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THX ROTATING FLAP AS A HIGH-LIFT DBVICE 

Errata 

The following corrections should be made to the text: 

8, Page is defined as the lift coefficient acting on the complete 

system but due solely to the rotation of the fla 
u/?and 

This is given as the 
difference between the CL at a given value of the CL with flap fixed 

(P = 45O). However, this value of C 
LR 

still includes the effect of the flap 

acting as an ordinary flap on the wing through all its angles of rotation, 

This effect is eliminated by interpolating for the value of CL at 

'/v = 0, from Fig.9. At low angles of incidence, the lift coefficient at 
u/V = 0 is close to that for a fixed flap angle, p = 45O. 

Now equation (4) of Appendix I gives 

r+r 
27s = 2 sin a + h i -- I? 

?+ 2 cos ‘p l 2lQv* 

In Fig.5, the circulation around the wing = r. 

. rO . . cL wing = 2aV 

:. cs = & r - - 2n sin GI 2aV 

. 
.m From equation (4) 

.‘* C$ - CLf = & If&?) - 13 . 

Page 9. The value given for f(h,cp) in position 2 is incorrect. 

X 

By iteration of the transformation equations in Appendix I, for 

- = 2.20, t = a -0.52 we obtain h = 1.855 and cos cp = 0.9186. 

Hence f(h,cp) = 2.363. 
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The effects of these corrections on the table on page 9 are as follows: 

4.0 

GO 

0,14 x IO6 

0,32 x IO6 

V m/s 

6.8 

15.5 

a a 0 0 

%I %I 
I? I? r r theor theor % % % % theor theor 

5 5 2.11 2.11 0.64 0.64 20.3 20.3 

10 10 2.075 2.075 0.63 0.63 k47 k47 20.1 20.1 

15 15 2.075 2.075 0.63 0.63 20.1 20.1 

5 5 1.025 1.025 a71 a71 19.6 lg.6 

IO 10 1.00 1.00 0.69 0.69 5.16 5.16 19.1 19.1 

15, 15, I , I.00 1.00 ! 0.69 0.69 I : I 19.1 19.1 

P. 
These values of "/rtheor compare very closely with the values (for low 

values of '/V) on an isolated flap as given in the Table on Page 8, 

The above calculations are due to I:"!, A.P. Cox. 
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The rotating flap as a high-lift device 

L. F. dxabtree 

ti'ith an Appendix by Y, A,. Kirby 

It is well-known that a wing in an airstream cm develop extremly 
high values of lift coefficient if it is rotated about a spanwisc axis. 
A ii&ore practical development o f this systc:~ is a fised mainplane with a 
rotating trailing-edge flap. The results of some little-kizown German 
research on ‘both systems have been collected together and are presented 
in compact form together lqith some further analysis. The emphasis is on 
the wing-rotating flap combination, and it is shown that this is a very 
attractive xay of generating high lift. Some gaps in our Pzowledge of 
the device are pointed out and suaestions are made for some further 
research. 

. 
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cD 

cL 

"Lf 

clti 
cm v4 

!?ing aspect ratio 

c/4 (see Fig. 5) 
X.ng chord 

Flap chord 

Drag coefficient 

Lift coefficient 

Coefficient of lift on flap (see Section 5) 

Increment in lift coefficient due to rotation of flap (see Section 5) 

Pitching moment about quarter-chord point 

% 
M Puwer coefficient = - 

gpu% 

E Efficiency of rotating flap: . E = r r (see Section 5) 
theor 

1-I 

L 

hf 

N 

P 

S 

sf 

VC 

F,ndplate height 

Total (measured) lift 

Turning moment applied to rotate wing (or flap) 

Vork done per second to rotate wing (or flap) 

Power required to rotate flap 

Wing area 

Flap area 

Wing (or flap) thickness-chord ratio 

U Peripheral velocity of wing or flap: U = 3 0.W 

V Velocity of main stream 

vA 
Awroach speed of aircraft 

53 Stalling speed of aircraft 

w = v-iv. x Y 
Complex velocity in G-plane 

z = x i- iy . Co-ordinates in physical plane (Fig.!?) 

a Incidence of wing 

P Flap angle 

rc "Endplate effect" correction to aspect ratio 

h Measure of distance between wing and rotating flap: see Fig. 5. 

#.I Angular velocity of rotating wing (or flap) 

;: = Ed-iv. Co-ordinates in transformed plane (see Fig. 5). 



