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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 summarised and 
reviewed.. The report includes a general discussion of the effect on stalling b~haviour of wing section, plan form, 
washout, flaps, nacelles, gills, slipstream, antomatic wing-tip slots and Hudson-type slits. The important part that 
is played by the longitudinal trim and stability at incidences 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 behaviou) can be avoided by the use of wing sections towards the tip of 
fairly high camber (3 to 4 per cent.) and moderate thickness (>12 per cent.). For some types of aeroplanes there are, 
however, serious objections to tile 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 taper 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. Introduction.--In 1938 Gates 1 issued an extremely valuable resum6 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 ctetail these various factors and to establish their relative 
importance. I t  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 an2 
swered. The problem turned out to be somewhat simpler than was at first anticipated, since 

* R.A.E. Report Aero. 1718, received 20th April, 1942. 
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it appeared that  the main. factors act to some extent ilidependently 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 Pmlimi~,ary Re~,r:al"ks.--When referring to the stalling behaviour of all 
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: c..,,l°ngitudinal 
stability and trim result. ': . . . . .  ,~ ..... 

The lateral instability and consequent Wing dropping, which is the mos4~ serious feature of tile 
stall, is characteristic of almost all wings. I t  generally appears at some incidence in the neigh- 
bourhood of tha t  corresponding to the maximum lift coefficient, or stalling incidence, and persists 
over a considerable range of incidence above that  incidence. I t  is easy to See why this lateral 
instability occurs. Consider, first, a simple wing, i.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 roiling axis of 
the parts of the win.gs 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 tile outer parts of the wing being most important, and thegeometry 
of the wing. 

The considerable influence the wing section has on the rolling instability and the rate at which 
the flow breaks away flom 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 3~,~. 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 khere. The picture 
is then far from complete, for the effect of the wing geometry may be profoundly modified by the 
wiilg 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 geometry of the wing in determining tlae 
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 generall 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, althougl~ in point of fact the main parts oI the wings may be unstalled. 
By pulling the stick further back tl~e 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 win 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 behavionr 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. 

3. Expel!mental 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 
assessment of the viciousness of a wing drop will be to some extent influenced, by the 
degree of warning.) 

(3) 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 laid down in A.D.M.293 (Test 3) for testing the straight stail 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 
s~rfaces 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 at tach 
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 behaviour 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. I t  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 graded 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 degrees .  
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 andrudder .  
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(4) Initial partial stall where nose drops a" few deg):ees. ~ i t  complete stall a wing drops 
violently and cannot be prevented from falling by use of aileron and rudder. 

(5) No init ial  partial stall but the wing drop at the complete stall is not violent and can be 
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. ~ ,.~ .... 
C--The warning is poor. 

The above classification provides in the main a scale of increasingly unpleasant stails, but it 
is admittedly rough. I t  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 "tai l-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. 

4.2. Single-engined Aeroplanes (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 
o r  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 irl the stalling behaviour 
When the wing-tip section was changed from Clark YH to either the NACA 4415 section or the 

G6t t .  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 gi~ing 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, 
t h e  increase in taper from i .  8 • 1 to 4.5 • 1 worsened the stalling behaviour. With the low- 

; t aper  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 
G6tt. 387. Theoryl,~2 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. I t  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 Caper worsens 

• the stall in So far as it increases this rate of spread of breakaway Perhaps the mare advantxge 
,of a stall  starting at the root lies in the fact that  it usually induces an adequate stall warning. 
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Fla#s.--Theory ~1 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 b y  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 pitching 
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 sfi~fidient 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- 
ter is t ic  of many low-wing monoplanes. 

Slols.--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. I t  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 t o  be comparatively small in this case. This may 
have been part ly due to the fact that  the main flaps were slotted and therefore had a less intense 
wake than split flaps. It  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, Mthougtl it was 
again found that  opening the throttle caused some deterioration. When the standard wing 
was equipped with fixed slits of the Lockheed-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 putt ing 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 roofc-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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benoted  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. 

4.2.5. 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 i n  
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 o:utside 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. 

4.2.8. 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 root 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*. I t  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. 

413. Twin-engined Aeroplanes. 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 opemng 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 tile 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 detait 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. 

4.312. Monospar (Table 2B).--The Monospar had a peculiar root section which made it " d i r t y "  
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. Conse.~uently, 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 o~t~r p~/rts of the wings. In addition, the wing section towards the tips had 3½ per cent. 
camber and was 16 per cent. thick and therefore had good stalling characteristics. These factors 
combined to make the stalling behaviour very goo d 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. I t  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 part ly 
open, flaps up, the flow breakaway did eventually spread over the whole wing and the wing dropped 
fairly quicldy but not viciously. With the throttles part ly 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 too ;g.o0d to warrant the slots. This is 
rather surprising, since the taper is high (3.7 : 1) and the wing section towards the tips (NACA 
1231!) W ould not be expected to  have exceptionally good stalling properties. 

4.3.5. Beaufort (Table 2F).--The tests on the Beaufort  53 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  f r0m-the point of view of performance, excrescences in 
such positions should, if possible, be avoided. The intense and earlj7 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. 
Acomplete  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. T h e  results summarised in Tables 
3 and 4 will not each be discussed in detail but  there are particular points 0I 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. 

Hurricane (Table 3E).--The standard Hurricane dropped a wing sharply but  with fair warning. 
The smaller automatic slots (0.38b) were partially successful in improving the stall by introducing 
an initial gentle stall; the larger slots (0.5b) were much more successful although they did not . 
entirely prevent the complete stall and final wing drop. 

Hen@ Heck (Table 3D).--The results on tt~is 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. . 

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  tile stall 
can  only become dangerous when the flow breakaway succeeds in becoming widespread quickly 

ove r  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. 

8 



In practice, the degree of warning ,plays an.: imp0rtant  part, so that  a vic.ious stall m a y  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 longitudinal stability is poor, and large changes of 
incidence 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 near tile 
leading edge to a small positive pressure a t  the trailing :edge, and separation of flow at the trailing 
edge begins-,whe n 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 comparativelyslow. 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. I t  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 CL of 1.0. I t  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-dimensionalflow 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 "contag ious"  ; 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 .  I t  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 (cf. 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 t.his, 
but further experimental confirmation and research is desirable. 

5.3. Wing Taper, Washout and Sweepback.--Theory 1, a2 demonstrates that  at a given lift 
coefficient tile higher the taper the higher is the incidence over the outer parts of tile 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 tile critical thickness is in the region of 
9 to 11 per cent. 



t h e  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 considerably modified by the wing 
section used and the effect of slipstream, nacelles, etc. .~: 

There is some experimental evidence 86'~7' to show that  sweepback encourages earl~Ci;tip 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 i t  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. 
~ (3) 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 3B), 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 s tal l  I t  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 span. 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 86 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 wi thout  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. 

5.5. Nacelles, Gills a~d Sl@stream.--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 d-ownwash 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 a~d Hudson,-Type Slits.--It is evident that  if automa{ic 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 aeroplane 
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 being 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 the 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. I t  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. 

I t  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 War~i~tg.--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 i~itio 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. I t  appears that  the problem of 
providing tile warning at the right moment for most manoeuvres for which it is required is largely 
solved, but the form the warning should take still presents difficulties. 

6. Comludi~g 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 
tile 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 ~i t io  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 i moderate thickness at the tips (> 19. 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 
tile 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 us 9 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 t o  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) tile stalling 
behaviour will be satisfactory, but  this requires further investigation. I t  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 iI to 12 per cent. 
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an investigation should help fr~:assessihg 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 t ha t  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. I t  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 ~han_the main stream value. The results of R. & M. 14575~ suggest that  the "buffeting wake"  
is about twice as wide as the actual width of the wake. We may expect, for example, tha t  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. 

A P P E N D I X  

Wing Sections and their Stalling Characteristics 

H. B. SQUIRE, M.A. and A. D. YouNG, B.A. 

1. Stalling of Thin Sectio~s.--For most sections at present in use at flight Reynolds number~, 
stalling arises from t h e  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 105; he noted that  increase of Reynolds number 
i s  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, t h a t  this front stall does 
not occur at a Reynolds number greater than 106 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 > 106 by the 
re-at tachment  of a turbulent boundary layer, which separates in its turn from the trailing edge 
at a higher incidence. 

The important  feature of the behavfour of thin aerofoils with small leading=edge radius arises 
from the fact that,  owing to the stunting effect on th%growth of circulation of this early front 

separat ion,  the lift coefficient remains approximately 'constant  with increasing incidence once 
the separation starts. The lift curve of NACA 2306 (leading-edge radius 0.004c) for R ---- 3 x 108 
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 tha t  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 instabili ty at the stall will not occur. 

I t  is probable that  for thin wing sections the radius of curvature of the leading edge is the 
mos t  important parameter determining whether the lift curve will be similar to Fig. 1; an 
examination of the data given ill Ref. 46 suggests that  the leading-edge radius should be not 
greater than 0.5  per cent. of the wing chord. 

* Or iow-drag  sections less than  about  9 per  cent. thick. 
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: 2. Stalling of Wir~gs of Moderate Thick~¢ess.--Separatio~i of the ~curbulent boundary iayer f rom 
the trailing edge is determined primarily by  the local conditions there. I t  can be argued, on 
dimensional grounds, t h a t  the velocity distribution across the turbulent boundary layer and the 
conditions of seParation are controlled by. a parameter of the form 

r -  f v - '  

where U is the ~-elocity at the outer edge of the boundary layer, U' the velocity gradient at the 
edge of the boundary layer, and ~ is the boundary-layer thickness. 

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

r = U' /U 

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

U'd 
U 

In support of the argument tha t  the parameter P 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 : - -  

(i) For aerofoils with fully turbulent boundary layers d falls with increase of Reynolds 
number. Hence at separation, since I' = -- K, I U'  I increases with increase of Reynolds 
number, and the incidence at which the maximum lift coefficient occurs will therefore 
also increase. I t  follows that  Cc .... increases with increase of Reynolds number, as is 
experimentally observed4L 

(if) 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 d at the trailing 
edge by causing the transition point t0 move forward. I t  follows tha t  CL .... 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 explained above. 
This result is also in accordance w i t h  experiment .7. 

(iii) Surface roughness increases the boundary-layer thickness, d, due to the increased surface 
friction. I t  follows that  fo r  P = -  K, separation occurs for a smaller numerical 
value of U' at the trailing edge if the surface roughness is increased,/.e, at a smaller 
value of the incidence. This corresponds to the experimentally observed fall in CL ..... 
due to rouglaness~L 

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 P distribution over the upper surface a t  stalling 
incidences. Since d increases steadily from the  transition point to the trailing edge for all aerofoils, 
and ap/aX or U' are the quantities which differ most between different sections, it follows tha t  
the pressure distribution on the upper surface is the major factor which determines the character- 
istic features of the r 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 P distributions for the incidences ~1, < 0c2 < c~, where ~a 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 aerofoiI A, due to the convexity of the pressure distribution*, F increases roughly linearly 
from zero at the point of maximum suction to its value at the trailing edge. I t  follows that,  as 
the incidence increases through the stalling incidence, the region over which I ~ 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 P 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  P 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 tha t  the lift 
curve mayjbe expected to have a sharp peak as .shgwn~ i n  Fig. 4(b), 

The effect of section shape on the upper-surface P distributions Was confirmed by analysing 
experimental pressure distribution for the sections NACA 441246 and NACA 23012 ~8 for a Reynolds 
number of about 3 × l0 G. The results obtained are shown in Figs. 5, 6. Unfortunately, the 
experimental data are not accurate enough to define P Satisfactorily over the rear 0.2c of the 
aerofoils and the measurements with the Section NACA 23012 did not extelid up to stalling 
incidelice. 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 tha t  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 quant i ty  F, 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 regiofi near the trailing edge. This, however, is borne out by the 
results of a complete investigation of wing section NACA,-~4124~, 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 mimber is greater than about 106. 

