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Summary.mReasons for Enquiry. The increasing attention which high-lift devices are receiving makes it desirable 
that a summary of the present information on lateral control with high-lift devices should be available. 

Range of Investigation.--The devices 'considered are classified a s -  
(A) those devices that can be used with full span flaps ; these include 

(i) spoilers, 
(ii) auxiliary aerofoils, 

(iii) ailerons behind Zap type flaps, 
(iv) ailerons behind slotted flaps, 

and (B) those devices which can be used only with nearly full-span flaps andwhich include 
(i) short span, wide chord ailerons (straight and skew hinge), 

(ii) floating tip ailerons, 
(iii) ailerons formed from part of rear flap of large double-slotted flap. 

Condusions.--A brief summary of the main characteristics of the various devices considered is found in Table 1. No 
satisfactory method of lateral control has yet been developed that permits full use of the high-lift devices covering the 
complete wing span, although there is a reasonable hope that a satisfactory spoiler control will yet be developed. For 
the present, methods of lateral control must be accepted which restrict to some extent the span or type of flap ; a number 
of such methods which are fairly satisfactory are available. The loss of possible lift increment incllrred in their use 
need not be greater than about 15 per cent. of the increment due to full-span flaps. 

1. Introduction.--High lift  devices  invo lve  full  span  or n e a r l y  fu l l -span flaps and  hence ,  in 
genera l ,  c a n n o t  be used  in c o n j u n c t i o n  w i t h  t h e  c o n v e n t i o n a l  t y p e  of aileron. I t  follows t h a t  
t h e  successful  app l ica t ion  of high- l i f t  devices  requ i res  t h e  s a t i s f ac t o ry  d e v e l o p m e n t  of some  
a l t e r n a t i v e  f o r m  of l a t e ra l  con t ro l  n o t  r equ i r ing  a la rge  p ropor t ion  of t h e  wing  span  to t h e  exclus ion 
of t h e  flap. A n u m b e r  of such  devices  h a v e  been  e x a m i n e d  b o t h  he re  a n d  in A m e r i c a ;  none  of 
these  devices  h a v e  as y e t  been appl ied to p r o d u c t i o n  aeroplanes ,  b u t  a n u m b e r  show cons iderab le  
promise .  Since high- l i f t  devices  are  n o w  a t t r a c t i n g  t h e  increas ing  a t t e n t i o n  of designers ,  i t  was  
cons ide red  des i rable  to  p r e p a r e  a s u m m a r y  of t he  ex is t ing  i n f o r m a t i o n  on these  va r ious  a l t e r n a t i v e  
fo rms  of l a t e ra l  control .  

* R.A.E. Report B.A. 1659, received 15th June, 1941. 
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The forms of lateral contro! which have been considered in this note can be classified as those 
which can be used with full span flaps and those which can be used only with nearly full-span 
flaps. Under the former heading are considered the following : - -  

(1) Retractable-arc spoilers. 

(2) Hinged flap spoilers (including slot lip ailerons). 

(3) Controllable auxiliary aerofoils. 

(4) External  ailerons. 

(5) Upper surface ailerons. 

(6) Narrow chord ailerons (behind Zap type flap). 

(7) Plain ailerons behind full-span slotted flap. 

Under the heading of controls for use with part-span flaps are considered : - -  

(1) Short span ailerons (straight and skew hinge). 

(2) Combinations of short-span ailerons and spoilers. 

(3) Floating tip ailerons. 

(4) Outer parts of rear flap of large N.A.C.A. double-slotted flap used as ailerons. 

A summary of the main characteristics of the various devices considered is found in Table 1 .  

2. Lateral Control.--Gerteral.--Ordinary ailerons have certain qualities which are generally 
recognised as desirable and it is to be assumed that  any alternative system of control must 
possess these qualities to be considered satisfactory. These qualities are 

(a) prompt response, i.e. absence of objectionable lag or sluggishness, 

(b) even increase of response with stick movement, 

(c) even increase of stick force with stick movement, 

(d) adequate rolling action up to the stall, 

(e) ability to be balanced sufficiently to avoid heavy stick forces. 

In addition, other features which are probably desirable, but which are not as a rule possessed 
by ordinary ailerons, are 

(f) small and favourable yawing moments, particularly at high angles of incidence, 

(g) appreciable rolling action beyond the stall. 

The examination of the various lateral control devices considered has, therefore, been made in 
the light of the above requirements. Hence, some general remarks enlarging on these requirements 
will be of value at  this stage. 

The lag is defined as the time that  elapses after a control is moved before the aeroplane begins 
to respond to the movement. A control is usually referred to  as sluggish if once rolling has begun 
the rolling moment builds up to its full value at  a rate slow enough to be objectionable to the 
pilot. Therefore, the sluggishness is conveniently, if roughly, measured by the time that  elapses 
(less any lag) after the control has been displaced before the rolling moment reaches its full value.* 

* This definition is perhaps not completely satisfactory since it is probable tha t  pilots would consider a control tha t  
builds up very  slowly at first and then reaches its full rolling moment  with a rush more objectionable than  one which 
reaches its full value in the same time but  at a more even rate of growth. 
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The lag and sluggishness are illustrated in the following ske t ch :  

I- ' -"  : SLUGGISHNESS ' ] 
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I f L,/ 
, O M E N T  (L) 

LAG ~" " T , M E  

American tests z' 2, 3 have  demonstrated that  both the lag and sluggishness may be finite though 
small and yet be unnoticed by the pilots. These tests were done on a Fairchild 22 aeroplane, 
a small aeroplane about 34 ft in span and with a top speed of about 130 m.p.h, and it was found 
for this aeroplane that,  whilst a measured lag of 0, 25 sec was definitely objectionable, a lag of 
0.1 sec was unnoticed by the pilots. Similarly, a sluggishness of about 0.4 sec was objectionable, 
whilst a sluggishness of 0.1 sec was not. 

The lag and sluggishness of a control are presumably determined by the manner and rate 
-with which the circulation about the wing alters once the control is moved. I t  can be argued, 
on general grounds, that  the lag and sluggishness will be proportional to c/V where c is the mean 
chord of the aeroplane and V is the forward speed (cf. ReI. 4), and hence the lag and sluggishness 
may be expected to decrease with increase of speed and to increase with increase of size of aero- 
plane. The values for the maximum amounts of lag and sluggishness that  are unnoticed by a 
pilot are presumably determined, in the first place, by the speed of his reactions. I t  is con- 
ceivable that  this speed may in some way be influenced by the speed and size of the aeroplane, 
but  little is known about this; it will, therefore, be assumed that  the maximum permissible lag 
and sluggishness are independent of the speed and size of the aeroplane and have the values 
suggested by the American experiments, namely, 0.1 sec. This suggests that  it may be possible 
for the lateral controls of an aeroplane to be satisfactory at high speeds but  unsatisfactory at 
low speeds, as far as promptness of response is concerned. 

The requirements of even increase of response and of stick force with stick movement are 
obviously desirable in themselves, but in addition their satisfaction implies that  no departure 
from standard technique is required of the pilot. 

With regard to the requirement of adequate roiling action below the stall it is usually found 
that  provided a rolling moment (cz) of about 0.04 to 0.05 is available the control is adequate. 
The question arises, however, as to whether the use of high lift flaps will alter the minimum value 
of the available roiling moment required to give satisfactory control. The adequacy of a control 
is presumably judged in the main by the time taken to bank through a given angle, and this is 
determined by the rate of roll p. For a given aileron movement, the rate of roll quickly settles 
down to a constant value given by 5 

ps 
V - l c" 

where l, is the derivative of the rolling moment due to the rate of roll, 

~. is a constant (average value about 0.8), 

V is the forward speed, 
and s is the wing semi-span. 

3 
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Hence, for a given roiling moment, p is a minimum when V is a minimum, i.e. at landing. The 
tendency today is for landing speeds to remain constant or rise slightly; high lift devices are 
required only in so far as they permit of increased wing loadings. Since aeroplanes utilising 
high lift devices will not land at speeds lower than modern normal aeroplanes, it follows that  
they will not require a greater available rolling moment to give adequate control. In what follows 
it has been assumed, therefore, that  the rolling action of a lateral control system is completely 
satisfactory if the available rolling moment coefficient up to the stall is never less than about 0- 05. 

The requirement of small but favourable yawing moments is not now considered to be as 
important  as was at once thought. I t  would appear that  whilst pilots like the yawing moments 
to be favourable, nevertheless, they rarely find any undue difficulty in coping with quite large 
adverse yawing moments particularly at small or moderate incidences. There is always the 
danger, however, that  off a sharp stall the use of ailerons in an at tempt to lift the falling wing 
may induce a spin if the yawing moments are appreciably adverse. I t  is worth noting that  some 
American tests have demonstrated tha t  the favourable yawing moments due to a spoiler control 
system are not subject to lag or sluggishness. I t  was found tha t  a control which was normally 
obj ectionable on account of sluggishness was rendered passable when it was used on an aeroplane 
with some dihedral; the combination of dihedral and favourable yawing moment apparently 
results in an appreciable rolling moment in the required direction in a sufficiently short time to 
mask the worst effects of the sluggishness. 

Some lateral control beyond the stall is another requirement to which at one time considerably 
more importance was attached than is the case today. Recent American experiments 1 have 
demonstrated that  it is not in itself sufficient to ensure safe flying at low speeds; for some wing 
tip sections the changes in lift and flow pattern at the stall are violent and large and it may be 
expected that  even with lateral control attempts at straight flight beyond the stall may yet 
result " in a series of violent oscillations during any of which considerable altitude may be lost 
or the direction of flight changed." I t  is probable, therefore, that  the shape of the wing section 
used, particularly at the tip, will play an important  part in determining the lateral stabili ty and, 
therefore the value of the lateral control beyond the stall. 

