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Summary—Over a period of years a considerable amount of stalling research on various aeroplanes was completed
at the Royal Aircraft Establishment and it was considered desirable that the main results should be swmmarised and
reviewed. . The report includes a general discussion of the effect on stalling béhaviour of wing section, plan form,
washout, flaps, nacelles, gills, slipstream, automatic wing-tip slots and Hudson-type slits. The important part that
is played by the longitudinal trim and stability at incidénces near the stall is emphasised. The relation between wing
sections and their stalling characteristics is discussed and it is shown that the stalling characteristics can be broadly
predicted from an examination of the form of the wing-section upper-surface pressure distribution at high incidences.

The results indicate that vicious stalling behaviour can be avoided by the use of wing sections towards the tip of
fairly high camber (3 to 4 per cent.) and moderate thickaess (>12 per cent.). For some types of aeroplanes there are,
however, serious objections to the use of high camber towards the tips ; the designer is then advised to avoid wing
sections which experiments and theory indicate have particularly bad stalling characteristics. The worst tip thickness
for stalling appears to be in the region of 9 per cent. High faper tends to worsen the stalling behaviour and it is
advisable to consider taper ratios greater than 2:1 only in conjunction with wing-tip sections having good stalling
characteristics. The use of part-span flaps does not appear to cause any marked deterioration in stalling behaviour,
and frequently it improves the behaviour ; but there is some evidence, though not yet conclusive, that the use of full-span
flaps may be accompanied by an appreciable worsening in stalling behaviour. Attention is drawn to the advisability
of examining the flow at high incidences in the neighbourhood of the tail-plane of an aeroplane in the design stage,
with a view to assessing its probable stalling behaviour ; in particular, the possibilities of designing for some stall warning
can then be examined. ‘

1. Imtroduction.—In 1938 Gates' issued an extremely valuable resumé and analysis of the
wing-dropping problem in which he outlined and discussed, in the light of the then existing
knowledge, the main factors which might be expected to determine the stalling behaviour of
aeroplanes. Since then a considerable amount of stalling research was completed, mainly at
the R.A.E., in order to investigate in detail these various factors and to establish their relative
importance. - It cannot be claimed that the complexities of the stalling problem were all completely
unravelled ; nevertheless, as a result of this work our ideas on this important subject have been
considerably clarified, and it is fair to claim that some of the more important queries were an-
swered. The problem turned out to be somewhat simpler than was at first anticipated, since

*R.AE. Repoft Aero. 1718, received 20th April, 1942.
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it appeared that the main factors act to some extent independently of each other, and their

effects can be to that extent separately assessed. The bulk of the work has already been reported..
in detail, but in a number of scattered reports; it was felt, therefore, that a summary and digest

of the considerable body of data available would be of value and interest to designers. At the

same time this summary provides an opportunity of collecting and placing on record the results

of some work on which reports have not been issued.

2. Stalling. Some Preliminary Remarks—When referring to the stalling behaviour of an
aeroplane we generally imply its behaviour at incidences in the neighbourhood of that corre-
sponding to its maximum lift coefficient. At such incidences separation of the air flow from parts
of the wings has begun and consequently more or less rapid changes in lateral and longitudinal
stability and trim result. o : o

e

The lateral instability and consequent wing dropping, which 1s the most serious feature of the
stall, is characteristic of almost all wings. It generally appears at some incidence in the neigh-
bourhood of that corresponding to the maximum lift coefficient, or stalling incidence, and persists
over a considerable range of incidence above that incidence. It is casy to see why this lateral
instability occurs. Consider, first, a simple wing, 7.e. a wing without fuselage, nacelles, etc.
Any asymmetric disturbance tending to start a roll will increase the incidence over the down-
going wing and reduce that of the up-going wing. Consequently, if the incidence has already
reached a point where the flow has begun to break away and the lift over an appreciable part
of the wing has begun to decrease with increase of incidence, a rolling moment in the direction
of the initial roll can develop. The magnitude of this rolling moment will obviously depend on
the rate at which lift is lost with increase of incidence and the distance from the rolling axis of
the parts of the wings from which the flow has already separated. These factors are themselves
dependent on the wing sections used-and the spanwise distribution of lift at stalling incidences,
and the latter in turn depends on the section, taper, plan form and washout of the wings. We
can conclude, therefore, that the rolling instability of a plain wing will be a function of the wing

section used, the section over the outer parts of the wing being most important, and the geometry
of the wing. ‘ - - =

The considerable influence the wing section has on the rolling instability and the rate at which
the flow breaks away from the wing surface has not always been fully appreciated. Attempts
have at various times been made to derive rules for avoiding severe rolling instability based
only on theoretical considerations of the effect of wing geometry on the spanwise lift distribu-
tion®%. The results are of great value in indicating qualitatively the relative effect on stalling -
behaviour of such factors as taper, washout, etc., but their usefulness ends there. The picture

is then far from complete, for the effect of the wing geometry may be profoundly modified by the
wing section used.

When we consider a complete aeroplane, we find additional factors which influence the spread
of breakaway and the stalling behaviour. Wing-nacelle and wing-fuselage junctions are often
ready sources of early separation and compete with the geometcy of the wing in determining the
origin and spread of the flow breakaway. For example, we find that whilst theory would predict
a stall starting outboard of the mid-span position for wings of taper ratio greater than about 2,
in practice such a stall is uncommon even on aeroplanes with wings of much higher taper. Further,
we find that the longitudinal stability, control and trim at stalling incidences have an important
bearing on the lateral stability characteristics. It can be stated that, in general, any aeroplane
will be laterally unstable if its incidence can be raised to a high enough value, but this brings
into question the ability of the elevators to raise the aeroplane to the required incidence. The
thickened wake due to an early breakaway from the wing-fuselage junction may influence the
elevator and reduce its efficiency. This may result in a fairly sudden nose-down pitching moment
which would be reinforced by the nose-down pitching moment on the wing due to the stalling
of the centre-section. This change of trim may be large and sudden enough for the pilot to
interpret it as the stall, although in point of fact the main parts ot the wings may be unstalled.
By pulling the stick further back the pilot may succeed in stalling the wings completely so that
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the aeroplane becomes laterally ‘unstable. On the other hand, the eievator efficiency may be so
reduced as to make it impossible to bring the outer parts of the wings to their stalling incidence:
Engine gills, slipstream and flaps may be expected to modify the intensity and direction of the
centre-section wake and hence affect the stalling behaviour. Wing-tip slots will affect the stalling
behaviour by considerably increasing the stalling incidence over the outer parts of the wings.
Thus, it appears that in addition to being influenced by wing section, plan form and washout,
the stalling behaviour of an aeroplane will be affected by the cleanness of the wing-fuselage and
nacelle junctions, the relative positions of the wing and tail-plane, the elevator efficiency and
range, the settings of the throttle, gills and flaps and the presence and efficiency of wing-tip
slots. The main object of the stalling research at the R.A.E. has been to analyse as far as possible
the mechanism of the complicated interplay of these various factors and to determine their
relative importance in influencing the stalling behaviour.

8. Experimental Technique —In assessing the stalling behaviour of an aeroplane the points
of main interest to the pilot are :— : :

- (1) Is there an adequate warning of the stall ?

2) Does a wing or nose drop first at the stall and how far and fast does it drop ? (A pilot’s
) g rop - drop P
assessment of the viciousness of a wing drop will be to some extent influenced. by the
degree of warning.) :

(8) How effective are the controls at and beyond the stall in preventing a wing from dropping
or in raising a wing once it has fallen ?

(4) Is there any tendency to enter a spin after the stall ?

The procedure faid down in A.D.M.293 (Test 3) for testing the straight stall was designed in
the main with these queries in mind, and hence this procedure was adopted as far as possible
during all the tests. In addition, for most of the tests the behaviour of the flow over the upper
surfaces of the wings was studied by observing and photographing the behaviour of wool tufts
attached at various heights to light posts (about 1 ft high) fixed at a number of points on the
wing surface. It is worth noting here that in the early tests it was thought sufficient to attach
the wool tufts only to the surface of the wing. It appeared, however, that whilst these surface
tufts reflected in a most interesting manner the movements and cross flows of air in the boundary
layer, their behavicur could not be correlated simply and directly with the behaviour of the
aeroplane. Thus, the surface tufts frequently appeared quite agitated before any breakaway
of flow occurred and hence before there was any significant change in the behaviour of the aero-
plane. It was found that the flow breakaway which can be directly related to the behaviour
of the aeroplane could only be properly studied by means of wool tufts placed at various heights
above the wing surface, for they reflected the violent turbulent-motion characteristic of the
separated flow. :

4. Summary of Results.—4.1. General.—The results of fairly detailed stalling tests of a number
of single-engined aeroplanes are summarised in Tables 1A to J and detailed tests of some twin--
engined aeroplanes are similarly summarised in Tables 2A to D. In Tables 3A to L and 4A to C
will be found similar summaries of somewhat less exhaustive stalling tests made on various
aeroplanes as part of routine handling tests. ‘

The stalls have been roughly gradéd according to the following system of classification :—

(1) So good that A.S.I. reading or warning from longitudinal motion are required to indicate
when stalled.

(2) Stall is marked by a gentle nose drop, any wing dropping being confined to a few degrées.’ -
No considerable wing dropping even with the stick hard back.

(3) Initial partial stall where nose drops gently a few degrees. At complete stall a wing
drops, but not violently, and can be prevented from falling by use of ailerons and rudder.
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(4) Initial partial stall where nose drops a few degrees. At complete stall a wing drops
violently and cannot be prevented from falling by use of aileron and rudder.

5) No initial partial stall but the wing drop at the complete stall is not violent and can be
p g drop p
prevented or delayed by the use of ailerons and/or rudder. :

(6) No initial partial stall, the wing drops violently and cannot be checked by use of ailerons
and rudder.

In addition, the warning of the stall has been classified as follows:—

A—The warning is good.
B—The warning is adequate.. R
C—The warning is poor.
" The above classification provides in the main a scale of increasingly unpleasant stalls, but it
‘is admittedly rough. It is readily conceivable, for instance, that a particular stall classified
under (5) might be considered less unpleasant than another stall classified under (4). In addition,

the degree of warning present will considerably modify the danger of a stall, thus, a stall classified
as 6A may well be preferable to a stall classified as 5C.

In the column to be found in the Tables headed ¢ tail-plane position, etc.” the angle quoted
for the tail-plane position is the angle between the wing chord line and the line joining the wing
root leading edge and the tail-plane root leading edge. In most cases these angles have been

derived from small-scale reproductions of 3-view general arrangements and must be considered
as approximate.

. 4.9. Single-engined Aevoplanes (Table 1)—4.2.1. Falcon (Table 1A and B).—The stalling tests
made on the Falcon provide valuable data on the effect of wing section, taper, flaps and wing-tip
slots and are worth discussing in some detail under these headings.

Wing section.—The importance of the wing section towards the tips is clearly brought out.
Thus, we see that with the standard low-taper wing the stalling behaviour with the NACA 4415
wing section at the tip was considered very good, with the Clark YH section the stall was moderate
oor poor, whilst with the NACA 23009 section or RAF 28 section the stalling behaviour was bad.
With the high-taper wing we again note a considerable improvement in the stalling behaviour
when the wing-tip section was changed from Clark YH to either the NACA 4415 section or the
Gott. 387 section. These results are in general agreement with the conclusions drawn in Refs. 1,
5, 33, 34, that increase of camber or thickness towards the tips improves the stalling behaviour.
This point will be amplified later, but it is worth noting at this stage that the spread of breakaway
both spanwise and forwards was much slower and less complete with the tip sections giving good
stalling behaviour than with the other sections.

Taper.—Comparing the results in Tables 1A and B it will be seen that, other things being equal,
‘the increase in taper from 1-8 : 1 to 4-5 : 1 worsened the stalling behaviour. With the low-
~taper wing separation of flow started from the root and spread outwards for all tip sections
" tested ; with the high-taper wing separations started at the tip and spread inwards when the tip

‘section was Clark YH, but started at the root when the tip section was either NACA 4415 or
Gott. 387. Theory>® would predict a stall starting very near the tip on the high-taper wings;
we have here an example, therefore, of the modifying influence of the wing-tip section and
presumably wing-root interference on the spread of separation. Although a stall starting from
the tip may be expected to be more violent than one starting from the root, the importance of the
position from which it starts can be exaggerated. The tests of the low-taper wing with RAF 28
wing-tip section illustrates, for example, a vicious stall originating at the root. It would appear.
that the rate of spread of flow breakaway when it reaches the outer parts of the wings is of
greater importance than the position from which it starts; and increase in wing taper worsens

“¥he stall in so far as it increases this rate of spread of breakaway Perhaps the main advantage
-of a stall starting at the root lies in the fact that it usually induces an adequate stall warning.
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- Flaps—Theory™ predicts that partial span flaps should worsen the stall since they increase
the incidence over the unflapped outer parts of the wings and so cause then to stall relatively
earlier. In many cases, however, this effect appears to be masked by the less direct effect on the
stalling behaviour of the flap wake. We find that the stalling behaviour of the Falcon was,
in fact, improved when the flaps were put down; the increased nose-down pitching moment
and the reduced elevator efficiency due to the flap wake combined to make it difficult or im-
possible to bring the outer parts of the wings to their stalling incidence. The characteristic
feature of the stall with flaps down was a pitching motion accompanied by a flow breakaway
more or less confined to the centre-section.” As the elevator entered the wake of the flap and
centre-section its efficiency dropped, the nose consequently dropped into a dive and the speed
rose. The centre-section then unstalled, the elevator came out of the wake and the nose then rose
again to repeat the pitching cycle. This pitching was reinforced by the changes in the pitchin
moment on the wing as the centre-section stalled and unstalled. If the pitching was allowed to
develop it sometimes became violent enough to cause a dynamic stall, in which case a wing
dropped. Sometimes the elevator still retained safficient power to stall the outer parts of the
wings and so cause a complete stall and a wing drop. This behaviour with flaps down is charac-
teristic of many low-wing monoplanes.