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 CL ---- 1.0. 
Various methods of gauging the concavity of the upperlsurface 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 5~ at CL ---- 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 M6, 
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 ill 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 charact.eristics and magnitudes at the suction peaks of the aerofoils considered are 
given in Table 5. I t  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 6onvention is here adopted that  negative pressures are denoted by positive ordinates. 
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whilst G6tt. 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 properties. The following conclusions, which, in the main have already been 
arrived at empirically 1 5, ~3 immediately suggest themselves : - -  

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

(b) Increase in thickness above 9 per cent. improves the stall (@ 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 for 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 CL = 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) tha t  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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TABLE 1 

Summary of Detailed Stalling Tests. Single-engined Aer@lanes 
TABLE 1A. Falcon [Low-taper] 

Ref. 
:No. Descript ion,  etc. 

Low W i n g  
Taper  = 1 "8:1 
Sw6epback = 1½ ° 
Dihedral  = 5 ° 
w = 13 lb./sq, ft. 

Low Wing.  
Taper  = 1.8:1 
Sweepback = 1½ ° 
Dihedral  = 5 ° 
w = 13 lb./sq, ft .  

Slots F laps  

Split  
0 . 1 5 2 ×  
0 "58b 

Tai l  p lane  
pos i t ion  

and  
volume,  
e levator  

range  
and  

vo lume  

11} ° 
0 . 3 9  
q-28 °" 
0 .15  

Root 

C.Y.H.  
qc = 0"19 

C.Y.H.  
tic = O. 18 

C.Y.H. 
t/o = O. 18 

C.Y. t t .  
tic = O. 18 i 

W i n g  Sect ions 

Tip  

Sect ion 
tie = 0 . 0 8  

N A C A  
4415 

C . ¥ . H .  
t/c = 0 . 0 9  

Stall  W a r n i n g  

Slots closed, flaps up . -  
Slight  la tera l  ins tabi l i ty .  

Slots closed, flaps down . -  
Pi t ch ing  6scillation. 

Slots open, flaps up.--  
~one.  

Slots @en, flaps down.-- 
Pi t ch ing  oscillation. 

Flaps u p . - - S l i g h t  un-  
s tead iness  and  lateral  
ins tabi l i ty .  

Flaps down.--Very sl ight .  

Flaps u p . - - S l i g h t  la teral  
in s tabi l i ty .  

Beh av io u r  a t  an d  beyond  s ta l l  

Slots closed, flaps u p . - - L a t e r a l  
s tab i l i ty  good down to  stall,  
a t  s ta l l  wing drops  fa i r ly  
gen t ly  to  s teep  spin.  W i n g  
canno t  be raised b y  controls.  

Slots closed, flaps down . -  
Severe p i t ch ing  oscil lat ion 
begins  nea r  stall .  No ten-  
dency  to drop a wing or spin.  
La t e ra l  control  good down to 
stall.  

Slots free, flaps u p . - - L a t e r a l  
s tab i l i ty  good up to h ighes t  
incidences a t ta inab le .  La t e ra l  
control  good. 

Slots fi'ee, flaps down.--Severe 
p i t ch ing  oscillation. Win g  
m a y  drop slowly into spiral .  
La t e ra l  control  good. 

Flaps u p . - - C h a n g e  in longi tu-  
dinaI t r im,  wing drops gen t ly  
15°-20 ° into mi ld  fal i ing leaf. 
Stal led glides possible  wi th  
use  of r u d d e r  a n d  ailerons.  

Flaps down.--Nose pi tches  and  
w,ng drops  gen t ly  a few de- 
grees ; p i t ch ing  oscil lat ion 
sets  in: Stal led glides possible. 

Flaps u p . - - W i n g  drops  fair ly 
quickly  into spiral  or spin.  
Not  violent .  

Stall 
grade 

Spread  of flow b r e a k a w a y  [see § 4] 

Slots free, flaps up.-- '  Shal-  
l o w '  t u rb u l en ce  does n o t  
spread  m u c h  b ey o n d  n n -  
s lo t ted  p a r t s  of wing.  

Slots free, flaps down.--Similar 
to slots  closed, flaps down.  

Flaps up.-- '  Deep ' t u r b u -  
Ience s t a r t s  a t  roo t  an d  
spreads  s lowly spanwise  a long 
rear half of wing.  Frontpart 
of wing rarely affected ap- 
preciably. 

Flaps down.--Similar to flaps 
up but modified by pitching 
motion. 

Flaps u p . - - S t a r t s  a t  root  a n d  
spreads  spanwise  a long rear  
ha l f  of wing ;  fo remos t  t u f t s  
rare ly  affected.  

Flaps down.--Similar to flaps 
up  b u t  modif ied b y  p i t ch ing  
mot ion .  

Flaps u p . - - S t a r t s  a t  root  an d  
spreads  o u t w a r d s  an d  for- 
wards  qu ick ly  to cover  com-  
plete  ou te r  wing.  

P l a s t e r  
T y p e  

A u t o m a t i c  
Span 0 . 4 b  

5c 

2A 

1C 

2A 

3c 

2c 

5c 

5& 

5c 

Split  
0 .153  × 
0 .58b 

11¼ ° 
0"39 
:k28 ° 
0 .15  

N A C A  
23009 

Flaps down.-Pitching and  
reduc t ion  in ai leron effec- 
t iveness .  

Flaps u p . - - V e r y  s l ight  
p i t ch ing  oscillation. 

Flaps down.--Wing drops  a n d  
t h e n  violent  p i t ch ing  m o t i o n  
obscures  t h e  la teral  behaviour .  

Flaps u p . - - A f t e r  ini t ial  roll, 
nose  an d  wing  drop fa i r ly  
quickly  in to  fal l ing leaf  or  
s teep spiral .  Stal led u n s t e a d y  
glides occasional ly  possible.  

[Only sur face  t u f t s  used.  
' D e e p '  t u rb u l en ce  n o t  ob- 
served].  

Slots closed, flaps up.-- '  Shal-  
low ' t u rbu l ence  s t a r t s  a t  root  
an d  spreads  o u twa rd s  an d  
forwards  over  wing  as i t  drops.  

Slots closed, flaps down . -  
' Shal low ' t u rb u l en ce  even-  
t u a l l y  covers  m o s t  of wing  
an d  f luc tua tes  w i th  p i tch ing .  
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IZef. 
No. 

Description,  e~c. Slots 
I 

Flaps  

Tai l  p lane  i 
pos i t ion  

and  
vo lume,  
e levator  

. i  

r ange  
and  

vo lume  

TABLE 1A. 

• Wifig Sect i0ng " 

l~oot Tip 

C.Y.I-I. NACA 
t/c= 0-18 '  23009 

IRAF 28 C.Y.H. 

TABLE lB. 

F a l c o n  [Low-taper]--contd.., , .~ 

. ,  . F . . 

Stall ~vVarning Beh av io u r  a t  and. b ey o n d  s t a l l  
. " . ,  " ,  . 

Flaps down . - -S l igh t  p i tch-  
ing. =p 

Flaps u p . - - S l i g h t  la tera l !  
oscillation and  loss of feel.. 

: 
Tlaps down. ' Slight laier-  

a i  d n ' s t ' e g d i n e s ' s  a r i d  
change of t r im.  

Flaps clown : - -Af t e r  ini t ia l  mi ld .  
w i n g  drop, nose  p i t ches  u p  
v io lent ly•  a l l d  wing d r o p s '  
Viciously into spiral.  Stal led ! 
glides occasional ly possible. 

FI@s u p . - - B e h a v i b u r  is va r i - l  
able; usua l ly  af ter  large roiling ! 
'oscillation wing drops  sh a rp ly  ' 
into spin  or spiral.  

Flaps dow~*.--\¥ing drops  dur-  
ing  9-gch )]t6hing- o~cill~ti6/i ~' 
an d  rises agMn. 

F a l c o n  [ H i g h ] ~ a p e ~ ]  

Spread  of flow b r e a k a w a y  

Flaps down.--Similar to f laps '  
up  ; wing whol ly  t u r b u l e n t  in ! 
• s ta l led glide. 

Flaps u p . - - S t a r t s  a t  root  and  
spreads  ou twards  a n d • f o r  - 
wards  qnicMy to cover com- 
plete  wing. 

Fl@s down.--Similar to flaps 
"up ,  "modif ied b y  p i tch ing  

mot ion .  

Stall 
grade 

[s~e :§ 4] 

4B 

6B 

4B 

Q 
Low ~ring.  

[-]Root chord] 
,' Taper  k ~ J  
/ = 4.5:1 
'.i Sweepback = 2 ° 

Dihedral  = 4"5 ° 
; w = 12.85 lb. /sq.  It. 

'i 

!i 

5 " LOw ~ring.  
[-Root c h o r d ]  

Taper  [ ~ - p  c~oTd "J 

= 4-5:1 
................ S , ~ b a c l (  = 2 ° 

Dihedral  = 4"5 ° 
w = 12.85 lb./sq,  ft .  

P las te r  
T y p e  

A u t o m a t i c  
Span  0 '  5b 

Split  
0 - 1 5 ~ ×  
0- 58b 

Split  
0 . 1 5 g × ,  
0 .58b 

11 }o, C.Y.H. Section 
0-39  t /c=0"18 t/c=0"08 
± 2 8  ° 
0 "15 

11~ ° ' C.Y.H. 
0 -39  t/c = . 0 " 1 8  
± 2 8  °- 

0 "  15 

NACA 
44!5 

Slots closed, flaps up . -Very  
slight.  

Slots closed, flaps down. 
Very  s l ight .  

Slots free, flaps up . - -S low 
la teral  and  sl ight  p i tch-  
ing oscillation. 

Slots free, flaps- down. 
Slow lateral  oscillation. 

Flaps u p . - - S l i g h t  la teral  
oscillation. 

Flaps down.--Slightly la- 
teral  and  p i tch ing ,  osciI-. 
lation'. 

Slols. closed, flaps'up. W i n g  
dr9ps  quickly  to  s teep  ang le , .  
followed b y  nose.  Can n o t  be 
control led af ter  stall .  

Slots closed, flaps d o w n . ~ S i m i -  
lar  to flaps • up.  P i t c h i n g  

" s t a r t s  af ter  wing  drops.  

Slots free, .flaps u p . - - S l i g h t  
p i t ch ing  an d  slow la te ra l  
oscillation. No  t e n d e n c y  to  
spiral  or  spin.  Aileron con- 
t rol  good an d  glides easy  
even  w i th  s t ick  hard  back.  

Slots free, flaps down:--Stron~ 
p i t ch ing  oscillation ; wing 
drops  s l ight ly  followed b y  
i r regular  spiral .  