3. Lateral Control Devices for use with Full-Span Flaps.--3.1. Spoilers. Ge~¢eral.--The develop- 
ment  of a satisfactory form of spoiler as a lateral control device for use with full-span flaps has 
received considerable attention in recent years. Two main types of spoilers have been developed, 
namely, the retractable-arc type and the hinged-flap type. The former type is in its simple form 
all arc which, when operated, moves more or less normally to the wing upper surface out of a 
slot in the wing. The hinged~flap type when not in use folms part  of the wing upper surface 
and the hinge, about which it rotates, is generally on or near i t ;  when in the " full up " position 
it may lie, like the retractable-arc spoiler, at an angle of 90 deg to the wing surface, although in 
many  cases smaller angles such as 60 deg. are used. I t  will be seen that  both types depend for 
their effectiveness on progressively spoiling the flow over the top surface and thus reducing 
the lift of the wing on which they are operating. The main difference between the two types 
lies in their possible hinge moment characteristics; the hinge moments of the retractable-arc 
type can theoretically be reduced to zero by making the arc circular and placing the hinge at 
the centre of curvature. 

Unlike ordinary ailerons spoilers necessarily involve an overall loss of lift when in operation. 
Apart  from the fact that  this feature may demand some modification in handling technique 
it may prove a serious disadvantage in manoeuvres near the stall or ceiling. 

Wind-tunnel measurements of the lag 7, yawing and rolling moments 8 of simple spoilers at 
various chordwise positions have been made in America and the main results are shown in Fig. 1. 
The spoilers tested were of the simple retractable-arc type but  the results are a general indication 
of what may be expected with any simple type of spoiler. I t  will be noted that  whilst the avail- 
able rolling moments and favourable yawing moments generally increase with forward movement 
of the spoiler location there is a marked increase in lag. For the lag measurements the chord 
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of the wing was 4 ft. and the tests were made at an incidence of 0 deg, when the air speed was 
80 m.p.h., and an incidence of 15 deg, when the air speed was 40 m.p.h. The lag results are 
plotted again in Fig. 2 (a) on a non-dimensional basis by dividing the lag by c/V, and it will be 
seen that  the two sets of results fall reasonably close to a mean curve. On this basis curves in 
Fig. 2 (b) have been drawn showing the most forward permissible position of a simple spoiler 
on wings of various chord lengths and for various minimum flying speeds, it being assumed that  
the maximum permissible lag is 0- 1 sec. A typical F.A.A. high-lift aeroplane, for example, may 
have a landing speed of about 75 m.p.h, and a mean chord at the spoiler of about 7 I t ;  it will 
be seen that  for such an aeroplane a location of the spoiler ahead of about 0-75c would lead to 
excessive lag. An aeroplane would have to be unusually small and heavil.y loaded to permit of 
a location ahead of 0-65c. I t  will be seen, therefore, that  in general a simple type of spoiler 
must be confined to the rear 30 per cent. of the wing where not only are the rolling moments 
comparatively small but  decrease rapidly with increase in incidence. With most types of high- 
lift flaps it may be impossible to put spoilers so far back from the leading edge. On the other 
hand, there is some evidence that  with very far forward spoilers there is a rapid decrease of 
rolling moment with decrease of incidence which is exaggerated by the presence of flaps3; the 
effect may be extreme enough to leave little or no control at the smallest incidences at which an 
aeroplane is flown, flaps down. Attempts therefore, have been made to develop spoilers having 
negligible lag which could be placed in the more Iavourable region lying between about 0.3c 
and 0.6c back from the leading edge. This development work has also concentrated on producing 
spoilerswith satisfactory hinge moment and response characteristics. 

3.11. Slot-lip ailerons (Fig. 3) . - - I t  was found that  a slot through the wing behind the spoiler 
(whether retractable-arc or hinged-flap type) appreciably reduced the lag 3. Various tests were 
made to discover the optimum slot size and shape using a hinged-flap type of spoiler, and arrange- 
ments of the slot-lip aileron (as this device was called) developed as a result of these tests, 
were tested in flight. These arrangements are shown irl Fig. 3. The wind-tunnel tests showed 
these arrangements to have a lag less than 0.05 sec (lag V/c < 0-7) and satisfactory hinge and 
rolling-moment coefficients, although the increment in the minimum profile drag coefficient due 
to them was in the order of 0.002 to 0.005. 

In t he  first series of flight tests on a Fairchild 22 aeroplane, the slot-lip ailerons were tested 
at 0.2c and 0.45c back from the leading edge, the aileron size in each case being 0. lc by 0.5b/2. 
These tests showed that,  although the ailerons had no appreciable lag flaps up, they were 
unpleasantly sluggish in both positions. The sluggishness for the aileron in the 0.2c position was 
appreciably worse than for the aileron in the 0.45c position, and lowering the split-flaps appeared 
to introduce some lag with the aileron in the 0.2c position and fn both cases increased .the 
sluggishness. Further tests revealed that  the sluggishness of these ailerons at slow speeds was 
about 0" 4 see whilst ordinary ailerons ia this aeroplane had a sluggishness of about 0.1 sec to 
which the pilots had no objection. The results of wind-tunnel measurements of the sluggishness 
of slot-lip ailerons at various chordwise positions are plotted in Fig. 4, where the results are shown 
non-dimensionally in terms of the time taken for the aeroplane to travel one chord length (c/V).* 
Accepting 0" 1 sec as the maximum permissible sluggishness i t  would appear from this diagram 
that  for minimum flying speeds of less than 90 m.p.h, and chord lengths of 5 It or more it will 
generally be impossible to install slot-lip ailerons with a tolerable amount of sluggishness. The 
rolling moments developed by the slot-lip ailerons on the Fairchild 22 aeroplane were dis- 
appointing being only about two-thirds the roiling moments expected from the wind-tunnel 
tests; it was suggested, however, that  the ailerons were not in fact deflected the full amount 
owing to structural flexure. 

Later tests on a W.I.A aeroplane (see Fig. 3 (b)) with the aileron at 0-3c showed much more 
satisfactory results. The sluggishness did not appear to be sufficient to be objectionable whilst 

* Tile American report 3 gives quite a large value for the sluggishness of a slot-lip aileron at 1.0c which is indicated 
in Fig. 4. But it is difficult to see how a slot-lip aileron in this position should differ from an ordinary aileron and 
hence it should have a sluggishness which in general should be small enough to be objectionable, 
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the rolling moments were quite adequate. An analysis of the motion, however, indicated that  the 
sluggishness of the controls was present but  was largely masked by the prompt rolling action 
produced by the combination of the favourable yawing moments and the large dihedral. Lowering 
the flaps, which appear to be of the slotted Junkers type increased the rolling moments and 
slightly decreased the sluggishness. 

Various modifications of the slot-lip aileron have also been tested; in one case, for instance, 
the aileron was formed out of the lip of tile slot of a 26 per cent N.A.C.A. slotted flap 9 (see Fig. 3c). 
Nolle of these modifications gave satisfactory results, the greatest difficulty being met with in 
developing satisfactory hinge moments. 

These results give little promise of the early application of slot-lip ailerons. The extra drag 
involved is high, and the sluggishness is objectionable except perhaps on aeroplanes with large 
dihedral. 

3.12. Spoilers on the Courier (Fig. 5).--Fig. 5 illustrates the type of hinged-flap being tested 
on the Courier. Tile spoiler is situated at 0.5c behind the leading edge, its span being 0.46b/2 and 
chord about 0. lc. I t  will be seen that  as the spoiler is brought into operation a gap is left between 
the spoiler and the wing surface which wind-tunnel tests have shown will reduce the lag to a 
negligible order. There is provision for testing two sizes of gaps and two stick gearings the 
usual parabolic gearing and a linear gearing. Tests were first made with the parabolic gearing 
and the ailerons were then found to give a very poor response for small movements of the stick 
about the neutrM position. For large movements at high speeds the spoilers appeared to be too 
powerful and showed signs of overbalance. Tests were then made with the linear gearing but  
little improvement in the control characteristics resulted. The response for small movements 
was still poor, whilst for large movements the response was again sudden and dangerously 
powerful. 

These controls as at present tested are therefore very unsatisfactory. The poor response for 
small movements may be partially due to sluggishness, which may well be a characteristic of 
all hinged-flap types of spoilers ; on the other hand, it is possible that the gap as at present designed 
helps the flow round the spoiler so that the spoiler itself does not stall till it has been moved 
through a comparatively large angle. Further tests, therefore, are contemplated with modifica- 
tions to the spoiler and gap to break up the flow through the gap. 

3.13. N.A.C.A. developments of retractable-are spoilers (Figs. 6, 7, 8) . - -Early  flight tests of a 
simple circular-arc retractable spoiler situated 0.2e back from the leading edge 1 on a rectangular 
wing showed, as noted above, a large and objectionable lag although the rolling control when 
fully developed was very powerful. Later a similar spoiler situated at 0. 765c back from tile 
leading edge having a span of about 0- 48b/2 and a height of about 0.12e was tested on a rectangu- 
lar wing equipped with full-span 0.2c split flaps ~. The lag with this spoiler was not noticeable 
to the pilots, although measurements showed it to be about 0.1 sec. The available rolling, 
moments were fairly powerful and were increasedby about 12 per cent when the flaps were 
put  down. The yawing action was not appreciable flaps up and was slightly negative flaps down. 
The pilots reacted favourably to these controls complaining only of the lack of feel and stick force. 

