  x A  ~- K = A  

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

14.8. Kruger's Nose F/ap . - -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 brXke flaps on lift, d r ag  and pitching 
moment can be obtained from the curves of Fig. 23. 
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14.10 Flaps on swept-back wlngs.--On swept-back wings of moderate aspect ratio, the available 
evidence suggests very broadly that  (see Figs. 24, 25) : - -  

A CL ~ax = cos 3 y, approx., 
A C~ max (7 = 0) 

A C~o 
A CD0 (7 ----- 0) = cos y, approx., 

A CL 
whilst A CL (y = 0) is given by the curve of Fig. 24b. 

The change in C~0 due to flaps on swept-back wings is given (to within 4-0.03) by the formula 
AF 

AC~o = #2C~, + ~-~ I~3ACLI, 

where # ~ is given in Fig. 14, 
and /~, is given in Fig. 27, 

A C~ is the increment in Cm due to the flap when full span on a rectangular wing, 
A Crl is the increment in Cr due to the flap when full span in the trailing edge position on 

an unswept wing of aspect ratio = 6, 
a n d / '  ----- tan 7 (7 = angle of sweep-back). 

15. Aeknowledgements.--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 offic:~Lal Establishments in this country. In particular, he would like to acknowledge the 
immeasurable value of the systematic research done by the N.A.C.A. on flaps of all kinds, and 
also of the research done by Blackburn Aircraft Ltd. on high-lift devices. 
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TABLE 1 

Table of _Flap Paths for N.A.C.A. Small Double Flap (NACA 23012) 

TABLE a(a) TABLE l(b) 

0 
10 
20 
30 
40 
50 
60 

deg x~ 

8.36 
5.41 
3-83 
2-63 
1.35 
0.5 
0.12 

i 

Yl deg deg x~ ye 

3-91 O 0 3.22 
3 . 6 3  20 10 1.55 
3.45 20 20 1.32 
3.37 20 30 1.06 
2.43 40 20 0.32 
1"63 40 30 0.06 
1-48 40 40 0.25 

1"58 
1"52 
1"50 
1"50 
1 "50 
1 '27 
0'59 

NACA { x  1 
23012 Yl 

NACA ( x l  
23021 y~ 

NACA ( x  1 
23030 Yz 

TABLE l(c) 

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

0 10 deg 

11.5 5.50 
5.86 5.50 

11.5 8.50 
9.20 9.50 

17.5 14.5 
14.85 15.0 

20deg 30deg  40deg 

3.50 1.50 --0.50 
5.50 3.50 1.50 

4.50 2.50 1.50 
8.50 6.50 4.50 

10"5 6.50 4.50 
14.0 12.0 4.00 

10 deg 

5"50 
3"75 

8.33 5.00 
4.85 6.00 

- - - - 1 1 - ~ 6 - - 6 6  10.50 
9-90 10-00 

20 deg 30 deg 

4.00 2.50 
3.75 3.25 

3.50 0.50 
5"00 3.00 

5"50 1.50 
10.00 8.00 

40 deg 

1-50 
2.25 

0 
2.50 

0"50 
7"00 

50 deg 

0.50 
1.75 

0 
2.50 

--0.50 
4.00 

NOTE : 

~"~/Y"~CNORD LINE 

x 1 and Yz are co-ordinates (given as a percentage of the wing chord) of the nose of the first flap relative to thefirst slot 
lip as origin and axis taken parallel and normal to the wing chord line. x 2 a n d y  2 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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Type of 
Flap, etc. 

Fowler 

~J 

J, 

J, 

Fowler + 
Split Flap 
Double Fowler 

N.A.C.A. 
Slotted 

,J 

N.A.C.A. 
Double Slotted 

N.A.C.A. 
Double Slotted 

~J 

J~ 

Blackburn 
Slotted 

~J 

JJ 

Jt 

Wing 
Section 

Clark Y 
(t/c=O.117) 
(@=0.117) 
(@=0.117) 
(@=0"117) 
(qc=0.117) 
(@=0.117) 
(@-----0.117) 
H.P. 51 

(@=0"16) 

N.A.C.A. 
23012 
23012 
23012 
23012 
23012 
23012 

23012 
23012 

23012 
23012 
N.A.C.A. 
23021 
N.A.C.A. 
23030 
23030 

230183 
230183 
23018J 

230183 

0018/12 
(qc=o.15) 
N.A.C.A. 

0018 
0018 

Main 

Flap 
Chords 

csdc, cMc 

0.2 
0.2 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.4 

0.4, 0"1, 

0.4, 0.4, 

0.1 
0.1 
0.26 
0.26 
0.4 
0.4 
0.4 

0.26, 0.1 
0.26, 0.1 

0.4, 0.26 
0.4, 0.26 
0-4, 0.26 
0.4, 0.26 
0.4, 0.26 
0.4, 0.26 
0.4, 0.26 

0.3 
0.3 
0"4 
0.4 
0'5 
0.5 
0"5 

0.5 

0.5 
0.5 

Flap Angles 
&, G 

deg 

15 
30 
20 
30 
40 
20 
25 
40 
40-7 

34-8, 45 

13, 41.7 

20 
50 
20 
40 
20 
30 
40 

20, 20 
40, 40 

20, 20 
30, 30 
20, 20 
40, 30 
20, 20 
40, 30 
40, 40 

20 
50 
20 
50 
20 
50 
45 

25 

E x t e n d e d  
Chord  

Cr/C 

1.085 
1-185 
1-181 

1 -280  
1-265 
1-365 
1 "365 
1.365 

1-365 

1-41 

1 . 0 1 8  
'1.030 
1-045 
1-070 
1.076 
1-100 
1-120 

1-076 
1-100 

1-139 
1.160 
1-118 
1-183 
1-132 
1.220 
1-242 

1.060 
1.145 
1-055 
1-126 
1-065 
1-17 
1-205 

1.105 

45 
55 

1 . 1 9 4  
1.24 s 

A Cz 
(o~ = o % + 1 0  deg) 

A = 6  

0.445 
1-055 
0-695 
1 "365 
1"545 
0.86 
1 "26 
1 "775 
2"02 

2.38 

2.65 

0"42 
0"75 
0"68 
1-15 
1 "005 
1 "38 
1.30  

1"17 
1 "67 

1"59 
2-095 
1 "495 
2"13 
1 "75 
2-30 
2.32 

0"52 
1"25 
0-625 
1"42 
0.665 
1 "58 
1.885 

1.185 

1"60 
1-785 

/] C~ o 
(o~ =~Zo + 6  deg) 

A = 6  

0.015 
0.036 
0.033 
0.048 
0.085 
0.039 
0.043 
0.099 
0.042 

0.052 

0.100 

0.064 
0.024 
0"007 
0.057 
0-014 
0.0265 
0.1135 

TABLE 2 

Characteristics of High Lift Flaps 

A Cm r 
(o~ =(zo+lOdeg)  

A = 6  

--0.169 
--0.443 
--0-268 
--0"610 
--0"691 
--0.354 
--0.605 
--0"85 
- -0 .82 

- -1 .00  

--1.075 

0"015 
0"099 

0.052 
0.114 
0.061 
0.187 
0.067 
0.126 
0.2265 

0.013 
0.082 
0.034 
0.130 
0.046 
0-161 
0.110 

0.034 

0.117 
0.160 

--0.135 
--0.202 
--0.221 
--0.387 
--0.304 
--0.416 
--0.367 

• --0-391 
--0-553 

--0"54 
--0"71 
--0"56 
--0"78 
--0"86 
--1"40 
--1"38 

--0"131 
--0-338 
--0.162 

- - 0 . 3 7 2  
--0.165 
- -0 .379 
- -0 .522 

--0.350 

--0.425 
--0-489 

z~ C L  m a x  [ 

1-96 
2-35 
2"41 

0"49 
1"25 
0.565 
1 "225 
0"67 
1 "45 
1"575 

1"41 

1 "54 
1.60 

/d C,~ 
tdG) 

(Cz.= 0 . 8  C L m a x )  