Slots.—On both the high and low-taper wings the automatic slots were successful in producing
very good stalling behaviour. Their success was due to the fact that they considerably raised
the stalling incidence of the slotted outer parts of the wings and the elevator was incapable of
bringing these parts-of the wings to stall; separation of flow was more or less confined to the
unslotted parts of the wings. It follows that slots may not be an absolute guarantee against
vicious wing dropping if the elevator is sufficiently powerful to cause a complete stall.

4.2.2. Courier (Table 1C).—The interesting feature of the Courier tests lies in the fact that
with flaps down the stalling behaviour was worse than with flaps up, unlike the Falcon: and it
became progressively worse with increase of span of flap set down. The effect of the flap wake
on the tail-plane characteristics appeared to be comparatively small in this case. This may
have been partly due to the fact that the main flaps were slotted and therefore had a less intense
wake than split flaps. Tt is interesting to note that the combination of comparatively high taper
and flaps and ailerons set'down was sufficient to cause a flow breakaway beginning at the tip,
although with flaps up the breakaway spread from the root.

4.2.3. Master (Table 1D).—The stalling characteristics of the Master, which had an NACA
23008 section at the tip, were poor with flaps up and worse with flaps down, a bad feature
being the lack of warning. When the tip section was changed to NACA 2415 there was a marked
improvement in the stalling behaviour with flaps up, rather less improvement was found with
flaps down. It is interesting to note that with this modified wing tip, flaps up, separation of
flow did not develop normally beyond the centre section even with the stick hard back, but
opening the throttle (about one-third) made a complete stall with a sharp wing drop possible.
The slipstream then presumably delayed the root stall and cleaned up the flow over the tail-
plane so that the whole of the wing could eventually be completely stalled. Changing the whole
of the wing to NACA 2415 section improved the stalling behaviour a little more, although it was
again found that opening the throttle caused some deterioration. When the standard wing
was equipped with fixed slits of the Loekheed-Hudson type the stalling behaviour was improved
about as much as it was when the wing-tip section was changed to the NACA 2415 section.,

4.2.4. Magister (Table 1E).—The Magister tested in its original state had a bad stall with
flaps up ; with flaps down the pitching motion characteristic of the Falcon with flaps down was in
evidence and the stalling behaviour was somewhat better than with flaps up. The main interest
of these tests lies in the improvement obtained by putting sharpened wedges over the leading
edge of the inboard parts of the wings and rounding the leading edge of the outer parts of the
wings. An early roof'stall was provoked by the wedges, whilst the rounded leading edge over
the outer parts of the wings raised the local stalling incidence. As a result the difference in stalling
incidence between the inner and outer parts of the wings was increased whilst the wake from the
centre-section was intensified so that it was impossible to stall the outer parts of the wings. It must
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be noted that improving the stalling behaviour of an aeroplane by spoiling the root section has the
disadvantage that frequently the stalling speed is raised as a result (3 m.p.h in the case of the
Magister). From the point of view of safety the consequent increase in the landing and take-off
speeds may in some cases outweigh the advantage of improved stalling behaviour.

4.25. Tipsy (Table 1F).—The Tipsy is another example of a low-wing monoplane with fixed
Hudson-type slits. The slits appeared to cause some improvement in the stalling characteristics
~ which were, however, never bad with the slits sealed. The flow separation began at the tip in_
every case and spread inwards, and with the slits sealed there was some evidence of an initial
transient separation over the forward half of the wing tip. Front separation is a phenomenon
that has not otherwise been recorded outside a wind tunnel and is believed to be associated with
transient separation of the laminar boundary layer which will only occur on thin wings at low
Reynolds numbers.* The low Reynolds numbers and wing loading of the Tipsy make it difficult
to draw conclusions from these tests of Hudson-type slits that could safely be generalised to a
typical monoplane with a high wing loading.

 4.2.6. Skua (Table 1G).—The Skua in, its original standard form showed a mild initial stall
associated in the usual way with a centre-section breakaway followed by a fairly vicious complete
stall. With the C.G. on its aft limit there was a tendency to self-stall beginning at an incidence
below that of the initial stall owing to the high position of the C.G. This longitudinal instability
combined with the lack of warning to make the stalling behaviour rather unpleasant. However,
when sharpened wedges were put on the leading edge of the root section the root stall was
provoked at an earlier stage and was intensified. The resulting change in the wing pitching
moment and the effect of the thickened and earlier root wake on the tail plane combined to
eliminate to a large extent the tendency to longitudinal instability before the stall, and so made
it considerably safer even though a complete stall was eventually attained. We see here how
important an influence the longitudinal stability of an aeroplane can have on the degree of
danger associated with its stalling behaviour.

4.2.7. Battle (Table 1H).—The stalling behaviour of the Battle is fairly good because it has a
gentle initial stall produced by a breakaway from the centre-section well ahead of the breakaway
from the rest of the wing.

. 428. Spitfire (Table 1K).—The interest of the Spitfire tests lies in the fact that after an
initial root stall, deep separation on the outer wings appeared first at the tips and yet the stall .
remained gentle. With the engine on, the stall was still gentle, even though the initial oot stall
was suppressed. The Spitfire has exceptionally thin wings towards the tips (NACA 2205);
wing sections of thickness below about 6 to 7 per cent. are known to have flat-topped lift curves
even at full-scale Reynolds numbers*. It is possible, therefore, that the stalling at the tips of the
Spitfire was not associated with any sudden large loss of lift and therefore the lateral instability
was mild. :

. 48, Twin-engined Aevoplanes. Table 2.—4.3.1. Blenheim (Table 2A).—The results of the
stalling tests of the Blenheim illustrate very clearly how the stalling behaviour of an aeroplane
may be profoundly modified, on the one hand, by opening the gills and so spoiling the flow over
the inner parts of the wings and, on the other, by opening the throttles and so cleaning up the
flow there. These effects may be expected to be more marked on a twin-engined aeroplane than
on a single-engined aeroplane since a larger part of the wing surface is affected. The stalling
behaviour of the Blenheim with flaps up, gills and throttles closed was fairly vicious; it is to be
noted that the wing section was RAF 28, a section which has shown bad stalling characteristics
in the Falcon tests. Opening the gills, however, produced a marked stall over the inner parts of
the wings, a consequent increase in the nose-down pitching moment and longitudinal stability
and an early reduction in elevator efficiency. These effects combined to make it very difficult
to stall the outer parts of the wings and the stall was therefore very mild. Opening up the engines
largely counteracted the effect of the gills, and the stalling behaviour then became poor again.

* This point is discussed in more detail in Section 5.2 and the Appendix.
Note added 1951. Front separation has in recent years been noted in flight at normal Reynolds numbers when
thin low-drag sections have been used.
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With flaps ‘down, gills open or closed and -engines throttled back, the stall was mild and
characterised, as on the Falcon, by considerable pitching and little separation of flow beyond
the centre section. Opening up the engines, however, increased the downwash and efficiency
of the tailplane, largely suppressed any warning and rendered the stall vicious.

4.3.2. Monospar (Table 2B).—The Monospar had a peculiar root section which made it dirty ”’
from a stalling point of view. The main parts of the wings beyond the nacelles were more or
less in a mid-wing position relative to the fuselage, but the centre-sections sloped down sharply
from the nacelles to the bottom of the fuselage, whilst the front spar member carried straight on
‘above the centre section through the fuselage. Consequently, for any throttle setting, and in spite
of the high taper, separation always started at the root and thoroughly covered it before spreading
to the ofiter parts of the wings. In addition, the wing section towards the tips had 3% per cent.

camber and was 16 per cent. thick and therefore had good stalling characteristics. These factors
‘combined to make the stalling behaviour very good under all conditions tested. .

4.3.3. Hudson (Table 2C).—The interesting feature of the Hudson is its fixed wing-tip slits,
With the slits sealed it is an aeroplane whose stalling properties one might with some confidence
have anticipated would be poor. It has a poor stalling section at the tip (NACA 23009), high
taper (4-3 : 1), large tail and elevator volume, sweepback, high wing loading and is fairly clean
in design; as a result the stall is fairly vicious with flaps up or down, engines on or off, and there
is practically no warning With the slits open and flaps up, the stall is improved a little, the
aileron control is somewhat better at the stall and the wing drop is not quite so violent. With flaps
down the slits improve the stall considerably ; the evidence then suggests a root stall which cannot
spread over the outer parts of the wings.” When the throttles are opened, however, this root
stall is partially suppressed whilst the downwash and efficiency of the elevators are increased,
‘and we again get a fairly sudden wing drop. On the whole, the fixed slits appeared to have made
a fair improvement to the stalling properties of this aeroplane,.

4.3.4. Hampden and Hereford (Tables 2D and E).—The Hampden has automatic wing-tip
slots. A number of combinations of flap, gill and throttle settings were tried and in every case
but one the breakaway could not be induced to spread beyond the unslotted parts of the wings,
so that the stall was marked by mild pitching without appreciable wing dropping.
However, with the throttles open about two-thirds and the flaps down about one-third of their
travel (20 deg.), the breakaway did eventually spread to behind the slotted parts of the wings
-and a wing dropped fairly gently. With this setting of the slotted flaps their wake was not very
intense, but the lift increment and hence the downwash due to the flap was probably considerable ;
‘this effect combined with the increased downwash, increased tail-plane efficiency and cleaning
up effect due to the slipstream so that it was just possible to stall the outer parts of the wings.

A few, though not comprehensive, stalling tests were also made with the slots sealed and these
indicated that, apart from a reduction in aileron effectiveness near the stall, the behaviour was
remarkably good and little worse than with the slots free. The early stalling over the inner
parts of the wings and consequent loss in elevator efficiency was, even with the slots sealed,
enough to make it impossible to stall the outer parts of the wings ; this suggested that on this
aeroplane the slots were not exercised to any great extent and were therefore unnecessary.

Later, stalling tests were made on a Hereford, which is identical with the Hampden except that
it has Dagger instead of Pegasus engines and oil-cooler entry ducts in the root leading edge.
With the slots free, the behaviour was much the same.as that of the Hampden, but the root stall
and general warning were rather more marked owing to the disturbing effect of the oil-cooler
inlets.  With the slots sealed and throttle closed, separation remained largely confined to the inner
parts of the wings and the stalling behaviour was still very gentle. With the throttles partly
open, flaps up, the flow breakaway did eventually spread over the whole wing and the wing dropped
fairly quickly but not viciously. With the throttles partly open and flaps down, separation was
persuaded to start about two-thirds of the span out along the trailing edge before it spread over
the root, and again the wing dropped fairly quickly but not viciously. The general Impression
was that, although the slots ensured that the outer parts of the wings did not stall, the stalling
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behaviour of this aeroplane with the slots sealed' was tde good to warrant the slots. This is
rather surprising, since the taper is high (3-7 : 1) and the wing section towards the tips (NACA
2311) would not be expected to have exceptionally good stalling properties.

4.3.5. Beaufort (Table 2F).—The tests on the Beaufort® showed that with flaps up there was
an appreciable region of breakaway behind the nacelles at gliding speeds as high as 200 m.p.h.
I.A.S.; at 100 m.p.h. I.A.S. this region covered most of the root section and inner parts of the
wings. With the flaps set down this breakaway was partially suppressed and delayed. The
breakaway appeared to be due to the disturbing effect on the flow of an air intake and petrol
vent above each nacelle; in addition, there was a radiator for cabin heating above the starboard
nacelle. The “ touchiness ” of the flow over the upper surface of large nacelles could not be more
clearly illustrated; and it follows that fromthe point of view of performance, excreseences in
such positions should, if possible, be avoided. The intense and early root stall was obviously
the main cause of the very mild stalling characteristics of this aeroplane. With flaps up and
gills closed or open, and with flaps down, gills open, it was impossible to stall the aeroplane
completely. With flaps down, gills closed, there was a marked initial pitch, any subsequent wing
drop that occurred being in the nature of a dynamic stall due to the violent pitching and wallowing.
A -complete stall in the usual sense was only attained with the throttles open about a third and
the flaps down, when a sharp wing drop followed an initial stall. :

4.4. Miscellaneous Brief Stalling Tests. Tables 3 and 4.—The results summarised in Tables

3 and 4 will not each be discussed in detail but there are particular points of interest that are
worth noting. ,

Lysander (Table 3A).—This aeroplane was so effectively slotted that it was only with the
throttle almost fully open that any degree of stalling occurred, when the gentle wing drop and
effective controls indicated that the stalling was partial and, in the main, confined to the root,

Me.109 (Table 3C).—This aeroplane was made to stall thoroughly and drop a wing in spite of

its slots, but a considerable warning and a preliminary stall combined to make the behaviour
unobjectionable.