1 Introduction 

From time to time numerous devices have been proposed for producing 
high lift forces on aircraft wings, and considerable effort is currently 
being expended on some of these schemes. One particular device to which 
less attention has been devoted than appears to be merited is the rotating 
flap, or auxiliary wing, mounted just below the trailing-edge of the main- 
planer Some research was carried out on this scheme a long time ago and 
again in Germany during the ‘1939-1945 period, and the purpose of this 
report is to collect together the results obtained in that work, and to 
present them together with some further analysis. Thus it is hoped to 
emphasise the potential value of the rotating flap as a high-lift device. 

Some experimental results for an isolated rotating wing are presented 
first, and the phenomena of autorotation and of the Magnus effect are 
discussed. The thin aerofoil theory of a wing with a rotating trailing- 
edge flap is developed, and experimental results for such a configuration 
are given. The final discussion includes a correlation between the results 
for the wing with rotating flap and for an isolated rotating wing. 

2 Experimental results for a rotating wing 

In the case of an isolated rotating wing, two separate phenomena 
are involved. It has been known for some time that a lifting surface 
such as a wing in a mainstream can develop high lift by rotation about a 
spanwise axis, and at high rotational speeds the phenomena is similar to 
the Magnus effect on a circular cylinder. At lower rotational speeds 
however the phenomenon of autorotation is displayed, The latter was 
studied by Maxwell1 in the case of an inclined plane lamina allowed to 
fall freely. biouillardz has also studied this problem. Neasurements of 
the frequency of autorotation as a function of mainstream velocity and 
wing chord were made by Joukowsky3 and the results have been presented 
by von Hols& together with the results of his own experiments, It was 
surmised that in general the ratio of peripheral velocity, U, in auto- 
rotation, to mainstream velocity, V, was constant at about 0.5. Later 
experiments by Kflchemann showed that in fact the thickness-chord ratio, 
VC, has a definite effect es shown in Fig.l.* It appears beneficial _I 
to use thinner sections, for which higher speeds of autorotation are 
obtained, and of course the drag of such sections would be expected to be 
smaller, 

Higher lift can be obtained by rotating the wing at speeds greater 
than that of autorotation. Curves of the lift coefficient of various 
configurations as a function of U/V are replotted from reference 5 in 
Fig.2, and the corresponding drag polars are given in Fig,& It will be 
seen that end plates have a significant effect in increasing the lift 
and (at all but the highest lift coeffiuients) decreasing the drag, The 
maximum values of lift coefficient reported in reference 5 were about 8 
to 12, the corresponding values of U/V being between 8 and f0. Thus 
higher values of the ratio CL max (with rotation) to CD min (without 

rotation, in high speed flight) can be obtained than with most other 
systems* 

The question of the power absorbed in rotating a wing at speeds 
above t at characteristic of autorotation has been investigated by 
H Wiese % . A power coefficient is defined as 

9 That these curves do not pass through the origin is simply a 
consequence of the friction in the bearings, 
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where U = 5, w is the peripheral velocity of the wing rotating about the 

centre of the chord, c, the surface area being S. il is the turning moment 
applied to the wing, and iu' the work done per set in rotating the wing. 

Some of the results obtained by Wiese are presented in Fig.4 in which 
the power coefficient CR is plotted against the ratio U/V for the wing of 

reference 5, (symmetrical biconvex circular-arc section, 
aspect ratio 2). 

t/c = o.l.67pId 
Tests were made both with and without endplates. 

In the range of U/V values for which maximum lift coefficients are 
attained, the coefficient of power required for rotation is not substantially 
different from that required in stationary air (U/V = W), These results are 
rather incomplete; but assuming them tn hold also for a wing with rotating 
flap, a simple calculation has been made in Appendix II to estimate the 
power required for reducing the approach speed of a typical four-engined 
subsonic transport aircraft. 

3 Theory of a wing with rotating flap 

In view of the practical difficulties associated with the isolated 
rotating wing, an r,bvious development was a wing with a rotating flap 
situated just below the trailing-edge, This can ideally be represented by a 
flat plate together with a vortex at the axis of rotation of the flap. 
Thin aerofoil theory can be developed for this ideal case and it can be 
solved by the potential f'lhw method of conformal transformation. This is 
closely related to the case of the two-dimensional jet-flapped aerofoil, 
where the jet can be represented by a continuous distribution of vorticity 
in contrast with the concentrated vortex of the present theory. 