More recently tests have been made of a circular-arc retractable spoiler on a wing with a 5 : 1 
taper equipped with a full-span 0.2e plain flap 1°. The spoiler was 0. 327 b/2 in span and 0. 105c 
in height and was situated 0:735e back from the leading edge. Fig. 6 shows a sketch of the 
arrangement. The faces of the spoiler were formed by two curved plates touching at their 
lower edge and separated at their upper edges by a filler block giving the spoiler a fiat top. The 
spoiler rotated about a hinge situated at the centre of curvature of the forward face. The rolling 
control was satisfactory at low incidences but was rather poor at high incidences. Tile lag, 
which was measured to be about 0.1 sec., was not objectionable to the pilots and the rate of in- 
crease of response with stick movement was considered satisfactory. Although the fiat top of 
the spoilers was specifically introduced to provide "feel ", the stick forces were found to be 
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very small and the feel was, therefore, inadequate. There is no report of unpleasant opening 
hinge-moments with these spoilers, although English tests of similar flat-topped spoilers have 
demonstrated that  the suction over the top of the spoiler in the initial stages of its movement 
out of the slot p roduces"  snatch " (see section 3.14). 

Parallel with these flight tests a series of wind-tunnel experiments 11 have been made to develop 
retractable-arc spoilers with satisfactory lag, hinge moment and rolling moment characteristics. 
In these tests the spoilers moved in and out of slots running right through the wing and were 
operated with a large differential, the down-going spoiler partially emerging from the lower 
surface of the wing. After some preliminary tests with the slots slightly wider than the spoiler 
the slot width was increased to double the width of the spoiler and a plate or flap was fitted 
to the top of the spoiler and the bottom of the slot so as to close the slot when the spoiler was 
retracted. The effect of widening the slot was to reduce the lag and opening hinge moments 
and to increase the rolling moments. I t  was then found that,  by venting the top and bottom 
of the spoiler and by tilting or hinging the upper flap, still further improvements in the hinge 
moment curve resulted. Two arrangements which were eventually developed and tes ted  in 
Conjunction with a full-span 26 per cent slotted-flap are shown in Figs. 7 and 8. The spoilers 
were 0.375b/2 in span and 0"095c in height and were situated at about 0.65c back from the 
leading edge. The measured hinge, rolling and yawing moments, flaps up and down, are shown 
in Figs. 7 and 8. The rolling moments available appear to be more than adequate whilst the 
very large increase in rolling moment when the flaps are lowered is noteworthy. For small initial 
movements of the spoilers, with flaps down, the response seems rather poor, however, and increases 
with an unpleasant rush at about 10 deg. spoiler movement. The hinge-moment curves call for 
further improvement, particularly with flaps down. I t  would appear that  some further develop- 
ment work is required before these spoilers can be considered satisfactory.* It is understood 
that  some flight tests are being considered. 

3.14. Retractable-arc spoilers on Falcor~ (Fig. 9).--The spoilers tested on the Falcon are 
illustrated ii~ Fig. 9. Initially they were made with flat tops of appreciable thickness as in the 
American tests referred to above (section 3.13) but  the early flight tests demonstrated that  the 
suction on the flat top produced an unpleasant snatch as the spoiler was moved from neutral. 
The spoilers, as finally tested, were simply curved metal plates, the shape of the curve being 
intermediate between the front and rear faces of the original spoilers. The spoilers were 0.55b/2 
in span and about 0.07c in height and were situated at a mean distance of about 0-7c back 
from the leading edge. At low speeds the spoilers were found to be very heavy over the whole 
of their movement and the response, particularly over the first third of the stick movement, 
was poor and showed signs of being sluggish. This poorness of response for the initial stages 
of the stick movement persisted at all speeds although it was less marked at high speeds. For 
large movements, however, the response increased rapidly with speed, whilst the control lightened 
to the extent of feeling overbalanced, and there was some evidence of a tendency to flutter. 
With flaps down the behaviour was much the same as with flaps up, although the heaviness of 
the control was increased slightly. 

I t  will be seen that  in the form tested the controls were tricky and were safe only in the hands 
of a skilled and experienced pilot. I t  is believed that  the unpleasant hinge characteristics of the 
spoilers are mainly due to large frictional and inertia forces that  were involved in their operation 
and that  the arcs of the spoilers were not truly circular. Modifications, therefore, are in hand 
to reduce the friction and inertia of the system and to reshape the spoilers to  true circular arcs 
with the hinge at the centre of curvature. The modified spoilers wilt lack feel but it is believed 
that  this is probably best supplied artificially, e.g. by a spring. The response over the initial stages 
of the movement may be improved by altering the stick gearing, but if the control is seriously 
sluggish it may be very difficult to cure satisfactorily. 

* Since this report was written Blackburn Aircraft Limited have investigated similar plug-type spoilers but with 
the top bevelled to various angles 34. The bevel was found to have a profound effect on the hinge moments, and it is 
suggested that  if the bevel angle is arranged to vary  with spoiler setting something approaching a linear hinge-moment 
variation should result. The mechanical complications of such an arrangement are, however, very serious. 
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3.15. Blackburn retractable-arc @oilers to be tested on the high-lift Lysander (Fig. 10).--The 
retractable-arc spoilers developed by Messrs. Blackburn 12 are illustrated in Fig. 10. They are 
0.27b/2 in span and 0. 094c in height and are situated at about 0.57c behind the leading edge. 
They have so far only been tested in the wind-tunnel in conjunction wth a 50 per cent Blackburn 
flap, as a preliminary to proposed flight tests on a Lysander fitted with high-lift flaps and slats. 
In the initial tests the spoiler was very similar to the first American f lat- topped spoiler but, 
as in the tests on the Falcon spoiler, they were found to be unsatisfactory owing to the large 
opening moments involved. I t  was found, however, that  by venting the top of the spoiler, 
as shown in the figure, the hinge-moment characteristics were apparently rendered satisfactory. 
The measured hinge and rolling moments, flaps up and down, are shown in Fig. 10. There were 
no measurements made between 0 deg and 20 deg aileron movement, and hence it is not certain 
that  unpleasant kinks in the hinge-moment curves do not exist in that  region. However, if we 
accept the smooth curves shown, it appears, comparing these curves with those of Figs. 7 and 8, 
that  from the point of view of the hinge and rolling-moment characteristics the simple vent 
through the top of the spoiler is more satisfactory than the elaborate arrangements developed 
by the Americans. If it fulfils the promise of the wind-tunnel .tests and does not suffer seriously 
from lag or sluggishness, the Blackburn arrangement should prove an excellent control with 
high-lift flaps. 

3.16. Tandem retractable-arc spoilers (Fig. l le) . --Some results obtained by the Americans 
in wind-tunnel tests of simple retractable-arc spoilers in tandem are worth noting. The arrange- 
ment tested is illustrated in Fig. 11 (c). The spoilers were each 0.375b/2 in span and 0. lc ill height 
and were situated at 0- 3c and 0.83c behind the leading edge. I t  was found that  this combination 
had the same negligible lag in action as the rear spoiler, whilst the roiling moments produced 
were the same in magnitude and character as those produced by the front spoiler alone. The 
combination therefore retained the most desirable characteristics of the individual spoilers. 
With the spoilers staggered spanwise relative to each other, the rolling moments increased a 
little, but  the lag characteristics at high incidences appreciably deteriorated. No at tempt 
appears to have been made to explore further into the potentialities of this arrangement. I t  
will be noted, however, that  with such an arrangement there is always the disadvantage that  
it is frequently impossible to fit a far-back rear spoiler in with most high-lift large-chord flaps. 
In addition, the control mechanism will necessarily become complicated. 

3.2. Other Devices for use with Full-Span Flaps.--In addition to spoilers the Americans have 
tested a number of other devices which suggest themselves as possible forms of lateral control 
for use with full-span flaps. These include 

(i) controllable front auxiliary aerofoils ~, 
(ii) external ailerons ~, 

(iii) upper surface ailerons ~, 
(iv) narrow chord ailerons working behind Zap type flaps 2, 
(v) narrow chord ailerons formed from rear part  of N.A.C.A. 26 per cent slotted flap °. 

These devices are illustrated in Fig. 12. 

3.21. Controllable front auxiliary aerofoils (Fig. 12a).--The controllable auxiliary aerofoils 2 
tested each covered the wing semi-span and were 0.15c in chord. In the neutral position the 
chords were parallel to the wing chordand  with stick movement one aileron rotated downwards 
to a maximum angle of 45 deg whilst the other remained stationary. Preliminary wind-tunnel 
tests demonstrated that  as a control device the auxiliary aerofoils were very unsatisfactory, 
there was a considerable lag in their action whilst the stick forces appeared to be excessive. 
No further attempts at development were made, therefore. 

3.22. External ailerons ~ (Fig. 12b).--The external ailerons tested were 0.55b/2 in span and 
0.15c ill chord. They could be operated either up or down to a maximum angle of 45 deg but 
only one aileron was moved at a time. I t  was found that  the downward movement resulted in 
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a large lag in response but with the upward movement the lag was negligible. The rolling action 
was weak and approximately constant at nil speeds but  was not proportional to stick deflection, 
being very slight over the first half of the movement. The stick-force characteristics were 
generally unsatisfactory, the force was heavy and varied with stick deflection in an irregular 
manner. Shifting the hinge axis backwards reduced the magnitude of the stick force but  its 
irregular variation with stick movement was unaffected, with the result that,  whilst over some 
parts of the movement the force was still fairly heavy, over other parts the ailerons were on the 
point of overbalance. The yawing action was favourable and there was an appreciable amount 
of control beyond the stall. 

I t  would appear from these tests tha t  without a great deal of further development work being 
done,  the prospects of obtaining a satisfactory control by means of external ailerons are very 
remote. 

3.23.-U2bl~er surface ailerons 2 (Fig. 12c).--The upper surface ailerons were 0.55b/2 in span 
and 0. 182c in chord, they operated upwards to a maximum angle of 40 deg. The rolling-moment 
characteristics were satisfactory, as in this respect these ailerons appeared to behave much the 
same as ordinary ailerons. The stick forces were, however, unusually heavy and the yawing 
action was adverse. 