--0.063 
--0.089 
--0.078 
--0-101 
--0-067 
--0.058 
--0.170 
--0.088 
--0.113 

--0.049 

--0.037 

--0.007 
--0.007 

0.008 
0.041 

--0.017 

0"013 
0"150 

0"03 
0"025 
0"002 
0"19 
0"05 
0"125 
0"125 

--0"024 
+0-010 

0 
+0.020 
--0.006 

--0.018 

--0"064 

--0.059 
--0.003 

ZI Cz' 
Measured) 

0"35 
0.78 
0.48 

1"08 
0"49 
0"73 
1.13 
1 "27 

1"53 

1.575 

0"40 
0"71 
0"62 
1"02 
0.875 
1-18 
1 "08 

1.055 
1.445 

1 "325 
1 "70 
1 "26 
1 "68 
1 "48 
1 "78 
1-79 

0"45 
1 "00 
0-55 
1"17 
0.575 
1.315 
1-435 

1.005 

1.224 
1.295 

Z~ Cmtr 
(Measured 

--0.109 
--0"236 
--0.129 

--0.293 
--0.123 
- -  186 
--0.304 
--0.291 

--0"371 

--0.346 

--0"124 
--0.179 
--0.186 
--0-299 
--0.234 
--0.297 
--0.257 

--0.317 
--0.401 

--0.354 
--0.493 
--0.398 
--0.467 
--0.615 
--0.83 
--0.785 

--0.099 
--0.202 
--0.128 
--0.239 
--0.115 
--0.205 
--0.267 

--0.249 

--0.224 
--0.230 

i I 
A CL' A C,,,r A C,,', 

A C~ d Cz' 
(Estimated) (Measured 'Measured) 

0"35 
0.79 
0.48 

1 "62 
0.50 
0.84 
1"11 
1.13 

1"45 

1"49 

0"45 
0"69 
0"69 
1 "02 
0.825 
1 "065 
1.185 

1"06 
1 "45 

1 "32 
1"64 
1.33 
1"64 
1 "32 
1 "68 
1.74 

0'55 
1.04 
0.62 
1"18 
0"69 
1.29 
1.29 

0'79 
1.005 
1.26 
1.28 

0"38 
0"42 
0"39 
0"45 
0"45 
0"41 
0"48 
0"48 
0"41 

0"42 

0"41 

0"32 
0"27 
0"33 
0"34 
0"30 
0"30 
0"28 

0"33 
0"33 

0"34 
0"34 
0.37 
0.37 
0.49 
0"61 
0-59 

0"25 
0"27 
0"26 
0.26 
0-25 
0"24 
0"28 

0.295 

0.27 
0.27 

0"31 
0"30 
0"27 

0"27 
0"25 
0"25 
0.27 
0"23 

0"24 

0"22 

0"31 
0"25 
0"30 
0"29 
0.27 
0"25 
0"24 

0"30 
0"28 

0'27 
0"29 
0'32 
0"28 
0.415 
0"47 
0"44 

0'22 
0"20 
0"23 
0'20 
0"20 
0"16 
0"19 

0-25 

0"18 
0.18 

Remarks 

A Cz' Es t imated  as for Split Flap 

A Cz' Est imated as for  Split Flap 

A CL' Est imated as for Split Flap J 
J 

,R.A.E.  Tests 

3 

A Cz' Es t imated  from H.P. Flap Curves 

A C~' Es t imated  from H.P. Flap Curves 

A Cz' Est imated  from H.P. Flap Curves 

{ ~  Cz' Es t imated  from H.P. Flap Curves 
C~' Es t imated  from N.A.C.A. Flap 
Curves 

Ref. 

74 
74 
74 
74 
74 
74 
74 
74 
76 

76 

76 

58 
58 

54; 58 
54, 58 
62, 56 
62, 56 
62, 56 

58 
58 

62 
62 
62 
62 
62 
62 
62 

66 
66 
66 
66 
66 
66 

67 
67 

67 

H.P. is abbreviation for IIandley Page 
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Type of 
Flap, etc 

Blackburn 
Split & Slotted 

Blackburn Flap 
with Flap Lead- 
ing Edge Slat 

Blackburn Flap 
with Inset Slot 

Blackburn Flap 
with Shroud 
Deflected 

Venetian 
Blind Flap 

Wing 
Section 

N.A.C.A. 
0018 
R.A.E. High 
Speed t/c= 

B.A.0018/12 

Composite 
section 

B.A.0018/12 

Composite 
section 

(t/c=O.18) 
Composite 

section 
(t/c=0'12) 

B.A.0018/12 

N.A.C.A. 
23012 

Flap 
Chord 

cfl/c 1 cf~/c 

0.5, 0.5 
0.5, 0.5 
0.5, 0.5 
0.5, 0.5 

0.5, slat 
chord 

=0.086c 
0-4, slat 

chord 0" 19~ 

0.5, 2 inset 
slots 

0.4, 1 inset 
slot 

0.4, 1 inset 
slot 

0.5, Shroud 
deflected 
=0.08c 

0.4c Flap 
made up of 

4 slats 
(Clark Y 
section) 

0.1c each 

Flap Angle 
/31, & 

deg 

25, 20 
30, 35 
35, 25 
35, 35 

50 

40 

50 

40 

40 

Flap Angle 
= 5 0  

Shroud 
Angle = 17 

/3°=30 l /31=&=G 
=/34=30  /3°=60 & 
=/34=40  
flo = 6 0  
/3 =4o i 
/32 = 6 0  '~ 
fla = 5 0  J 
/3~ = 7 0  a 

E x t e n d e d  
Chord  

c ' /C 

1"105 
1-185 
1 .156  
1-156 

1-1335 

1-24 

1.285 

1.09  

1"12 

A Cz 
(o~ = o % + 1 0  deg) 

A = 6  

2"07 
2.415 
2.31 
2.29 

2"28 

1.631 

2"33 

1 "60 

2.05 

A C~o 
(~ =So-t -6  deg) 

A = 6  

0.104 
0.189 
0.193 
0.208 

0.143 

0.097 

0"117 

0.052 

0.048 

1 "27 

1 "37 

1.37 

1.37  

2-26 

1 "26 s 

1-875 

1.925 

0.122 

0.021 

0.037 

0-133 

z~] Cmr 
(c~=c%+10 

A = 6  

--0.609 
--0.679 
--0.664 

0.660 

0.780 

0.569 

0.820 

0"467 

--0.602 

0.675 

0.61 

0.96 

0.96 

deg) 

T A B L E  2 - - c o n t i n u e d  

z~ CL max 

2.10 
2.17 
2.09 
2-08 

1.93 

1.72 

2.06 

1"55 

1 "60 

1 "78 

1 "46 

1"93 

2"11 

A/• C,~\ 

( e L = o . 8  Cz, max,), 

0.044 
0.045 
0.049 
0"660 

i 
I 

0.043 M 

--0.060 

--0.060 

A CL' 
(Measured) 

1 "79 
2"10 
1"94 
1"91 

1 "52 

1"17 

1 "63 

1.42 

1 "75 

1 "62 

0"72 

1'16 

1 '20 

Z~ emir 
(Measured) 

0.440 
--0.522 
--0.429 
--0-432 

0.293 

--0.283 

0.360 

--0.351 

0.418 

0.299 

--=.0.222 

--0.329 

--0.327 

A C z' 
(Estimated) 

1.73 
1 "97 
1 "97 
1.90 

1 '35 

1 "23 

1 "28 

1.19 

1 "20 

1.63 
1 "42 

0"96 

1.13 

1"13 

A Cmr 
d C~ 

(Measured) 

0"29 
0.28 
0"29 
0.29 

0"34 

0"35 

0"35 

0"29 

0"29 

0"30 

0"48 

0"51 

0"50 

fl C,,',. 
Z] Cz' 

(Measured) 

0.25 
0"25 
0"22 
0"23 

0"19 

0-24 

0'22 

0"25 

0"24 

0"18 

0"31 

0"28 

0"27 

Remarks 

A Cz' Estimated as for Single-slotted 
Flap of 0.57c chord at 50 deg 

fl C~' Estimated as for Single-slotted 
Flap of 0.5c chord at 40 deg 

A CL' Estimated as for Double-slotted 
Flaps 

A C~' Estimated for Plain Front  Flap 
and Rear Slotted Flap 

d CL' Estimated for Single-slotted Flap 
at 30 deg 

fl CL' Estimated for Single-slotted Flap 
at 60 deg 

fl C~' Estimated for Sing!e-slotted Flap 
at 60 deg 

Ref. 