Flaps u p . - - N o s e  drops a lit t le ; 
s o m e  mi ld  la tera l  ins t ab i l i ty  
an d  gent le  fal l ing leaf ; bui ld  
up  slowly. Stal led glides, 
s t ick hard" back,  can  be  m a i n -  
t a ined  ,by coarse use  of t h e  
controls.  

Flaps down,. Mild la tera l  in-  
s t ab i l i t y  on wh ich  is super-  
imposed  a fair ly v io len t  
p i t ch ing  osciIlation. 

Slots closed, flaps u p . - - S p r e a d s  
inboard  f rom tip T.E. ,  first 
a long T.E.  and  t h e n  inboard  
a long f ront  t u f t s  f rom tip.  

Slots closed, fl~ps do~n.--SSmi-  
l a r  to f laps-up. 

Slots free, flaps u p . - - A p a r t  
f r o m  rear  ou tboa rd  tu f t s ,  
no  sign of deep tu rbu lence  
elsewhere, even wi th  s t ick 
h a r d  back.  

Slots free, flaps down. - -S imi la r  
to  flaps up.  

Flaps up.-- Spreads slowly 
o u t w a r d s  f r o m  root  a long 
T.I?;. Only  rear  t u f t s  ou t  to 
two th i rds  along span  affected 
a t  stall .  Tip t u f t s  become 
affected on ly  if falling leaf 
allowed to become violent.  

Flaps down.--Similar to flaps 
up but modified by pitching. 

6C 

6C 

2B 

2A 

2c 



TABLE 1--contd. 
TABLE lB. Falcon [High-taperT--cont d. 

Ref. 
No. Descript ion,  etc. Slots F laps  

Tai l  p lane  
position 

and 
vo lume,  
eIevatbr  

r a n g e  
and  

v o l u m e  

W i n g  Sections 

Roo t  Tip 

Stall  W a r n i n g  Beh av io u r  a t  an d  b ey o n d  s ta l l  Spread of flow breakaway 
Stall 
grade 

[See§ 4] 

No t  
Ye t  

pub -  
lished 

Low Wing .  
[ R o o t  chord ' ]  

Tape r  [_' TTpp chmTd - _] 
= 4-5:1 

Sweepback = 2 ° 
Dihedra l  = 4 .5  ° 
w = 12.85 lb./sq, ft. 

Spli t  
0 .15~ × 
0 .58b 

11~} ° 
0 . 3 9  

4-28 ° 
0 . 15  

C.Y.H. 
t/c = 0 .18  i 

G6tt .  
387 

t/c = 0 .15  

Flaps u p . - - N o n e .  

Flaps go~bn.--None.  

Flaps up, engine @ - - I n i t i a l  
increase  in  l o n g i t u d i n a l  s ta -  
b i l i ty  and  m i l d  roll ing oscilla- 
t ion.  As  s t ick  comes  back  
roil ing osqillation increases  
and  falling leaf of increasing 
violence" begins. Controlled 
glides are possible[ 

Flaps up,. engine-on.~--Some 
ta i l  buf fe t ing  ag s ta l l  wh en  
a wing  dropped  gent ly .  

Flaps down.--Similar to  f laps  
u p  except  t h a t  p i t ch ing  mo-  
t ion is  supe r imposed .  

I F lapsup ,  engine off.-2" Star ts  
a t  root  and  spreads  slowly 
ot i twards aloflg T.E.  to two- 
th i rds  of span.  As fall ing leaf 
becomes  violent  deep t u r b u -  
lence spreads  over  ma jo r  p a r t  
of wing. 

Flaps down.--Similar to flaps 
up.  

3c 

2c 

b0 TABLE 1C. Courier 

6 & N A C A  NACA (i) Flaps and ailero*is up. 5c 
1 2219 "2212 - - S l i g h t  v ibra t ion .  

Low Wing .  
Taper  = 2.7:1' 
Sweepback = 2 ° 
Dihedral  = 4 -8  ° 
w = 13.7 lb./sq,  ft. 
A = 7"7}1 

Slot ted  + 11½o 
0 . 2 5 3 ×  0 : 4 2 :  
0 .275b  4-23 ° 

Split  0 . 19  
Q-137X 
0 .22b 

Slot ted  
Ailerons 

(23 ° ) 
0 "27× 
0.435b 

(2) Flaps and ailerons 
down.--Slight ta i l  buffet -  
ing. 

(3) Slotted flaps and ailer- 
ons down, split flaps up. 
- - S l i g h t  taiI  buf fe t ing . .  

(4) All flaps'down, ailerons 
• u p . - - S l i g h t  v ibra t ion .  

(l) Flaps and ailerons up.-- 
W i n g '  drops  fa i r ly  slowly. 
Sta l led glides possible.  

(2) Flaps and ailerons down.-- 
W i n g  drops  v e r y  s h a r p l y  a t  
stall;  s ta l led glides impossible .  

(3) Slotted flaps and ailerons 
down, split flaps @ .  W i n g  
d ropp ing  mi lder  t h a n  w i th  all 
flaps an d  ai lerons dowri, b u t  
s ta l led glides impossible .  

(4) All flaps down, ailerons up.' 
~ S i m i l a r  to case (3) above.  

(1) Flaps and ailerons up.-- 
'Spreads"  slowly along T.E.  

f rom root  and  re tu rns  quicldy 
a long f ront  half  • of wing as 
wing drops• 

(2) Flaps and ailerons down.- 
Spreads inwards  f rom T.E.  
nea r  wing t ip  fair ly quickly 
and  forwards as wing drops.  

(3) Not" recorded. 

6c 

5c 

(4) Not  recorded.  5c 

TABLE 1D. Master 

NAd)~ Flaps up.--None. Flaps u p . - - N o t  observed.  5c 
23008 

7 &  
unpub-  
lish ed 
d a t a  

Low Wing .  
Taper  = 1 "8:1 
Sweepback = 0 ° 
Dihedra l  = 6 ° 

• w = 2!lb. . /sq.  f t . .  

.d = 6:1 

Split  + 9½ ° N A C A  " 
0 . 1 3 7 ×  0 .415  23024 
0 . 5 1 b  

0 .138  

. . . . . . . .  i . . . . . . . . .  i . . . . . . .  

t ,  

Flaps igbW4K"'N6ne." ' 

Flaps up . - - E i t h e r  nose  or wing  
or b o t h  drop  fa i r ly  s h a r p l y  
b u t  n o t  violent ly.  Stal led 
glides h a v e  been  k n o wn  b u t  
a re  v e ry  difficult. 

Fldps down.'W'ing an d  ndse  
drop qui te  s h a r p l y  to a s t eep  
angle.  

FI£ps ~o wn . - -No t  obgerved. 
6c 



t o  
tO 

Ref.  
No. 

Descr ipt ion,  etc. 

W i t h  modif ied wing 
t ips.  

W i t h  modif ied wings.  

W i t h  Lockheed  t y p e  
slits. 

F laps  Slots 

Tail plane 
position 

and 
volume,  
e levator  

range  
and  

vo lume  

+ 9~ -° 
0 . 4 1 5  
0.188 

SpI~ 
0.132 × 
0 .51b 

Split  
0 -13~×  
0.51b 

Similar  to Split 
slits on O-13ax  

t he  0.51b 
Hudson 

+ 9½ ° 
0"418 
0" 188 

+ 9~ ° 
0.415 23024 
0.135 

TABLE 1--contd. 

TABLE 1D. Master--contd. 

;Wing  Sections 

Root Tip. 

NACA NACA 
23024 2415 

NACA N A C A  
2415 2415 

NACA NACA 
23008 

Stal l  W a r n i n g  

Flaps up.--Mild pi tch ing  
oscillation. 

Flaps up, engine off . -None 
pr ior  to  ini t ial  stall .  

Flaps up, engine on ½.- 
Mild oscillation. 

Flaps down, engine off.- 
Slight oscillation. 

Flaps down, engine on {-.- 
Some wallowing and  os- 
cillation. 

Flaps u p . - - N o n e .  

Flaps down.--None. 

L 
Beh av io u r  at an d  b ey o n d  s ta l l  

Flaps up, engine off.--An ini- 
t ia l  s ta l l  in wh ich  nose  p i tches  
mi ld ly  an d  wing roils s lowly 
t h r o u g h  a few degrees.  No 
fu r the r  wing d ropp ing  as s t ick 
comes r igh t  b a c k ;  s tal led 
glides easy. 
Flaps up, @ throttle.--Initial 
stal l  s imi lar  to case wi th  
engine  off. Beyond  ini t ial  
s ta l l  t he re  was  some  p i t ch ing  
a n d  e v e n t u a l l y  a w i n g  
dropped ab o u t  40 ° followed 
b y  hose  into dive. 

Flaps up, engine @ - - I n i t i a l  
s ta l l  in wh ich  nose p i tched  
50 °. A wing  dropped  mi ld ly  
ab o u t  30 ° , p i t ch ing  t h e n  set  
in b u t  d i sappeared  as s t ick  
came  back,  s tal led glides wi th  
s t ick Bard back  possible  w i th  
full use  of controls.  

Flaps up, ½. throtlle.--Initial 
stal l  s imi lar  to engine off. 
E v e n t u a l l y  a wing dropped  
s u d d e n l y  45 ° in m a i n  stall,  
b u t  s tal led glides were j u s t  
possible. 

Flaps down, engine @ _ _ V e r y  
s imilar  to f a p s  up,  e n g m e  on. 
Stalled glides w i th  s t ick  h a rd  
back  not- possible. 

Flaps down, ½ throttle.--2CIild 
init ial  wing drop ; a t  m a i n  s tal l  
the wing drop is sharp and 
sudden .  Stal led glides w i th  
s t ick  h a rd  back  no t  possible. 

Flaps u p . - - V e r y  s imilar  to  
behav iour  w i th  N A C A  2418 
t ips  b o th  engine off an d  on. 

Flaps down.--A sharp wing 
an d  nose drop which is m a d e  
worse wi th  engine on. 

Spread of flow b r e a k a w a y  

Flaps up, engine @ - - S p r e a d  
f rom root  sect ipn a long T .E .  
to two th i rds  span .  Forward  
spread  of t u rbu lence  re- 
m a i n e d  largely  confined to  
root  section.  No separa t ion  
a t  t ip.  

Flaps 4@ ½ throttle.--Up to  
finai s ta l l  t u rbu l ence  p a t t e r n  
was  s imi lar  to case w i th  
engine off; a t  second s tal l  
t u rbu l ence  spread  quickly  
over  res t  of wing.  

Flaps up, engine @ - - S p r e a d  
f rom root  t ra i l ing  edge for- 
wards  a n d  o u twa rd s  b u t  
never  ex t ended  m u c h  b ey o n d  
inner  ha l f  of w i n g  or over  
leading edge. 

Flaps up, ~} throttle.--Similar 
to  engine off case .but a t  m a i n  
s ta l l  t u rb u l en ce  spread over  
m o s t  of r e m a i n d e r  of wing. 

Flaps down, engine of f . - -Very  
s imi lar  to  flaps .up, engine on, 
b u t  ini t ial  roo t  t u rbu lence  is 
m o re  m ark ed .  

Flaps down, ½ throllle.--Similar 
to flaps up,  engine on. 

Flaps u p . - - N o t  observed.  