The heavy stick forces are a drawback to this form of control but  it is conceivable that  a 
satisfactory degree of balance may be obtained by using a double-hinged flap as described in 
Ref. 30. Some attempts to balance the aileron by providing it with a slot and a setback hinge 
are described in Ref. 31, but  the results were never very satisfactory. The restriction of the flap 
to the split type is not a serious disadvantage provided only a simple flap is contemplated. From 
the point of view of the lift produced the split-flap is barely inferior to the slotted-flap but it 
involves more drag 1~. The more ambitious forms of high-lift flaps, however, all require slotted- 
flaps and could not be combined with upper surface ailerons. A possible exception perhaps 
is the Fowler flap, but the upper surface aileron would then leave little room for the operating 
mechanism of the flap. 

Upper surface ailerons, like spoilers, act by reducing the overall lift, a feature which may, 
as already remarked, prove objectionable. 

3.24. Narrow chord ailerons behi~¢d Zap-type flalbs ~ (Fig. 12d).--The narrow chord ailerons 
were 0" 83b/2 in span and 0. 136c in chord whilst the flap span was 0. 789b and flap chord was 0.2c. 
The aileron movement ranged between 25 deg up and 14 deg down whilst the flap could be lowered 
to 60 deg retracting forward and upwards in a manner similar to a Zap flap. 

These controls were very favourably reported on; the available rolling moments were some- 
what greater than-those of standard ailerons and the general characteristics including the stick 
forces were very satisfactory with the flaps up or down. The rolling moment was reduced very 
little by putt ing the flaps down. The downward movement probably contributes much less to 
the rolling moment with the flaps down than up, but  the rolling moment due to the upward 
moving aileron is probably increased (cf. upper surface ailerons~l). The yawing action was adverse 
but  small and there was little control beyond the stall. I t  would appear that  where the use of a 
split or Zap type of flap is contemplated, this type of control is well worth consideration. 

A similar arrangement that  has been tested both in flight and in the wind-tunnel is a combina- 
tion of a Zap flap and Zap aileron 14 (see Fig. 12e) on a Fairchild 22 aeroplane. The flap was 
0.3c in chord and in the fully extended position the leading edge of the flap was at 0.8c behind 
the leading edge of the wing. The span of the flap was 0.83b/2 and the maximum angle to which 
it was set down was 59 deg. Two sets of ailerons were tested, one set was 0.5b/2 in span and 

• 0.18c in chord, the other was 0"46b/2 in span and 0.22c in chord. Both sets were fitted with 
leading edge slats 0-115c in chord. The aileron movement ranged from 30 deg up to 15 deg 
down. The wind-tunnel tests demonstrated tha t  the ailerons and their supports increased the 
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d r a g  at low incidences by about 15 per cent and in general caused a slight decrease in the lift. 
In flight both sets of ailerons were found to be about equally effective and were considerably 
more effective than standard ailerons. However, the stick-force characteristics were unsatis- 
factory for both sets of ailerons, the forces were large at the high speeds and very small at the 
low speeds whilst the variation of stick force with deflection was irregular. The poor stick-force 
characteristics and the large amount of extra drag involved both constitute serious drawbacks 
to this form of control. 

3.25. Plain ailero~¢s behind a full-span slotted-flap" (Fig. 12f).--Plain ailerons behind a full-span 
N.A.C.A. 26 per cent slotted-flap have been tested in the N.A.C.A. 7 by 10 ft wind-tunnel, The 
chord of the ailerons was 0. lc and the span was b/2. The results for the yawing, rolling and 
hinge-moment coefficients estimated for two-dimensional lift and drag measurements are shown 
in Fig. 13. I t  will be seen that  with the flaps up, as might be expected, the general characteristics 
were very satisfactory. As the flaps were lowered beyond about 30 deg, however, the character- 
istics rapidly deteriorated. The response for small movements then became progressively poorer 
and the available rolling moments for both up or down aileron movement decreased in addition 
the hinge and adverse yawing moments increased rapidly. From these results it is doubtful 
whether even a passable control could be obtained with these ailerons for a flap setting greater 
than 30 deg; this would imply an appreciable sacrifice (about 15 per cent) of the lift increment 
due to the flaps. The large negative hinge moments when the flaps are set down would make 
it very difficult to avoid overbalance if any degree of upward differential were employed. I t  is 
conceivable tha t  by increasing the chord of the ailerons the deterioration in the response 
characteristics for small movements as the flaps are lowered might be appreciably reduced, 
although the balance problem may become more serious. 

4. Lateral Control with Nearly-Full-Spa~¢ Flaps.--4.1. Ge•eral.--There are a number of lateral- 
control devices which require a small part  of the wing span to the exclusion of the flap, and hence 
they can only be used in conjunction with nearly-full-span f laps.  When compared with devices 
tha t  permit of the use of full-span flaps they therefore suffer from tile disadvantage tha t  they 
entail some reduction in the lift increment due to the flap. Hence, before considering these 
devices in detail it is desirable to examine the existing data on the loss of lift involved in 
restricting the span of the flap. 

Some experimental results for plain 15, split 1617 and slotted 18 flaps of the rat io  of the lift incre- 
ment obtained with part-span flaps (/xCLp).to the lift increment obtained with full-span flaps 
(z~CL~) on wings of various taper ratios are skown in Figs. 14a, b and c. The corresponding 
theoretical results 1" for plain-flaps are shown in Fig. 14d. It  will be seen, as might be expected, 
tha t  for centre-section flaps the fractional loss of lift increment is rather less than the fractional 
span of the wing which is unflapped and decreases with wing taper ratio. In Fig. 15 the theoretical 
and experimental values for the fractional loss of lift increment with flaps 0.755/2 in span are 
plotted against wing-taper ratio, and in addition a curve is drawn showing the corresponding 
ratio of the wing area which is unflapped. I t  would appear from the sparse experimental data 
that  the fractional losses for the plain and slotted-flaps are both roughly proportional to the 
fractional unflapped wing are'a, but  the corresponding loss for the split-flaps and the loss derived 
theoretically decrease more slowly than the fractional unflapped wing area with increase in taper 
ratio. Accepting a taper ratio of 2 : 1 as fairly representative of modern aeroplanes, it will be 
seen that  with 0. 755/2 span flaps a loss of the lift increment due to full span flaps in the order 
of 15 per cent may be expected. I t  is believed that  this loss is the largest sacrifice tolerable 
for aeroplanes designed to meet modern high-lift requirements and can only be justified if the 
lateral-control system involved is very satisfactory. I t  is suggested, therefore, that  in considering 
lateral-control devices requiring part  of the span of a moderately tapered wing only those devices 
requiring at the most about 0-25 of the span can be entertained. With highly tapered wings 
this restriction can be to some extent relaxed. 
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As against the loss in lift increment involved in the use of part-span flaps it is worth noting 
that  model experiments 2° have indicated that  there is a serious deterioration in lateral stabil i ty 
near and at the stall flaps down when the flaps cover the whole of the wing span. Only one 
recorded case of such deterioration with full-span flaps has been noted in ftighff ~, but in general 
the few full-span flaps tha t  have been tested in flight have been comparatively small in chord 
and unambitious. With the use of large-chord high-lift flaps that  are anticipated in the near 
future it is possible that  appreciable deterioration in lateral stability near the stall may occur 
if the flaps are made to cover the whole wing span. In such a case the greatest lift of the wing 
and flaps tha t  can safely be used may fall appreciably short of the actual maximum and this 
loss of available lift may well be of the same order as the lift lost by using nearly full-span flaps. 

4.2. Short-Spa~¢, Wide-Chord Aileron, s (Fig. 16).--4.21. Hinge jbarallel to the wing spa~c.--Short- 
span wide-chord ailerons immediately suggest themselves for use with nearly-full-span flaps. Some 
flight and wind-tunnel tests 1'6 have been made in America on plain ailerons of span about 0-3b/2 
and chord about 0.4c. These ailerons are a little wider in span than the maximum permissible 
width suggested above, nevertheless the results give an indication of what may be expected with 
short span ailerons. The results of some wind-tunnel tests of these ailerons on a rectangular wing 
are shown in Fig. 16a. I t  will be seen tha t  the rolling moment available is more than adequate 
and for upward movements of the aileron favourable yawing moments over a large part  of the 
incidence range can be obtained. The results also suggest that  these ailerons retain their rolling 
power at higher incidences tha~ the normal ailerons. Very similar results were obtained on 
wings with rounded tips% 

The flight tests confirmed tha t  adequate rolling moments were available although the promise 
of appreciable control at high angles of incidence was not fulfilled. The stick forces were rather 
large but  the ailerons were unbalanced. The behaviour of the ailerons in a sideslip was found 
to be unsatisfactory, to quote the American report ~, " the forward aileron tended to trail up 
sufficiently to overbalance the inherent banking effect of the wings, so tha t  a fairly heavy force 
had to be applied to the stick to hold the aileron down and to prevent the wing from ' digging 
i n ' " .  It  is difficult, without further evidence, to account satisfactorily for this tendency for 
the ailerons to overbalance in a sideslip, but  a possible explanation is that  the root section of 
the rear wing was shielded by the fuselage in the sideslip and consequently suffered a local loss 
of lift which, like the loss of lift due to a negative centre section flap, increased the downwash 
at the rear wing aileron. To the pilot this had the same effect as an increase in upwash at the 
forward aileron. Because of the large value of bl for these Unbalanced wide-chord ailerons, this 
increase of downwash at the outer aileron was apparently sufficient to overbalance the control. 