68 
68 
68 
68 

69 

70 

69 

7o 

70 

69 

77 

77 

77 

32  



No. Name 

1 Alston :. .. 

2 Irving . . . .  

3 Young . . . . .  

4 Young and Hufton 

5 Weyl . . . .  

? • 

B I B L I O G R A P H Y  

A. General Reviews 
Title, etc. 

.. Wing Flaps and other Devices as Aids to Landing• J.R.Ae.S., 
Vol. 39, p. 637. 1935. 

.. Wing Brake Flaps. A Review of Their Properties and the Means 
f o r  Their Operation. Aircraft Engimering, Vol. 7, p. 189. 
Aug. 1935. 

A Further Comparison of High Lift Devices. A.R.C. 5089. 1941. 
(Unpublished.) 

.. Note on-the-Lift and Profile Drag Effects of Split and Slotted Flaps. 
'A.R.C. 5472. 1941. (To be published.)- 

.. I-"Iigh Lift Devices and Tailless Aeroplanes. Aircraft Engineering, Vol. 
17, p. 292. October, 1945. 

See also Refs. 29, 39, 60, 61, 111,125. 

6 Nayler, Stedman, Stern, Bryant 

7 Harris and Bradfield . . . .  

8 Glanert . . . . . . . .  
9 Bradfield . . . . . .  

10 Le Page . . . . . . . .  
i 1 Schrenk and Gruschwitz .. 

B. Papers of Historical Interest 

•. Experiments on Models o5 Aeroplane Wings at the National Physical 
Laboratory• R. & M. 110. Parts IV and V. 1914. 

' Model Experiments with Variable camber Wings. R. & M .  677. 
1920. 

.. The Handley Page Slotted Wing. R .  & M. 834. 1922. 

.. Tests of Four Slotted Aerofoils Supplied by Messrs. Handley Page 
Ltd. R. & M. 835. 1922. 

.. Further Experiments on Tandem Aerofoils. R. & M. 886. 1923. 
•. A Simple Method of Increasing the Lift of a Wing. Z.F.M., p. 597. 

1932. 
See also Refs. 5, 32. 

12 

13 

14 

15 

Glauert . . . . . . .  

Glauert . . . . . . . .  

Perring .. .: 

Keune . . . .  

16 Hollingdale . . . .  

17 Pearson . . . .  

18 Pearson and Jones .. 

19 Pearson and Anderson .. 

20 Schrenk . . . . . . .  

. . o  

I t 

C. Theoretical Papers 

.. Aerofoil and Airscrew Theory. Cambridge University Press.. 1926. 

.. Theoretical Relationships for an Aerofoil with a Hinged Flap.  
R~ & M. 1095. 1927. 

•. The Theoretical Relationships for an Aerofoil with a Multiply Hinged 
Flap System. R. & M. 1171. 1928. 

.. Auftrieb einer geknickten ebenen Platte. Luftfahrt.forschung, Vol. 
XlII,  p. 8s. 1936. MomenteundRuderanftriebeinergeknickten 
ebenen Platte• Luftfahrtforschung, Vol. XIV, p. 558. 1937. 

•. Aerodynamic Characteristics of Tapered Wings with Flaps and Slots• 
R. & M. 1774. 1937. 

•. Span  Load Distribution for Tapered Wings with Partial Span Flaps. 
N.A.C.A. Report No. 585. 1937. 

.. Theoretical Stability and Control Characteristics of Wings with 
Various Amounts of Taper and Twist. N.A.C.A. Report NO. 635. 
1938. 

.. Calculation of the Aerodynamic Characteristics of Tapered Wings 
with Partial Span Flaps. N.A.C.A. Report No. 665. 1939. 

.. A Simple Approximation Method for Obtaining the Spanwise Lift 
Distribution. N.A.C.A. Tech. Memo 948. J.R.Ae,S, October, 1941, 

See also Refs. 93, 94, 96, 132. 

a3 



D.  

No. Name 
21 Wenzinger .. 

22 Wenzinger .. 

23 Wenzinger . . . .  

24 Wenzinger . . . .  

28 Wenzinger and Anderson 

26 Jacobs and Rhode .. 

27 Wenzinger and Delano 

28 Allen . . . . . .  

29 Wenzinger and Rogallo 

BIBLIOGRAPHY--cont inued  

Loading and Pressure Distributions on Flapped Wings 

Title, etc. 
t 

.. Wind Tunnel Measurement~ of Air Leads on Split Flaps. N.A.C.A. 
Tech. Note No. 498. 1934. 

.. Pressure Distribution over an Aerofoil Section with a Flap and Tab. 
N.A.C.A. Report No. 574. 1936. 

Pressure Distribution over a Rectangular Airfoil with a P~rtial 
Span Split Flap. N.A.C.A. Report No. 571. 1936. 

Pressure Distribution over an NACA 23012 Airfoil with an NACA 
23012 External Airfoil Flap. N.A.C.A. Report No. 614. 1938. 

. Pressure Distribution over Airfoils with Fowler Flaps. N.A.C.A. 
Report No. 620. 1938. 

Airfoil Section Characteristics as Applied to the Prediction of Air 
Forces and Their Distribution on Wings. N.A.C.A. Report No. 631. 
1938. 

. . . .  Pressure Distribution over an NACA 23012 Airfoil with a Slotted 
and a Plain Flap. N.A.C.A. Report No. 633. 1938. 

. . . .  Calculation of the Chordwise Load Distribution over Airfoil Sections 
with Plain, Split or Serially Hfnged Trailing Edge Flaps. N.A.C.A. 
Report No. 634. 1938. 

. . . .  Resum6 of Air Load Data on Slats and Flaps. N.A.C•A. Tech. Note 
No. 690. 1939. 

See also Ref. 74. 

30 Weick and Harris 

E .  

31 Wenzinger 

32 Joyce .. 

33 Wenzinger 

34 Jones, Bell and Smyth 

35 Clark and Kirby 

36 Wallace .. 

37 Wenzinger . . . . . .  

38 Williams, Brown and Smyth .. 

39 Pearson . . . . . .  

40 Irving, Warsap, Batson and Gmnmer..  

4! Wenzinger . . . . . . . .  

Split and Plain Flap Data 
z 

The Aerodynamic Characteristics of a Model Wing having a Split 
Flap Deflected Downwards and Moved to the Rear. N.A.C.A. 
Tech. Note No. 222. 1932. 

.. The Effect of Partial  Span Split Flaps on the Aerodynamic Charac- 
teristics of a Clark Y Wing. N.A.C.A. Tech. Note No. 472. 1933. 

•. Zap Flaps and Ailerons. Supplement to Flight, July 27 and Aug. 31, 
1933• 

.. The Effect of Full Span and Partial Span Split Flaps on the Aero- 
dynamic Characteristics of a Tapered Wing. N.A.C.A. Tech. Note 
No. 505. 1934. 

.. Tests on Aerofoil Flaps in  the Compressed Air Tunnel• R. & M. 
1636. 1934. 

.. Wind Tunnel Tests of the Characteristics of Wing Flaps and their 
Wakes• R. & M. 1698. 1936. 

.. Investigation of Full Scale Split Trailifig Edge Wing Flaps with 
Various Chord and Hinge Locations• N.A.C.A. Report No. 
539. 1935. 

.. Wind Tunnel Investigations of Ordinary and Split Flaps on Airfoils 
of Different Profiles. N.A.C.A. Report No. 554. 1936. 

•. Tests of Airfoils RAF 69 and RAF 89 With and Without Split Flaps 
in the Compressed Air Tunnel. R. & M. 1717. 1936. 

.. A Method of Estimating the Aerodynamic Effects of Ordinary and 
Split Flaps of Airfoils Similar to the Clark Y. N.A.C.A. Teeh. 
Note No. 571. 1936. 

Some Aerodynamic Characteristics of Tapered Wings Fitted with 
Flaps of Various Spans. R. & M. 1796. 1936. 