The appropriate transformation is 

whereby a circle of radius a in the g-plane is transformed.into a slit 
of length c = &a along the real axis of the z-plane. The two #planes 
are shown in Fig.5 The details of the calculation are given in 
Appendix I where it is shown that, using the Kutta condition at the 
trailing-edge, the lift on the mainplane per unit span is 

cL E: 27~ . sin a + 2f(X,(p) . $ 

where r is the strength of the vortex representing the rotating flap and 
(ah,cp) are the polar co-ordinates of its position in the circle - or 
Z-plane. The relation between the physical parameters of the rotating 
flap (e.g. U/V) and the vortex strength, r, is not yet known, The 
adequacy of the Kutta-Joukowsky condition is also questionable, and 
further experiments are needed t c, investigate both of these points. 

The pnsition of the vortex which gives the maximum lift fox a given 
incidence of the mainplane can be calculated by differentiating f(h,cp) 
= F(&$ w.r.t, 4; say, holding r (the ordinate in the t;-plane) constant. 
The condition is shown in the appendix to be g = a - v, and this result 
has been transformed back into the physical - or z-plane to yield the 
curve shown in Fig. 6. 

It may also be noted that the condition c = a + ?-I yields a 
minimum under the same assumptions. 



4 Experimental results for a wing with rotating flap 

The experiments reported by von IIols'clt have been extended by 

Ktichemann7 who tested a rectangular wing-flap combination fitted with 
elliptical endplates. Both wing and flap were of HACA ZjOlJj section; the 
mainplane had a chord c = 30 cm and a span of 80 an, The flap chord was 
0.25 o and it was pivoted at its midpoint. Three different positions of 
the rotating flap relative to the mainplane were tested, the co-ordinates 
of the axis of rotation referred to the mainplane trailing-edge as origin 
were as follows:- 

Position x/c VC 

1 -0.13 +0.18 

2 +0.05 +0.13 

3 +0.13 +O.lO 

These are shown in Yig.8. Of these positions the second was theoretically 
the best (as described in Section 3, and indicated in Fig.6) whilst the 
first roughly corresponds to a position of minimum efficiency. 

The peripheral speed, U, of the flap in autorotation is roughly 
constant for a given position of the flap and a given mainstream velocity, 
V, over a fairly wide range of incidence. The variation of the ratio 
U/V in autorotation with flap position is shown in Fig.7, and it may be 

remarked that below a speed of about 90 m/s, the mainstream has insuf'fioient 
energy to promote autorotation of the flap. 

The values of maximum lift coefficient CI, max with the three 

different flap positions are plotted against the ratio U/V in Fig.8. It 
is seen that the theoretical prediction of position 2 as the most 
efficient in producing lift was confirmeti, The sudden drop in CL- 

with the flap in this position for U/V> 4 is due to a laminar separation 
on the mainplane, the test Reynolds number of 0.14 x IO6 being too low to 
ensure transition to turbulence in the boundary layer well forward on the 
wing. The separation first occurred in the endplate junctions and was 
present to a certain extent throughout the whole test range. At the 
much higher full-scale Reynolds numbers and in the absence of endplates 
the boundary layer would be turbulent and this reduction in CL max 

would either not ocour, or be postponed to a higher value of U/V. This 
is simply because a turbulent boundary layer is better able to withstand 
the larger, adverse pressure gradients associated with higher values of 
U/v without separating. For any future tests a transition wire would 

of course be fitted in order to eliminate this scale effect. 

Detailed lift curves with the flap in position 2 are shown in Fig.9 
for a range of U/V values. These may be compared with results for the 
fixed flap on the same figure, As previously stated, the loss of lift as 
U/V is increased above 4 is caused by a lsminsr separation due to the 
low Reynolds number of the tests. 

Corresponding drag polars are plotted in Fig.10, Also included are 
curves for negative values of U/V, and these demonstrate the effectiveness 
of such a configuration as an airbrake, This is emphasized in the lift, 
drag and pitching moment curves of Pig.11 for all three flap positions 
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at u/tr =-- 2, For instance with the flap in position 2 at zero lift 
(actually a small positive incidence), CD is comparatively large but 

there is only a small (nose-down) pitching moment, 

Large trim changes are to be expected when the rotating flap is in 
operation and producing high lift. The pitching moment coefficient, 

at maximum lift is plotted against U/V in Fig.12, for the three 

Zka~'$Jsitions . Detailed curves of C 
m “/4 

against CL are plotted in 

Fig.43 for flap position ~0.2 for various values of U/V. Curves for the 
flap fixed configuration are again shown for comparison. 