If this explanation is correct then it appears that  any method of balancing these controls tha t  
does not involve an appreciable reduction in bl will not affect this tendency to overbalance in a 
sideslip although it will reduce the stick forces involved. Balance by means of a geared tab 
or by means of differential and a fixed tab ~3 may not therefore be completely satisfactory, and it is 
probabl e that  the most satisfactory form of balance would be obtained by means of a set-back 
hinge coupled with nose shrouds. 

Short span ailerons ~2 have also been tested in the 24-ft tunnel at the Royal Aircraft Es tabl ish-  
ment on a Fleet Air Arm high-lift model (Fig. 16b). These ailerons were 0.25b/2 in span and 0.5c 
in chord and the design was based on an early type of Blackburn slotted-flap with a sharp leading 
edge. They were arranged to operate over a range of + 30" to -- 15 deg with the flap neutral ;  
with the flap lowered both ailerons operated from a neutral position of + 30 deg over the range 
0 to + 45 deg. The rolling moments obtained, flaps up and down, slats closed, are shown i~i 
Fig. 16b; it will be seen that  the rolling control available was adequate in both cases although 
with flaps up the upward-moving aileron was relatively inefficient. I t  is suggested that  this loss 
in efficiency was due to the sharp nose of the aileron and could probably be avoided by rounding 
the nose. With the slats open the ailerons were found to be as effective over the required incidence 
range as with the slats closed. It  is worth noting tha t  the down rigging of the ailerons gave a 
lift coefficient increment of about 0.19 or about 10 per cent of the increment due to the flaps. 
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4.22. Short-span, skew-hinge ailerons.--It has been suggested that  a short-span aileron with a 
skew-hinge might be more effective than one with the normal spanwise hinge. Wind-tunnel tests 
have been made in America of skew-hinge ailerons on rectangular wings with straight and 
rounded tips ~3,~1 (see Fig. 16c); the maximum angle of skew tested was, however, only 20 deg. 
On the rectangular wing with straight tips the skew-hinge ailerons were found to give much the 
same results as the normal-hinge ailerons at moderate angles of incidence, but  were slightly inferior 
at high angles of incidence. On the .wing with rounded tips, however, the skew-hinge ailerons 
were on the whole slightly superior to the normal-hinge ailerons. In general there would appear 
to be little to choose between the two types of aileron. 

I t  has been pointed out that  skew-hinge ailerons may appear to maximum advantage when 
the inboard end of the aileron hinge begins at the trailing edge of the wing and the angle of the 
hinge is of the order of 45 deg (see Fig. 16d): There would then be no break between the aileron 
and the wing when the aileron is operated. Reports have been received that  ailerons of this 
type have been tested on a Messier aeroplane in France and were found to be very satisfactory. 
I t  is proposed to investigate the possibilities of these ailerons at the Royal Aircraft Establish- 
ment. I t  must be noted, however, that  with the aileron span limited to 0.25 wing semi-span, 
as suggested above, the area of these ailerons are necessarily severely restricted and may not be 
enough to give adequate rolling control. Thus, with a wing of 6 :1  aspect ratio the maximum 
aileron area possible is about 0-09 of the wing area; this area is usually more than sufficient for 
normal small-chord ailerons but it is very doubtful whether it is sufficient for small-span ai]erons 
situated at the wing tip. 

4.23. Combination of spoilers an-d short-span ailerons (Figs. l la  and b.).--Where the rolling 
action of short-span ailerons may prove inadequate at high incidences, particularly if more 
severe span restrictions are imposed than has been considered above, it has been suggested that,  
ill addition, a small forward spoiler might profitably be used. The action of the aileron might be 
expected to mask to some extent the lag of the spoiler. 

Some arrangements that  have been tested in flight 1 and in the wind-tunnel 2~, in Americal 
are shown in Figs. l l a  and b. In the wind-tunnel tests the short-span ailerons were 
O. 3b/2 in span and 0.4c in chord. The spoiler tested was of the flap-hinge type. Various 
spoiler locations were tested and it was found that  to avoid some reduction in the joint 
rolling action due to interference between the spoiler and aileron, the spoiler had to be placed 
inboard of the aileron, leaving a gap about 0.2b/2 between the spoiler and aileron. The spoiler 
was 0.15c in chord, 0. lb/2 in span and rotated about a rear hinge situated at 0-2c back from the 
leading edge. The rear hinge was chosen with the object of investigating the possibilities of 
balancing the hinge moments of the aileron against those of the spoiler by  interconnecting the 
two. The rolling moments of the combination were found~ as expected, to be appreciably greater 
than those due to the aileron alone, particularly at high angles of incidence where the increase 
of rolling moment coefficient due to the spoilers was of the order of 0.02 (cf. Figs. 16a and 1 la). The 
spoilers also introduced some control beyond the stall, and the yawing moments were made more 
favourable. The measured hinge moments were appreciably reduced by coupling the spoilers 
and ailerons and in general these tests gave great promise tha t  any degree of balance could be 
obtained by a suitable choice of the sizes, locations and linkages of the spoiler and aileron. 

The flight tests were first made with a rear hinge spoiler 0.15b/2 in span and 0.15c in chord 
coupled with an aileron 0.33b/2 ill span and 0.35c in chord (Fig. l lb). The spoiler only came 
into action after the ailerons had been deflected 5 deg and it was found that  when the stick was 
moved sufficiently to move the spoiler the control force changed sign after the roll had started. 
This overbalance was not shown by the wind-tunnel tests and was probably due to the decrease 
of the hinge .moments of the ailerons with rotation of the wings 5 whilst the hinge moments 
of the spoilers were unaffected by the rotation. The increase in rate of roll as the spoilers came 
into action was unpleasantly sudden and marked. The yawing action was small but favourable 
and there was appreciable control beyond the stall. Attempts to produce more satisfactory stick- 
force characteristics by reducing the spoiler movement and area were only partially successful. 
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A retractable circular-arc spoiler 0. 435b/2 in span and 0.087c in height was next  tested in 
conjunction with the short-span ailerons (Fig. 11b). Here, the spoiler hinge-moments were 
negligible and the aileron hinge-moments were, therefore, unaffected. The combined action of 
these two controls was quite satisfactory; a slight increase in the rate of roll was noticeable as 
the spoiler became effective but  it was not objectionable. The yawing action was favourable 
and there was appreciable control beyond the stall. No at tempt was made to reduce the lag 
of the spoilers by  venting, etc., nevertheless the lag was not obtrusive being largely masked by the 
immediate action of the ailerons. The lag may, in fact, have been appreciably reduced; as noted 
in section 3.16 tests of combinations of spoilers in tandem have shown that  the lag of the com- 
bination is much the same as tha t  of the rear spoiler alone, and the aileron may be regarded 
in this connection as a rear spoiler. 

These tests demonstrate that  the use of a small spoiler to augment a lateral-control system 
which may be otherwise inadequate at high incidences has considerable possibilities, and further 
investigation would be well justified. 

4.3. Floating-Tip Ailero~¢s.--Floating-tip ailerons are ailerons which are situated at the wing 
tips but  which are not an integral part  of the wing. They are generally hinged at about 15 per 
cent. of their chord back from their leading edge and are rotated relative to their floating angle 
which they take up ill the neutral position. They have been tested in the wind-tunneP 5' 26 and 
in flight, in America. The results of some of the wind-tunnel tests of full-chord, short-span, 
floating-tip ailerons on a rectangular wing and on a wing of 5 : 3 taper ratio are reproduced 
in Fig. 17. I t  will be seen tha t  the rolling moments are more than adequate in both cases and 
were still very appreciable at an incidence of 40 deg. The yawing moments were generally 
favourable and small. Varying the hinge position did not affect the rolling moments much, 
but it was found that  flutter was liable to occur, particularly at high incidences for large 
deflections, if the hinge position was set much further back at 0.15c. 

The floating-tip ailerons tested in flight are shown in Fig. 17c. These ailerons were found to be 
about half as effective as conventional ailerons at normal incidences but some control was re- 
tained beyond the stall. Apart  from the poor rolling action the general characteristics of these 
ailerons were favourably reported on by the pilots ; the yawing action was small but  favourable, 
and the variations of response and stick force were both nearly linear with stick deflection. The 
comparatively poor rolling action of these ailerons is not surprising in view of their relatively 
small area which was about 0.09 wing area. As already remarked, for ailerons concentrated at 
the wing tips a larger area than usual is required to compensate for the spanwise drop in lift 
towards the wing tips. The wind-tunnel tests indicate that  for floating-tip ailerons the area should 
be about 0.15 wing-area, i.e. nearly twice the area actually used in flight. 

These results suggest that  on the whole a fairly satisfactory control may be obtained with 
floating-tip ailerons. I t  has been suggested tha t  they would have the advantage that  the normal 
demands on the torsional stiffness of the wing could be considerably reduced by hinging the 
ailerons on the flexural axis. The flexural axis is generally in the region of 0.25c to 0.3c and the 
hinge cannot be set back further than the centre of pressure (about 0.25c); and ill any case to 
avoid flutter of the type met with in the wind-tunnel tests it may not be possible to hinge the 
ailerons further back than 0.15c without seriously restricting the aileron movement. A serious 
disadvantage, from the high lift point of view is the large loss of possible lift involved (about 
10 per cent. if the area is 15 per cent. of the wing area) since the ailerons can carry little of the 
lift usually borne by fixed wing tips. By fitting the ailerons with flaps rigged upwards their 
floating angle can be raised and some of the lift regained, but  the tests showed that  the flutter 
problem then becomes more acute whilst, as might be expected, the yawing moments tend to 
become adverse. 

Wing-tip ailerons tha t  do not float may perhaps merit some consideration. T~ey would 
presumably require much the same area as floating-tip ailerons, i.e. about 0.15 wing-area, but  

13 



would not reduce tile available lift as much as floating-tip ailerons. They would of course give 
little or no control beyond the stall and may involve large adverse yawing moments particularly 
at high angles of incidence. 