Wind Tunnel Investigation of Tapered Wings With Ordinary 
Ailerons and Partial Span Split Flaps. N,A.C.A. Report No. 
611. 1937. 

34 



No. N~,lytg 

42 Dearborn and Soul6 

43 Wenzinger and Ames .. 

44 House . . . . . .  

45 Abbott and Greenberg .. 

46 .  Wenzinger and Harris .. 

47 Williams and Brown .. 

48 Williams and Brown .. 

49 Muse and Neely 

B IB L I OG RAPHY--continued 
Title, etc. 

. . . . . .  Full Scale Wind Tunnel and Flight Tests of a Fairchild 22 Aeroplane 
Equipped with a Zap Flap and Zap Ailerons. N.A.C.A. Tech. 
Note 596. 1937. 

. . . .  Wind Tunnel Investigation of Rectangular and Tapered NACA 23012 
Wings with Plain Aileron and Full Span Split Flaps. N.A.C.A. 
Tech. Note No. 661. 1938. 

. . . .  The Effects of Partial Si~an Plain Flaps on the Aerodynamic Charac- 
teristics of a Rectangular and a Tapered Clark Y wing. N.A.C.A. 
Tech. Note No. 663. 1938. 

. . . .  Tests in the Variable Density Wind Tunnel of the NACA 23012 
Airfoil with Plain and Split Flaps. N.A.C.A. Report No. 661. 1939. 

. . . .  Wind Tunnel Investigation of NACA 23012, 23021 and 23030 
Airfoils with Various Sizes of Split Flaps. N.A.C.A. Report No. 
668 .  1939. 

. . . .  Tests on the AeroIoil EQ. 1250/1050 With and Without Flap in the 
Compressed Air Tunnel. A.R.C. 5517. December, 1941. (Un- 
published.) 

. . . .  Tests on the Aerofoil EQ. 0950/1050 With and Without Flap in the 
Compressed Air Tunnel. A.R.C. Report No. 5547. 1941. (Un- 
published.) 

. . . . . .  Wind Tunnel Investigation of an NACA 66--2.216 Low Drag Wing 
with Split Flaps of Various Sizes. A.R.C. Report No. 5604. 1942. 
(UnpuNished.) 

See also Refs. 4, 6, 11, 13, 15, 16, 21, 23, 27, 28, 29, 65, 79, 80, 81, 82, 83, 87, 90, 92. 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

F. Slotted-fla# Data (Handley Page, and NA CA Si~¢gle and Double-slotted Flaps ) 
Clark and Callen . . . .  Wind Tunnel Tests of a Handley Page Aerofoil with SloIted Flap. 

A.R.C. 1368. 1934. (Unpublished.) 
Lees . . . . . . . .  Tests on an AeroIoil with 30 per cent Handley Page Slotted Flap. 

R.A.E. Report No. BA 1233 (and addendum). A.R.C. 2082a. 
1936. (Unpublished.) 

Williams, Bell and Smyth .. Tests on a Handley Page Aerofoil with 20 per cent Slotted Flap 
in tile 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.) 

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

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

Harris . . . . . . . . . .  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. 

Dnschik . . . . . . . . . .  Wind Tunnel Investigati9n 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. 

Wenzinger and Gauvain . . . .  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. 

Williams and Brown . . . . . .  Experiments on an NACA 23021 Aerofoil with a 15 per cent Handley 
Page Slotted Flap in the Compressed Air Tunnel. R. & M. 2305. 
October, 1939. 

Lyon and Pindar . . . . . .  A Comparison Between Different Types of Slotted Flaps. A.R.C. 
4635. 1940. (Unpublished.) 

35 
G 



No. 

61 
~- -  62 

<-::: 63 

grime 

Blackburn Aircraft Research Dept. 
Harris mad Recant . . . . .  

L o w r y  . . . . . .  

64 Abbott  and Fullner .. 

65 Davidson and Turner .. 

B I13 L I OG RAP HY~conti~¢ued 
Title, etc. 

. .  A Study of the Slotted Flap. Blackburn Report No. WT.49/40. 1940. 

.. Wind Tunnel Investigation of Three Airfoils Equipped with 40 
per cent Double Flaps. N.A.C.A. Advance Report. A.R.C. Report 
No. 4834. 1940. 

. . . .  Wind Tunnel Investigation of an NACA 23012 Airfoil with Several 
Arrangements of Slotted Flaps with Extended Lips. N.A.C.A. 
Tech. Note 808. A.R.C. Report No. 5192. 1941. 

. . . .  Wind Tunnel Investigation of NACA 63, 4--420 Airfoil with 25 per 
cent Chord Slotted Flap. N.A.C.A. Advance Confidential Report. 
A.R.C. Report  No. 7523. 1943. 

. . . .  Tests of an NACA 66, 2--216, a = 0"6 Airfoil Section with a Slotted 
and Plain Flap. N.A.C.A. Advance Confidential Report. A.R.C. 
Report  No. 7691. 1943. 

See also Refs. 3, 4, 8, 9, 27, 29, 84, 85, 86, 89. 

66 

C .  

\ 

Wind-tunnel Staff of Blackburn Aircraft 
L td .  

67 Do. 

68 Do. 

69 Do. 

70 Do. 

71 Do. 

Blackburn Flaps 

Test aerofoii 23018J fitted with 
50 per cent chord flap (section 2) 
30 per cent  chord flap (section 5) 
40 per cent chord flap (section 6) 
60 per cent chord flap (section 7) 

Blackburn Report  No. WT. 26/39. 1939. 
The Comparison of Four Symmetrical Aerofoils Fit ted with 50 

per cent Flaps. Blackburn Report No. WT. 38/40. 1940. 
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. 
Wind Tnnnel Tests on Moderately Large Chord Flaps with Single 

and Multiple Slots. Blackburn Report No. WT. 85/42 and 85/42A 
1942. A.R.C. 6550, 6551. 

Preliminary Experiments on a Combination of Large Chord Slotted 
and Split Flaps. Blackburn Report WT. 86/43. 1943. A.R.C. 
6552. 
See also Ref. 3: 

72 Weick and Plat t  . .  

73 Weick and Platt  . . . .  

74 Platt  . . . .  

75 Gorsley . . . . . .  

76 Lyon and Adamson . .  

H. Fowler Flaps (Single and Double) 

Wind Tunnel Tests of the Fowler Variable-area Wing. N.A.C.A. 
Tech• Note No. 419. 1932. 

Wind Tunnel Tests on a Model Wing with Fowler Flap and Specially 
Developed Leading Edge Slot. N.A.C.A. Tech. Note No. 459. 
1933. 

Aerodynamic Characteristics of a Wing with Fowler Flaps, Including 
Flap Loads, Downwash and Calculated Effect on Take-off• N.A.C.A. 
Report No. 534. 1935. 

Investigations on Flaps of the Fowler Type. A.R.C. Report No. 
3905. 1939. (Unpublished.) 

Wind Tunnel Tests on High Lift Devices. R. & M. 2180. December, 
1939. 

See also Refs. 3, 5, 29, 91. 

36 



No. Name 
77 Wenzinger and Harris .. 

BIBLIOGRAPHY--cont inued  

78 Rogallo and Spano .. 

79 
J° 

Wallace .. 

80 Serby and Hufton 

81 Serby and Shone 

82 Francis . . . .  

I. Venetian-blind Flaps 
Title, etc. 

. . . . .  Preliminary Wind Tunnel Investigation of and NACA 23012 Airfoil 
with Various Arrangements of Venetian-blind Flaps• N.A.C.A. 
Report No. 689. 1940. 

. . . .  Wind Tunnel Investigation of an NACA 23012 Airfoil with 30 per 
cent Chord Venetian-blind Flap. N.A.C.A. Report No. 742. 
A.R.C. Report No. 5702. 1942. 

See also Ref. 3. 

Fla~s on Wing-body Combinations. Interference Effects 
. . . . . .  The Effect of Split Trailing Edge Wing Flaps on the Aerodynamic 

Characteristics of a Parasol Monoplane• N.A.C.A. Tech. Note No. 
475. 1933. 

. . . . . .  Full Scale Tests of Landing Flaps on a Percival 'Gull.' R. & M. 
1697. 1935. 