Flaps down.--Not observed.  

Stall  
grade 

[see § 4] 

2B 

4B 

3C 

3B 

3c 

4B 

2C - 
[engine 

o f f ]  
4c  

[engine 
oN 

6c 



TABLE 1--contd. 

TABLE 1E. Magister 

Ref.  
No. Descript ion,  etc. 

Low Wing.  
Taper  = 1.55:1 
Sweepback = 0 . 6  ° 
Dihedra l  = 5 ° 
w = 10 "2 lb./sq, ft. 
A = 6"35 

W i t h  sharp  edged 
wedges each 0.  lb  in 
span  along inboard  
L.E.  

R o u n d e d  f a i r i n g s  
over  ou tboa rd  lead- 
ing edge in a d d ~ i o n  
to above  wedges.  

Slots Flaps 

Split  
0 . 1 4 ~ ×  
0.47b/~ 

Split 
0 .143  × 
0 "47b/~ 

Split 
0 . 1 4 ~ x  
0 "47b/~ 

Tail  p lane  
pos i t ion  

and  
vo lume,  
e levator  

r ange  
and  

v o l u m e  

+9¼ ° 
+0 '415 
+23° /  
- -32°f  

0 .15  

+9¼ ° 
q-0 "415 
+ 2 3 ° ] .  
- - 3 2 ° f  

0 . 1 5  

+9¼ ° 
+ 0 . 4 1 5  
+23o"/ .  
- -  32 ° f 

0 -15  

W i n g  Sect ions 

Roo t  Tip 

Clark Y H  
0-19  0 .10  

Clark Y H  
0 . 1 9  0-10  

Clark Y H  
0 . 1 9  0 .10  

Stal l  W a r n i n g  Behav iou r  a t  an d  b ey o n d  s tal l  Spread of flow b r e a k a w a y  

Flaps "up. - -Sl ight  warn -  
ing  g iven  b y  s teep  a t t i -  
tude ,  ' feel ' a n d  v ibra-  
t ion.  

1¢.laps down.--Some pi tch-  
m g  oscillation. 

Flaps u p . - - S l i g h t  la tera l  
ins tabi l i ty .  Change  of 
t r im.  

Flaps down.--Similar to 
flaps up.  

Flaps up . - -S imi l a r  to 
above.  

Flaps up.--~vVing drops  fair ly 
sha rp ly  to  a b o u t  40 ° , t h e n  
o ther  wing flicks over  in to  
violent  falling leaf. 

Flaps down.--Similar to flaps 
u p  b u t  wi th  a p i t ch ing  m o t i o n  
su p e r im p o sed ,  and s t a r t ing  
earlier t h a n  t h e  wing drop.  

Flaps u p . - - N o s e  p i tched  down 
an d  wing dropped  in to  p i tch-  
ing  fall ing leaf or spiral.  
Stalled glides wi th  s t ick  h a r d  
back  were possible. 

2:;laps down.--Similar to  flaps 
u p  b u t  la tera l  ins tab i l i ty  was  
worse. Stalled glides wi th  
s t ick  hard  back  were possible.  

Flaps u p . - - N o s e  p i tched  down 
ini t ial ly b u t  wings  k ep t  
fair ly level even  wi th  t h e  
s t ick  ha rd  back.  

Flaps down.---Lateral s tab i l i ty  
worse t h a n  wi th  flaps u p  b u t  
still  mi ld  an d  o therwise  simi-  
lar  w i th  a p i t ch ing  m o t i o n  
super imposed .  Stal led glides 
wi th  s t ick  h a r d  back  fa i r ly  
easy.  

Flaps u p . - - S p r e a d s  o u t w a r d s  
and  forwards  f rom root  T .E .  
v e ry  rap id ly  cover ing  whole  
wing as wing  flicks over  t h e  
second t ime .  

Flaps down.--Similar to  flaps 
up.  

Flaps u p . - - T u r b n l e n c e  sp read  
fa i r ly  comple t e ly  over  t h e  
root  before sp r ead in g  ou t -  
wards  over  wing  as  w in g  
dropped.  

Flaps down.--Similar to f laps 
up.  

Flaps u p . - - S p r e a d  fa i r ly  com-  
ple te ly  over  t h e  roo t  b u t  did  
no t  sp read  m u c h  o u t b o a r d  of 
root. 

Flaps down.--Similar to flaps 
up. 

Flaps down.--Similar to 
above.  

Stal l  
g rade  

[See § 4] 

6B 

4B 

3B 

3B 

2B 

3B 

TABLE 1F. Tipsy 

Low Wing.  
Tape r  = 2.66:1 
Sweepback = 0 ° 
Dihedra l  = 6 ° 
Washout = 6 .5  ° 
w = 8 ib/sq,  ft. 
A = 6"7:1 

F ixed  
Lockheed  

type 
Net  s p a n  

= O . l b  

Split  
0 "12×  

0" 17b 

+ 1 1 ~  ° 
0 . 38  

+24o' /_ 
- - 1 5 ° f  

0 . 12  ~ 

R A F  
0.16 

28 
0 -08 

Sl i t s  sealed, flaps up or 
down.--Slight v ib ra t ion  
and  long i tud ina l  oscil- 
lat ion.  

Slits open, flaps up or 
down . - - S l i g h t  v ib ra t ion  
a n d  long i tud ina l  v ib ra t ion  

Slits sealed flaps up or down.-- 
W i n g  drops fair ly quic ldy  
followed b y  nose in to  s teep  
spiral.  Stalled glides '  wi th  
stick hard back are possible. 

Slits open, flaps up or down.-- 
Fai r ly  mild wing drop fol- 
lowed by nose into steep 
spiral. Stalled glides with 
stick hard back impossible. 

Slits sealed, flaps up or d o w n . -  
F r o n t  separation at t ip  
spreading inwards. 

Slits open, flaps up or down.-- 
Separa t ion  s t a r t ed  a t  T .E .  
near tip an d spread inwards. 

5B 

5B 



TABLE 1- -con td . -  

TABLE 1G Skua [Prototype] 

b~ 

Ref.  
No. 

10 

Description,  etc. 

Low "Wing. 
Taper  = 1.8:1 
Sweepback = 0 ° 
w = 22.6  Ib/sq. ft. 

With pointed  fair ings 
each 0'145b/2 ' in 
spar~ along root  L .E.  

F laps  

Tail plane  I 
posi t ion I 

and  ] 
volume, ] 
e levator  [ 

r ange  [ 
and  

vo lume  

W i n g  Sections 

Root Tip 

N ACA NACA 
24165 24115 

Stall W a r n i n g  Beh av io u r  a t  and  beyond  stal l  Spread of flow b r e a k a w a y  

Flaps u p . - - N o n e .  Flaps up . - -S t ro l~g  self-s tal l ing 
t e n d e n c y  pr ior  to ini t ia l  
s ta l l .  ~ q n g  a n d  nose  drop 
a few degrees a n d  as s t ick  
comes  back,  a wing  an d  nose 
flick over  fa i r ly  s h a r p l y  a b o u t  
60 ° . 

Flaps down.--Similar to b u t  
m o re  violent t h a n  w i t h  f laps 
up.  

Slots 

Split  
0 .157 × 
0 .35b 

S p l i t  
0 .15c  X 
0.35b 

+8½ ° 
0 . 4 8  

+ 8 ½  ° 
0 . 4 8  

ACA 
24165 

NACA 
24115 

Flaps down.--None. 

Flaps u p . - - I n c r e a s i n g  
nose  heav iness .  Sl ight  
pi tchil lg and  vibrat ion.  

Flaps u p . - - W i n g  drops  in to  
fair ly gent le  fa l l ing . leaf. 
Self-s tal l ing t e n d e n c y  largely  
e l imina ted .  

Flaps down.--Similar to be-  
h a v i o u r  without pointed fair :  
i n g s . .  

t~laps u p . - - S p r e a d s  over root  
wh en  first  s ta l l  occurs an d  
t h e n  a long T.E.  an d  forward 
over  t ip  as second s tal l  
occurs. 

_Flaps down.--Similar to flaps 
up,  

Flaps u p . - - S i m i l a r  to s t and-  
a rd  case b u t  forward spread 
of roo t  t u rbu lence  is earlier 
an d  m o re  gradual .  

Flaps down.--Similar to be- 
f iaviour  w i thou t  fairings. 

Flaps down.--None. 

Stall 
grade 

[see § 4] 

4c 

4c 

5~ 

4c 

TABLE 1H. Battle 

11 3c Low Wing.  
Taper  = 2-3!1 
Sweepback = 1 ° 
Dihedral  = 2"5 ° 
W i n g  Twist  = 3- 8 ° 
w = 20 .5  lb/sq, i t .  
A = 6"48:1 

S p l i  
0 .29~ × 
0 .45b 

[47 ° ] 

+ 8  ° 
0 . 49  

:t=24-50 
0 .22  

NACA 
2418 

N.A.C.A. 
2409 

Flaps u p . - - V e r y  s l ight  
vibrat ion.  

Flaps down.--Vibration 
less ma rked  t h a n  wi th  
flaps up.  

Flaps u p . - - O n e  wing  drops  
s lowly a few degrees in ini t ia l  
s ta l l  a n d  t h e n  p i t ch in g  be- 
gins; as  s t ick  is pul led  fu r t h e r  
back  a fair ly s h a r p  wing  drop 
into a fal l ing leaf  resul ts .  

Flaps down.--Similar to flaps 
up.  

Flaps u p . - - T u r b u l e n c e  does 
n o t  ex tend  m u c h  beyond  
cen t re  sec t ion dur ing  init ial  
stall ,  b u t  spreads  rap id ly  over  
m o s t  of wing at final stall.  

Flaps down.--Similar to flaps 
up.  

3c 

TABLE 1K. Spitfire [Prototype] 

Flaps u p . - - N o n e .  3c 12 
and 

unpub-  
lishect 
da t a  

Low Wing.  
Elliptic p lan  form 
Sweepback = 0 ° 
Dihedral  = 6 °. 
w = 21-5 lb/sq, ft. 
A = 5.67:1 

Split  [57 ° ] 
0 . 1 5 " ×  
0.445b 

:+11½ ° 
0 .375  
-4-280 
0-15 

NACA NACA 
2213 2205 

Flaps down.--None. 

Flaps u p . - - T h e  nose  a n d  wing  
drop s l igh t ly  in ini t ia l  stall ,  
wi th  s t i ck  fu r t h e r  back  t h e  
wing drops  s lowly to 45 ° 
s tal led glides are  easy,  ailer- 
ons  r e m a i n i n g  et~ective a f te r  
stall.  

Flaps d o wn . - -S im i l a r  to flaps 
up,  excep t  t h a t  wing  drops  
m o re  qu ick ly  a n d  genera l  
v ib ra t i on  is m o r e  m a r k e d .  

Flaps u p . - - A p p e a r s  first over 
root  T .E .  for init ial  stall, 
then appears at tip but not 
over rest of wing until the 
wing drops ,  with engine on, 
' d e e p '  t u rbu l ence  appears  
first a t  t ip.  

Flaps down.--Similar to flaps 
up.  3c 



t O  
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Ref.  
No. 

13, 
1 4  

T A B L E  2 

Summary of Detailed Stalling Tests, Twin.engined Aer@lanes 
T A B L E  2 A .  B l e n h e i m  

• 2 

Descript ion,  etc. 