5 Efficiency of the rotating flap 

The efficiency of the means by which a rotating flap produces high lift 
may be gauged from an analysis of the results of Hef.7. A similar analysis 
may be carried out for the isolated rotating wing of Ref.5, and the two 
systems may be compared. Such a comparison is based on the circulation 
produced about its own axis by the rotating wing or flap; an extremely 
simple theoretical estimate of this circulation may be considered:- 

r theor = UXCf 

so that cL = 274 

where U is the circumferential velocity of the flap or rotating isolated 
wing and c f is the chord length of the flap. For wings of finite aspect 

ratio the factor 27~ may be replaced by 

where IC is the usual correction factor depending on the ratio between 
endplate height and the wing span The actual circulation generated, I?, 
is obtained from the Kutta formula for lift 

L = pvr 

where L is the measured lift and V the mainstream velocity. 

For the isolated rotating wing therefore 

r = 3 CL v Cf . 

Analysis of the results of reference 5 for an aspect ratio 5 wing 
0.12 m chord, 0.167 t/c, biconvex circular arc section, fitted with end- 

of 

plates, gave the following table:- 
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cL u/v 

12.6 IO 
IO.45 8 

fL0 6.85 
6.55 5.85 
5.7 5.10 
4.45 4.10 

4.1 
2:; 
7.0 
a.0 

10.0 
-- 

7 
I 

J m/s r m2/s 
- 

3.10 
3.20 
2.90 
2.75 
2.75 
2.67 

r theor m2/s 

12.8 
12.8 
12.8 
12.8 
12.8 
12.8 

r/T $I theor 

For the circular cylinder of A = 12 fitted with endplates, the 
"efficiency"' 

E = r % -= 
r 

theOr 2x . 

or E = 

for finite aspect ratio,varied from about 39; to 474. It seems therefore 
that a thicker section may be more efficient in producing lift as an 
isolated rotating wing, although it is not certain how much of the 
increased efficiency of the circular cylinder is due to its higher aspect 
ratio. From Fig.2 it qjpears that the efficiency is higher at speeds up 
to autorotation (U,V a33ox,O. 5). 

For the wing with a rotating trailing-edge flap the analysis is 
a little more complicated. The results plotted in Fig.9 for flap position 
ITo. have been used, and the method of analysis is as follows:- 

The contribution of the lift acting on the flap itself is found from 

“Lf 
x +pv% = pvr 

:. 
% 

2r 
=vc 

where c is the mainplane chord and I' is the circulation produced by 
the fla? about its axis of rotation. 

The lift coefficient acting on the complete system C 
LR 

but due 

solely to the rotation of the flap is obtained f?rom Fig.9 by subtracting 
the CL with fixed flap at a given incidence from the CL at a given 

value of w. Then we have from equation (4) of the appendix 
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hence = $$ [I + f(Q)], 

Bow for flap position No.2, f(h,cp) = 0.272, 

:. I' = c 
% 

.v.o/2.544. 

The theoretical circulation lYtheor produced by the flap about its 

axis of rotation is again estimated as 

r theor = uxc f l 

An appropriate correction may be made for the effect of finite aspect 
ratio similar to that proposed above, 

Results of the analysis are given in the following; table, with 
c = 0.3 m and cf = 0.075 m. 

Ub R = v V m/s a0 , C& I’ lTthebr r/rtheor g 

5 2.61 2.10 47.1 

4.0 0.14 x IO 6 6.8 10 2.50 2.00 4.47 4-b7 

j5 2.36 1.89 42.4 

5 I.53 2.76 5L2 

2.0 0.32 x -10~ 15.5 IO 1.40 2.55 5.16 50.2 

15 1.26 2.30 45.2 

Tile "efficiency" is seen to be greater when the rotating flap operates 
in conjunction with a fixed mainplane rather than as au isolated rotating 
wing. This is presumably because the constraint afforded by the trailing- 
edge of the mainplane and its wake serves to concentrate the circulatory 
motion produced by the rotating flap. 

In any case the "efficiency" of a rotating flap, as defined above, is 
a very useful criterion and may be used as a basis for comperison in any 
future tests. It is clear that such tests should include considerations 
of the effect of flap thicknes s-chord ratio, the effect of aspect ratio 
of the wing-flap system, effect of increasing the Reynolds number, 
and finally an application of the system to a particular aircraft. 