Huprvicane (Table 3E).—The standard Hurricane dropped a wing sharply but with fair warning.
The smaller automatic slots (0-385) were partially successful in improving the stall by introducing
‘an initial gentle stall; the larger slots (0-55) were much more successful although they did not -
entirely prevent the complete stall and final wing drop.

Hendy Heck (Table 3D).—The results on this aeroplane provide an interesting illustration of a
case where automatic tip slots provided an initial gentle root stall but failed to prevent a vicious
‘main stall. The high position of the tailplane might be partially the reason for its ability to bring
the wing to the high incidence needed to stall the slotted parts of the wings.

Fairey P.4/34 (Table 3K).—This aeroplane is very similar to the Battle in general design yet
its stall is worse in so far as it shows no sign of a preliminary stall. This difference may be due

‘to the fact that it has rather cleaner lines and the root stall was consequently delayed and less
intense. i :

5. Discussion.—5.1. General—In the light of these experimental results we can now discuss
in greater detail the manner in which the various factors noted in the preliminary remarks of
Section 2 influence stalling behaviour. The first point that is immediately evident is that the stall
can only become dangerous when the flow breakaway succeeds in becoming widespread quickly
‘over the outer parts of the wings. A rapid spread of breakaway with a small change of incidence
“at the stall indicates a rapid breakdown of circulation and consequently a rapid loss of lift and

hence a large rolling instability. The inference from this is that good stalling behaviour can be
_obtained in one of two ways:—

(1) The section used over the outer parts of the wings is such that it does not lose lift rapidly
with increase of incidence at and beyond the stall.

(2) The stalling incidence of the outer parts of the wings are arranged to be beyond the
capabilities of the elevator. :
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In practice, the degree of warning plays an;important part, so that a vicious stall may be
acceptable if there is fair warning either in the form of buffeting, general vibration, falling off
in effectiveness of controls, rapid change of trim, etc., or in a preliminary gentle stall. Further,
the viciousness of a stall is intensified if the longltudmal stability is poor, and large changes of
mcidence occur for small stick' movements.

5.2. Wing Section. —_The relation between wing sections and their stalling behaviour is discussed
in detail in the Appendix, but a brief review of the main points will not be out of place here.
The pressure distribution around an aerofoil in two dimensions is determined by the shape of
the aerofoil section and to a small extent by the Reynolds number. At high incidences near the
stall the pressure on the upper surface generally rises rapidly from a high-suction peak nedr the
leading edge to a small positive pressure at the trailing edge, and separation of flow at the trailing
edge begins when the positive pressure gradient there becomes so large that the boundary layer
can no longer cope with it. If the positive pressure gradient increases in magnitude from the
trailing edge forwards then it may be expected that the breakaway of flow will spread rapidly
forwards and become complete with a relatively small increase of incidence. On the other hand,
if the positive pressure gradient decreases from the trailing edge forwards then we may eXpect
the rate of forward spread of breakaway with incidence to be comparatively slow. It follows
that a section with the former type of pressure distribution will show a large and rapid fall of
lift with a small increase of incidence at the stall, but a section with the latter type of pressure
distribution will have a fairly gentle fall of lift with increasing incidence at the stall. It is found
that the characteristic shape of the pressure distribution of a wing section is well in evidence at
lift coefficients of the order of 1-0. Hence, by obtaining the pressure distribution for a given
section at this lift coefficient, either theoretically or experimentally, one can rapidly assess the
probable stalling properties of that section. Fig. 7 illustrates the close correlation existing
between the lift-incidence curves of a number of aerofoils and their calculated pressure distribu-
tions at a C, of 1-0. It is assumed that the stalling properties of a section in two-dimensional
flow are a good guide to its stalling properties in the complicated three-dimensional flow round
wings at high incidences. This assumption appears to be well borne out in practice and can be
supported by the argument that separation of flow may be expected to be ““ contagious ™ ; a rapid
forward spread of breakaway will help to make the spanwise spread rapid.

This theoretical approach confirms what has already been observed experimentally, namely,
that increase in camber or in thickness (above about 7 to 8 per cent.) towards the tips is accom-
panied by an improvement in the stalling behaviour. - It also confirms that the 230 sections and
the RAF 28 section have poorer stalling properties than most other sections of the same thickness
and camber.

In the above it is implied that stalling always begins with separation of the turbulent boundary
layer at the trailing edge. This is true of all wing sections of thickness above a certain value
depending on the Reynolds number (probably about 6 to 7 per cent. at normal flight Reynolds
numbers).* On sections of thickness below that value the positive pressure gradients immediately
aft of the leading edge are so intense at even moderate incidences that it appears that an early
front separation of the laminar boundary layer occurs, followed by the re-attachment of a some-
‘what weakened turbulent boundary layer which separates in its turn at a higher incidence.
Once this process begins the growth of circulation with incidence is effectively stunted
and the lift incidence curve is flat topped (c¢f. that of a flat plate). The lateral stability
of aeroplanes with wing sections of this order of thinness over an appreciable part of
their outer wings might therefore be expected to be good although the maximum lift
coefficient attained may be low. The results of the Spitfire tests appear to confirm this,
but further experimental confirmation and research is desirable.

5.3. Wing Taper, Washout and Sweepback.—Theory" ** demonstrates that at a given lift
coefficient the higher the taper the higher is the incidence over the outer parts of the wings
relative to the incidence over the inner parts. For example, the maximum incidence occurs at

* Note added 1950. For low-drag wings at normal flight Reynolds numbers the critical thickness is in the region of
9 to 11 per cent.
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‘the root for a plain wing with a taper ratio of 1.: 1, at about.0-5 of the semi-span for a taper
ratio of 2 : 1, and at about 0-8 of the semi-span for a taper ratio of 5 : 1. Hence, it is not sur-
prising to find an increase in taper accompanied by a worsening of the stalling behaviour, as on
the Falcon, since it encourages an earlier breakaway of flow from the outer parts of the wings.
Similarly, washout may be expected to improve the stalling behaviour since it decreases the
incidence towards the tips whilst washin will worsen the stall. A disadvantage of using washout
to improve stalling behaviour is the fact that a considerable amount is generally required to have
a marked effect, and this implies in general an appreciable increase in induced drag. A detailed
discussion of the relative magnitude of these effects is given in Ref. 32; as already pointed out,
however, the effect of taper or washout on stalling may be cons1derably modified by the wing
section used and the effect of slipstream, nacelles, etc.

There is some experimental evidence®* to show that sweepback encourages early tlp stalling
and sweepforward encourages early root stalling. There appears to be a tendency for a secondary
flow to be set up in the boundary layer towards the wing root due to the lateral pressure
gradients which become greater with decrease of sweepback. The slow moving air, moving in
towards the root, increases the tendency to separation there, and it follows that decrease of
sweepback will encourage root -stalling.

5.4. Flaps—The flight results indicate the number of conflicting ways in which partial span
flaps can affect the stalling behaviour. We find in fact, about as many cases in which they improve
the stalling behaviour as cases in which they worsen it. There are four main effects :—

(1) They increase the upwash over the outer unflapped part of the wings and therefore the
incidence there.

(2) They tend to clean up any * dirtiness ”’ of the root.
% (8) They increase the downwash at the tail-plane

(4) Their wake may envelope the tail-plane at incidences in the neighbourhood of the stall,
reducing its efficiency and causing a change in trim. This is generally accompanied
by tail buffeting and pitching which increase the stall warning. ’

Effects (1), (2) and (3) operate to worsen the stall, examples where they tend to dominate are
the Master (Table 1D), Hotspur (Table 3G), Courier (Table 1C) and some of the slotted aeroplanes
such as the Taifun (Table 8B), Hendy Heck (Table 3D) and Hurricane (Table 3E). Effect (4)
operates to improve the stall; the Falcon (Tables 1A and B), Magister (Table 1E) and Blenheim
(Table 2A) provide good examples where it plays the dominant part. For any given design the
position intensity and width of the wake and the downwash at the tail plane can be estimated
from the comprehensive charts and data given in Refs. 38, 39; hence, it should be possible to
gauge how important effect (4) will be.

The deterioration of stalling behaviour with increase in span of flaps set down, as noted on
the Courier, raises the question whether aeroplanes using full-span flaps may be expected to have
bad stalling characteristics. The effect (1) then does not arise but an additional factor arises
which may strongly reinforce the tendencies worsening the stall. It is known that however
round-topped and gentle the lift and incidence of an unflapped wing section may be, when that
wing section is flapped the lift-incidence curve becomes sharp and a considerable and sudden
loss of lift may occur at the stall. It follows that with full-span flaps the section of the flapped
outer parts of the wings will have poor stalling properties. Some tests on a Parasol monoplane®
with a retractable-arc flap, which could be put down in spanwise stages, showed a very consider-
able worsening in the behaviour at the stall when the span of the flap set down was increased
from part to full spaii. When the same aeroplane was equipped with a full-span Zap flap*,
however, the stalling behaviour was quite gentle with flaps up or down. This may have been
due to the fact that the Zap flaps, unlike the retractable-arc flaps, had a fairly large chord, and
the considerable masking effect and pitching moment due to them may have made it impossible
to stall the aeroplane completely. Some National Physical Laboratory model tests on tapered
wings with flaps of various span® indicated that, with moderate taper, flaps of span as great as
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70 per cent. of the wing span could be used without serious effect on the lateral stability at the
stall. As the flap span was increased from 70 to 100 per cent. of the wing span, however, the in-
stability at the stall increased very rapidly. Further experimental evidence on this point is
desirable as designers of high-lift aeroplanes tend to the use of flaps approaching the full wing
span in size. .

3.5. Nacelles, Gills and Slipstream.—The effects of nacelles, gills and slipstream are amply
illustrated by the experimental results reviewed. We see that nacelles frequently introduce
centres of early separation which being located over the inner parts of the wings help to improve
the stalling behaviour. Their effect is two-fold. Firstly, the wake from the disturbed regions
may reduce the efficiency of the elevator and introduce buffeting as a. stall warning. Secondly,
when the flow separates from the inner parts of the wings the nose-down pitching moment and
longitudinal stability increase. Opening the gills generally intensifies these effects considerably
as do also excrescences on the upper surfaces of the nacelles. Slipstream acts in the opposite
way by cleaning up the flow round the nacelles and over the root section ; in addition, the slip-
stream may increase the efficiency and downwash of the tail plane. The importance of including
in routine stalling tests some tests with throttles open will be realised from these remarks; an
aeroplane which may be safe at the stall with engines off may be dangerous with engines .on.

5.6. Automatic Wing-Tip Slots and Hudson-Type Slits—It is evident that if automatic wing-tip
slots are efficiently designed and of adequate span they are very effective in producing good
stalling properties; but it is worth emphasising that their effectiveness is always subject to the
elevators being unable to raise the slotted parts of the wings to their stalling incidence. The
Hendy Heck provides an instance where the elevators were capable of stalling the slotted parts
of the wings and the resultant wing drop was vicious. However, the design of an aeroplané
would have to be most unusual if in reaching those incidences a considerable degree of warning
was not given by buffeting and vibration induced by the wake of the thoroughly stalled centre-
section. ,

For some high-lift designs the use of full-span slots is béing considered. With uniform full-span
slots of efficient design the difference between the stalling incidences of the inner and outer parts
of the wings can be little more than the difference when thé wing is unslotted. Since slotted
sections generally have sharp-topped lift curves, we can anticipate that an aeroplane with such
slots may have poor stalling characteristics. This possibility can to a large extent be avoided
- by splitting the slot into inner and outer portions and designing the outer portion to have a
higher stalling incidence than the inner portion. '

Hudson-type slits also help the stalling behaviour by raising the local stalling incidence ; but
* they are not so effective as wing-tip slots, and the extra drag caused by them at high speeds
prohibits their use over more than a small part of the span on aeroplanes whose speed is of any
importance. It is estimated that they double the local wing profile drag; consequently, their
usefulness is limited. Nevertheless, on the Hudson and Master they apparently succeeded in
changing the stalling behaviour from bad to borderline or even passable.

It will be noted that, because they delay the stall over the outer parts of the wings, slots
(automatic or fixed), generally improve the effectiveness of the ailerons at high incidences.