Mid-wing 
Taper  = 2.8:1 

- -Sweepback-=-259- -- 
Dihedral  = 6 .5  ° 
w = 24.1 lb./sq. It. 
A = 6.71:1 

Slots F laps  

Tai l  p lane  
posi t ion " 

and  W i n g  Sect ions 
volume,  
e levator  Stall  W a r n i n g  

r ange  
and  Roo t  Tip  

Yohime 

SpHt ( 5 8  °) 
0;2~ × 

- -  0 , 5 4 b  . . . .  

+ 6~o RAF 
0 .466  - 0 . 1 8  

--}-24? _ ~  . . . . . . .  
- - 3 7 . 5 ° f  

0 . 186  

28 
-0 ,10  s 

Flaps up, gills closed.~ 
Slight  p i t ch ing  consider- 
ab l e  v ib ra t ion  change  in 
t r im .  

Flaps uf), gills open.-- 
General  uns t ead iness  is 
more  marked .  

Flaps up, ½ throttle.- 
. .  .. W a r n i n g  is m u c h  less 

m a r k e d  t h ~ n  wi th  engine 
. . . . . . . .  ' . . . . . . . .  ' . . . . . . . . . .  ' . . . . . . . .  ' " off, gills open or closed. 

" ' i ' .  , , . . ~ -  

i : 

• i " " ' ' " ' 

i 

[ 

i i 
I 

Flaps sown, gills closed 
Increas !ng  pi tching.  

Flaps down, gilXs opei,..--. 
W a r n i n g  is more  marked .  

Flaps down, gills closed, 
throttle.--Warning large~ 
ly  suppressed .  

Beh av io u r  a t  an d  b e y o n d  s ta l l  

Flaps up, gills closed.--A wing 
drops  su d d en ly  followed b y  
t h e . n o s e  w i th  a t e n d e n c y  ~o 
spin.  

Flaps up, gills open.---Aero- 
p lane  is b r o u g h t  to  t h e  s ta l l  
w i th  g rea te r  diff icul ty t h a n  
w i th  gills closed an d  wing  
d ropp ing  is milder .  Stal led 
glides wi th  s t ick  hoard b ack  
are  possible.  

Flaps up, ~ throttle.--Similar 
to  b eh av io u r  engine  off, b u t  
w i n g  d ropp ing  is m o r e  vio- 
lent .  

Flapsl down, Gills closed.,-- 
Pi t ch ing  osci l la t ion bu i ldsup;  
b u t  a n y  wing drop is v e r y  
mild.  

17laps down, g~lls open.--Simi~ 
lar  to b eh av i0 u r  wi th  gills~ 
closed. 

Flaps down, gills closed, 
throttle . - - W i n g  d rops  v io lent -  
ly  and  sudden ly .  

Flaps down, gills open, 
throttle.~-Wlng . drops '  v e r y  
gent ly ,  i 

Spread  of flow b r e a k a w a y  
Stall 
g rade  

[see,§ 4] 

Flaps down~ gills open, {~ 
throttle.--More" m a r k e d  
t h a n  wi th  gills closed. 

! 

Flaps up, gills closed.--Ap- . 6B 
pears at root T.E. and spreads 
I o r-w-ar-d s-.a n.d.o.u t w_ar d s . 
spreading rapidly as wing 
drops. 

Flaps up, gills open.--Out- 3A 
ward  sp read  is slow, ' d e e p '  
t u r b u l e n c e  r e m a i n s  largely  
confined to  roo t  sec t ion  an d  
beh ind  nacelles.  

Flaps up, ½ throttle.--With 6c 
gills closed, t h e  roo t  sect ion [Gills 
r e m a i n s  on ly  pa r t i a l l y  s ta l led  c losed]  
~ h d - t h e  ~ u r b u l e n c e  spread~ 6i3 
r ap id ly  over  o u t e r  wings. '  [Gills 
W i t h  gills open,  t h e  t u rbu~  open] 
lence aga in  sp r ead s  over  root~ 
a n d  t h e n  ou twards .  

Flaps" down, gills c!osed..~-~". . 2B 
Spreads  o~er  roo t  and ' remgin~ ~ - 
la rgely  conf ined to inner  par t~  
of wing.  •. " , 

Flaps down/.giHs open.=~Simi~ S a  
lar  to  b e h a v i o u r  w i t h  gill~ 
closed: . . . . .  

Flaps down, gills closed, ~ 6c 
throttle.--Not observed .  

Flaps down, gills open, ~ 'SB 
thi'ottle.' ' N6~ o'b'serve~l'. . . . . . .  

i , , f  



T A B L E  2--contd. 

TABLE 2 B .  M o n o s p a r  

?, 
. : f i  

IRef. 
No .  

Not 
yet 

issued 

t ~  

1 5 ,  

D e s c r i p t i o n ,  e tc .  

L o w  W i n g .  
i T a p e r  = 3 .35 :1  
' S w e e p b a c k  = - -  1 ° 
, W a s h o u t  = 1 -8  ° 

i D i h e d r a l  = 9 ° 
• A = 7.28:1  

w = 12 .0  lb / sq ,  f t .  

S lo t s  

i 

[ U p p e r  s p a r  m e m b e r  r u n s  
su r f ace  o v e r  c e n t r e  sec t ion]  

. . . .  % . 

M i d - W ~ g .  
T a p e r  = 4 .3 :1  

- S w e e p b a c k  2 ..Or. 
D i h e d r a l  = 6} ° 
A = 6"8:1 
w = 32"3 lb / sq ,  i t .  

Flaps 

a b o v e  

T a i l  p l a n , _ J _ . ,  
. . . . . .  - : - ~ o s ] { i o n  i i - 

{ and t l 
i v o l u m e ,  [ 
i e l e v a t o r  ] 

r a n g e  I a n d  
v o l u m e  

i 
? 

0 " 4 9 5  
%20.5 ° k 
- -  3 3 - 0 ° /  

0 "188 

w i n g  

W i n g  SeCtions 

R o o t  T i p  

] 

S t a i i  W a r n i n g  • B e h a v i o u r  6.t a n d  b e y o n d  s t a l l  S p r e a d ' o f - f f o w ' b r e a k a w a y  

Sf ieger  series ,  3½% 
c a m b e r  w i t h  s o m e  

ref lex.  
0 " 1 8  : 0 - 1 6  

[This is  the 
t h i c k n e s s  

j u s t  outs ide]  
t he  nacelle] 

Engines o f f . ~ S H g h t ' v i b r a ,  
t i o n  a n d  l a t e r a l  insta- 
bility. 

{ t h r o t t l e ' . ~ S a m e  a.s 
t h r o t t l e s  c losed.  

, ,  , ,  . . 

Engines o f f . - - W i n g  and nose  
fall v e r y  g e n t l y  t o g e t h e r  i n t o  
spiral. S t a l l e d  g l i de s  w i t h  
stick hard back were easy. 

¼ throtlle.--Same as throttles 
closed•  " 

Engines o f f . ~ S p r e a d s  s l o w l y  
f o r w a r d s  a n d  o u t w a r d s ,  f r o m  
t h e  r o o t  reaching t h e  t i p  as 
t h e  w i n g  d r o p p e d .  

¼ throttle.--Same" as  ~ k r o t t l e  
d o s e d .  

i ,  , 2 .  _ *  

TABLE 2 C .  H u d s o n  

B u i l t - i n  
s l i t s  

Net s p a n  
= 0 . 2 b  

• ? . ,  : 

.Fo~vlerl 
: (38°) 

. 0 . - ' - 3 5 ~ - X -  - 

0 . 5 b  

+.10¼ ° 
- 0 . 6 9  

- 3 8 . o j  
0 . 2 9 8  

." - . . - -  , 

N A C A  N A C A '  Slits sealed, flaps up.---: 
2301& 23009 None.  " - " 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sl~ts-s~ ; ie i~ / ;P -2 ;£~ , ' ;  iZ--- 
- , S l i g h t  r e d u c t i o n  i n  con-  

trol ef fec t iveness .  
_'Slits sealed, flaps down, 

throttle open.e-None. 

S l i t s  o p e n , f l a p s  u p -  
. . . . . . .  •• . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' S!ig_h_t_snat_c.hing..q{ a'.fler-_ 

o n s .  

• .[ 77 Z Slits open, flaps 2 o w n . -  
, . , .  •. ..° ' ." .~ . . . .  , . . .  ~ . . . .  S i m i l a r  t o  w a r n i n g  w i t h  

• : . . . . . . . .  s l i t s  sea led .  ~ - 

J . . . . . . . .  

Slits open, flaps down 
throttle open.--Slight 

Slits sealed, flaps u p ' . - - W i n g  NO o b s e r v a t i o n s .  " 
d r o p p e d  sharp ly"  fo l lov ted  b y  

i_. nose ,  c o u l d  not_be~ a r r e s t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Slits sealed, flaps down.--Wing 

d r o p p e d  s h a r p l y ,  c o u l d  n o t  be  
a r r e s t e d .  ,- 

Slits sealed, flaps down, throttle 
open.~Wing d r o p  i s  m o r e  -~,~- - . '  
v i c i o u s  t h a n  w i t h  t h r o t t l e  
c losed .  

~lits open, flaps u p . - - W i n g  
' d r o p _ c a I 1  bP_~.r!~e_s.t-e-d__a-t, firs_t, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

b u t  a s  s t i c k  c o m e s  b a c k  t h e  
w i n g  d r o p s  r a p i d l y .  

Slits open,flaps down.--Violent 
p i t c h i n g  o sd i l l a t i on  a n d  s o m e :  

i n s t a b i l i t y ,  b u t  s t a l l e d  g l i de s  
a r e  p o s s i b l e  e v e n  w i t h  t h e  
s t i c k  h a r d  b a c k .  

Slits open, flaps down, throttle 
open.--A w i n g  drops ,  b u t  less  
v i o l e n t l y  t h a n  w i t h  s l i t s  
s e a l e d .  

i S t a l l  
i g r a d e  
see § 4] 

5B 

5B 

6 c .  

6 c  

- 6 ¢ ,  :: 

3 c  

5 c  



.... T A B L E  ' 2 ~ c o n t d .  . . . . . . . .  

• TABLE 2 D .  H a m p d e n  
r .' 

b 0  

Ref.  
No. 

16 

unpub-  
l ished 
data 

Descript ion,  etc." Slots F laps  

Mid-wing. A u t o m a t i c  
Taper  = 3"69:1 H P  T y p e  
Sweepback 2 .3  ° Ne t  s p a n  
Dihedra l  = 6"5 ° = 0 .47b  
w :2 9 ; I Ib/g~t: f t .  . . . .  
d = 6"58:1 

W i t h  Slots sealed. 
( T h e s e t e s t s w e r e n o t  
v e r y c o m p r e h e n s i v e ) .  

Slot ted 
H P  T y p e  

0 . 2 9 ~ ×  
0 .438b  

Tail plane  
pos i t ion  

and"  
volume,  
e levator  

r ange  
and  

volf lme 

5 , 1  ° 

0 .53  
4-23 ° 

0 . 194  

Wing Sect ions  

R o o t  - T i p  

2¢ACA N A C A  
2317 2311 

Stall Warning 

! Flaps up, engines on or o f f . -  
Slight  wi th  gills closed, 
b u t  m a r k e d  v ib r a t i on  
wi th  gills open.  