6 Conclusions 

The results of the test which have been described and analysed show 
that the combination of a wing and a rotating flap just behind its trailing- 
edge is a very attractive scheme for generating high lift. This system is 
a development of work on an isolated rotating wing directed toward the same 



end, The latter scheme vrou3.d however involve severe difficulties in any 
practical application to an aircraft, 

Quite hip& values of lift can be obtained by simply alloMng the 
flap to autorotate, but a much higher lift is attained by rotating the 
flap with higher frequencies. The values of the lift increment that can 
then be achieved are of similar order to those obtained with the jet flap. 
Some information on the power required to rotate the flap in this latter 
case is presented, but much more ex&@rimental information is required. 
Applying the data availabl, p for the isolated rotating wing as it stands 
to the case of a wing with rotating flap and using it to calculate the 
power required in a practical case shows that rather large amounts of 
power would be required if the approach speed of the aircraft is,to be 
appreciably reduced. Zowever, the information is so limited, and the 
Reynolds number of the test so low, that much more experimental work is 
required before this p",rticular application can be seriously considered. 
If the flap is rotated in the opposite direction (negative values of u/V) 
it is shown that a very efficient air-brake system results with a 
possibility of controlling changes of trim. 

Further tests would be desirable to check some outstanding questions, 
and theses should include investigations into 

(1) the effect of flap thicknes s chord ratio and ratio of flap to 
ming chords, 

(2) the actual induced loading on the mainplane, and a check on the 
adequacy of applying the Kutta condition at the trailing edge, 

(3) the effect of aspect ratio and of svreep, 

(I+) the effect of Iieynolds number (the tests reported here were 
done at quite small values of 2). 
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Theom of an aerof'oil With rOtatinR ftiP 

Referring to Fig.5, the z-plane represents the flow about a two- 
dimensional flat plate with a vortex located below and behind the trailing- 
edge. 

This flow is transformed into a z-plane by the conformal transformation 

whereby the slit al.ong the x-axis from -2a to +2a in the z-plane becomes 
a circle of radius a centred on the origin in the &plane. 

The complex potential of the flow in the G-plane is 

2 
F(C) 

i(lY + ro) 
= eeka + $. eia + 2n . en Ze 

where 5 
= ha eicp is the position of the vortex of strength I' which 

represents the rotating flap in the circle-plane and 

is the position of an equal but opposite vortex at the image point. This 
image vortex is necessary to make the circle into a streamline of the 
flow in the Z-plane. The circulation about the origin 5s then (I? + ro), 

The complex velocity is w = FZ 

:. W = v -i,v x Y 

Putting w = o we obtain an expression for the positions of the stagnation 
points. Fixing the near stagnation point on the mainplane at the trailing- 
edge, according to the Kutta-Joukowski condition,enables the circulation 
about the origin to be determined:- 

i.e. put w= o in equation (3) and substitute C = a, 

r + r. h 1111) 

2 sin a + : r 
.-. Kv = 

h*+- 2 cos ‘p l z l 

This reduces to the familiar result of thin aerofoil theory 
when l7 = O, 

rO 

2v = 2 sin a 

- 12 ” 

(4) 

(5) 



or, since L = CL . gpv’c = pv r. 

where o = k+a 

A CL = 2n . sin a . 

From equation (4) we see that the lift acting on the system at a fixed 
incidence and free-stresm velocity, for a given value of I?, is proportional 
t0 

h ‘̂  
“I 

E2 + q2 - a2 

x+& 
= 

2 cos cp E2 + v2 
2' - 2aG+a 

(6) 

ifwewrite ha= 4;ti. rl for the Fosition of the subsidiary vortex I' in 
the circle plane. 

Ilolding TI constant and differentiating equation (6) w.r.t. Ewe obtain 

for a stationary value of the lift. 

Investigation of the second derivative shows that minimum lift occurs 
under the specified conditions when 

F = a+ rl (7) 

and that maximum lift is obtained when 

C = a-V. (8) 

Relations between the co-ordinates in the z-plane and the G-plane are 
obtained from the transformation (l):- 

x= 1+Lg 
( > ?b2 

y= l--?-al 
( > x2 

where e>’ 0 +J 2 
= x2 

a 
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We my therefore construct the lucus of best positions of the 
rotating flap in the physica or z-plane, using equation (8), as in the 
folluwing table. 