5.7. Stall Warning —As already noted a pilot will generally tolerate an aeroplane with vicious
stalling characteristics if he is given adequate warning of the approach of the stall. The impor-
tance of the stall warning cannot, therefore, be too strongly emphasised. Unfortunately the
conditions which promote a bad stall are generally those which provide little warning ; conversely,
a good stall is generally accompanied by ample warning. Thus, the warning usually takes the
form of vibration, pitching, tail buffeting or rapid change of trim which are evidence of an early
root stall. A reduction in the effectiveness of the controls sometimes provides a warning but
is frequently difficult to separate from the usual reduction in effectiveness due to the reduction
in speed. "
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A case can be made out, therefore, for.the installation of some artificial stall warning device
on aeroplanes which have a bad stall with inadequate warning and (a) are likely to be flown by
unskilled pilots, e.g. ab initio trainers, (b) may be involved in manoeuvres where the pilot may
- wish to fly as close to the stall as possible, e.g. fighters in combat doing tight turns, (c) are used

at night and are liable to be brought in to land at too great a speed owing to the pilots’ fear of
stalling. Some of the work that has been proceeding both in America and here on the develop-
ment of stall warning devices is described in detail in Ref. 42. It appears that the problem of
providing the warning at the right moment for most manoeuvres for which it is required is largely
solved, but the forim the warning should take still presents difficulties.

6. Concluding Remarks.—What advice can be culled from the foregoing for the designer who
wishes to avoid bad stalling properties in a new design ? The advice can be fairly definite for
the designer of an aeroplane for which the top speed is of no great importance but which must be
reasonably free from vice at low speeds, e.g. an ab nifio trainer or a long-range patrol aeroplane.
For such aeroplanes a section over the outer parts of the wings of fairly high camber (3 to 4 per

.cent.) and a moderate thickness at the tips (> 12 per cent.) would ensure a non-vicious stall and
is unlikely to be seriously objected to on other grounds.

The designer of a high-speed aeroplane is faced, however, with a more difficult problem. The
conditions that ensure good stalling properties are nearly always in conflict with those required
by high performance. The designer will naturally try to keep his fuselage and nacelle junctions
as clean as possible, and he will in general be reluctant to use high camber at the wing tips, large
washout or fixed wing-tip slits because of the extra drag involved. An additional objection can
be raised to high-camber wing sections over the outer parts of the wings on account of the large
pitching moments involved ; they may necessitate large tail loads in high-speed dives for which
the designer must provide extra strength.* Automatic wing-tip slots involve extra weight and
some complication of design. On the other hand, the designer is attracted by the reduction in
structure weight offered him by the use of high-wing taper. Nevertheless, so far as multi-engined
aeroplanes are concerned, some consolation can be extracted from the fact that the modern
tendency to increase power and wing loading is necessarily accompanied by an increase in nacelle
and fuselage sizes relative to the wing area. Consequently, it is becoming increasingly difficult
to keep the nacelles and fuselage junctions clean, even at cruising incidences, and this would

suggest that the chances of a multi-engined aeroplane having a vicious stall without warning are
decreasing.t

However, the designer of a high-speed aeroplane is advised to avoid if possible the use of a -
section over the outer parts of the wings which experiment and theory indicate have particularly
bad stalling properties; there are generally other sections of the same thickness and camber
with far better stalling properties. In this connection the discussion of section 5.2, the Appendix,
Table 5 and Fig. 7 should be of some help. He should try to keep the wing-tip thickness as high
as possible, the worst thickness for stalling is in the region of 9 per cent.] There is a possibility,
however, that if he adopts an extremely thin wing-tip section ( <6 to 7 per cent. thick) the stalling
behaviour will be satisfactory, but this requires further investigation. It is advisable to consider

taper ratios greater than about 2 : 1 only in conjunction with tip sections having good stalling
characteristics.

The important part played by the tail-plane position, elevator power and range in determining
the stall warning, longitudinal trim and stability characteristics near the stall cannot be too
strongly emphasised. In the preliminary model tests of a new design it would probably pay the
designer to examine carefully the position, extent and intensity of the wake and its relation to the
tail plane at incidences approaching the stalling incidence of the outer parts of the wings. Such

* It may be possible to reduce the pitching moment by the use of reflex, e.g. by rigging up the ailerons, without
impairing the good stalling qualities, but this requires further investigation.

+ These remarks were made with piston engines in mind. The clearness and relatively small size of jet engine
installations will make them less likely to induce a root stall, and so the tendency for a vicious stall will be greater.

% For low drag sections the worst thickness is likely to be in the region of 11 to 12 per cent.

12



an -investigation should help in*asséssing the probable stalling behaviour of the aeroplane, in
particular it should indicate possible arrangements for which a stall warning should be present.
Scale effect will undoubtedly affect the results of such tests, but for this purpose it is felt that the
scale effect should not be serious; the results can and should be checked, however, by means of
the data and charts of Refs. 38, 39. It is worth noting that the region in which buffeting is felt
is wider than the wake proper, which is normally defined as the region in which the total head is
less than.the main stream value. The results of R. & M. 1457% suggest that the « buffeting wake "
is about twice as wide as the actual width of the wake. We may expect, for example, that if the
wake is situated at about a third of its width below the tail-plane at an incidence below the stalling
incidence of the outer wings some tail buffeting, and hence a stall warning, will occur.

D

APPENDIX

Wing Sections and their Stalling Characteristics
By

H. B. Squire, M.A. and A. D. Younc, B.A.

K

1. Stalling of Thin Sections.—For most sections at present in use at flight Reynolds numbers,
stalling arises from the separation of the turbulent boundary layer at the trailing edge, but very
thin sections provide an important exception to this rule. Jones® introduced the distinction
between ¢ front” and “rear’ stalls by examination of the results of pressure plotting and lift
measurements made at a Reynolds number of 10°; he noted that increase of Reynolds number
‘is favourable to rear separation but unfavourable to front separation. It now appears from an
examination of the available data, particularly that given in Ref. 44, that this front stall does
not occur at a Reynolds number greater than 10° except on very thin sections (less than about
.7 per cent. thick)* with small leading-edge radius. The front separation, when it occurs, appears
to be a separation of the laminar boundary layer which is generally followed for R > 10° by the
re-attachment of a turbulent boundary layer, which separates in its turn from the trailing edge
at a higher incidence.

The important feature of the behaviour of thin aerofoils with small leading-edge radius arises
from the fact that, owing to the stunting effect on the growth of circulation of this early front
‘separation, the lift coefficient remains approximately constant with increasing incidence once
the separation starts. The lift curve of NACA 2306 (leading-edge raditus 0-004c) for R = 3 x 10°
is shown in Fig. 1 and is typical of the lift curves found for all thin sections of the same or smaller
leading-edge radius, provided that the camber is not more than 4 per cent. Tests of flat plates
show similar results®. As explained in the body of this report, if wing sections having such
flat-topped lift curves are used over the outer portions of the wings of an aeroplane then severe
lateral instability at the stall will not occur.

It is probable that for thin wing sections the radius of curvature of the leading edge is the
.most important parameter determining whether the lift curve will be similar to Fig. 1; an
examination of the data given in Ref. 46 suggests that the leading-edge radius should be not
greater than 0-5 per cent. of the wing chord. ‘ ‘

* Or low-drag sections less than about 9 per cent. thick.
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' 2. Stalling of Wings of Moderate Thicksness.—Separation of the turbulent boundary layer from
the trailing edge is determined primarily by the local conditions there. It can be argued, on
dimensional grounds, that the velocity distribution across the turbulent boundary layer and the
condltlons of separation are controlled by a parameter of the form

U

where U is the velocity at the outer edge of the boundary layer, U’ the velocity gradient at the
edge of the boundary layer, and é is the boundary-layer thickness.

The function f (Ué/») cannot be specified exactly at present but it must be a function which
increases very slowly with increase of Us/v». Since we are only concerned with the qualitative
characteristics of separation it is sufficient to neglect this undetermined function, and take

T = U's/U

as the parameter which determines the velocity distribution across the boundary layer. Separa-
tion will then occur when I' falls to the value — K, some constant which need not at present be
determined. We therefore take the condition for separation as

U’s

U

In support of the argument that the parameter I' largely controls separation we find it enables
us to explain the known variations of the maximum lift coefficients of aerofoils with Reynolds
number and surface roughness as follows :(—

s (i) For aerofoils with fully turbulent boundary layers 6 falls with increase of Reynolds
number. Hence at separation, since I' = — K, |U’| increases with increase of Reynolds
number, and the incidence at which the maximum lift coefficient occurs will therefore
also increase. It follows that C; ... increases with increase of Reynolds number, as is
experimentally observed®.

(ii) On thick; highly-cambered aerofoils, such as G6tt.387, the boundary layer is not fully
turbulent at high incidences’ and low Reynolds numbers. Increase of Reynolds
number, combined with the effect of stream turbulence, then increases ¢ at the trailing
edge by causing the transition point to move forward It follows that C; ... should
decrease with increase of Reynolds number until the boundary layer is fully turbulent,

~ after which it should increase with increase of Reynolds number as explalned above.
This result is also in accordance with experiment®.

~ (iil) Surface roughness increases the boundary-layer thickness, 6, due to the increased surface
friction. It follows that for I' = — K, separation occurs for a smaller numerical
value of U’ at the trailing edge if the surface roughness is increased, 7.e. at a smaller

value of the incidence. This corresponds to the experimentally observed fall in Cy pus
due to roughness”. ’

Assuming, therefore, that the parameter I' controls the separation of the boundary layer, we
can proceed to relate the stalling behaviour with the wing-section shape by considering the
pressure distribution and its relation to the T' distribution over the upper surface at stalling
incidences. Since 6 increases steadily from the transition point to the trailing edge for all aerofoils,
and 9p/8X or U’ are the quantities which differ most between different sections, it follows that
the pressure distribution on the upper surface is the major factor which determines the character-
istic features of the T distribution of a section. For example, consider the upper-surface pressure
distributions of two aerofoils A and B near their stalling incidence shown in Fig. 2(a), 2(b). The
corresponding I' distributions for the incidences «,, < a, < o5, Where o, is approximately the |
stalling incidence, are shown in Fig. 3(a) and 3(b), and it will be seen that these differ considerably.
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For aerofoil A, due to the convexity of the pressure distribution*, I' increases roughly linearly
from zero at the point of maximum suction to its value at the trailing edge. It follows that, as
the incidence increases through the stalling incidence, the region over which T' has reached its
critical value increases relatively slowly, and the boundary-layer separation will therefore move
forward slowly. Hence the lift curve will be round topped as shown in Fig. 4(a). For aerofoil B
on the other hand, the convexity of the pressure distribution causes I’ initially to increase rapidly
from zero at the point of maximum suction and then flatten out so that its gradient over the
rear half of the aerofoil is small. It follows that I' quickly reaches its critical value over a large
part of the aerofoil as the incidence passes through the stalling incidence. Consequently,
separation moves forward rapidly, once it has started, and the stall is sudden, so that the lift
curve may;be expected to have a sharp peak as shown in Fig. 4(b).

The effect of section shape on the upper-surface I' distributions was confirmed by analysing
experimental pressure distribution for the sections NACA 4412% and NACA 23012* for a Reynolds
number of about 3 x 10°. The results obtained are shown in Figs. 5, 6. Unfortunately, the
experimental data are not accurate enough to define I' satisfactorily over the rear 0-2¢ of the
aerofoils and the measurements with the section NACA 23012 did not extend up to stalling
inciderice. The difference in character of the curves for.the two sections is, however, apparent,
and indicates that forward spread of separation will be far more rapid on the NACA 23012 section
than on the NACA 4412 section.

The above discussion leads to the conclusion that the pressure distribution on the upper
surface of an aerofoil at a fairly high incidence, which may be determined either by calculation
or by experiment, is a good guide to the stalling characteristics of the section, since it controls
the distribution of the quantity I', and therefore determines the rate of spread of separation
forward from the trailing edge. . Before this argument can be accepted, however, it is obviously
necessary to be satisfied that the pressure gradients over the unstalled parts of the wing are not
greatly modified by the stalled region near the trailing edge. This, however, is borne out by the
results of a complete investigation of wing section NACA 4412*, from which it appears that the
form of the calculated distribution remains a good guide to that of the actual distribution over the
unstalled forward part of the wing, provided that the Reynolds niimber is greater than about 10°.

We can conclude, therefore, that the stalling behaviour of an aerofoil will be indicated by the
degree of concavity of the upper-surface pressure distribution at high incidences. Since it is
only the characteristic form of the pressure distribution with which we are concerned it is sufficient
to consider the pressure distribution at any reasonably high incidence; in comparing different
wing sections it has been found convenient to consider the pressure distributions at C, = 1-0.
Various methods of gauging the concavity of the upper-surface pressure distributions suggest
themselves. The considerations that (a) the pressure distributions all apply to the same lift
coefficient, (b) the lower-surface pressure distributions are much the same for all aerofoils, (c) the
pressure coefficient at the trailing edge is; in practice, small and positive and much the same for
all aerofoils, lead to the conclusion that a very simple, though somewhat rough, guide, to the
concavity of the upper-surface pressure distribution is the magnitude of the suction peak. In
Fig. 7 the theoretical pressure distributions® at C; = 1-0 and lift curves for a number of aerofoils
are shown. The aerofoils are arranged in the order of magnitude of their suction peaks. The
close correlation between the pressure distributions and lift curves suggested by the above
reasoning will be at once apparent. An exception appears to be the reflexed aerofoil NACA M8,
for which the suction peak suggests a stall much worse than is indicated by the lift curve. The
suction peak is, however, only an approximate guide to the curvature of the pressure distribution,
and is here followed by a kink in the pressure curve convex upwards, which tends to improve
the stall; the prediction of the stalling behaviour by means of the suction peak is therefore

pessimistic. Such cases are, however, unusual.