Flaps down.--Moderate 
v i b r a t i o n  with g i l l s  
closed, m a r k e d  v ib ra t ion  
w i t h  gills open.  

Flaps up.--Slight deter i-  
ora t ion  in aileron con-  
trol .  

Flaps up, ½ throitle.-- 
Slight .  

F l a p s  d o w n . - - S o m e  
change  in  t r im .  

Beh av io u r  a t  a n d  b e y o n d  staI11 Spread  of flow b r e a k a w a y  

Flaps u p . - - T h e  nose  p i t ched  
gen t ly  an d  t h e  aeroplane  
wen t  in to  a r igh t  h a n d  spira l  
as t h e  s t ick  c a m e  back  w i t h  

engines  o n , "  t h e r e  was  a 
p i tch ing ,  m o t i o n  su p e r im -  
posed.  Sta l led  glides w i th  
s t ick  h a r d  back  were easy.  

Flaps down.--Various flap a n d  
e n g i n e . . c o m b i n a t i o n s  were 
t r ied  a n d  in  ev e ry  case b u t  
one, b eh av io u r  was  s imi la r  to  
flaps u p  case. 

Flaps down 20 °, throttle open ~.-- 
Afte r  so m e  v ib ra t i on  wing  
dropped  fa i r ly  g en t l y  to  4S °, 
followed b y  nose  in to  dive.  

Flaps u p . - - B e h a v i o u r  i s  m u c h  
t h e  s a m e  as w i t h  t h e  slots  
open.  . 

Fla.ps up, ~ throttle.--Nose an d  
w a g  drop mi ld ly  a few 
degrees,  as s t ick  comes  b ack  
a i rcraf t  t e n d s  to  wallow. 

Flaps down.--Behaviour is 
m u c h  t h e  s a m e  as w i th  t h e  
slots: open.  

Flaps up, engines on or o f t . -  
Spreads  s lowly f ro m  j u s t  ou t -  
board  of nacel les  fo rwards  
an d  inwards ,  no  s ign  of t u r -  
bu lence -beh ind  t h e  slots .  • 

Flaps down.--Except for case  
of flaps down 20 °, ~ th ro t t l e ,  
t u r b u l e n c e  sp read  was  s imi la r  
to  flaps u p  case,  

Flaps down 20 °, throttle open {.--  
Spreads  fo rwards  a n d  out -  
wards  f rom j u s t  o u t b o a r d  of 
nacelle, cover ing  w in g  as  i t  
d ropped .  

No obse rva t ions  w i t h  s lots  
sealed. 

Stall  
g rade  

[See § 4] 

2 c  

[Gills 
closed] 

2A 
[Gills 
open] 

• 2B 
[Gills 

". closed] 
2k 

[Gills 
open] 

3B 
[Gills 

dosed]  
3k 

[Gills 
open] 

2c 

2c 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  TABLE 2E. Hereford 

unpub-  
Hshed 
dat 'a 

This  aeroplane  is t he  
s ame  as t he  H a m p -  Slots open 

x i t l poweredwi thDagge r  
and  no t  Pegasus  en- 
gines. There  are oil .  
cooling ducts  in t he  

t ion.  

S ame  as  H a m p d e n  (see Tab le  2D).  Flaps up . - - E a r l y  ta i l  
buffet ing,  p i t ch ing  a n d  
wallowing.  

Flaps up, ~ throttle.- 
Same  as with throttle 

--closed. . . . . . . . . . . . . .  

Flaps up.--Behaviour is s imi-  
lar  to  t h a t  of  H a m p d e n ,  w i th  
s t ick  h a r d  back  t h e r e  is a 
mild ' root  s ta l l  an d  no  t en d -  
ency  for wing  to drop.  

Flaps up, { throttle.--Pitching 
an d  wal lowing become m o re  

.... marked-  at" and" ' a f t e r  s ta l l .  
A t  top  of p i t ch  a wing  m a y  
drop gen t ly  and  rise again .  

Flaps up.--Starts fairly early 2A 
at root and spreads slowly 
forwards and outwards but 
n ev e r  ge ts  b e y o n d  u n s l o t t e d  
pa r t s  of wings .  

Flaps up, ~- throltle.--IN~uch t h e  2A 
s a m e  as  wi th  t h r o t t l e  closed. 



- _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T ~ d 3 L E - - 2 - . . - = - . - e o n t d .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

tO 

Ref.  
No. • I)escript ion,  etc. 

Slots open. 

W i t h  Slots sealed. 

Slots F laps  

T A B L E  2 E .  

Tai l  p lane  
posi t ion W i n g  Sections 

a n d  
volume,  
e levator  range ]i Ti 

and  " Roo t  P 
. vo lume  

Hereford--contd. 

i I Sta l l  W a r n i n g  B e h a v i o u r  a t  an d  b e y o n d  s al Spread of flow b reakaway  

Flaps down, throttle closed 
or ,} open.--Mild v i b r a -  
t i o n  " decreased b y  
th ro t t l e  being opened.  

Flaps'up, thio'ttle dosed.-- 
Same as wi th  slots  open.  

Flaps ~p, throttle ½.-  
Slight v ibrat ion .and_ 
p'it ctiing oscillaffon. 

Flaps down, throttle closed.- 
Slight p i tching.  

Flaps down, throttle ~.7-. 
Slight, 

Flaps down, throttle closed or ½ 
open.--Nose pi tches  10°-15 ° 
a t  stall ,  an d  t h e n  a i rcraf t  
con t inues  .to p i tch  b u t  re- 
m a i n s  on even  keel as s t ick  
comes  back  

Flaps up, tlwotlle closed,--Samd 
as w i th  s lo ts  open,  

Flaps up, throttle ½.- -P i t ch ing  
an d  wal lowing increased a n 6  
one wing d r o p p e d  fair ly 
qu icMy to  35 °, a i leron con- 
t rol  disapI~earing, wing cam e  
u p  as speed increased;  b u t  a 
sha rpe r  wing drop resul ted  if 
s t ick  was  pul led fu r the r  back.  

Flaps down, throttle closed.-- 
Pi t ch ing  an d  wal lowing in- 
crease  a n d  wing m a y  drop 
gen t ly  f rom to p  Of p i t ch  into 
spiral ,  la tera l  control  dis- 
appea r ing  till speed rises, 

Flaps down, throttle ½.~Mild 
b u t  s u d d e n  wing drop,  Con- 
tr011ed glides w i th  t h e  s t ick  
h a r d  back  are  possible  b u t  a 
wing  is l iable to drop f rom 
t h e  glide. 

Flaps down, throttle closed or ½ 
open.--Much t h e  s am e  as 
w i th  flaps up.  - . . . . . . . . .  

Flaps up, throttle closed.--Same 
as w i th  slots  open. 

Flaps up, throttle ½.- -Turbu -  
lence sp read  slowly forwards 
an d  o u twa rd s  f rom root  an d  
ex t en d ed  over  outer  pa r t s  of 
wing as it  dropped.  

Flaps down, throttle closed.- 
Spreads  slowly forwards and  
o u twa rd s  b u t l o n l y  occasion- 
a l ly  ex t ends  beyond  i n n e r  
p a r t s  of wing wh en  i t  drops 
f rom top  oi pi tch.  

Flaps down, throttle ½.--Star t s  
a t  T .E .  ab o u t  two- th i rds  ou t  
a long wing sp an  an d  spreads  
inwards  jo in ing  up  wi t t f  root  
t u rb u l en ce  as wing drops.  

. : ; . :  . . . . .  

. . . . . . . . . .  T A B L E  2F~ ..... B e a U f o r t  

Stall  
grade 

[see § 4] 

2& 
[ throt t le  
ctosed] - 

2B 
"throttle 

open] 
2&" 

3B 

2B 

5c 

53 Mid-wing. 
T a p e r .  . - - ' 2 . 1 : 1  
Sweepback = 1 ° 

Dihedral  r) 

w = 32" 5 lb/sq,  ft. 
A = 6.72:1 

Split  
0 ,23~ X 
0.57b 

4½ ° 
0 . 4 8 5  

423°\  
_ 330 f - 

O. 194 

__.tLA.F_ 
0 . 1 8  

28 .- Flaps up, gills closed.-- Flaps up, gills closed.--Oscilla- 
0-I0 Oscillations.in roll and lions increase and there is 

pitch,  considerable  wal lowing i' nd~ 
wing  drop oceured even  w i th  
%he s t ick  h a r d  back.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Flaps up, gills open.-- Flaps up, gills open.--Similar 
Marked vibrat ion,  to b eh av io u r  w i th  gills closed. 

Flaps up, gills closed.--There 
was a region of .prollonnged 

~breakaway well above  t h e  
Ii s ta l l  j u s t  beh ind  t h e  nacelles. 
Th i s  covers  t h e  root  and  t h e n  
sp reads  slopply ou twards  to 

- ~ o ~ -  ~/15iSht ~ 5 f  th&57i i~-  - 
tTlaps up, gills open.--Similar 

to  behav iour  wi th  gills closed. 

1A 

1A 



b0 

Ref.  
No. 

±AJ6ZJ~--Z- con-t~:---~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . .  

TABLE 2F, B6aufor t~contd .  ~ " . 

Slots Descr ipt ion,  etc,  

Tai l  p lane  
posi t ion 

and  
Flaps  volume,  

e levator  
range  
arid 

vo lume  
. _ f - _ , . . . . .  

W i n g  Sections 

Root Tip 

. . . . . . . .  V . . . .  I 

Stall  Vcrarning -. 

Flaps down, gills closed.- 
As wi th  flaps np.  

Behaviour .  a t  and '  b ey o n d  Sta] ~' Spread of flow b r e a k a w a y  

Similar  to flaps up,  gills 
o p e n ,  

t~laps down, thro#le ~.--  
Oscillat ion in roll a n d  
p i t ch  s t a r t  a t  t h e  stall .  

• ; . . . 

m a r k e d  p i t ch ing  of t h e  nose.  
Occas iona l ly  wing  d ropped  
d u r i n g  p i t c h .  U n s t e a d y  
s ta l led  glides w i th  s t ick 
h a r d  b ack  were  possible.  

-Fldfis dow~ : gi-lYs @e•~/i~-Sffni:- 
l a r - t o  b eh av io u r  wi th  flaps 
up .  

Flaps down, throttle { . - - I n i t i a l  
p i t c h  .(10 °) of nose  an d  t h e n  

w i n g  d ropped  90 ° an d  would  
n o t  be .raised b y  t h e  controls .  
St ick  cou ld  n o t  be eased back  
b e y o n d  s ta l l  posi t ion because  

Stall  
g rade  

[see g 4] 

Irla . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . .  ps down, gills closed.--Os- Flaps down, gills closed.--Ini- 3A 
c i l l a t i o n s  i n c r e a s e  w i th  t ial  region of b r e a k a w a y  

behind nacelles occurred a t  
lower speed t h a n  w i th  flaps 
up  an d  was  less intense.  
B r e a k a w a y  spreads  r a t h e r  
more  rap id ly  over  m o s t  of 
t h e  wing. 

Flapsdo(v-n; gills bpen-.--qnitiM 
region more  m a r k e d  t h a n  
w i th  gills closed. Spread of 
b r e a k a w a y  s imilar  to flaps up.  