. . . . . .  Full Scale Tests of Landing Flaps on a Miles ' Hawk Major.' Report 
No. BA 1179. A.R.C. 1807. 1935. (Unpublished). 

. . . . . .  Full Scale Tests of the Effect of Flaps on Lateral Stability and 
Control. Part I. Tests of Falcon with Standard Planform. 
Part II. Tests of Falcon with High Taper Wing. R. & M. 1961. 
December, 1936. 

•. Full Scale Tests of the Airspeed Envoy Type AG. 69. R. & M. 1816. 
1937. 

.. Wind Tunnel Tests on Slotted Flaps on a Low Wing Monoplane, 
Flap Angles, 0 deg to 90 deg. R. & M. 1735. 1936. 

•. Full Scale Tests of the Hendy Heck. R. & M. 1719. 1936. 
•. Full Scale Tests of Slotted Flaps and Ailerons on a Courier• R. & M. 

1819. 1937. 
.. Interference of Wing and Fuselage from Tests of 18 Combinations 

in the N.A.C.A. Variable Density Tunnel• Combinations with 
split flaps• N.A.C.A. Tech. Note No. 640. 1938. 

., Wind Tunnel Tests on the Bristol B1/39. A.R.C. 4797. 1940. 
(Unpublished.) 

Wind Tunnel Tests on the Supermarine $24/37. R. & M. 2451. 
March, 1941. 

..  Wind Tunnel Investigation of Effect of Interference on Lateral 
Stability Characteristics of Four NACA 23012 Wings on an 
Elliptical and a Circular I~uselage and Vertical Fins. N.A.C.A. 
Report No. 705. 1940. 

. . . . . .  Flight Tests of a Youngman Flap on the Fairey P4/34 K7555. 
A.R.C. 5281. 1941. (To be published.) 

. . . . . .  Flight Measurements of Maximum Lift Coefficients. A.R.C. 7889. 
1944. (Unpublished.) 

See also Refs. 4, 36. 

K. Flap Downwash Effects 
.. Design Charts for Predicting Downwash Angles and Wake Charac- 

teristics Behind Plain and Flapped Wings. N.A.C.A. Report 
No. 648. 1939. 

•. Downwash and Wake Behind Plain and Flapped Aerofoils. N.A.C.A. 
Report No. 651. 1939. 

.. Investigation of the Effect of Full Span High Lift Flaps on the Flow 
in the Region of the Taitplane and Upon Stability anc~ Trim. 
Part  I. Without Slipstream. Blackburn Report WT. ! 88/43. 
A.R.C. 7115. 1943. 

See also Ref. 74. 

83 Serby, Francis and Fortescue .. 

84 Ellis and Morgan . . . . .  

85 Woodward Nutt  and Hufton .. 

86 Francis . . . . . . . .  

87 Sherman . . . . . . . .  

88 Davies, Adamson and Brown •. 

89 D o .  

90 House and Wallace . . . .  

91 Morgan and Morris 

92 Stewart . . . .  

93 Silverstein and Katzoff .. 

94 Silverstein, Katzoff and Bullivant 

95 Blackburn Aircraft Ltd. . .  

7 
c,I 



No. Name 
96 Young . . . . . . .  

97 Kruger .. 

98 Kruger ..  

99 Lemme .. 

100 Kruger .. 

101 Staff of AVA 

•7 

N .  

102 Fuchs . . . . . . . .  

103 Irving, Sornton and Gummer .. 

104 Jacob and Wanner . . . .  

105 Barnes and Lyon . . . .  

106 Irving and McMillan . . . .  

107 Piper and Thorn . . . .  .. 

108 Purser and Turner . . . .  

109 Davies and Bigg . . . .  

110 Whitby and Bigg . . . .  

111 Davies and Kirk .. . .  

112 Purser and Turner . . . .  

113 Knowler and Pruden . . . .  

114 Pruden . . . . . . . .  

115 Warden and Nixon . . . .  
.116 Purser . . . . . . . .  

BIBLIOGRAPHY--continued 

L. Flaps and Induced Drag 
Tige, etc. 

•. The Induced Drag of Flapped Elliptic Wings with Cut-out and with 
Flaps that Extend the Local Chord• A.R.C. 6259. 1942. (To be 
published.) 

M. Nose Flaps 

Uber eine neue MSglichkeit der Steigerung des HSchstauftriebes von 
Hochgeschwindigkeits Profilen. U.M. 3049. 1943. 

Windkanal Untersuchungen an einen Abgeanderten Mustangsprofil 
mit Nasenklappe. U.M. 3153. 1944. 

Kraftmessungen und Druckverteilungmessungen an einem F1/igel 
mit Kricknas, Vorfliigel, Wolbungs-und Spreizklappe. F.B. 1676. 

Systematische Windkanalmessungen an einem Laminarfltigel mit 
Nasenklappen. F.B. 1948. 

A Summary of the More Important  Work of Recent 'Years at the 
AVA, Giittingen (translated by Young and Hufton)~ R.A.E. Tech. 
Note No. Aero. 1736, A.R.C. 9437. 1945. (Unpublished.) 

Brake Flaps and Dive Recovery Flaps 

•. Wind Tunnel Experiments on Brake Flaps• A.R.C. 3520. 1938. 

..  Experiments on a Model of a Low Wing Monoplane fitted with 
Upper and Lower Surface Split Flaps and Reversible Thrust 
Airscrews. A.R.C. 3467. 1938. 

. • D.F.S. Dive Control Brakes for Gliders and Power-aircraft. Jahrbuch 
der Deutschen Luftfahrtforschuqcg, Vol. 1. 1938, R.T.P. Transla- 
tion No. 1104. 

.. Some Wind Tunnel Tests on Brake Flaps• A:R.C. 4273. 1939. 
(Unpublished.) 

•. Some Experiments on tile Balancing of Wing Brake Flaps. R. & M. 
1864. 1939. 

.. An Investigation of the Optimum Position of Dive Brakes on the 
Spitfire. A.R.C. 5290. 1941. (Unpublished.) 

.. Wind Tunnel Investigation of Perforated Split Flaps for use as 
Dive Brakes on a Rectangular 23012 Airfoil• N.A.C.A. Advance 
Restricted Report. A.R.C. Report No. 5334. 1941. 

.. Wind Tunnel Tests on Double Trailing Edge Brake Flaps for the 
Spitfire. R.A.E. Report No. Aero. 1722. A.R.C. 5666. 1941. 
(Unpublished•) 

.. Wind Tunnel Tests on the Effect of Brake Flaps on Lift and Trim. 
A.R.C. 5860. 1942. (Unpublished•) 

. .  A Resum6 of Aerodynamic Data on Brake Flaps. A.R.C. 5979. 1942. 
(To be published.) 

. .  Wind Tunnel Investigation of Perforated Split Flaps for use as Dive 
Brakes on a Tapered Airfoil• N.A.C.A. Advance Restricted Report. 
A.R.C. Report No. 5711. 1942. 

• . Measurements on the ~ Effect of Brake Flaps on an Aerofoil at High 
Speeds• R. & M. 2211. December, 1942. 

•. Further Wind Tunnel Tests of Brake Flaps at High Speeds. R. & M. 
2211. December, 1942. 

.. Some Tests on Dive Brakes. A.R.C. 5809. 1942. (Unpublished.) 
•. A Study of the Application of Data on Various Types of Flap to the 

Design of Fighter Brakes. N.A.C.A. AdvanceConfidential Report. 
A.R.C. Report No. 6020. 1943. (Unpublished.) 



N~me 

Purser and Turner . . . .  

Davis .. 

Erickson .. 

Neumark, Young and Miss Young .. 

Neumark and Young . . . . . .  

Britland .. 

Bridgland 

Bridgland 

Bridgland . . . . . .  

BIBLIOGRAPHY--continued 
Title, etc. 

Wind Tunnel Investigation of Perforated Double Split Flaps for use 
as Dive Brakes on a Rectangular NACA 23012 airfoil. N.A.C.A. 
Advance Restricted Report. A.R.C. Report No. 6961. 1943. 
(Unpublished.) 

Aerodynamic Brakes. N.A.C.A. Advance Confidential Report. 
A.R.C. Report No. 7294. 1943. (Unpublished.) 