The main characteristics and magnitudes at the suction peaks of the aerofoils considered are
given in Table 5. It will be seen that, in agreement with the experimental results already
described, RAF 28 and NACA 23012 sections would be expected to have bad stalling qualities

* The convention is here adopted that negative pressures are denoted by positive ordinates.
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whilst Gott 387, NACA 4412 would be expected to have good stalling qualities. In addition,
general deductions are possible as to the effect of various parameters such as camber, thickness,
etc. on the stalling propertles The following conclusions, which, in the main have already been
arrived at empirically’ ® * immediately suggest themselves :—

(a) Increase in camber improves the stall (¢f. the aerofoils NACA 0012, 2412, 4412).

(b) Increase in thickness above 9 per cent. improves the stall (¢f. the aerofoils NACA 2409,
2412, 2415).

(c) Bringing the maximum camber forward, as in the NACA 230 sections, appears to have a
bad effect on the stall.

The need tor a classification of aerofoils according to their stalling qualities has already been
pointed out in Ref. 1. Since it is a comparatively simple matter to calculate the pressure distribu-
tion for a given wing section, the classification of aerofoils according to the magnitude of their
upper-surface suction peaks at C;, = 1-0 as indicated in Table 5 can easily be extended to include
all the aerofoils in common use today and any aerofoils (except thin ones) that may be introduced
in the future. Such a classification, broad as it must be, would nevertheless enable a designer to
obtain quickly a rough idea of the stalling qualities of any aerofoil in which he may be interested.
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Summa; v of Delailed Stalling Tests.

TABLE 1A.  Falcon [Low-taper]

Single-engined Aeroplanes

Tail plane
p OSIt(llon Wing Sections
Ref vozitru.lme Stall
No. Description, etc. Slots Flaps elevator - grade
0. range ; Stall Warning Behaviour at and beyond stall Spread of flow breakaway _| [see § 4]
and Root Tip : :
volume
2 | Low Wing Plaster Split 113° C. Y. H. Section | Slois closed, flaps up — | Slots closed, Sflaps up.—TLateral | [Only surface tufts used. 5¢c
Taper = 1-8:1 Type 0-152% 0-39 tc =0-19 |¢/c = 0:08 | Slight lateral instability. | stability good down to stall, ‘Deep ’ turbulence not ob-
Sweepback = 14° | Automatic| 0-58b . 428° at stall wing drops fairly | served].
- Dihedral - = 5° Span 0-4b 0-15 gently to steep spin. Wing | Slots closed, flaps up.—* Shal-
w = 13 1b./sq. ft. cannot be raised by controls. low ’ turbulence starts at root
and spreads outwards and
forwards over wing as it drops.

Slots closed, flaps down.— | Slots  closed, faps  down.— | Slots  closed, flaps down.— 2a
Pitching gscillation. Severe pitching oscillation |  Shallow’® turbulence evern-

begins near stall. No ten- | tually covers most of win g
dency to drop a wing or spin. | and fluctuates with pitching.
Lateral control good down to

stall.

Slots open, flaps up— | Slots free, flaps up.—Lateral | Slots free, flaps wup.— Shal- 1c
None. stability good up to highest | low” turbulence does mnot

incidences attainable, Lateral | spread much beyond un-
. control good. slotted parts of wing,

Slots open, flaps down.— | Slots free, flaps down.—Severe | Slots Jree, flaps down.~—Similar 24

Pitching oscillation. pitching  oscillation. Wing | to slots closed, flaps down. -
may drop slowly into spiral.
Lateral control good.

3 Low Wing. — Split 113° C.Y.H. NACA | Flaps up—Slight un- |Flaps up.—Change in longitu- | Flaps wup.— Deep’ turbu- 3c
Taper = 1-81 0-152x 0-39 tle=0-18 4415 steadiness and lateral | dinal trim, wing drops gently | lence starts at root and
Sweepback = 13° 0-58p +28° instability. 15°-20° into mild falling leaf. | spreads slowly spanwise along
Dihedral = 5° 0-15 Stalled glides possible with | rear half of wing. Frontpart
w = 13 lb./sq. ft. use of rudder and ailerons. of wing rarely affected ap-

preciably.

Flaps down.—Very slight. | Flaps down.—Nose pitchesand | F, laps down.—Similar to flaps 2c

wing drops gently a few de- | up but modified by pitching
grees ; pitching oscillation | motion.
sets in. Stalled glides possible.
C.Y.H. C.Y.H. | Flaps up—Slight lateral | Flaps up—Wing drops fairly | Flaps up.—Starts at root and 5¢
te =0-18|%/c =0-09| instability. quickly into spiral or spin. | spreads spanwise along rear
Not violent. half of wing; foremost tufts
’ rarely affected.

Flaps down ~Pitching and | Flaps down.—Wing drops and Flaps down—Similar to flaps 5a
reductionin aileron effec- | then violent pitching motion | up but modified by pitching
tiveness. ' obscures the lateral behaviour.| motion.

C.Y.H. NACA | Flaps wp—Very slight Flaps wp— After initial roll, | Flaps up.—Starts at root and 5¢
tle=0-18 23009 pitching oscillation. nose and wing drop fairly | spreads outwards and for-
quickly into falling leaf or | wards quickly to cover com-
steep spiral. Stalled unsteady | plete outer wing.
| . glides occasionally possible.
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~ TABLE 1—conid. L

ABLE 1A. Falcon [Low—taper]—bontd.

| Tail plane:| . .., - -

‘ P°Slté°n . Wing Sections e ‘ : aE , |
Ret.’ M me, - S : : 1 Stan
N?) .|  Description, etc. | Slots .| Flaps - ;’12‘220; ) | ' Stall Warning - - ,| Behaviour at and beyond stall,| Spread of flow breakaway || grade

' range | ; g C { ) . . ’ | [see§ 4]
and .| Root Tip : . - ‘ o
volume - A T
C.Y.H. i| NACA - Flapsdown.—Slightpitch-‘ Flaps down'—Afterinitial mild .| Flaps down.—Similar to flaps’ 4B
J|#je=0-18| 23009 ‘| ing. | wing" drop, nose pitches up,| up; wing wholly turbulent in
. ‘ i L ] violently and' wing drops’| ‘stalled glide. R

: i : ' ’ | vieiously into spiral. Stalled . ‘ ,

: ‘ i{ glides occasionally possible. ;

: C.Y.H. .| RAF28 ‘| Flaps up.—Slight lateral | I laps up.—Behaviour is vari- i| Flaps up.—Starts at root and ; 68

. : 'l oscillation and loss of feel..| able; usually afterlargerolling {| spreads outwards and - for-:

: : o | oscillation wing drops sharply || wards quickly to cover com- .

: ] : R . ~i| into spin or spiral. | plete wing. : ;

e O S . IR R - | Flaps down.—Slight later- | Flaps down.—Wing drops dur- | Flaps down.—Similar to flaps:| 4B

. . ) © | i dnsteadiness and [ ing éach Pitching oscilltiod | up, "modified by pitching

‘ change of trim. | and rises again. Y| motion. ;
TasrLe 1B. Falcon [High-taper] :

4 | Low Wing. ‘| Plaster Split 112, | CY.IL Section .| Slots closed, flaps up ~Very 1| Slots. closed, flaps up.—Wing. Slots closed, flaps up —Spreads | 6¢

: Root chord Type 0-162%, 0-39 tjc = 0-18 |#jc = 0-08 | slight. | drops quickly to steep angle, | inboard from tip T.E., first!
Taper [W ‘| Automatic;, 0-586 +28° . ] followed by nose. Canmot be | along T.E. and then inboard

I — 4.5:1 Span 0:5b ' 0-15 : . | controlled after stall. o i| along front tufts from tip. .

Il Sweepback = 2° ‘ ‘ : | Stots closed, flaps down.:| Slois closed, flaps down.—Simi- }| Slots closed, Sflaps down —Simi- 6c

1 Dihedral = 4-5° J|. Very slight. . .| lar to flaps- up. Pitching | lar to flaps.up. -

w = 1285 Ib./sq. ft. : | " statts after wing drops. : ) . ) -
. : o B i : | Stots free, flaps up.—Slow | Slots free, flaps up —Slight | Slots free, flaps up.—Apart:| 2B

; S lateral and slight pitch- | pitching and slow lateral | from rear outboard tufts,.

: il ing oscillation. 1 oscillation. No tendency to; mno sign of deep turbulence '
spiral or spin. Aileron con-’ elsewhere, even with stick’
) o : . , ] ) trol good and glides easy | hard back. .
' . ; ' ' ' | even with stick hard back. ' ;
e e : Y I ERSEE - Slots ~free, flaps- down. | Slots free, flaps down.—Strong” | Slots free, flaps down—Similar | - 2a
‘ Slow lateral oscillation. pitching = oscillation ; wing || to flaps up. |
: o ; . i| drops slightly followed by ; i

‘ ! ; . ; o )| irregular spiral, . ) {

5 | Low Wing. ~ : — . Split 114° - | C.Y.H. NACA | Flaps up—Slight lateral | Flaps up—Nose dropsalittle; | Flaps up.—Spreads slowly | 2¢
’ Root chord™ | | 0-156x| 0-39 tle=10-18 4415 ! oscillation. | some mild lateral instability | outwards from’ root along’ :
| Taper [W 4 0-58p i 28 ¢ i | and gentle falling leaf; build | T.E. Only rear tufts out to
i — 4-5:1 0-15 . up slowly. Stalled glides, | two thirds along spanaffected

— o Sweephack = 2° - - - B C e e - - .| stick hard back, can be main- | at stall. Tip tufts become

Dihedral = 4-5° . . tained by coarse use of the | affected only if falling leaf
w = 12-851b./sq. ft. N . . : :| controls. allowed to become violent.
) Flaps down.—Slightly la- | Flaps down.—Mild lateral in- | Flaps down.—Similar to flaps
: - .7 -] - -+ | teral and pitching-oscil- | stability on which is super- | up but modified by pitching.
lation. - imposed a fairly violent ’
- |- R pitching oscillation.
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—contd.

b BEDC O

'ABLE 1B. Falcon L_'{igh—t_aper]——conid.

Tail plane
‘ po:g;éon ‘Wing S:ections Stall
Ref, Description, etc. Slots Flaps volume, Stall Warning Behaviour at and beyond stall Spread of flow breakaway grade
No. £ : >0t i elevator e o : [See § 4]
range
and Root Tip
volume
Not | Low Wing. — Split 114° C.Y.H. Gott. Flaps up.—None. Flaps up, engine off —Initial | Flaps up, engine off ~—Starts 3c
Yet Root chord 0-15T % 0-39 tle =0-18 387 increase in longitudinal sta- | at root and spreads slowly )
pub- | Taper [W 0-58b +-28° tle =0-15 bility and mild rolling oscilla- | outwards along T.E. to two-
lished — 4-5:1 0-15 tion. As stick comes back | thirds of span. As'falling leaf
Sweepback — 90 rolling oscillation increases | becomes violent deep turbu-
Dihedral =— 4.5° and falling leaf of increasing | lence spreads over major part
w = 12-85 1b./sq. it. violence begins. Controlled | of wing.
! glides are possible.
Flaps up, engine -om.—Some
tail buffeting at stall when :
) o a wing dropped gently. | Flaps down.—Similar to flaps 2c
Flaps down.—None, Flaps down.—Similar to flaps | up. ’ :
up except that pitching mo-
tion is superimposed. ’
TaBrLe 1C. Courier
6 & | Low Wing, . — Slotted +113° NACA NACA [ (1) Flaps and ailevons up. | (1) Flaps and ailevons’ up— | (1) Flaps ‘and ailevons wup.— 5¢
1 Taper = 2-7:1 0-252% 042 2219 2212 - —Slight vibration. Wing " drops fairly slowly. | “Spreads’ slowly along T.E.
Sweepback = 2° 02750 +-23° Stalled glides possible. from root and returns quickly
Dihedral = 4-5° Split 0-:19 - along front half of wing as
w =137 1b.[sq. ft. 0-137 ) : : wing drops.
A =771 0-22p (2) Flaps and  ailevons | (2) Flaps and ailevons down.— (2) Fiaps and ailevons down.—- 6¢
/ down.—Slight tail buffet- | Wing drops very sharply at | Spreads inwards from T.E.
Slotted ing. stall; stalled glidesimpossible. | near wing tip fairly quickly
Ailerons : N and forwards as wing drops. :
(23°) (8) Slotted flaps and ailer- | (3) Slotted flaps and_ ailevons | (3) Not recorded. 5¢
0-28% ons down, split flaps up. | down, split flaps up—Wing. .
0-435b —S8light tail buffeting. - dropping milder than with all
' flaps and ailerons down, but
stalled glides impossible. :
(4) Al flaps down, ailevons | (4) Al flaps down, ailerons up. | (4) Not recorded. 5¢
up.—Slight vibration. —Similar to case (3) above, - .
TaBLE 1D. Master
I
7 & | Low Wing. ’ — Split +94° NACA NACA | Flaps up.—None. Flaps up —Lither nose or wing | Flaps up.—Not observed. 5c
unpub-| Taper = 1-8:1 0-13¢ x 0-415 23024 23008 or both drop fairly sharply :
lished | Sweepback = 0° 0-51p o ’ but not violently. Stalled
data | Dihedral = 6° 0-135 glides have been known but
| .w = 211b.[ sq. ft., are very difficult. 6c

A = 6:1

Flaps dowin—~Noéne."

