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SUMMARY

~ Aqualitative explanation is suggested for the changes Wi ch
occur in the stalling characteristics Of aerofoils as the Reynol ds
nunber is increased.. This explanation is based on the variation, with
Reynol ds nunber, in the state of the voundary |ayer along the upper
surface at just below the stalling inoidence.

1. Introduction

Recent investigations (References 1, 2, 3) into the nature
of the boundary layer along the upper surface of en aerofoil at just
bel ow the stalling incidence have Indicated that the imitial breakdown
of flowat the stall may, in certain oases, originate from the boundary
layer transition region.

A study has therefore becn made of the effects of Reynolds
nunber and of aerofoil incidence (i.e., pressure distribution) on the
type and position of this transition region

Expl anations, involving a know edge of the boundary |ayer
condi tions, are suggested for the mechanismof the breakdown of flow
infive myor types of stall, stalling characteristics being classified
anto these five types according to the manner in which the flow
separation at the gtall devel ops.

The variation, for a given aerofoil, of Cp max with the
type of stall is discussed.

Fanally, using the results of the above argunents, examples
arc given of the affect of Reynolds number and of |eading edge roughness
on the stalling characteristics of several aerofoils, the change from
one type Of gtall t O another being expl ai ned, in each case, by an
alteration in the type of transition region.

$he,présent note-is based on an unpublished internal

Cambridge University Aeronautics Laboratory Report, which has been
revised as a resutt of advico end encouragement from Dr. J. H Preston.
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2. MNotation
U, = free stream velocity
U = local velocity over aerofoil at edge of boundary layer
v = ki nematic viscosity
X = distance around upper surface of aerofoil from front
stagnation point
0 = aerofoil chord
5% = boundary layer di spl acement thickness
U.o
RC = -9
v
U.x
R, = 2
\
usx
Ra}{ = ——r

3, Transition

A Transition Region iS defined as thatregion in which the
boundary layer velocity profiles |ie between those for laminar fiow and
those for a well developed turbulent flow. It is suggested that
transition regions can be divided into two entirely different types,
Instability Transition and Bubble Transrtion. TheSe have entirely
different characteristics and will be discussed indavidually bel ow.

3.1 1Instability Transition.- ZIin's Stability Theory', a
devel opment of the earlier Tollmein - SChlichting Theory, and verified
experamentally by Schubauer & Skreamstadt? shows that at any chordwise
station, mall disturbances in a laminar boundary |ayer will be amplified
Or damped depending on: -

(i) The frequency of the disturbance
(&) The shape of the boundary leyer velocity profile
(1i1) The boundary layer Reynol ds number, Rgx.

Assumi ng that small disturbances of all frequencies are present, due
for example to surface irregularities, noise, vibration, or free stream
turbul ence, there is, for any given velocity profile, a maxi mum val ue
of the boundary |ayer Reynolds nunber ?Rsx erit) for stability;

above this value disturbances of certain ftrequencies wll be anplified.
The chordw se position at which emplification commencescan therefore
be fairly accurately predicted, (for details see Ref. §)although the
final breakdown to turbulent flow will take place further downstream
dependang On the magnitude of the initial disturbance and the subsequent
rate of emplification,

Examples are gi ven, in Ref. 7,of the velocity profiles in
this type of transition region.
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3.2 Bubble Transition

Laminar & L

Laminar separation Bubble' _
! Turbulence Eransikion
Laminar B L. Md region
Turbulent B
Smoke crifice
(a) (b)
Mgure 1

Assum ng that no instabality transation occurs first (see
para. 3.3) laminar separation will take place shortly behind the
m ni num pressure point on an aerofoil, The rising pressure gradient
causes a reversal. of flow at the solid surface, undercutting the
conpl ete laminar layer, whach detaches itself fromthe surface, stil
in the laminar condition, but subsequently breaks up, after a short
di stance, into turbulence. This is shown in Fig. |Fa), whi ch has
been taken from an unpublished Canbridge report dealing wath flow
visual i zation by means of paraffin snoke issuing froman orifice anto
the boundary layer.,

Fig, | (b), at a higher Reynolds nunber than Fig. |(a),
shows how, under certain conditions, the boundary layer reattaches
itself a short distance behind the laminar Separation point, |eaving
an intensely turbulent "bubble" wunder the detached |ayer; on
reattachment tho boundary layer is transitional, rapidly becom ng
fully turbulent. (See also Ref. 8).

Little
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Little i s kaovm about the conditions required for this
reattachment.  The results showm in Fig. 1, together with other results
on two rather nore slender sections, indicate that the bubble first
forms at a mninumRx of 5x la, end that, at this Rx, the
breakdown to turbul ence in the detached laminar | ayer has approached
very close to the laminar separation point. [|f the position of this
Mransition" in the detached layer is the deciding factor for
reattachnment, then Lin's Stability Theory mght be used on the detached
leminar layer 10 calculate Rxps,, but other ainfluences, notably the
surface curvature end the steepness of the |ocal adverse pressure
gradient, also seemto play an amportant part.