Flaps down, throttle ~-.--Not  
observed.  

4c  

" 6fViolent-pi tehing:~ . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . .  

Ref.  
No. 

• 1 7  

Descr ipt ion,  etc. 

T A B L E  3 

Summary  of Stalling Behaviour of Some Single-engined Aeroplanes as indicated by General-handling Tests 

' -TABLE 3A. •Lysander . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tai l  
posi t ion 

and  
Slots  F laps  v o l u m e  

e levator  
range  

- and 

- volume 

W i n g  Sections 

'ROOt (t/c) - T i p  (t/c) 

Stal l  W a r n i n g  

H igh  W i n g . .  
Tape r  
(inner half) ----" 0 .75:1  
(outer  half) = 4" 1:1 
Sweepback 
(inner half) = - -  8 ° 
(outer  half) = -- 4 ° 
Dihedra l  = 2 ° 
A =  9.6:1 
w = 22 .3  lb/sq,  ft .  

Ou t e r  
slo~s are  

a u t o m a t i c  
of s p a n  

= 0 "574b 
i nne r  

s lo ts  a re  
coupled 

w i t h  flaps 
a n d  of span  
= 0 . 3 4 9 b  

Slot ted 
(93 ° ) 

O .287× 
0.426b 

_ 7  ° 
0-635 

+16.so-L 
~ 1 9  ° f 

0 "355 

R A F  34 (Mod.) W a r n i n g  g iven  b y  s teep  
a t t i t u d e  a n d  low air- 
speed.  

- -  I . . . . . .  I . . . . . . . . . . . . . . .  

Stall  
g rade  

B e h a v i o u r  a t  an d  beyond  s tal l  [See § 4] 

Flaps up or down, engine @ - - I t  was  imposs ib le  to s ta l l  t h e  1, 
ae rop lane  (C.G; a t  h = 0.292,  permiss ib le  range  in h = 0 . 2 3  
- -  0 . 3 3 ~ ) .  . 

Flaps up or down, engine r.p.m. > 2 5 0 0 . - - A "  wing an d  nose  2• 
drop v e r y  g en t l y  a t  t h e  s t a l l ;  t h e  wings can  be  held level 
b y  u s e  of t h e  controls .  



Ref. 
No. 

18 

.i 
Description, etc. 

:Low Wing. 
Taper ----' 2-15:1 
Sweepback = 2" 5 ° 
Dihedral = 5"0 ° 
A = 6.65:1 
w = 15.61b/sq. ft. 

TABLE 3--contd. 

TABLE 3B. Me. Taifun 

Slots  !aPs 

Tall 
position 

a n d  
volume 
elevator 

range 
and 

volume 

Wing Sections / 

Root (t/c) I Tip (t/c) / 

Stall Warning 

• " 1 Stab 

 eliaviour at and beyon  stall I " 

Automatic Slotted I'" 10° 
Tip slots (43 °) 0- 495 
Span= 1: 0"272? × +27°'~. 
0.515b [ 0.435b - - 2 4 ° f  

0.22 

Flaps up.--Very slight 
vibration. 

Flaps down.--Same as 
witk flaps up. 

Flaps up.--Nose drops about 5 ° ; stalled glide with stick hard 
back is very easy as rudder and ailerons remain effective. 

Flaps down.--Nose drops about 5 ° and aeroplane begins to 
pitch, as stick comes back a wing andnose  slowly drop into 
spiral dive. Wing can be raised by rudder but not by 
ailerons. _ . . . . . . . . . . . .  

2 c  

3 c  

T A B L E  3 C .  ~ Me 109 

¢ • LA•" 

~k~" ° 
19 Low Wing. 

Taper = 2.00:1 
Swdepback = 2 '5 ° 
Dihedral = 5"75 ° 
./1 = 6.05:1 
w = 32.1 lb/sq, ft. 

Automatic 
Tip slots 
Span = 
0.462b 

Slotted 
(42 ° ) 

0.275~ × 
0.518b 

16~} ° 
0 . 4 5 4  

-[-19 ° "1. 
- - 3 0 - 5 ° f  

0.17 

2% Camber Section 
with max. thickness 

at 0.3c 
0"15 0 "105 

Flaps up.~Increasing la- 
feral unsteadiness and 
aileron buffeting. 

Flaps down.--None. 

Flaps up.--A wing drops gently through 10 ° in an initial stall, 
and aeroplane goes into gentle spiral ; ailerons alone will then 
lift the wing, unsteadiness increases and vigorous use oI con- 
trois is required to get to main stall when a wing drops and 
cannot be raised by controls. 

Flaps down.--A wing drops about 10 ° and nose follows into 
spiral; wing cannot be raised by the controls which are 
ineffective at the stall. 

3A 

5 c  

TABLE 3D. Itendy Heck 

20 Low Wing. 
Taper = 2.5:1 
A ~ 5.9:1 
w = 16.2 lb/sq, ft~ 

Automatic 
tip slots 
Span = 

0 .Sb 

Slotted 
(36 °) 

0.276~X 
0.375b 

a n d  
slotted 
ailerons 
coming 

down 14½ ° 

1 3  ° 
0 . 4 2  ° 

Probably NACA 
23 eries 

0 -15 

Slots free, flaps u p . -  
Buffeting. 

Slots free, flaps down.-  
None. 

Slots locked, flaps u p . -  
None. 

Slots locked, flaps .down.-- 
Buffeting and pitching 
just prior to stall. 

Slots free, flaps up.--A wing drops a few deg~'ees in preliminary 
stall but is controllable. Buffeting then increases and at 
proper stall a wing drops viciously, usuagy into a spin. 

Slots free flaps down.--Nose -~oes down several degrees in 
prelimihary stag, pitching and buffeting gradually ceases 
as main stall which is vicious is approached. 

Slots locked, flaps up.- -Wing drops very viciously into falling 
leaf. 

Slots locked, flaps down.=-After initial drop of one wing, othgr 
wing flicks over very. viciously, so that  aeroplane is on its 
back and then into spin. 

4A 

4c 

6c 

6A 



: -.: " /i ' . " : 

. . . .  • . . - ~ ,  . . . .  . T A B L E  3 E .  Hurrican'e 

F l a p s  

.Tai l  
... pos i t ion . .  

a n d  ' 
v o l u m e  
e l e v a t o r  

r a n g e  
a n d  

v o l u m e  

" i  

Ref .  
Desc r i p t i on ,  etc.  S lo t s  No.  

r 
: 

: • . 1 : . :  
• ~-" - - - W m g b e c t l o n s -  " - ~ . . . . . . . . . . . . . .  "- '-t . . . . . . . . . . . . . . . . . . . . . . . .  :- e :~. -- 

.... S t a l l  W a r n i n g  ~ B e h a v i o u r  a t  a n d  b e y o n d  s t a l l  

R o o t  (t /c) T i p  (t/c) 

I 

S t a l l  
g r a d e  

[See § 4] 

V qO~ 

21 
a n d  

u.np._ub_- 

l i s h e  d 
d a t a  

L o w  "Wing. 
T a p e r  = 2 .0 :1  
Sweepha-e.k. = - : ]_ :7?  
A = 6 . 2  ! : 

. .w = 2 2 - 4 l b / s q  f t  ' A u t o m a t i c  
! t i p  s l o t s  
J 

: ~, S p a n  : : 

0 - 3 8 b  : 

-- ! 

" " A u t o i h a t i d  
t i p  s lo t s  
S p a n  = 

0.5b 

S p l i t  
0 "2~X 
.0.  fib _ 

0 . 2 ~ ×  
0 . 5 b  

+ 9  ° 
0 -371  

£ -24½o~  
- -  3 0 ½ o / !  

0 . 1 5  

0 "371 
+24½°\ 
_ 30½ ° f 

0 . 1 5  

C l a r k  Y . H .  
0 " 1 9  0 . 1 2  

. . . . .  C r a r k  XI.H. - - 
0 " 1 9  " 0 " 1 2  

Flaps u p . - - P i t c h i n g .  

Flaps do.wn.--Pitching 
a n d  s l i g h t  s h a k i n g .  

Flaps u p . - - S l i g h t  p i t ch~  
ing .  

Flaps down.--None. 

Flaps Up.-c-NSne.  ' 

F l a p s  d o w n . - - S l i g h t  
c h a n g e  of  t r i m .  

.Flaps u p . - - W i n g  d r o p s  s u d d e n l y  a n d  c a n n o t  b e  c h e c k e d  b y  
a i l e r o n s  or  r u d d e r .  

Flaps down.a-A w i n g  .drops s u d  denly , ._but  u s i n g  b o t h  a i l e r o n s  
a n d  r u d d e r  a s t a l l e d  g l i de  w i t h  t h e  s t i c k  h a r d  b a c k  i s  poss ib le . i  

Flaps up.--A w i n g  d r o p s  s l o w l y  t h r o u g h  10 ° i n  p r e l i m i n a r y !  
s t a l l  a n d  l a t e r a l  o s c i l l a t i o n  b e g i n s  ; as  s t i c k  c o m e s  b a c k  w i n ~  
d r o p s  s u d d e n l y  a n d  c a n n o t  be  r a i s e d .  C o a r s e  u s e  of cont ro ls .  
w i l l  m a i n t a i n  a s t a l l e d  g l i d e  w i t h . s t i c k  h a r d  b a c k .  

Flaps down.-=A w i n g  d r o p s  s l o w l y  a f ew d e g r e e s  i n  p r e l i m i n a r y :  
s t a l l ,  t h e n  a w i n g  f l icks  o v e r  v i o l e n t l y  a n d  n o s e  fo l lows,  
u s i n g  b o t h  a i l e r o n s  a n d  r u d d e r  a s t a l l e d  g l i d e - w i t h  s t i c k  
h a r d  b a c k  is  o n l y  j u s t  poss ib le .  ! 

Fldys-up.--~ ~if l~-  ~ f d - - ~ o g e - - ~ r S p  -sl6Wly- g~ 'e~/ - -d~grees  m'  
p r e l i m i n a r y  s t a l l ;  t h e n  p i t c h i n g  a n d  g e n e r a l  o s c i l l a t i o n  s e t  
i n  b u t  s t a l l e d  g l ides  w i t h  s t i c k  h a r d  b a c k  a r e  e a s y  , t h e r e  b e i n g  
no  s i g n  of  v i o l e n t  w i n g  d r o p p i n g .  

Flaps down.--There is  a s l i g h t  i n i t i a l  s i n k  of t h e  n o s e  f o l l o w e d  
b y  a w i n g  d r o p  w h i c h  is  g e n t l e  b u t  m a y  b e  s t e e p  (50°), a n d  
t h e n  t h e  n o s e  d r o p s  t o  a b o u t  (40°), t h e  b e h a v i o u r  b e y o n d  
t h i s  p o i n t  w a s  n o t  e x a m i n e d .  

6 A  

6A 

3B 

c 

2 g  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  T A B L E  3 F .  

22 i :Low W i n g . •  S p l i t  (90 °) @4½ ° N A C A  N A C A  
, T a p e r  = 2:1 0 • 175~ ×~ 0 - 4 1 2  2218  2209 

SweepbacJ~ = 0 °. 0 "412b ' +:25½ ° 
• . A = 5-53:1  " - - 2 3  o 

, ' w =  18 ;71b / sq .  f t ,  , 0 . 165  , 

Glos ter  F . 5 / 3 4  

Flaps u p . - - N o n e .  