" Flaps down—Wing and nose

drop quite sharply to a steep
angle.

Flaps down.—Not observed,
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TABLE 1—contd.

TABLE 1D. Master—conid. |

Tail plane ‘
position SWing Sections
Ref . VO?SSHC - ‘ Stall
No. Description, etc. Slots Flaps elevator Stall Warning Behaviour at and beyond stall Spread of flow breakaway grade
range . [see § 4]
and Root Tip.
volume
With modified wing Split + 9%° NACA NACA | Flaps up—Mild pitching | Flaps up, engine off—An ini- | Flaps up, engine off —Spread 2B
tips. 0-132 X 0-415 23024 2415 oscillation. tial stall in which nose pitches | from root section along T.E.
0518 0-135 mildly and wing rolls slowly | to two thirds span. Forward
through a few degrees. No | spread of turbulence re-
further wing droppingasstick | mained largely confined to
comes tight back; stalled | root section. No separation
glides easy. at tip.
Flaps up, % thvotile—Initial | Flaps up % throttle.—Up to 4B
stall similar to case with | final stall turbulence pattern
engine off. Beyond initial | was similar to case with
stall there was some pitching | engine off; at second stall
and eventunally a wing | turbulence spread quickly
dropped about 40° followed | over rest of wing. -
’ ' by nose into dive.
‘With modified wings. Split + 94° NACA NACA | Flaps up, engine off —None | Flaps up, engine off.—Initial | Flaps up, engine off —Spread 3c
0-13z % 0-415 2415 2415 prior to initial stall. stall in which nose pitched | from root trailing edge for-
0-51b 0-135 50°. A wing dropped mildly | wards and outwards but
about 30°, pitching then set | never extended much beyond
in but disappeared as stick | inner half of wing. or over
came back, stalled glides with | leading edge.
stick hard back possible with
full use of controls. .
Flaps up, engine on % — | Flaps up, . throttle—Initial | Flaps up, + thvottle—Similar 3B
Mild oscillation. stall similar to engine off. | to engine off case but at main
Eventually a wing dropped | stall turbulence spread over
suddenly 45° in main stall, | most of remainder of wing.
! but stalled glides were just
possible.
Flaps down, engine off — | Flaps down, engine off —Very | Flaps down, engine off —Very 3c
Slight oscillation. similar to flaps up, engine on. | similar to flaps up, engine on,
Stalled glides with stick hard | but initial root turbulence is
: back not. possible. more marked.
Flaps down, engine on 3.— | Flaps down, L throttle—Mild | Flaps down, § thyottle—Similar 4B
Some wallowing and os- | initialwingdrop;at mainstall | to flaps up, engine on.
cillation. the wing drop is sharp and
. sudden. Stalled glides with
stick hard back not possible. .
With Lockheed type | Similar to Split + 94° NACA NACA | Flaps up.—None. Flaps up.—NVery similar to | Flaps up —Not observed. 2¢ -
slits. slitson | 0-13tx 0-415 23024 23008 : behaviour with NACA 2415 [engine
the 0-51b 0-135 tips both engine off and on. off] -
Hudson 4c
[engine
on]
Flaps down.—None. Flaps down.—A sharp wing | Flaps down.—Not observed. 6¢c
. and nose drop which is made
worse with engine on.




e

{CA R

—contd.

L1ABLE 1E. Magister
Tail plane
P o:;}éon ‘Wing Sections .
Ref i volume . . Stall
No. Description, etc. Slots Flaps clevator Stall Warning Behaviour at and beyond stall Spread of flow breakaway grade
: : [See § 4]
range
and Root Tip
volume
8 | Low Wing. Split +94° Clark YH Flaps up.—Slight warn- | Flaps up.~—~Wing drops fairly | Flaps up.—Spreads outwards 6B
Taper =1-55:1 0-147 % +0-415 0-19 0-10 ing given by steep atti- | sharply to about 40°, then | and forwards from root T.E.
Sweepback = 0-6° 0-47p/, +23°7 tude, ‘feel’ and vibra- | other wing flicks over into very rapidly covering whole
Dihedral = 5° ) —32° tion. violent falling leaf. wing as wing flicks over the
w = 10-2 Ib./sq. ft. 015 Flaps down.—Some pitch- | Flaps down.—Similar to flaps | second time.
A = 6-35 ing oscillation. up but with a pitchingmotion | Flaps down.—Similar to flaps 4B
superimposed . and starting | up.
earlier than the wing drop. |
With sharp edged Split +93° Clark YH Flaps up.—Slight lateral | Flaps up.—Nose pitched down Flaps up.—Turbulence spread 3B
. wedges each 0+ 1b in 0-142 % --0-41°5 0-19 0-10 instability. ~ Change of | and wing dropped into pitch- fairly completely over the
span along inboard 0475/, +23°7 trim, ing falling leaf or spiral. | root before spreading out-
L.E. —382° f Stalled glides with stick hard | wards over wing as wing
0-15 back were possible. dropped.
Flaps down.—Similar to | Flaps down.—Similar to flaps | Flaps down.—Similar to flaps 3e
flaps up. up but lateral instability was | up.
worse, Stalled glides with
stick hard back were possible,
Rounded fairings Split +94° Clark YH Flaps up—Similar to | Flaps up.—Nose pitched down Flaps up.—Spread fairly com- 2B
over outboard lead- 0-14zx +0-415 0-19 0-10 above. initially but wings kept | pletely over the root but did
ing edge in addition 0-47b6/, +23°7, fairly level even with the | not spread much outboard of
- to above wedges. —32° stick hard back. root.
0-15 Flaps down.—Similar to | Flaps down.—Lateral stability | Flaps down.—Similar to flaps 3B
above. worse than with flaps up but | up.
still mild and otherwise simi-
lar with a pitching motion
superimposed. Stalled glides
with stick hard back fairly |
easy.
TaBLE 1F. Tipsy
9 | Low Wing. Fixed Split +113° RAF 28 'Slits sealed, flaps up or | Slits sealed Slaps up ov down.— | Slits sealed, flaps up ov down.— | 58
Taper = 2:66:1] Lockheed | 0-:12x 0-38 0-16 0-08 down.—Slight vibration | Wing drops fairly quickly | Front separation at tip
Sweepback = 0° type 0-17b +24°7 and longitudinal oscil- | followed by nose into steep | spreading inwards.
Dihedral = 6° Net span —15°f lation. spiral, Stalled glides’ with
Washout = 6:5° |° =0-1b 0-12° stick hard back are possible.
zz = 8 1b/sq. ft. Slits  open, flaps wup or| Slits open, Jlaps up ov down.— | Skits open, flaps up or down.— 5B
=6-7:1 ‘

down.—Slight  vibration
and longitudinal vibration

Fairly mild wing drop fol-
lowed by nose into steep
spiral. Stalled glides with
stick hard back impossible,

Separation started at T.E.
near tip and spread inwards.
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TABLE 1—conid. = =~

TaBLE 1G  Skua [Prototype]

Tail plane
position Wing Sections
Ret . o and : : Stall
Ni- Description, etc. Slots Flaps ;’12\1;1;[1:; Stall Warning Behaviour at and beyond stall Spread of flow breakaway grade
range ' ' [see § 4]
and . Root Tip
volume
10 | Low Wing. Split +-84° NACA NACA | Flaps up.—None. Flaps wp.—Strong self-stalling | Flaps up.—Spreads over root 4c
Taper =1-81 0-152 % 0-48 24165 24115 tendency prior to initial | when first stall occurs and
Sweepback = 0° 0356 .. stall. Wing and nose drop | then along T.E. and forward
w = 22-6 Ib/sq. ft. a few degrees and as stick | over tip as second stall
comes back, a wing and nose occurs.
flick over fairly sharply about
60°.
Flaps down.—None. Flaps down.~—Similar to but | Flaps down.—Similar to flaps 4c
more violent than with flaps | up.
up. .
‘With pointed fairings Split -4-8%° NACA NACA | Flaps up.—Increasing | Flaps up.-—Wing drops into | Flaps up~—Similar to stand- 58
each 0-145b/, ' in 0-15¢cx 0-48 24165 24115 nose heaviness. Slight { fairly gentle falling leaf. | ard case but forward spread
span along root L.E. 0-356 pitching and vibration. Self-stalling tendency largely | of root turbulence is earlier
. ’ eliminated. and more gradual.
Flaps down.—None. Flaps down.—Similar to be- | Flaps down.—Similar to be- 4c
haviour without pointed fair- | haviour without fairings.
ings.
‘TaBLE 1H. Battle
11 | Low Wing. Split +8° NACA N.A.C.A. | Flaps up.—Very slight | Flaps up.—One wing drops | Flaps up.—Turbulence does 3c
Taper = 2-3i1 0297 x 0-49 2418 2409 . vibration. slowly a few degrees in initial | not extend much beyond
‘Sweepback = 1° 0456 +24-57 ‘ stall and then pitching be- | centre section during initial
Dihedral = 2-5° [479] 0-22 gins; as stick is pulled further | stall, but spreads rapidly over
Wing Twist = 3-5° back a fairly sharp wing drop | most of wing at final stall.
w = 20-5 Ib/sq. ft. . into a falling leaf results. ‘
A = 6-48:1 Flaps down—Vibration | Flaps down.—Similar to flaps | Flaps down.—Similar to flaps 3c
) ' less marked than with | up. ! up. . _
flaps up.
TaBLE 1K. Spitfire [Prototype]
12 | Low Wing. Split [57°] | +114° NACA NACA | Flaps up.—None. Flaps up—The nose and wing | Flaps up.—Appears first over 3¢
and | Elliptic plan form 015" x 0-375 2213 2205 drop slightly in inmitial stall, | root T.E. for initial stall,
unpub-{ Sweepback = 0° 04450 4-28° . with stick further bdck the | then appears at tip but not
lished | Dihedral = 6° ‘ 0-15 wing drops slowly to 45° | over rest of wing until the
data | w = 21-51bfsq. ft. stalled glides are easy, ailer- | wing drops, with engine on,
A4 =5-67:1 ons remaining effective after | ‘deep’ turbulence appears
stall. ’ first at tip.
Flaps down.—None. Flaps down.—Similar to flaps | Flaps down.—Similar to flaps
up, except that wing drops | up. 3c
more quickly and general
vibration is more marked.
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TABLE 2

Summary of Detailed Stalling Tests, = Twin-engined Aeroplanes
TABLE 2A. Blenheim '

Tail plane !
. position ‘Wing Sections ?
Ref and 1| stan
Né(}) E Description, etc. Slots Flaps ;’1(;;1;:1:1{ Stall Warning Behaviour at and beyond stall Spread of flow breakaway ! grade
range - l [see § 4]
and Root Tip )
volume
13, 1| Mid-wing ‘ ’ Split (58°) | +-6%° - "RAF 28 Flaps up, gills closed— | Flaps up, gills closed.—A wing | Flaps up, gills closed—Ap- | ' 6B
14 | Taper = 2-8:1 0:2z % 0-466 -0-18 -0:108 Slight pitching consider- | drops suddenly followed by | - pearsatrootT.E.and spreads -
e Sweepbaelk-=-25°- - . ____ | 0.54p _ | =240 L L R able vibration changein | the nose with a-tendency.to-|. forwards-and.outwards, —-
Dihedral = 6-5° —37-5° trim. spin. spreading rapidly as wing
w = 24.11b./sq. ft. 0-186 ) o drops.
A4 =6-71:1 Flaps wp, gills open~— | Flaps up, gills open.—Aero- | Flaps wp, gills open.—Out- 3a
General unsteadiness is | plane is brought to the stall | ward spread is slow, * deep ’
more marked. with greater difficulty than | turbulence remains largely
with gills closed and wing | confined to root section and
dropping is milder. Stalled | behind nacelles.
glides with stick hard back
are possible. :
Flaps up, % thvotile.— |Flaps up, L throttle.—Similar Flaps up, + thvottle—With 6c
. Warning is much less | to behaviour engine off, but | gills closed, the root section [Gills
e marked than withengine | wing dropping is more vio- | remains only partially stalled | -“closed]
e e T - T 7T T | off, gills open of closed. | lent. ) " and "the “turbulence spréads | 6B
: rapidly over outer wings. | [Gills
: With gills open, the turbu- | open]
. lence again spreads over root
i } . . . and then outwards. ;
: Flaps gown, gills closed.— | Flaps. down, Gills closed.— | Flaps ' down, gills closed.— . 2B
: . ' Increasing pitching. Pitching oscillation buildsup, | Spreadsoverroot andremains |
: e . but any wing drop is very largely confined to inner parts
S ~ .| mild.- o] ofwing. .. . . ’.
o . Flaps dowh, gills open.— | Flaps down, gills open.—Simi: | Flaps. down, gills open —Simid 24
H ‘ Warningis more marked, | lar to behaviour with gills | lar to beéhaviour with gills
) = B i T - - oo = e ) closed. 00 s e s |- gyt o T e e fe
; FElaps down, gills closed, & | Flaps down, gills closed, % | Flaps down, gills closed, % 6¢
: ' throttle—Warning large- | throttle.—Wing drops violent- | throftle—Not observed. !
ly suppressed. | ly and suddenly. ) R
S T - Flaps down, gills open, % Flaps down, gills open, % | Flaps down, gills open, %1 - 58
: . throttle—More: marked throtile—Wing ' drops very | thvottle—Not observed. &= | e
: ! ‘ ‘, than with gills closed. gently. ‘ o
H . 1l :
T ; T



TABLE 2——contd.