4.4. The Use of Part of Rear Flap of Large N.A.C.A. Double-Slotted Flap as Aileron.--The 
N.A.C.A. have recently completed a series of tests of a large double-slotted flap "8 the components 
of which were 0.4c and 0.26c in chord. A summary and analysis of these tests will be found 
in Reference 29. The results showed that  there was little serious falling off in the lift increment due 
to the second flap as the main flap was lowered. This suggests tha t  the use of part  of the second 
flap as an aileron should result in a rolling control tha t  is fairly consistent, at least as far as 
downward movements of the ailerons are  concerned, over the whole incidence range, flaps up or 
down. Rough calculations have been made of the rolling moments available for a wing of 5 : 3 
taper and 6 • 1 aspect ratio, having a double-slotted flap and various portions of the rear flap 
as ailerons operating over the range + 25 to -- 15 deg. from various neutral positions rigged down 
relative to the first flap. Tile corresponding maximum lift coefficients of the wing have also been 
calculated. The results, flaps up and down, are shown in Figs. 18 and 19, respectively, for the 
two wing sections NACA 23012 and NACA 23021. For flaps down the results are only given 
for an incidence c~ ---- C<o + 20 deg. which corresponds practically to the incidence at maximum 
lift. I t  will be seen that  with flaps up any aileron span greater than about 0-25 wiflg semi-span 
will give adequate rolling moments (i.e. c~ > 0.05) over the whole incidence range. With the 
flaps down the calculations suggest that  an aileron span of upwards of about 0.25 wing semi- 
span is necessary depending on the neutral angle down to which the ailerons are rigged. Con- 
sidering the lift coefficients tha t  result in each case, however, it appears that,  of all the possible 
arrangements giving an available c~ of 0.05, ailerons of span about 0.45 wing semi-span set 
down about 15 deg. will result in the least loss of maximum lift. For such ailerons the loss in 
CL .... is about 0.1 or about 3 per cent. of the CL .... possible with full-span flaps. I t  is interesting 
to note that  even if the whole of the second flap is used as an aileron rigged down 15 deg. the 
rolling moments available are more than adequate, whilst the loss in CL ..... is only 0.3 or 9 per 
cent. Further downrigging beyond 15 deg. would, of course, reduce this loss in CL ...... but it is 
anticipated that  the response for small movements of the ailerons from neutral would then 
deteriorate rapidly and the control as a whole would consequently suffer. 

For these calculations it has been assumed that  the response for upward movements of the 
ailerons beyond a setting of 0 deg. relative to tile main flap would not be seriously affected by 
the main flap position. But in the case of a plain aileron behind a 26 per cent. slotted flap 2 referred 
to above (see section 3.25 and Fig. 13) the response for upward movements did in fact deteriorate 
rapidly for flap settings greater than about 30 deg. although the flap could not be considered 
fully down till it had reached a setting of about 40 deg. However, in the case of the large double 
slotted flap it is to be hoped tha t  the considerably larger chord of the aileron will help to preserve 
the response for upward movements till the flaps are fully down; in any case this part of the 
aileron movement contributes only a small part to the rolling moments calculated. 

I t  would appear then that  the advantage of this type of control over tile short-span, wide-chord 
aileron or floating wing-tip aileron is its promise Of adequate control with a smaller sacrifice of 
lift. There are, however, disadvantages which cannot be left out of consideration. I t  is known 
that  the efficiency of slotted ailerons like that  of slotted flaps is generally very sensitive to the 
accuracy with which the slot is made and the degree of distortion which the aileron will undergo 
when in operation. Slotted ailerons, therefore, demand a high degree of skill and workmanship 
in their construction. Further, the flaps follow paths which require either a track or link 
mechanism. With such a mechanism, designers will probably have considerable difficulty in 
devising a method of, operation of the aileron that  will fulfil the requirements of even increase of 
response of stick force with stick deflection and will ensure a satisfactory degree of balance over 
the whole speed range. The difficulties of balance will be aggravated by an increase in heaviness 
and large negative hinge moments for neutral settings that  will probably occur as the flaps are 
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set down (@ section 3.25). 
some with the flaps down. 
merit further investigation. 

The adverse yawing moments may also become large and trouble- 
Nevertheless this method of control is sufficiently promising to 

5. Genera l  C o m l u s i o ~ s . - - A  brief summary of the main characteristics of the various lateral 
contiol devices described above is given in convenient form in Tables 1A and B. 

I t  appears from the foregoing that,  of the devices that  can be used with full-span flaps the 
most promising are spoilers and ailerons behind Zap-type flaps. Of spoilers it can be said that  
whilst none has yet been developed that  can safely be applied to any but  experimental aircraft, 
nevertheless, there is a reasonable chance that  a spoiler can be developed that  will be a passable 
control if not possessing all the desirable features of the best standard ailerons. The available 
rolling moments are adequate, whilst it appears to be a simple mat ter  to reduce the lag to 
negligible proportions; the problems that  remain are the development of satisfactory hinge- 
moment characteristics and possibly the reduction of sluggishness. Satisfactory hinge-moment 
characteristics can, in the last resort, be obtained by using circular-arc spoilers with an artificial 
feel introduced, say, by means of a spring. With a simple spring, such an arrangement would 
show no change of stick force with speed, a feature which is not a serious disadvantage but is 
nevertheless unattractive. The installation of a spring, which would " harden up " at any re- 
quired rate with speed, should not, however, prove unduly difficult. The problem of sluggishness 
may be more difficult to solve satisfactorily; pushing the spoiler location back is only a partial 
solution and introduces other problems. 

The characteristics of the ailerons behind the Zap-type flap are sufficiently good to make 
them well worth consideration where this type of flap can be reasonably entertained. As already 
remarked, however, the more ambitious types of high-lift devices generally involve large-chord, 
slotted flaps which cannot be combined with this method of control. All interesting compromise 
which has been suggeste d is the use of a high-lift flap over about 60 per cent. of the span, say, 
with 0.2c to 0.25c chord ailerons behind 0.3c chord Zap-type flaps over the remaining 40 per 
cent. of the span. This arrangement will give less lift than with the high-lift flaps covering the whole 
span, but the lift sacrificed may be worth the good lateral control obtained. For example, if 
the high-lift flaps employed are 0.4c Fowler flaps (for which ACL = 2.0) the increment in 
lift coefficient sacrificed will be about 0.2. 

However, if a designer is prepared for some sacrifice of lift all the devices considered above 
for use with part-span flaps merit consideration. Of these devices we have most information 
about short-span ailerons. They have the same general characteristics as normal ailerons and 
should provide adequate control if the span is not limited to less than about 25 per cent. of the 
wing semi-span. Their balancing should not be difficult, and they should permit of a certain 
amount of downrigging which will help to recover some of the lift lost. Downrigging, however, 
may in general require the ailerons to be of slotted design and may complicate the control 
mechanism. The greater inertia of wide-chord ailerons as compared with normal ailerons may 
prove to be their most unpleasant feature. Tests so far made do not indicate any marked ad- 
vantage to be gained by making the hinges skew, but this is a mat ter  for further investigation. 

Where a more severe restriction on span is contemplated than is suggested above the com- 
bination of a short-span aileron with a small forward spoiler may prove a satisfactory control 
although the control mechanism will be somewhat complicated. 

Floating wing-tip ailerons give promise of very satisfactory control characteristics, probably 
better than those of short-span ailerons. However, their use involves the sacrifice of most of 
the lift tha t  would normally be borne by fixed wing tips, but since they need only cover about 
15 per cent. of the wing area to give adequate control, the lift sacrificed is about 10 per cent. of 
the total  lift, a sacrifice which may in some cases be acceptable. They have the additional 
advantage that  if they can be hinged on the flexural axis the demands on the torsional stiffness 
of the wing are decreased, thus permitting some reduction in structure weight. 
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The use of part  of the rear flap of a large double-siotted flaP as an aileron is attractive in so far 
as it promises adequate control, flaps down, with a maximum lift coefficient that  need only be 
about 3 per cent less than that  obtained with full span flaps without ailerons. Further investiga- 
tion is necessary, however, into the hinge moment, yawing moment and response characteristics 
with flaps down; there is reason to believe that  it may be difficult to makethese  characteristics 
satisfactory. The complication of the control mechanism necessary may be found to be 
prohibitive. 

To sum up, it appears that  no satisfactory method of lateral control has yet  been developed 
that  permits of the full use of high-lift devices covering the complete wing span. For the present, 
therefore, designers must accept a lateral control which restricts to some extent the span or 
type of flap; the maximum lift will, therefore, fall short of the maximum possible with full-span 
flaps. A number of such methods of lateral control which are fairly satisfactory are available. 
These methods each have their good and bad points; whether one method is more su i tab le  
than another will depend to a large extent on the particular aeroplane for which they are being 
considered. I t  is hoped that  the foregoing summary will be of some help to the designer in 
making the choice. 

TABLE 1A 

Summary of Main Characteristics of Some Lateral Control Devices for Use with Full Span Flaps 

Type of control 

1. Retractable-arc 
spoilers. 

2. H i n g e d - f l a p  
spoilers. 

3. Slot-lip ailerons. 

4. Tandem retrac- 
table-arc spoilers. 

Figs. 

1 ,2 ,6 ,7 ,  
8 ,9 ,10  

3 ,4  

l lc  

Probable 
dimensions 

required 

0.4b/2 × O.lc 

0.4b/2 x O.lc 

0-5b/2 x 0.1c 

0.4b/2 × 0.1c 
(one well for- 
ward and one 
well back). 

Remarks 

For 

(a) Favourable yawing 
action. 

(b) Some control beyond 
the stall. 