0 I,0 1.0 

-a5 1.5 2.5 

-0.75 1.75 3.625 

-1.0 2.0 5.0 

-1.5 2.5 9.0 

-2.0 3.0 13.0 

x 
2a 

1.0 0 

d.05 -0.15 

1.1'17 427 

1.20 -0.40 

I"39 -0.67 

1.615 -0.92 

‘/2a 

This Locus, represented by the last two columns,is plotted in Fig.6, 



. 

. , 



by D.A. Kirby 

Power required to rotate the flap of a t.ypical four-enpined transport 

The scheme of using a rotating flap works on a principle similar to 

that of the Jet flap ant? it may therefore be expected that the power 
required to achieve a given reduction of the approach speed will be of 
a similar order in both schemes, Intheabsence of measured values for the 
rotating flap, an attempt is m ade here to obtain at least a rough estimate 
of the power required by using the values measured on an isolated rotating 
aerofoil, i.e. it is assumed that the powers measured by Wiese (Fig.f+) are 
sufficiently representative of the practical case. It is further assumed 
that the values of the lift plotted in:Fig.9 give a measure of the gains 
in lift which can be expected. This implies that, without supplying 
extra power, the autorotating flap gives about twice the lift increment 
of the sl0tted flap without rctation. In view of the nature of the 
available data, it may be expected that the analysis is pessimistic. 

The following data obtained from an analysis of several current 
aircraft ilave been used in tine calculations:- 

(i) Flap area Sf = 0.17 x Wing area (S), 

(ii) Flap-chord of = 0.25 x Ving chord (c). 

(iii) Flap aspect ratio per side = 7. 

(iv) Total available engine horse power = 8 x 17ing area in sq ft. 

(v) Approach speec'f (VA) with flaps down but not rotating = i20 

knots, the approach CL then being 1.2. 

(vi.) Stalling speed Vs = VA/l.3. 

The experimental results of Fig,3 are for a flap chord/wing chord 
ratio of 0.25. It is considered that this is large for the case of a 
rotating flap, The ssme effect on lift coefficient could be obtained 
with a smaller flap, as it depends primarily on the ratio U/V, in which 
case the power required could be less than that obtained here. 

The power required to drive the flaps is given by:- 

P = CR x 5PU Is sf 

or 

where 53 = power coefficient 

U = peripheral velocity of flap. 

For a flap aspect ratio of 7, s has been taken from Fig.4 as 0.15. 
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Then 'Orse power = 
S 

0 15 x 0 17 . . 

where VA and U are in ft/sec 

p at sea level I.S.A. 

H.P. 

T- = 0.055 (gJ3 (&-) 

= 0.121 (ig (g&J 
when V A = I,3 V 

s l 

If it is assumed that the increments in CL max when the flap is 

rotated are 8% of those given in Fig.9 for a full span flap with endplates 
then Vs and VA are:- 

Flap condition CL max C L approach V s 1ul0ts vA knots 'A ft/sec 

Fixed at p= 45' 2.03 1.20 92.3 120.0 202.7 

Autorotating 2.27 1.34 87.3 113.5 191.7 

Driven at u = 2 vA 2.55 1.51 82.3 107.0 180.7 

Driven at $ = 4 3.38 2.00 71.5 93.0 157.0 
A 

and the powers are:- 

Flap condition $ reduction inVA Hors; Pcmz for cR = 0.15 

Autorotating 5.4 
U Driven at - = 2 

vA 
10.9 

0 

2.6 

U Driven at - = 4 
vA I 

22.5 13.6 

Thus reductions in the approach speed of up to 7 or 8$ could be 
achieved with a small power, Further reductions would become very costly 
and the use of all four engines to drive the flap would only reduce the 
approach speed by 17% 
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It is unlikely that muoh power could be diverted to drive the flap 
because of 

(i) the performance requirements with one engine cut and for a 
baulked landing, 

ii) the reduction in lift/drag ratio when the flap is rotated 
Fig,lO), This is largest when the flap is autorotating, 

The data used above were all obtained from tests at a lo@ Reynolds 
number. The higher CL ~ which will be obtained full scale at the 

same u/V will allow further reductions in the approach speed and a 
decrease in the power required. The above analysis emphasises the 
importance of obtaining more extensive and reliable data before a proper 
assessment of the scheme can be made. Further, it will be essential to 
reduce the size of the rotating flap in comparison with that of a 
conventional flap to make best use of the scheme. 
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