TaBLE 2B. Monospar
B - - - e e e eimenee LTl plane | B SR R e e e e e e b
i ;position | I yyine Settions ,
Ref - , oand % ‘ A ; Stall
N% : Description, etc. Slots ¢ Flaps ;el evator H Stall Warning . .| Behaviour at and beyond stall| Spread of flow breakaway .grade
‘ range ‘ cl : . [see § 4]
and Root " Tip - .
. volume s s : o
Not | Low Wing. ? Stieger series, 34% | Engines off —Slight vibra- | Engines- off —Wing and nose | Engines off~—Spreads slowly . 5B -
yet |; Taper = 3:35:1 . 0-495 camber with some tion and lateral insta- | fall very gently together into forwards and outwards, from | :
issued | Sweepback = —1° |’ +20-5° reflex. bility. spiral. ~ Stalled glides with | the root reaching the tip as
. Washout = 1-8° —33-0° 0-18 0-16 - NS stick hard back were easy. "the wing dropped.
Dihedral = 9° 0-188 |{Thisisthe } throttle.—Same as |} throtile~—Same as throttles | 3 throttle.—Same’ as throttle 58
.4 = 7281 thickness throttles closed. closed. o ' . closed. o o
- w = 12+0 1b/sq. ft. , just outside ‘ .
[Upper spar member runs above wing |- the nacelle] i 1
surface over centre section] [ .
- : . - L
Q- i )
- X ! .V)
L . Tasre 2C.  Hudson
15, | Mid-Wing. " ]! Built-in Fowler. |. -10%° NACA NACA | Stits sealed, flaps up.— | Stits sealed, flaps up.—Wing | No observations. - © B¢
, Taper™ =4:81 1|, slits . (859 |- 0:69 - 23018 |: 23009 None. ; : 1 dropped sharply followed by : '
..} Sweepback = 2-0%..1 Net span |- 028583 1B | o | e e _nose, could not-be arrested.. . | - cemmr o o e
! Dihedral = 6%° f=0:2b |i 0-5b C =350 |- ! Slits sealed, flaps down.— Slits sealed, flaps down.—Wing 6¢c -
4 =6-81 : 0-298 |- Y ! Slight reduction in con- |, dropped sharply, could not be .
‘w = 32-31bfsq. ft. |} trol effectiveness. arrested. .
- o ) ' b | Slits sealed, flaps down, | Slits sealed, flaps down, throtile T 6C.
; ’ L ' " thyottle open.~—Nome. " open.—Wing drop is more Lt ;
- ; ! . vicious than with throttle ; '
. . closed. - !
: ! Slitsopen, flaps up— | Slhits open, flaps up—Wing
et VU KU KIUURUNIN NI RSN, ' Slight snatching of ailer- |' drop can be arrested at first, | e | 5B
ons. but as stick comes back the
oy oo R wing drops rapidly. :
Slits opeén, flaps down.— | Slits open, flaps down.—Violent_|i 3c
.. - .- | Similar to warning with | pitching oscillation and some- |
B slits sealed. - -instability, but stalled glides ||
J are possible even with the ||
- Ll stick hard back. '
Slits open, flaps down | Slits open, flaps down, thvotile 5¢c
. " thyottle open.—Slight. open.—A wing drops, but less
2 violently than with slits
. sealed.
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“contd.

Tampden - ;
Tail plane )
. ’ . ?O:Eé?n Wing Sections 7 5 Stall
%zf" Description, etc, Slots Flaps ézl‘}_l;a: - Stall Warning Behaviour at and beyond stall | Spread of flow breakaway - 1| grade
o e range ) : T - ) [See § 4]
- e e - and - Root Tip - - - - T
. volume
16 | Mid-wing, Automatic| Slotted 5.1° NACA NACA. | Flapsup, engines onoroff —| Flaps up—The nose pitched | Flaps up, engines on or off — 2c
Taper =3:69:1 HP Type|HP Type 0-53 2317 2311 Slight with gills closed, | gently and the aeroplane | Spreads slowly from just out- [Gills
Sweepback = 2-3° | Net span 0-29¢ % -}-23° . but marked wvibration | wentinto a right hand spiral | board of nacelles forwards closed}
...| Dihedral =6:5° | =0-475 | 0-438p 0-194 with gills open. as the stick came back with | and inwards, no sign of tur- 24
w="9:11bfsq."ft." R R i - Co C o " ‘engines om,’ there was 'a | bulence behind the slots. - - [Gills
A =6-58:1 pitching. motion superim- open]
posed. Stalled glides with. .
stick hard back were easy.

Flaps down.—Moderate | Flaps down—Various flap and | Flaps down.—Except for case .28
vibration with gills | engine. combinations were | of flaps down 20°, £ throttle, [Gills
closed, marked vibration | tried and in every case but | turbulence spread was similar *.closed]
with gills open. - one, behaviour was similar to | to flaps up case. 24

' flaps up case. : [Gills
open]
Flaps down 20°, throttle open §—| Flaps down 20°, throttle open%.—| 3B
After some vibration wing Spreads forwards and out- [Gills
dropped fairly gently to 45°, | wards from just outboard of | closed]
followed by nose into dive. . nacelle, covering wing as it 3a
‘ ‘ dropped. [Gills
. open]
unpub-| With Slots sealed. Flaps up —Slight deteri- | Flaps up.—Behaviour is much | No observations with slots 2c
lished | (Thesetestswerenot oration in aileron con- | the same as with the slots | sealed.
data | very comprehensive). trol. . open. .

Flaps up, % throttle— | Flaps up, L throttle—Nose and 2c

Slight. . wing drop mildly a few
degrees, as stick comes back
Lo aircraft tends to wallow. .
Flaps down—~Some | Flaps down—Behaviour is 2c-
change in trim, much the same as with the -
slots.open.
U TaBiE 2E. Hereford
unpub-| This aeroplane is the Same as Iampden (see Table 2D). Flaps wup.—Early tail | Flaps up.—Behaviour is simi- Flaps up—Starts fairly early 2a
lished | same as the Hamp- Slots open L buffeting, pitching and | lar to that of Hampden, with | at root and spreads slowly Co
data | den except that it'is ; wallowing. . stick hard back thers is a | forwards and .outwards but
N powered with Dagger mild root stall and no tend- | never gets beyond unslotted |
and not Pegasus en- ency for wing to drop. parts of wings.
gines. Thereareoil - Flaps up, % throttle— | Flaps up, % thvottle —Pitching | Flaps up, } thvoitle—Much the - 2a

cooling ducts in the

tion.

L.E. of the Yoot secs |~

Same as with throttle

“closed., -

1marked at' and -after stall.

and wallowing become more .

At top of pitch a wing may
drop gently and rise again.

same as with throttle closed. ,
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TasLE 2E. Hereford—contd.

Ref. |

No.

- Déscription, etc.

Slots

Flaps

' Tail plane '

position
and
- volume,
" elevator
range
and
-volume

x

Wing Seéctions

Root

Tip

Stall Warning

Behaviour at and beyond stall

Sprgaad of flow breakaway

Stall
grade
[see § 4]

82

Slots open.

| 'With Slots sealed.

FElaps down, thvottle closed
or 4 open. —Mild vibra-
tion~ decreased by’
throttle being opened.

Flaps up, throttle closed.—
Same as with slots open.

Flaps up, thvottle —
Slight vibration .and
pitching bscillation.

Flaps down, throttle closed.—|
Slight pitching.

Flaps down, “throttle 31—
Slight,

Flaps down, throttle closed or
open.—Nose pitches 10°-15°
at stall, and then aircraft
continues .to pitch but re-
mains on even keel as stick
comes back |

Flaps up, throtile closed.—Same
as with slots open. ’

Flaps up, thvotile ;. —Pitching
and wallowing increased and’
one wing dropped- fairly
quickly to 35° aileron con-
trol disappearing, wing came

~ up as speed increased; but a
sharper wing drop resulted if
stick was pulled further back.

Flaps down, ‘hvoitle closed.—
Pitching and wallowing in-
crease and wing may drop
gently from top of pitch into
spiral, lateral control dis-
appearing till speed rises,

Flaps down, throttle % —DMild
but sudden wing drop. Con-
trolled glides with the stick
hard back are possible but a
wing is liable to drop from
the glide. :

Flaps down, thvottle closed or &
open—Much the same as
with flaps up. - .

Flapsup, thvottle closed —Same |

as with slots open.

Flaps up, thvotile % —Turbu-
lence spread slowly forwards
and outwards from root and

extended over outer parts of |

wing as it dropped.

Flaps down, throttle closed.— '

Spreads slowly forwards and
outwards but only occasion-
ally extends beyond ‘inner
parts of wing when it drops
from top of pitch.

Flaps down, throttle §—Starts
at T.E. about two-thirds out
along wing span and spreads
inwards joining up with root
turbulence as wing drops.

24
[throttle
closed] -

2B
[throttle
open]

24

3B

5¢c

* “TABLE 2F.  Beaufort

58

Mid-wing. )
Taper . - ='2-1:1
Sweepback = 1°

00

Split
0-:23¢c%
0-57b

~RAF
0-18

28
0-10

Flaps up, gills closed.—
Oscillations .in roll and
pitch.

| Flaps up, gills open.—

Marked vibration.

Flaps up, gills closed. —Oscilla-

tions increase and there .is |
considerable wallowing ; no'!

wing drop occured even with
the stick hard back.

Flaps up, gills open.—Similar
to behaviour with gills closed.

Flaps up, gills closed—There
‘was a region of pronounced
| | breakaway well above the
 stall just bebind the nacelles.
''This covers the root and then
spreads slowly outwards to

“Gover about % of the wing.
Flaps up, gills open.—Similar
to behaviour with gills closed.

1a

1a
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tABILE 2—c¢contd, — B T T
ufort—contd. o ‘
Tail plane
position Wing Secti e '
g Sections R . .
Ref. and ' o Cl : , Stall
No. Description, etc. Slots Flaps leyatgf Stall Warning Behaviour.at and beyond stall | ' Spread of flow breakaway grade
: range i [sez § 4]
and Root Tip
volume
| Flaps down, gills closed.— | Flaps down, gills closed.—Os- | Flaps down, gills closed—Tni- | 3x
- ; As with flaps up. cillations increase with | tial region of breakaway
marked pitching of the nose. | behind nacelles occurred at
Occasionally wing dropped | lower speed than with flaps
during pitch. Unsteady | up and was less intense.
stalled glides with stick | Breakaway spreads rather
hard back were possible. more rapidly over most of
- - - - - R N T the wing.
Flaps down, gills open.— | Flaps down, gills open —Sitni-" "Flaps dodn, gills opew.—Initial |-~ 14
Similar to flaps up, gills | lar-to behaviour with flaps | region more marked than
1 open. up. . with gills closed. Spread of
' : : L breakaway similar to flaps up. .
Flaps down, throltle t.— | Flaps down, throttle 3.~—Initial Flaps down, thvotile % —Not 4c
Oscillation in roll and | pitch (10°) of nose and then | observed.
pitch start at the stall. ‘wing dropped 90° and would
not be raised by the controls. .
Stick could not be eased back
beyond stall position because
" of Violent pitehing = | o e - - - |
‘ TABLE 3
Summary of Stalling Behaviour of Some Single-engined Aeroplanes as indicated by General-handling Tests
Tel ~
’ po:llltéon ‘Wing Sections Stall
: : . . grade
§if‘ Description, etc, Slots Flaps ;25:?; Stall Warning Behaviour at and beyond stall | [See § 4]
range
- - - and "Root (t/c) | “Tip (t/c) - T oot I -
- volume
- 17 ‘ High Wing. | Outer Slotted —7° - RAF 34 .(Mod.). Warning given by steep Flaps wp ov down, engine off —It was impossible to stall the 1-
Taper . slots are - (93°) 0-635 attitude and low air- | aeroplane (C.G: at » = 0-295, permissible range in 4 = 0-23 | )
(inner half) = 0-75:1 | automatic| 0-282x . +16-5°7, speed. ’ —0-33¢). 1o
(outer half) = 4-1:1 of span 0-4260 | =19° Flaps up or down, engine r.p.m. >>2500.—A wing and nose 2a
Sweepback = 0-:574b 0-355 ‘| drop very gently at the stall; the wings can be held level -
(inner half) = — 8° - inner . - . o _ by use of the controls. '
(outer half) = —4° | slots are T T T et e -
Dihedral = 2° coupled
A4=19-6:1 with flaps '
w = 22-3Ib/sq. ft. |andofspan .
= 0-349
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TABLE 3—conid.
TapLe 3B. Me. Taifun