Flaps down.--None. 

. . . . . . . . . . . . . . . . .  t . . . .  
I 

Flaps ufi.--A w i n g  d r o p s  s u d d e n l y ,  i t  c a n  b e  k e p t  u p  b y  usg  
of a i l e r o n s  b u t  n o t  .by u se  of r u d d e r  a lone .  

Flaps down.--Behaviour i s  s i m i l a r  t o  t h a t  w i t h  g a p s  u p  b u t  
w i n g  d r o p s  m o r e  q u i c k l y .  ' 

5 c  

5 c  

23 ~ L o w  W i n g .  " I 
T a p e r  = 1 "78.:1 

- S w e e p b a c k  . = - 5 . 0  °' - .......... 
D i h e d r a l  = 3 - 5  ° 
A = 6 .2 :1  
w = 2 4 - 9  lb / sq ,  f t .  

S p l i t  (78~) _ 10½ ° 

i 0.473 :~3oo:t 
_ 30 ° f 

0 - 1 7  

. . . . . . .  TABLE 3G. H o t s p u r  . 

0 "20 " 0 . 1 2  Flaps u p . - - N o n e .  Flaps up.--A w i n g  d r o p s  s l i g h t l y ,  f o l l o w i n g  b y  t h e  o t h e r  w i n g  4 c  
, a n d  f i n a l l y  t h e  f i r s t  w i n g  f l icks  o v e r  s h a r p l y  f o l l o w e d  b y  t h e  

. . . . . . . .  Flaps down.--None. Flaps down.--A w i n g  d r o p s  s h a r p l y  f o l l o w e d  b y  t h e  nose .  6c  



i " . .  ' . - ; 'i T A B L E : 3 H ,  C u r t i s s  i . ,  • : -  : : . . . . .  - . , : -  . : ,  • -. 
. - , , . . . . - -  

24 Low Wing,  
T a p e r  = 2.2:1 
Sweepback  = - -  2 . 0  ° 
Dihedra l  . =  6 ° `  
A = 5 . 9  
w = 22 .51b / sq .  ft .  

Spli t  (50 °) 
0..a~x 
0 .53b  

°posit!on ] i W i n g  S e c t i o n s  ' . . . . . . . . . . .  ~ 4 - S t  a } t ~ =  
__ a n ~ .  _q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

v o l u m e  , . . ] . . S t a l l . W a r n i n g  [ B e h a v i o u r  a t  a n d  b e y o n d  stall .  , | g r a d e ,  
e leva tor  -:[ " : . . [ ] t~aee  ~ 4J 

r ange  " " " , 
and Root (t/c) T ip  (t/c) [ ] / 

v o l u m e  ] . . . . . . . . . . . . . .  _] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  q-q . . . . . . . .  

l i d  ° NACA N A C A  Flaps u p . - - S l i g h t  buf fe t -  Flaps up.--A w i n g  and  nose  d r o p  fa i r ly  s u d d e n l y  and  c a nno t  '. 613 
0 . 4 8  2215 2209 ing. be  ckecked  b y  t h e . c o n t r o l s  ; t h e r e  is a t e n d e n c y  to  spin,  - I ' " " 

+ i 9  o ' /  Flaps down.--The nose  [Flaps down.=-Behaviour is s imi l a r  to  t h a t  w i th  flaps u p  : 6 B '  
- - 3 0 " 5  a t t i t u d e  i s  h igh.  , b u t  t h e  w i n g  d r o p  is m o r e  v i o l e n t : ,  ' i 

o-197 f . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i I . . . . . . . .  

t'O 

28 L o w  Wing .  
T a p e r  = 2-18:1] 
Sweepback  = 4 ° 

[ Dihedra l  = 4 ° [ 
I W a s h o u t  = 3 }  ° [ 
I A = S . 9  I 
[ w = 21"31b/sq .~ t .  I 

= .': • .7 , . - "  "= . . . . . . . . . . . . . . . . . . .  

Spli t  (45 °,) 
0 -27× 
0-43b  

s F  
0 .45  

+ 2 7 ° \  
- -  2 7 ° f  

0 .170  

NACA 
2418 

T A B L E  3K. F a i r e y  P . 4 / 3 4  

NACA 
2409 

, . .  , : :  . .  

" : " t "  " L '  " ' 

. . . . .  7 7  . . . . . . .  

Flaps u p . - - S l i g h t  v ib r a -  
t ion.  , 

Flaps down.--Wery s l igh t  
v ib ra t ion .  

Flaps u p . - - W i n g  s u d d e n l y  d r o p s  to  a b o u t  50° w i t h  t e n d e n c y  ] 5c 
' to  sp in ,  r u d d e r  a lone  or  r u d d e r  a n d  a i lerons  ;will raise t h e  

! : i  5o 

Flaps 

w i n g  a f t e r  t h e  stal l .  
Flaps dow~z.--A w i n g  s u d d e n l y  d r9ps  a b o u t  50 ° and  a fali ing 

leaf  deve lops .  Fu l l  r u d d e r  wil l  ra i se  a w ing  af te r  the . s ta l l .  

.2G I" L o w  W i n g .  
-Tape r  - - =  1"56~11 

I 
Sweepback  = 0 ° 
24 = 6"4:1 [ 
w = l l . 5 1 b / s q ,  ft .  [ 

I 

Spli t  
0". 147 × 
0 .425b 

7~ ° 
0 . 5 6  

> YH 
T A B L E  3L. H a w k  M a j o r  

!/laps u p . - - P i t c h i n g  oscil-  Flaps u p . - - A f t e r  s o m e  p i t c h i n g  a w ing  d rops  s h a r p l y  and  
. . . .  la~ion. - . . . . . . .  c a n n o t  be  r a i s e d - b y  t h e  a i l e r o n s . m i t h o n t - i n d u c i n g  a spin.- " - 

Fla~pspitchingdOwn.--Markedoscillation. Flaps down.--Similar t o  b e h a v i o u r  w i t h  flaps up .  

4 B  

4A 



Ref.  
No. 

27 
and  
28 

29 

T A B L E  4 

Summary of Stalling Behaviour of some twin-engined aer@lams as indicated by general handling tests 
TABLE.dA. H.P.C. 26/31 :'~ 

Descr ip t ion,  etc. Slots 

H i g h  W i ng .  A u t o m a t i c  
T a p e r  = 3.78:1 t ip  slots  
A = 7-2:1 S pan  = 
w = 16 .0  0-52b 

Tai l  
position 

and, Wing Sections 

F laps  vo lume  
elevator " 

: " r ange  
and  ] Roo t  (t/c) Tip (t/c) 

. . . .  yolg..me . . . . . .  

Stall W a r n i n g  

I 

Beh av io u r  at and  beyond  stall .  

Slot ted 
0.2V~< . 
0 .46b 0 .607  

Flaps up . - - :None .  
l:rtaps down.~Not noted .  

Flaps u p . - - A e r o p l a n e  p i tches  gen t ly  an d  goes into spiral .  
Flaps down.--Nose and ;wing  drop gen t ly  t h r o u g h  smal l  angle,  

p i t ch ing  m o re  severe  t h a n  wi th  flaps up.  

Low  W i ng .  
T a p e r  = 1.67:1[ 
Sweepback  = 0 ° [ 
Dihedral = 4 ° [ 
A = 6:9 [ 
w = 15.1 lb/sq,  ft. [ 

/ 

TABLE 4B.  Anson 

I t osdoowd Split ' 06¢63 2218-  
0 "19c×  - 2 2 0 9  t ion  in  p i tch ,  can  be checked b y  aileron b u t  n o t  rudder .  A t  th i s  s ta l i  

I (probably p re l imina ry  i t h e  s t ick is prac t ica l ly  h a r d  back.  

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Witli flA~.Ss'tip. . . . . . . . . . .  

Stal l  
g rade  

[See § 4] 

2c 
2 

5B 

5B 

30 Low W i ng .  [ 
T a p e r  = 2.64:1] 
Sweepback  = 0 ° ] 
D ihedra l  = 6 ° 
A = 6-97:1 
w = 22 .41b]sq .  ft .  ] 

I 

TABLE 4C. Lockheed 12A 

Split 
0 .32~ × 
0 .48b 

10¼° I 
O. 775 

+ 240 -I.[ 
- - 2 5 - 3 ° f  

O-30 

P r o b a b l y  
NACA N A C A  
23016 23010 

Flaps u p . - - N o n e .  

Flaps down.--None. 

Flaps up.--A wing drops sudden ly  to 45 °, followed b y  t h e  
nose  ; t h e  wing  drop  canno t  be checked b y  t h e  controls .  

Flaps down.--The wing drop is m o re  violent  t h a n  wi th  flaps 
u p  an d  shows a t e n d e n c y  to  en te r  a spin.  

6c 

6c 
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L. .: 

: ' 7  
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i 
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Aerofoil 

NACA 6512 

NACA 4412 

C.72 . .  

GStt 387 . .  

G6tt  398 . .  

U.S.A. 27. .  
U.S.A. 35B 

Clark Y .. 
. '  [ 

C.Y.H. . .  

i Boeing 103A 

': N~.CA 2415 

' NACA 2412 

N A C A  2212 

R A F  28 . .  

NACA ~.6 

NACA 2409 

NACA 23012 

NACA 0012 

, ,  f 
f 
} 

f. 

; I 

d '  

i 

s 

" [  i 

r/c! 

0:12o 
o.12~ 
0-i17 

O. 149 

O" 138 

D.111 
J 

0,116 

O" 117 

0.117 

0.164 
0"i5! 

o.i2~: 
o.12! 
0.12 i 

i 
0"12: 

" 0.09! 

0- i2 i 

- 0.121 
. %  / 

Camber 
(c/o Chord) 

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 

2.0 

2.4 

2.0 

2-0 

0 

~ - . " . ,  

l(p/z) ~in. 
~C~ = 1 '0 

- - i . 0 6  

- - 1 . 3 0  

=-1.38 

- - 1 . 4 4  

- - 1 . 4 4  

- - 1 . 4 4  

-1.49 
--I . 5 2  

--1.82 

- - 1  " 8 2  

--2.00 

--2"16 

--2.27 

--2.58 

- - 2 . 7 5  

- - 2 . 7 5  

--2.83 

- - 3 . 7 9  

= I 
, ! 

i 

34 

. .  - , • 

R e f ,  

NO. 

46 

46 

9 

49 

4 9  

49 

49 

49 

49 

49 

4~ 

46 

46 

5 1  

46 

4 6  

50 

46 

t 

'! 
L 

i 

2:1, 

. . 4  



- r j r l  

1.2 

0"8 

% 

0.6 

0 .2  

o 

FIG. 1. 

/ 

c 

N~c~ 2306 . . . . . . . . .  

IID 20 BO 
ANGLE 01: )NC|E)ENCE '({3EE-*REES) . . . . . . . . . .  

Lift Curve of Aerofoil NACA 2306 as Measured in the 
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FIG. 5. F Dis t r ibu t ion  on Upper  Surface of Section NACA 4412 at  R ~ 3 x 106 

C~ m,~ = 1" 65 A r b i t r a r y  Scale for P 
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