Wind Tunnel Investigations of Devices for Improving the Diving ' 
Characteristics of P38 Airplanes. N.A.C.A. Confidential Memoran- 
dum Report. A.R.C. Report No. 6926. 1943. (Unpublished.) 

Results of a Step by Step Calculation of the Recovery of the Typhoon 
from a Terminal Velocity Dive. A.R.C. 7422. 1944. (Unpublished.) 

A Simplified Approach to the Recovery of an Aeroplane from a 
High Speed Dive with Constant Elevator Angle. A.R.C. 7423. 
1944. (Unpublished.) 

High Speed Tunnel Tests of Dive Recovery Flaps for a Single Engined 
Fighter (Tempest V). A.R.C. 9253. 1925. (Unpublished.) 

Flight Tests of Dive  Recovery Flaps on a Twin Engine Fighter 
Aircraft (Lightning). A.R.C. 9251. 1945. (Unpublished.) 

Flight Tests of Dive Recovery Flaps on a Single Engine Low Wing 
Monoplane (Thunderbolt.) R.A.E. Tech. Note No. Aero. 1704. 
1945. 

A Collection of Data on Dive Recovery Flaps. A.R.C. 9252. 1945. 
(Unpublished.) 

Hansen . . . . . .  

Puffert . . . . . . . .  

Gosnill, Packer and Levy .. 

Squire, Robertson and Brown 

Lemme . . . . . . . .  

Brennecke . . . . . .  
Dent and Curtis . . . .  

Theil and Weissinger . . . .  

Trouncer, Becker and "Wright 

Brennecke . . . . . .  
Trouncer and Moss . . . .  

Evans and Britland . . . . .  

Williams, Brown and Miles .. 

O. Flaps on Sweptback Wings 
Drei-Komponentenmessungen an Pfeilfltigeln mit Spreizklappen. 

F.B. 1626. 
• .  Drei-Komponenten Windkanalmessungen an gepfeilten Fliigeln und 

an einen Pfeilfliigel-Gesamtmodell. F.B. 1726. 1942. 

.. Wind Tunnel Tests on a Pterodactyl model. Report No. M.A. I15. 
Ottawa 1942. 

•. Wind-tunnel Tests on the Baynes Carrier Wing. Part I. Low Speed 
Model Tests on the Baynes Glider. R. & M. 2487. July, 1945. 

. .  Untersuchungen an einem Pfeilfltigel, einem abgestumpften Pfeilfliigel 
und einem M Fltigel. F.B. 173912. 1943. 

.. Auftriebsteigerung beim PfeilfltigeL F.B. 1876. 1943. 

.. A Method of Estimating the Effect of Flaps on Pitching Moment 
and Lift of Tailless Aircraft• A.R.C. 7270. 1943. (Unpublished.) 

.. 6-Komponentenmessungen an einem geraden und an einem 35 deg 
rfickgepfeilten Trapezfltigel ohne und mit Spreizklappenn. U.M. 
1278. 1944. 

.. "Wind Tunnel Tests on the Stability of Tailless Gliders. Part I. 
' V ' wing planform. R. & M. 2364. December, 1947. 

.. Untersuchungen an Pfeilfliigel mit Landehilfe. U.M. 3173. 1944. 

.. Wind Tunnel Tests on the Stability of a ' V ' Wing Tailless Glider. 
R. & M. 2295. July, 1945. 

.. High Speed Tunnel Tests on a Tailless Aircraft (AW. 529). A.R.C. 
8773. 1945. (Unpublished.) 

.. Tests on Some ' General Aircraft ' Wings With and Without Sweep- 
back in the Compressed Air Tunnel. A.R.C. 9321. 1946. (Un- 
published.) 

39 



@) 

(c) 

( 

Oe2C 

C . . - -  

(~') 0o4C FOWLER FLAP 
. . . .  (N.A.C.A. TE.ST5 ) 

PLAIN FLAP \ ,  

~ 9: o o ~ s c  

--C- '~---=----~---~ T 
FOWLER FLAP ~ / 4-0° 

(~ )  o. ,¢c {R.A.F-. TEST.S) ~ " N K ,  
" N  

O.'gC SPLIT FLAP ~. ZAP FLAP 

(~) N.A.C.A. OOUB.E SLOTTED X.I\ ~'~40° 

- ~ . . ~  FLAP. (O.2G C~ O. IC; ) 6~-- 40(3z-- ° 

O'~E SLOTTED FLAP (HANDLEY-PACqE T~'PE,) 

DOUBLE .SLOTTED \\\~I (z) ~,A~'~'~'A" ~'°'~:, o.~:~ \\ ~ 

(d) E)'Z~C N.A.C.A. 5 L O ~  

• oo _2. . ('~-) ~.A.~. 

• , ~ : , . ~ . : \ \  I 
(e) o,~: BLACKBURN SLo'r'r~'D ~LAP"~t" 

xy < o#,  

~ "  J ~ ' ~  - 

WITH FLAP LEADING EDgE ~[.AT 

,x~ 

~.  ,. 2s'/~ * q  L i"¢~'~. '-4 . . . .  / 

0"5= BLACKE~UR N FLAP WITH X'~, 
DEFLECTED ~HROu~ 

(0 )  O":]'C VENETIAN--BLIND FLAP 2'SL'VoC '~ ' '~= '~0  

FIG. 1. Illustrations of flaps considered. 



PLAIN WING 
. . . .  WING WITH FLAP~ p =tO ° 

. . , (3 = ZO ° 

- -  ,, . ~ ~ = ~ o  ~ 

OZ.o=  B ° 

./,;'~ 
2/ / !  

I / ,  
/ ' ,  

/t / r  

/," 

p__-po 
i ~u  2 

-5 

L\ 

- 3  

-2  

- I  

PLAIN WING 
WINr.~ WITH FLAP ~=IB' 

II I1. I I  = 30°  

II "{I g = 4 ~ 0  

¢, 

, ~  . . ~ . . - - .  

, ,y.X 

/ " /¢;Jl \~'-~-A_ ' 

(a) NACA 23012 section and 0.26c slotted flap. (b) NACA 23012 section and 0.2c plain flap. 

FIG. 2. Illustration of loading distributions on a wing with a slotted flap and a plain flap. 

J I,O 

LIFTING LiNE THEORY" ~ " ~ ' ~ ' ~ ' ~ '  
F O R  C 7 ~ o = 5 - 5  ~ ' " 

/ / 

F {G~ / /  / EMPIRICAL CURVE 
- /  DERIVED BY L~VAC~C 

/ (UNPUB .ISHED) 
0'8 

o.4 

< 
/ 

O 

/ 
/ 

4 G A 

FIG. 3. Variation of lift-curve slope with aspect ratio. 

I0 -I2 

41 



f WING 
CHOR, 

C I 

IL~ CHOa~-- 
LINE 

EXTENDED 

f 

.'#J-) EXTENDED 

• (C)  : R E D U C E D  

FIG. 4. 

°L 1 

ARC WITH CENTRE 
AT A 

CHORD t SINQLF_ , F'LAF :> 

i 

C 

FLAP CHORD LINES ~ "  ~ CENTRE AT A ] 

\C~NT~ AT S 

c 1 t L 

L 

C H O R D  

Sketches illustrating deri*Cation of effective 
(extended or reduced) chord. 

IoO 

O,B 

k, (C; l d ) 

0.6 

0 0"2 

FIG. 51 

, /  
f 

f f 

'ALL FLAP5 

c-F/c' 
0.4  O,G O,B 

F L A P  CHORD / EXTENDED CHORD, 

The function ~l(c/c'), all flaps. 

1°0 



3-0  

2.O 

1-0 

' I 
/ ~ - -  ¢/~= 

. i /  
, / 

THIN AEROF01L / ~ t/c==0.2 
THEORY" / f 
(a~--,z~) ---,./ 

U //./~~ \~PLIT FLAP5 
i 

/// 
7 ~ el.: k, (CflC') J,a(13) 

(.FULL 5PAN ) 

, . ~ , , , I  I / 3  I 
0 2 0  ° 4 0 "  GO" @O ° 

FLAP AN~LE 
FIG. 6. The hmction 2~(/~) for split and plain flaps. 