Tail
position ‘Wing Sections s
Ref ' y v a1nd Stall
No. Description, ete. Slots Flaps elgxllax?:r Stall Warning Behaviour at and beyond stall grade
' ' : : . [See § 4]
range
and Root (tfc)"| Tip (tfc) - - - S -
i volume
18 |Low Wing. Automatic| Slotted 10° Flaps up~—Very slight | Flaps up.—Nose drops about 5°; stalled glide with stick hard 2c
- Taper = 2-15:1 Tip slots (43°) 0-495 vibration. back is very easy as rudder and ailerons remain effective. :
i Sweepback = 2-5° Span = | 0-272F x| +27° Flaps down.—Same as | Flaps down.—Nose drops about 5° and aeroplane begins to 3c
. Dihedral = 5-0° 0:5156 | 0-4350 —24° with flaps up. pitch, as stick comes back a wing and nose slowly drop into -
A = 6-65:1 0-22 spiral dive. Wing can be raised by rudder but mot by
w = 15-61b/sq. it. ailerons.
TaBre 3C. Me 109 S e -
19 | Low Wing. Automatic| Slotted 16%° 29/, Camber Section | Flaps up.—Increasing la- | Flaps up.—A wing drops gently through 10° in an initial stall, 3a
Taper = 2-00:1] Tip slots (42°) 0-454 with max. thickness teral unsteadiness and | and aeroplane goes into gentle spiral ; ailerons alone will then
Swéepback = 2-5° Span = 0-2758 x| +19° at0-3¢ ajleron buffeting. 1ift the wing, unsteadiness increases and vigorous use of con-
. Dihedral = 5-75°| 0-:462b 0-5180 | —380-5° 0-15 0-108 trols is required to get to main stall when a wing drops and
= 6-05:1 0-17 cannot be raised by controls.
. w = 32-11b/sq. ft. Flaps down.—None. Flaps down.—A wing drops about 10° and nose follows into 5¢’
: spiral ; wing canmot be raised by the controls which are
ineffective at the stall. ‘
TasLE 3D. Hendy Heck
20 | Low Wing. Automatic|. Slotted 13° Probably NACA Slots free, flaps up.— | Slots free, flaps wp.—A wing drops a few degrees in preliminary 4a
Taper =2:5:1 | tip slots (36°) 0-42° 23 series Buffeting. stall but is controllable. Buffeting then increases and at
=591 Span = 0-275T X 0-15 proper stall a wing drops viciously, usually into a spin. :
w = 16-21b/sq. ft. 0-56 0-375b Slots free, flaps down.— | Slois free, flaps down.—Nosé ‘Boes down several degrees in 4c
and None. preliminary stall, pitching and buffeting gradually ceases
slotted as main stall which is vicious is approached.
ailerons Slots locked, flaps wp.— | Slots locked, flaps up.—Wing drops very viciously into falling 6¢c
coming None. leaf.
down 144° Slots locked, flaps .down.— | Slots Jocked, flaps down.—After initial drop of one wing, other 64
Buffeting and pitching | wing flicks over very viciously, so that aeroplane is on its ‘
just prior to stall. back and then into spin.
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TaBre SE. Hurricane

: “Tail : 1. - Ju
I R e o ___poés;féog_,- Wing Sections- - | -~ - s - R R dT[PA s - Stall
%%f‘ Description, etc. Slots Flaps volume - Stall Warning Behaviour at and beyond stall grade
. elevator e [See § 4]
range
and Root (tfc) | Tip (t/c)
volume
21 | Low Wing. — Split +9° Clark Y.H. Flaps up.—Pitching. Flaps up—Wing drops suddenly and cannot be checked by 6a
and Taper =2-0:1 0-22x 0-371 0-19 0-12 ailerons or rudder.
mnpub-| _Sweepback = —1:7°| .. . | 0-8b__ | 4243 SRR Flaps down ~—Pitching | Flaps down.—A wing drops suddenly, but using both ailerons | 6a
lished | 4 =62 ) ! : S —380%° [ and slight shaking. and rudder a stalled glide with the stick hard back is possible.;
data | ..w = 22:41Ib/sq. ft. . | Automatic 0-15 Flaps up.—Slight pitch- | Flaps wp.—A wing drops slowly through 10° in preliminary! 3B
S i1 tip slots ing. stall and lateral oscillation begins ; as stick comes back wing,
'\ Span = drops suddenly and cannot be raised. Coarse use of controls.
0-38 Co- will maintain a stalled glide with stick hard back. s o
‘ o Flaps down.—None. Flaps down.—A wing drops slowly a few degrees in preliminary- 4c
: stall, then a wing flicks over violently and mnose follows,
' L using both ailerons and rudder a stalled glide” with stick
‘ : : ‘ ] hard back is only just possible. :
T T T Tt 7 Automatic] T TSplitT | T Tige T " Clark Y.H. T | Flaps up.~Nome. Flaps up—A Wing did nose drop slowly d Tew degress in |~ 28 -
tip slots 0-2cx 0-371 0-19 - 0-12 : ) . preliminary stall ; then pitching and general oscillation set
Span = 0-5b +243°7 s in but stalled glides with stick hard back are easy, there being
s 0-5b —30%° f no sign of violent wing dropping. )
st 0-15 -
Flaps down.—Slight | Flaps down—There is a slight initial sink of the nose followed
change of trim, by a wing drop which is gentle but may be steep (50°), and
then the nose drops to about (40°), the behaviour beyond
this point was not examined. .
S - — -~ TaBLE-3F. Gloster F.5/34. S S
22! | Low Wing. . Split (90°) +43° NACA NACA Flaps up.—None. Flaps up.—A wing drops suddenly, it can be kept up by usd 5c
| Taper =21 0-17% % 0-412 2218 2209 of ailerons but not by use of rudder alone. . .
Sweepback = 0°. 0-4125 +253° S Flaps down.—None. Flaps down.—Behaviour_is similar to that with’ flaps up but . 5c
.4 =5-531 ) i —23° . , wing drops more quickly. :
w=18-7lb/sq. ft. . 0-168
-~ = -~ TaBLE 3G. Hotspur :
23! | Low Wing. ! Split (78°) 104° 0-20 012 | Flaps wp.—None. Flaps up-—A wing drops slightly, following by the other wing 4c
i | Taper =1-78:1 (| 0-18x, | . 0-473: . and finally the first wing flicks over sharply followed by thé
© = -Sweepback ==-5-0% |-+ - do—() Bl - =80°7 |- e e e + o1 e i RIS AU SN EE—
Dijhedral = 3-5° —30° _ -« | Flaps down.—None. Flaps down.—A wing drops sharply followed by the nose. 6¢c
A =621 0-17 . . o ’

w = 24-91b/sq. ft,
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T TABLE 8—contd.

 Tasie3H. Curtiss

. Tall ‘ ’ . : N -
%Zf‘ Description, etc. Slots Flaps volume | . . - Stall. Warning Behaviour at and beyond stall. grade
. elevator A 1 [See§ 4]
range ’ ,
and Root (t/c) | Tip (t/c)

24 | Low Wing: Split (50°) 1i13° { NACA | NACA | Flaps up.—Slight buffet- Flaps up—A wing and nose drop fairly suddenly and cannot . 6B
Taper =221 - 0-32x 0-48 | 2215 2209 ing. o be checked by the .controls ; there is a tendency to spin: -, | . .
Sweepback = —2-0° 0-53b +19° . Flaps down.—The mnose | Flaps down.—Behaviour is similar to that’ with flaps up, | : 68
Dihedral .= 6° —30-5° ' ' attitude is. high. .but the wing drop is more violent. . | N
A =259 0-197 :

- w = 22-51bfsq.it. | - - - - - R S e -
TapLE 3K. Fairey P.4/34

25 | Low Wing. Split (45°%) 8%° NACA NACA | Flaps up—Slight vibra- | Flaps up.—Wing suddenly drops to about 50° with tendency. 5¢
Taper =2-18:1 0-22% 045 2418 2409 tion. “to spin, rudder alone or rudder and ailerons will raise the
Sweepback = 4° 0-43b 4-27°7 S wing after the stall. . : . ) .
Dihedral = 4° —27° f Flaps down.—Very slight | Flaps down.—A wing suddenly drops about 50° and a falling |*  5¢
‘Washout = 34° 0-170 vibration. leaf develops. Full rudder will raise a wing after thestall.

A =59 : : : .o -
w = 21-31b/sq. ft. -
TaBrLe 3L. Hawk Major
26 | Low Wing. Split . 73° Clark Y.H. Flaps up —Pitching oscil- | Flaps wp.—After some pitching a wing drops sharply and 4B
wemo| -Taper - -=1-56i1f - -~ - -0 14ex - 0-56 R ~lation. - -"e. - | cannot be raised-by the-ailerons-without-inducing a spin., - -7 -
Sweepback = 0° 0-4256 Flaps down—Marked | Flaps down.—Similar to behaviour with flaps up. 44

A =641
w = 11+5Ibfsq. t.

- pitching oscillation.
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TaBLE 4A. H.P.C. 26/31

benaviowr of some twin-engined aeroplanes as indicated by general handling tests

A

w = 224 1b/sq. ft.

Tail
position ‘Wing Sections
Ref : and Stall
' Description, etc. Slots Flaps voiume Stall Warning Behaviour at and beyond stall. grade
No. i . elevator - 0 [See § 4]
: range
and Root (t/c) | Tip (t/c)
; :
27 | High Wing. Automatic| Slotted Flaps up.—None, Flaps up.—~Aeroplane pitches gently and goes into spiral. 2c
and | Taper = 3-78:1| tip slots 0-2zx Flaps down.—Not noted. | Flaps down.—Nose and;wing drop gently through small angle, 2
28 A =7-2:1 Span = 0-46p 0:607 ,’ ' pitching more severe than with flaps up.
w =160 0-52b T . ! oo, '
: .
% . . R S
TABLE 4B. Anson
29 | Low Wing. Spﬁt 630" NACA' | . NACA | Flaps up—Slight oscilla- Flaps up—The right wing and nose drop slowly and gently ; 58
Taper = 1:67:1 0-19cx 0-63 2218 ° - 2209 - tion in pitch. - can be checked by ajleron but not rudder. ~ At this stall
Sweepback = 0° 0-372b +17° (probably preliminary) the stick is practically hard back.
Dihedral = 4° ; —29° Flaps down.—Same as | Flaps down:—Same as with flaps up. 5B
A =86-9 b 0-155 [ Tl UWiItH flapsTipl T T T e e
w = 15-11b/sq. {t. : . N ! N i
’ H
; :
} ,
i .
i 5 ;
] ! :
I H i
- TaBLE 4C. Lockheed 12A )
30 | Low Wing. Split 103° Probably Flaps up.—None. Flaps wp—A wing drops suddenly to 45° followed by the Gc
Taper = 2-64:1 0-32C x 0-775 NACA NACA nose ; the wing drop cannot be checked by the controls.
Sweepback == Q° 0-48b +24° | 23016 23010 Flaps down.—None, Flaps down.—The wing drop is more violent than with flaps 6¢
Dihedral = 6° —25-3° up and shows a tendency to enter a spin.
A =6-97:1 0-30
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TABLE 5

Aerofoil

i
|

Tfe

Camber-
(c/o Chord)

Ref,
No..

NACA 6512
NACA 4412

' Cc72
| Gott 387 ..
| Gott 398 ..
US.A.27 ..

U.S.A. 358
Clgrk Y
CY.H.
Boeing 103A

' NACA 2415

NACA 2412
NACA 2212

" RAF 28

; ( 2-0 ;

' NACA M.6 b 12 2.4 S 275 | 48
NACA 2409 l 09! 2-0 275 | 46
NACA 23012 12 2-0 | —2:83 | 50
NACA 0012 : 12 0 S —3.79 | 46

| |
% ; ¥
i ; ; .7.
T
| |

| |

f, — 1 34 .

o o 0O D o000 oo o9 D Qo oo

120
+120

149

111

12

117
188
:116 .
.,117 .

17
104

12t

6-0
4-0
4-0
5-9
4-9
5-6
4-6
3-9
3-1
3-2
2:0
2-0
2-0

L _g.97

- —2-58

46
46

49

49

49

49
49
49
49
49
46
46
6

51
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FIG 3. T D13tr1but1ons on Upper Surface of Two Aerof01ls A
and B near Stalling Incidence

>
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T16. 4. Probable Lift Curves for Aerofoils A and B
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