(c) Wing stresses set up 
at high speeds less 
serious than with 
ordinary ailerons. 

(d) Effectiveness gener- 
ally increased by 
flaps. 

(a), (b) and (c) as above. 

(a), (b) and (c) as above. 

(a), (b) and (c) as above. 
(d) No serious decrease 

in rolling action with 
incidence. 

(e) Negligible lag. 

Against 

(a) Lift i s  lost when 
spoiler operates. 

(b) In rear positions, 
effectiveness is rapid- 
ly lost with increase 
in incidence. 

(c) In forward positions, 
mod i f i c a t i ons  are  
necessary to reduce 
lag and sluggishness. 

(d) Difficulty has been 
experienced in ob- 
taining satisfactory 
hinge moments. 

(a), (b), (c) and (d) as 
above; 

(e) Tile response for ini- 
tial movements is 
generally poor. 

(a), (b) as above. 
(c) Sluggish even as Jar 

back as 0.45c. 

(a) as above. 
(b) Difficult to tit rear 

spoiler in with large 
chord slotted flaps. 

(c) Control system is 
complicated. 

Refs. 

1 ,2 ,8 ,9 ,10,  
11, 12, 24. 

1, 24 

3, 7 ,9  
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T A B L E  1A (Contd.) 

Type of control 

5. C o n t r o l l a b l e  
front auxiliary aero- 
foils. 

6. External ailer- 
ons. 

7. Upper surface 
ailerons. 

8. Ailerons behind 
Zap-type flap. 

9. Zap ailerons and 
Zap flap. 

10. Narrow ailer- 
ons behind 26 per 
cent. slotted flap. 

Figs. 
Probable 

dimensions 
required 

12A 

12b 

12c 

12d 

12e 

12f, 13 

b/2 × 0' 15c 

More than--  
0.55b/2 × 0-15c 

0.15b/2 x 0.2c 

0.5b/2 × 0.15c 
o r  

O. 4b/2 × 0.25c 

0.5b/2 × 0.2c 

b/2 X O. lc 

Remarks 

For 

(a) and (b) as for spoilers. 

(a) Response and rolling- 
moment characteris- 
tics similar to those 
of standard ailerons. 

(a) Response and rolling- 
moment characteris- 
tics very good. 

(b) Hinge moments light, 
flaps up or down, 
and vary linearly 
with stick movement. 

(s) as above. 

(a) All character is t ics  
satisfactory, flaps up. 

Against 

(a) Large lag, 
(b) Excessive stick force. 

(a) Weak rolling action, 
considering area of 
control. 

(b) Poor response for 
initial movements. 

(c) Hinge moments large 
and vary irregularly 
with aileron move- 
ment. 

(a) Lift is lost when ail- 
eron operates. 

(b) Large hinge moments 
difficult to balance. 

(c) Restricts flap to split 
or possibly Fowler 
type. 

(a) Small adverse yaw- 
ing action. 

(b) Restricts flap to split 
or Zap-type of flap. 

(a) Increases minimum 
drag appreciably. 

(b) Hinge-moment char- 
acteristics unsatisfac- 
tory. 

(c) Restricts flap to split 
or Zap type. 

(a) As flaps are lowered 
beyond 30 deg. re- 
sponse and rolling 
action rapidly deter- 
iorate. 

(b) Hinge moments are 
large and negative 
flaps down. 

(c) Adverse yawing mo- 
ments are very large, 
flaps down. 

2 

14 

Refs .  
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TABLE 1B 

Summary of Main Characteristics of Some Lateral Control Devices for Use with Partial Span Flaps 

Type of control 

1. Short-span ail- 
erons. 

2. Combination of 
forward spoiler and 
short-span ailerons. 

3. Floating wing- 
tip ailerons. 

4. Part of rear flap 
of  l a r g e  d o u b l e -  
slotted flap used as 
aileron. 

Figs. 

16 

l l a  and b 

Probable 
dimensions 

required 

0-25b/2 × 0.4c 
to 0.5c 

Spoiler :-- 
0-155/2 X 0.1c 

Aileron :--  
0.2b/2 to 
0.25b/2 × 0.4c 

Remarks 

17 

18, 19 

About  0.15 
wing-area. 

0- 45b/2 × 0.26c 
(Rigged down 

15 deg). 

For 

(a) Same general char- 
acteristics as normM 
ailerons. 

(b) W i n d - t u n n e l  tes ts  
give promise of some 
control beyond the 
stall. 

(c) Some lift can be 
obtained by down- 
rigging. 

(a) Small and probably 
favourable yawing 
moments. 

(b) Good control at high 
incidences. 

(c) Lag of spoiler should 
be largely masked by 
action of aileron. 

(a) Response character- 
i s t i c s  s i m i l a r  t o  
to standard ailerons. 

(b) Favourable yawing 
moment. 

(c) Some control beyond 
the stall. 

(d) Makes smaller de- 
m a n d s  on  w i n g  
torsional stiffness 
t h a n  s t a n d a r d  
ailerons. 

(a) Characteristics, flaps 
up, similar to those 
of ordinary ailerons. 

(b) maximum lift, flaps 
down, only slightly 
less than that with 
full-span flaps. 

(4 

(b) 

(~) 

(b) 

Against 

Flight tests suggest 
tendency to over- 
balance in side-slip. 
(This should not oc- 
cur if method of 
balancing employed 
reduces large b~ (e.g. 
set-back hinge)). 
Large inertia. 

There may be diffi- 
c u l t y  in s ecu r ing  
even response as 
spoiler comes into 
action. 
Control system is 
complicated. 

(a) Possible lift on wing 
tips is largely lost. 

(b) To avoid flutter, it 
may be necessary to 
restrict t h e  useful 
aileron movement. 

(c) Large inertia. 

(a) Great accuracy in 
construction probab- 
ly required. 

(b) Complex mechanism 
of operation. 

(c) There may be diffi- 
c u l t y  in s e c u r i n g  
sa t i s f ac to ry  hinge 
characteristics, flaps 
down. 

(d) Yawing moments ,  
flaps down, probab- 
ly large ~ and unfav- 
ourable. 

Refs. 

1, 6, 21, 22, 
23 

1, 24 

25, 26, 27. 

28, 29 

3 

18 



APPENDIX I 

By 

R. R. DuDD¥, B.Sc. 

1. -Introduction.--In the main part  of this report reference is made to a number of wind-tunnel 
and flight investigations on unorthodox lateral controls which have since been completed. The 
objects of this Appendix are to summarise the results of those investigations and to add the 
more important  results of later experiments on the same subject. The various types of control 
will be considered in the same order and under the same headings as in the main report. 

A very useful resum6 of American data on lateral control with large-span flaps is given in 
Reference 35. 

2. Slot-lip Ailerons.--The type of slot-lip aileron in which the aileron is formed out of the 
top-surface lip of the slot of an N.A.C.A. slotted-flap (Fig. 3c) has been the subject of numerous 
wind-tunnel tests and flight tests in America (Ref. 35, Figs. A.11 to A.33). These results suggest 
that  this type of spoiler can be made to give satisfactory lateral control although some difficulty 
may be experienced in obtaining reasonable hinge moments and the control tends to be over- 
sensitive when used with large flap deflections. The flight tests showed that  although there was 
some lag and sluggishness the performance was only slightly worse than with conventional 
trailing edge ailerons. 

Another type of slot-lip aileron consists of a slot through the wing with a hinged-plate spoiler 
on the top surface and a hinged scoop on the bottom surface so arranged that  the slot is sealed 
with controls neutral. Wind-tunnel tests on this type of spoiler 3~'35 show that  sufficient rolling 
moments can be obtained and it may be possible to get satisfactory hinge moments by a suitable 
linkage between the spoiler and the scoop. 

This spoiler arrangement (Fig. 20) has since been used successfully on an American operational 
reconnaissance aircraft, the Kingfisher, which was tested ~6 in this country. In cruising flight 
lateral control is by slotted ailerons but for landing the ailerons are drooped and the spoilers 
provide full control. The spoiler hinge moments increased linearly with control movement 
throughout the speed range, the lag was measured to be about 0.05 sec., and the maximum 
pb/2V was about 0.08 with ailerons and was greater than 0.10 with spoilers. In spite of this 
good performance the control was not popular with the pilots particularly when landing in gusty 
cross-wind conditions. I t  is interesting to note that  the aircraft had 7 deg of dihedral and, as 
suggested in the main part of this report, this may have been responsible for the small lag but  
it may also have contributed to the difficulties in cross-wind landings. 

2.2. Spoilers on the " Courier" (Fig. 5).--Following the unsatisfactory performance of this 
type of spoiler in flight, further wind-tunnel tests were made to t ry  and improve the hinge 
moments and response to small control movements. The numerous modifications tested are 
described in Ref. 37; although some improvements were made the control was never entirely 
satisfactory and further flight work was abandoned. 

2.3. Retractable-Arc Spoilers (Figs. 6, 7, 8).--The very large number of American wind-tunnel 
tests on retractable-arc and plug-type spoilers are summarised in Ref. 35 and similar development 
tests made by Blackburns are given in Ref. 34. All these tests have been directed towards 
improving the effectiveness of the control for small displacements and producing reasonable 
hinge-moment curves. I t  appears difficult to satisfy the requirements for the full range of 
incidences and flap deflections with any simple form of spoiler. 

19 
(94983) B* 



2.3.1. Retractabie-.arc spoilers on the " Falcon j' (Fig. 9).--The modifications made to these 
spoilers 88 following the initial flight trials were designed to 

(a) eliminate the unpleasant hinge moments by making the circular arcs truly concentric 
with their hinge lines, 

(b) reduce the inertia of the system, 

and (c) reduce friction and backlash in the operating circuit. 