0-30 

IOO ° 

2.O 

X2(p) 
i-O 

2.O 

I-0 

/I 

/ i . t / c - -  o . l ~  / 
THiN AEROFOIL ~ ~ t:/"=0-30 
THEORY 1 ~ ~  '~'tt . . . . .  

, ,  

?/ 
/ /  (O-1 N.A.C.A. SLOTTED FLAPS 

/ /  (FLAP POSITION 15 OPTIMUM 

0 ~0 ° ' 40" GO" 
FLAP ANGLE 

a CL : ~ , ( c ¢ / d )  
/ 

! 

THiN AEI~OF0~L 
THEORY 
(ao=a~ ! 

i I " 

# I 

o 

;~2 (P) 

, t /¢ =O.2i  

/ (~) H.a SLOrTE~ FLAPS 
( F;OXEDAL~A;LAHIpN~AEN 2LOS~TION 

t 

FIG. 7. 

"~.%. 
%. 

%. 

' \  
\ 

'O Q 4 o  ° GO ° 30 ° 
FLAP ANGLE 

The function ~2(/~) for slotted flaps, 

%, 



1"4- 

1,2 

I.O 

OoB 

O'G 

0.4 

0 -2  

/ 

FIG. 8. 

. j  
/ 

/ 
J 

acL,- ,X, Cc.,,-,./c' 3 ~,zz(~,) 

Io ° 2 0  ° ( 3 2  ;o ° 4 0  5 0  ° 
A U X I L I A R Y  FLAP A N ~ L E  

The function A22(/~.)for determining the lift coefficient 
increment of an auxiliary flap. 

~0 

I °O  

(>g 

o.~, 

o.z~ J/  

1/ 
o 9"~ 

: A C~,p 

~ -CLF 0-4. ~ / ~ / /  Akt. TYPE5 OF FLAP.5 

0.4- 0"G 0.8 1,0 
FLAP 5PAN / WINt~ 5PAN. 

FIG. 9. The function ~a(bj/b) ratio of lift increment of 
part-span flap to lift increment of full-span flap. 

"2 - 

wmr~s 
WING5 



ejrl 

~-0 

I'0 

0"2 

LCI) 

0-1 

0 

FIG. 10. 

S 
Y 

0 Oel 

/ t/.. ,~ 0- 30 

t/c=, O- 12 
"~/c ---- 0-21 

/ 

( o . )  

.0o~ 0.3 O,4 '- 
FLAP CHORD WiNG CHORD 

= 0.21 

~:I~-= 0-30 

PLAIN FLAPS 
(ALL +"/c" )/~/~ " ~ / "  ./ ' If b ~( ( "~ ') 

;20 ° 40 ° GO" 80" Joo 
FLAP ANGLE 

The functions ~,(c/c), ~2(#)for split  and plain flaps. 

3 . 0  

2.0 

I-O 

O, I0 

I= (15 

17"/C ---- O-'l~ 

S 

5LOTTED FLAPS 

t/¢=o%o.30 

O'I 

A Ct~o 

I 

I 

0 

FIG. 11. 

0"2 ~/~ 0,3 0 ,4  

(FULL spin) 
ANGLe 

~o o 3 4 o  ° c o  o 8 o  ° 

The  functions $l(ci/c) and ~2(/~) for s lot ted flaps. 



--0"5 

0"@ 
FLAPPED 

o 0 .2  

/ 

ALL FLAPS 

/ 

~3 (6~/~): ~cd  PARr sPA.~ 
~.C~.(.FuLL SPAN ) 

t 
0"4. O.G 0-~ 1.O 

FLAP 5PAN/WiNG SPAN 

lPlG. 12. The function 63(bAb ) ratio of drag increment of 
part-span flap to drag increment of full-span flap. 

- ,0-4 

A CIL 

- 0 - 3  

- 0 . 2  

- 0 . 1  

"~ /¢ =0"12 

o.~1 ~ ~  
0.30. 

A=G 

i 

0 o. c,c/c' o.~. 0 .3  o. ,  

FIG. 13. The function/~z(d ~ r/A Cz ) for split and plain flaps 
(applicable to all types of flaps on wings for which t/c 

is less than about 0.2). 



4~  

I * ~ -  m 

I,O 

Zt, 

O.G 

(>4 

(>2 

J I TAPER RATIO oo • I 
o RECTANGULA R WING ~ 
x ~',1 TAPER 
& 3:1 TAMER, 
I~ 5tl TAPER _ ~  

T R.IANGULAR y . = 

ALL FLAPS 

/ 

o o.~ 0.4 o~  o. e vo 

FIG. 14. The function #s(bl/b ) ratio of pitching moment 
coefficient increment of part-span flap to pitching moment  

coefficient of full-span flap on a rectangular wing. 

0-2 

A CO(, 

O-I 

N A C A 23012 

X 0 .4  c FLAP 
O0-2C~E FLAP 

/ 
m 0, I C FLAP / 

/ 
/ 

A C~ L / 
(FOR BASIc 
CL.O.S) ~ ,  

/ /  
/ /  

0 " 4  
ACTUAL ~0 o 
TRACK - ~----_~...~ 

t o, I{~EAL I 4 ~ 0  : o 

TRACK "~. z I 

// ~40 ° 
I -  
I 
I 
i r / I 

/ 0-2Gc/ 
" /  ~40 ° ' ~  • 

o,1= ~ 3 o "  (o-) 
5 ~  m ° 

A C ~ o  

N A C. A SLOTTED FLAPS - 
(FLAP ANGLES ARE MARKED 

ON THE CURVES) 

N A C A 230£1 
• , , 0 " 4 ~  

° 

0 ° 

A CL I.O AC L I.o 0 

o-~ (3 z=4°" 

• ' / / "  140°  N . A C A  DOUBLE 
AC~ / o • / ' 1"3. =2oi  SLOTTED FLAPS 

ACDo (FOR BASLE / t"4 =O ~ I 0 ~ ]  

/ . (.wLo   OF 
. /  o O~,...~--~ , . . , , ~  (.,-'~ MA~KED ON THE 
,_______~0 , ~  ) curves)  

o IO AC ~ 2 0 

FIGS. 15a and 15b. Increments in profile drag coefficient (c~ = c% 4- 6 deg, A = 6) 
against increments in lift coemcient (C£ = o% 4- 10 deg, A = 6 ) .  

N A C A  slotted flaps. 



0.: 

0'1 

O0 ACt& 

N.A~C.A.  DOUBLE SL(jTT-e_D FLAPS, 

(VALUE5 OF ~1 ARE M A N E t )  ON 
THE CURVES) 

/ 
/ 

/ 

N A C A  Z 3 0 i 2  ,, 
_ _  / 

/ 

0 

N A C A :~30ZI 

~(::~,,1' N A C A  Z 3 0 3 0  

' I*0 &Cu. 2.0 5.O 

Fro.  15c. Increments in profile drag coefficient 
(cz = CZo + 6 deg, A = 6) against  increments  in lift coefficient 

(c~ = c% + 10 deg, A = 6). N A C A  slotted flaps. 

0.4 

0"3 

,,, C.ok 
(FOR BASLE 

CL=O.5) - 

/, 
O'Z: t i 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

~C / / Do i , 
I ,I 

0,1 //11 

. ,: 3~¢- ~, 
• ," / "  t • 

," to?/ t in,  ..." 

/ 
I 

I 
I 

I 
I I, 

I 
I 

I I 
I / 

/ ., 
I 

I 
I 

I 

I I /  1 
/ FOWLER FLAP~ / 

/ M.A.C.A TESTS 
/ 

/ A 0 -4"C (FULLY EXT / 
/ 

/ B - - - - - 0 o 3 c  ( . 