The modified control had negligible feel but was considered to be reasonably satisfactory. The 
chief disadvantage of the scheme is the variation in response with speed. At high speeds, tile 
response is initially poor, followed by a rather sudden increase in effectiveness, but at cruising 
speed the control was very satisfactory. At low airspeeds the initial response is again poor with 
flaps up, but  with full-span split flaps the response is quite adequate. There is no appreciab!e 
time lag between the start of the control movement and the start  of the roll. 

2.3.2. Retractable-arc @oilers on a high-lift "Lysander  " (Fig. 10).--After a few tests, in which 
the Lysander took off for a few seconds and then relanded, the pilot decided that  the s t a n d a r d  
of control was not good enough to permit further flight trials. T h e  unsatisfactory characteristics 
included an initial heaviness with poor response followed by a sudden increase of response and 
lightening of the stick force. This gave a feeling of overbalance to the control, which was probably 
accentuated by the large amount of friction in the control circuit. 

One half of the full-scale aircraft was put in the 24-ft. diameter open-jet wind-tunnel to 
investigate possible methods of improving the control. I t  was concluded that  a complete redesign 
of the control operating mechanism would be required and because of more urgent wartime 
activities the experiment had to be abandoned. 

3. Slotted Ailerons inset in a Slotted F lap . - -Th i s  arrangement is similar to the one shown in 
Fig. 12f except that  the plain ailerons are replaced by slotted ones in an endeavour to r e ta in  
aileron effectiveness at large flap deflections. The particular installation shown in Fig. 21 was 
tested in flight 39,4° on the High Lift M.18 aircraft. Rolling tests were made down to a speed 
corresponding to an engine-off lift coefficient of 2.7. I t  was found that,  even with the flap 
deflection restricted to 30 deg, there was a marked reduction in the maximum rate of roll at 
high-lift coefficients. This was thought to be due to the large adverse yawing moment which 
was produced by the ailerons at high lift coefficients in conjunction with a large value of rolling 
moment due to rate of yaw (lr). I t  is interesting that  tile large adverse yawing moments were 
not commented on by pilots making general handling tests but large rates of yaw were measured. 
during the roiling tests. 

In order to improve the rolling power with flaps deflected, the hinged-plate spoilers shown in 
Fig. 21 were fitted. The spoilers were arranged to operate in conjunction with the ailerons and 
the resulting rolling moments were more than adequate even at the highest lift coefficients. 
The adverse yawing moments were slightly increased but the ratio of yawing moment to rolling 
moment Was very much reduced. The measured lag and sluggishness were very small under all 
flight conditions; a typical record obtained during rapid aileron application is given in Fig. 21. 
Although, as often happens with experimental light aircraft, excessive friction in the control 
circuit made it impossible to obtain an appreciation of the feel of the control, the arrangement 
is very promising. 

An alternative arrangement using an inset aileron was tested on the Youngman-Baynes 
experimental aircraft (Fig. 22); the outboard half of the full-span main flap carries the slotted 
aileron and the inboard half has an auxiliary slotted flap. The flight tests on this scheme ~1 gave 
very encouraging results ; there was negligible lag and the response and feel were both satisfactory. 
If anything, the performance with flaps down was better than with flaps up and in both conditions 
the rolling power was more than adequate. 
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There ~s a considerable sacrifice in absolute maximum lift coefficient because of the limited 
deflection of the main flap and the fairly large proportion of flap span occupied by the aileron. 

• The flight results suggest, however, that  the aileron span could be reduced by up to 20 per cent 
and still retain sufficient aileron power, thus allowing a greater span for the double-siotted flap. 

4. Lateral Control with Nearly-Full-Span Flaps.--4.1. Sl~ort Span, Wide Chord Ailerons (Fig. 
16.)--Flight experience with ailerons of this unconventional shape was obtained at the Royal 
Aircraft Establishment on a Master I aircraft. The special ailerons had a span of only 0" 21 b/2 
and a chord of 0.4c, there was no forward balance and it was originally hoped that  the response 
effect, due to the large negative value of bl, combined with a geared tab would give satisfactory 
hinge moments. In actual fact the feel was most unpleasant ; large forces were required to start 
a roll but much less force was required to hold a steady rate of roll. This was believed to be due 
to a c0mbinatlon of large response effect and high control inertia. Although the aileron power 
was insufficient, there was no appreciable lag or sluggishness. 

The control was later modified: 

(a) to reduce the inertia, 
(b) to increase the travel from ! 15 deg to + 25 deg, 

and (c) to fit a large spring tab. 

To obtain satisfactory control forces at the large control deflections the spring in the tab control 
was relatively weak and in fact the control approximated to a servo-tab system. These modifica- 
tions caused a considerable improvement in the hinge moments and feel of the aileron, the 
unpleasant effects of the high inertia being very much reduced. The rolling power was still 
inadequate, the increase due to the greater travel having been counterbalanced by the large 
increase in tab size. In spite of this defect it is considered that  the control showed promise and 
might have been entirely successful if partial balance had been obtained by using a set back 
hinge. This would have reduced the size of tab required and so given greater roiling moments. 

The difficulty with this form of control during sideslips, due to the leading wing tending to 
" dig in " as described in the main part  of the report, was never experienced with the Master, 
possibly due to the fairly large dihedral angle of 6 deg. 

4.2. Combination of Spoilers and Short-Span Ailerons (Figs. l l a  and b).--Two fairly heavily 
loaded aircraft have been flown with a combination of circular-arc spoilers just forward of the 
flaps and small-feel ailerons. The first, an American night fighter (Black Widow! is shown in 
Fig. 23a 42 and the second was a modified British heavy bomber (Halifax) shown m Fig. 23b 4a. 
The Black Widow installation was generally considered to be very successful. There was adequate 
rolling moment at all speeds and no appreciable lag but  the control had considerable inertia 
which made it difficult to make small and rapid control movements. During the development 
of the control in America it was found that  if the spoiler slot were sealed then the flap gap also 
had to be sealed to prevent a large loss in control effectiveness for small movements with the 
flaps deflected. ~ 

On the Halifax the control was satisfactory at cruising and high speeds but as the speed was 
reduced below about 130 m.p.h.A.S.I ,  the roiling moment was apparently reduced and there 
was appreciable lag. The spoiler projection on the Halifax was less than on the Black Widow, 
and the overlap between the spoiler and aileron would also help to account for the lower roiling 
moments. 

5. Discussion.--No lateral control which provides roiling moment by simply spoiling the lift 
on one wing has proved entirely successful in flight. As it has been pointed out the overall loss 
in lift necessarily involved, w h e n  rolling with pure spoiler control, can cause difficulty. This 
feature has been continually criticised by pilots because the loss in height whilst " picking up a 
wing " during a landing in gusty conditions adds to the difficulties of controlling the approach 
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path. Since the height lost during rolling will be a function of the percentage-lift change due 
to the spoilers, it seems probable that  this characteristic would be less pronounced when using 

.very ambitious high-lift devices. 

The most successful schemes have included some form of aileron and although this necessarily 
results in a restriction on either the flap span or flap deflection it appears to be worth while as 

(a) it reduces the apparent lag, 
(b) it can be used to provide feel, 

and (c) it is convenient for providing lateral trimming. 

In addition there is some evidence suggesting that  it may be difficult to prevent wing dropping 
at the stall if large local lift coefficients are used right out to the tip of the wing. 

These arguments lead to the suggestion that  spoilers should be regarded as a device for 
augmenting the rolling power of the ailerons. To enable the use of large-span flaps it is further 
suggested that  the ailerons should be either 

(~) wide-chord and short-span, e.g. 0.35c × 0.15b/2, 
or (b) inset in a full-span flap, as on the High Lift M.18 or Youngman-Baynes aircraft. 
The most useful type of spoiler is probably the circular-arc type which is relatively simple and 
should not introduce any hinge-moment problems. There appear to be two alternative positions 
for the spoiler: 

(i) just forward of the flap gap, where it will be least subject to lag but it may  be ineffective 
for small displacements, 

or (if) at about 0.25c aft of the wing-leading edge, where the size of spoiler, for a given rolling 
moment, will be a mmlmmn, thus giving least control inertia, but  the spoiler 
will tend to give lag and sluggishness. 

Probably the greatest difficulty in designing a combined aileron and spoiler lateral control is 
deciding how far the aileron size can be reduced Before the lag and sluggishness of the spoiler 
become objectionable. 

When designing a lateral control using lift-spoilers alone there is considerable difficulty in 
meeting the feel requirement. If the hinge moments are reduced to very small values by using 
the circular-arc type of spoiler, then it appears difficult to obtain a low enough control inertia. 
With slot-lip ailerons the inertia can be kept down but the hinge moments are usually large 
and vary irregularly with control displacement. If the complications of power operation can be 
tolerated then the problem of designing a satisfactory spoiler becomes very much simpler. 

Whilst lateral control with high-lift devices by lift-spoilers alone is not very promising it should 
be remembered that  spoilers may  be particularly useful at high speeds on aircraft with sweptback 
wings. 

6. Comlusio~s.--The general conclusions of the main part  of the report are confirmed by the 
additional evidence which has since been collected. 

Although no lateral control which depends on spoilers alone has been entirely satisfactory, 
the K~gfisher scheme was certainly quite adequate. The main difficulties are still the provision 
of smooth response and reasonable feel. 

Flight tests with wide-chord ailerons indicate that  this type of control can be quite satisfactory 
and it is probable that  between 80 and 85 per cent of the maximum possible flap span can be 
used provided a simple spoiler is added to give additional rolling moment. 

Satisfactory rolling control has been obtained in flight with full-span flaps by slotted-ailerons 
inset in large-chord slotted flaps. At high-lift coefficients the adverse yawing moments are quite 
large but they are not objectionable. 
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