/ c 0 - 2 c  ¢, ,, 

A' - - - -  0 . 4 c  (2ART, AL 
B ~ - - -  0 . 3 c  , 
C' - - - 0 . 2 c  L , 

R.A.E. TEST~ 
® . . . .  4 C  FOW ;i 

B . . . .  4 C  FOWL=.R 

& . . . .  4 c  DOUBL 
(,FLAP ANCaLES ARE 5H, 

THE CL3RVES 

0 . 4 ¢  A -2"-/4°" 
l ' t  u R.A.E. TEST,S ' 

\ °~o-7')  (~-s;'14r) 
N-A.C.A. / I ' 

ENDED POS e) 
n rl ) 
tr e ) .  
RETRACTED ) 

. ,, POS ~- ). 
,, ~ ) 

I 

NC SPLIT 

FOWLER 
W N  ON 

0 I-0 ACs. 2 ° 0  3,0 

FIG. 16. Increments  in profile drag coefficient (~ = 0% + 6 deg, A =~6) 
against increments in lift coefficient (~ = 0% + 10 deg, A = 6). 

Fowler  flaps. 



• 0"2 

ACD o 

0.1 

A C O o  

0ol 

, 5 5  ° 

(o.~ BLACKBURN SLOTTED FLAPS A . ~ =  

. .  . 0o4c FLAP' ?~3018,.T / 
, m--- O-GC FLAP / , 

---e+÷+--- o.sc F L A P ~ ~ /  ~4oo 

3d ~o° / 

,o..o.L///...,. 
t - O  ~s'~3c 

(~-~) BLACKBURN SPLIT ~ SLOTTED FLAP~'4E., 
X . . . .  N A C A  0018 SECTION 
~ - - - - - -  - R .A .E  HI£~H SPEED SECTION ~2=o 

(VALUES OF ~j ARE MARKED ON THE CUR, VES)/&So 

/ so'/~sv 
Aco L / ~1. / o 

FO~ BASLE / o ~ 4 S  
CL=O'5) .~ , / /  ~,// / 

/ /  / /  

~ d  

3o" ~.;-2s 
I , ~ .  

/ 

/ %. 

5 ° 

/ /  
1/ /  

/ /  
/ /  

/ 
/ 

o 

/ /  
// -. 

I.O /~ Ct. 2 .0  

FIG. 17. I n c r e m e n t s  in prof i l e  d r a g  coefficient 
(o~ = So + 6 deg,  A = 6) a g a i n s t  i n c r e m e n t s  
in  l i f t  coeff ic ient  (c~ ---- C~o + 10 deg,  A = 6). 

B l a c k b u r n  flaps.  

"X-~d 

3"0 

1.0 

NO cu'r-ouL 

\ 

i 

~ ,  o.z CUT:OUT \ / 

a \ // N 

I ' i X  \ > 
O.o:d. rL FOR INFINITE SPAN%X K //'b,~ NET 

-6 C~LIFT coEFFIciENT INCREMENT "~,~. 
DUE TO FLAP ~'X.-~'~--"~/> 

CL= LIF%ICOEF:IrJELN ~ OF " ~  

0"5 ¢u~ooT 

/ 

//, i / 
, / 

/ 

,/ 
i / 

FLAP i 
i 5PA.~N / 

!.,.,- / 

% 
0 0~2 0°4  OoG o.e,  i~o 

OVERALL FLAP SPAN / WING SPAN 
# 

FIG. 18. Factor K for calculating induced drag of an elliptic 
w i n g  w i t h  p a r t - s p a n  f l aps  a n d  c u t - o u t .  A / a  o = ~. 

i if' ]i:i'l!l' ','l 
i!i ii:! ,:ii I!i ~, ....... 



C~ 

K== 

CUT--OUT 
* °  \ 

3.0 ,' ,, , 

~ ,.. O~ CUT--OUT/ 

co,.=:~ ( ,+~. ~\ \ \ O'4NE.~ 1 \ o . 4  NE~' , 
- -  m t J  " / - -  

Z ~ SPAN/~ / C. t- ~. O'~ NET ; 
1.0 TT A L k, cL,a ~ . . ) (  FLAP sPAr9," ,. 

\\ 
(2. o ~ ~ CI. FOR INI::INITE FLAP / 

~SPANW1NEr=-GrAPPRO~ < %"/3PA~ "~vt 

ACk~.~L.IFT COEFFICIENT INCREMENT N - ~ ' ~ /  
OF FLAP ~ 0*8 

FLAP SPAN// 
Ck----- LIFT COEFFICIENT OF "~ " 

J WIN~ ~ FLAP/ 

o '0.Z o'.;+ O'~ O.S I-O 
OVIERAI,,k F[.AP ,SPAN / WIN~ 5PAN. 

FIG. 19. Factor K for calculating induced drag of an 
elliptic wing with part-span flaps and cut-out. A / a  o -~ 1.0. 

4°O 

3.0 

2.o 

I°0 

0"4 CUT-OUT /0-~ COT-0U1, ! 

/ / 

~\ . 

\\0-1 CUT-I/ o~/\ 

' ET 

\"....\." / \ S P A N " ~ /  1/  
• . / , ,  / 

CD:'='C..~L= (l+j;~ ~ ~ ~ /  O.G NET / 

= c j  h+KP=Jl\ \ / \ , 
='- -L ~ / I  %- ~ " \ / • j i ~  L - ,  \ . >,. , , , 

"2"-o~ WING: 6, APPROX.\ _~/  0;S 

DUE TO FLAR ~ 

EL.= LIFT COEFFiE!ENT OF 
~VIN~ -v FLAP 

0 0,~ 0"4 O-G Or8 1,0 
OVERALL, FLAP 5PAN / WING 5PAN. 

FIG. 20. Factor /t7 for calculating induced drag of all 
elliptic wing with part-span flaps and cut-out. A / a  o ---- 2.0. 



NOSE FLAP (CL) ILLUSTRATION OF KRU(~ER~S 
TYPE OF NOSE FLA~ AND SIMPLE HIN~EO 

LEADINE EDGE. FLAP 
0.7 

o.r. I 
- -  C .J/c---O.05 # 

0"5 . . . . .  O" I0 I r A C  MAX 
" 0.4 

I 0"3 

0"2 

0,! 

-O.I 

-O.E 

- 0 . 3  

O,8 
- O-20 

" ' "  0.7 ! , 

"~ ~2t C LHAX 
0"5 

/ 

, 0 -3  
- .. 5 0  = i o o  ° i~ o ~ / /  

/ • s 0.2 

" - - - "  I I °-, 

(~-~) EFFECT OF FLAP AN~LE 
ON MAXIMUM LIFT 

INCREMENT 

/ 

0.1 C./c 0.2 

~'c'J EFFECT OF FLAP CHORE) 
OM MAXIMUM 

LIFT iNCREMENT 

0"8 
ACLMAW 

O.G 

0 . 4  

0.2 

- 0 " 2  

,..x 

O.Zl o~1 o.Gi o.et ~'1 °'~ 
. p/c 

(~/¢# 

~-----. NOSE !~ADIU5 OF EUP.VATUIRF.., 

\ I ,  - - - -  

W~THOLIT REAR SPLIT FLAP 
WITH REAR SPLIT FLAP 

(. ZO ~'o CHOI~D GO ~ ) 

- ( ~ )  EFFECT OF NOSE RAblUS 

OF CURVATURE ON IMAXIMUM 

LIFT INCREMENT 

FIG. 21. Characteris t ics  of Kruger ' s  nose flap. 

51 



~'5 

o 

a< F "\ ,. 2.0 / '  ~,  <~ 

C ~ . ;-,. " • / - , _  '~"7 

/ "- T 1 " ,  ,~ /  
/ ,.s ,q . I : ; - -  

. - - "  I - ' ~ ~ " . d . , '  / ~,.+,: - - ' - "  " - " - "  
,.o g" ....... -.. t ,,.~,~-< + V  L.". 

ql / / X" ~7 
h'  " o.'~, 

°+jf,,l ' I ° +  G ; ' , #  
Ilk i ] k ; ~ , "  
i",\ -+" ,/"/ +,,'--<+~" + 

0.1 " 0.;' / ~ , ~  

l " ED° / 

i o,s 

WITHOUT NOSE FLAP 
CN/c = 0.05 

0,IO 
0,20 

! 

- 0 " 3  

/ 
~' C L 

t 
1,8 

~ . '  

, rS,S 
- C)-2 -C~ I  O ' l  

FIG. 22. Effect of Kruger's nose flap on the aerodynamic characteristics of a wing of high-speed 
section with and without a split flap. 
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