In general, it appears that, providi n? Rx is greater than
about 5 x 10*,  end that there is no exceptionally steep adverse
Bressure gradient or scvers curvature, laminar separation will always
e followed, after a region of separated flow, by a reattachment in the
turbul ent condition, i.e., by a bubble transition region.

Wien the bubble transition region is far aft, separation
often extends over a considerable chordwise distance, of the order of
x/ec = 0.1. Wen, however, the bubble is situated in a steep adverse
pressure gradient, it shri nks consi derably in size and may extend over
a chordwi se distance of only about =x/¢c = 0,002, when it will usually
escape observation, except with experiments on very |a-ge nodel s such
as thosc of References 1, 2 and 3.

Observations of bubble trensition, that 1s, of |ocal
separation of flow in the transition region, are given in References 9,
10, 11 and 12. Examples of volocity profiles in a bubble transition
regioa near the nose of an aercfcil at high incidence are given by
Gault<

3.3 Comparaison Between tho Tyo Types of Transition,- The type
of transition region found on the upper surface of an aerofoil depends
entirely on which of the two sots of necessary conditions, as
described above, is satisfied first.

The Bubble Transition region will always start at the laminar
separation point, and itS position iS therefore independent of the
Reynol ds nunber R,, but moves forward with increasing incidence,
thiI at Oy mex it laes just behind the suction pressure peak at
the nose.

Instability Transition, however, noves forward wxth ancreas:
R (since for any given chordwi se station Rgx will increase with ﬁ.
In addition, instability transition will dcpend on the stability

(Rgx crit) of the boundary Zlayer velocity profiles.

Now the velocity profiles inan adverse pressure gradient
just ahead of laminax Separation are nost unstable, i.e., they have
a very | owvalue of Rgx erit, Hence the instability transition
condition, Rgx > Rgx crdt, will usually be satisfied ahead of the
laminar Separdtion point, so that bubble transition cen only be
expected when the value of R x at the leminar separation point is
very | ow (Rﬁx <Rgx crit),* &Thi s means that, if the leminar separation

*N.B. To simplify the argument here, it has been assuned that instability
transition commences at the point where Re~ = Rex crit. As discussed
in para. 3.1, this is not quite true in pr dctice, Instability transition
actual |y commeneingrather downstream of this point.
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point is far aft, then bubble transition will only occur at fairly |ow
values of R,; alternatively, at high values of R, bubble transition
will only ocflr when the Isminar separation point iS well forward in

the very thin boundary layer just behind the front stagnation point.

L, Types of Stall

Stalling characteristics can be classified into five major
types depending on the manner in which the stall develops. These are
di scussed separately below, and explanations are suggested for the
mechenism of the breakdowm of flow in each case.

4,9 Type. Leminar Separation Mving Forward fromthe Rear

Laminar separation

(a) (b) | ©

Moure 2,

At low Reynolds mmbers, conplete separation of the laminsr
boundary layer fromthe upper surface takes place just behind. the
mnimum Eressure region. The detached layer subsequently breaks down
anto turbul ence, but does not rejoin the surface as a turbul ent voundary
layer. At zero incidence this separation is well aft, but as the
ancidence 1ncreases, |t woves forward, giving a very gentle stall, with
a wel | rounded peak to the Lift Curve.

An exanple of this %ype of stall is given by Farren in
Ref. 13 and sketches Of a typi czﬁ) Type | stall devel opnent are given
in Fig. 2.

L2/
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L.2Tywe | 1. TLaminar Separation at the Leadi ng Edge

Bubble transition Laminar separation

—=== A5

(&) (b)
Just unstalled Stalled

Piours

At a higher wvalue of R, than for Type |, a Bubble Transition
region commences at the laminar separation point and, after reattachment,
the turbul ent boundary layer continues along the aerofoil surface,

With increasing incidence the bubble noves forward until it is sjtuated
Just behind the | eading edge. The stall is now nost abrupt and is

due to a sudden failure of the boundary layer to reattach itself
(possibly due to an excessive suction pressure peah}, and the flow
separates from the entire upper surface with a sudden and discontinuous
drop fromCL max in the Lift Curve

This tyPe of separation ig different fromType | (and al so
as Wl be seen, ‘fromTypes Il anda IV). In a Type | stall, the
separation 1S "reversible" in that small changes in incidence cause the
separation point to move to and fro ann? the surface, giving smal
changes in the flow pattern. In a Type Il stall, however, an
"irreversible" change occurs in the whole flow pattern, and once the
stal| has taken place, the ingidence nust often be reduced severa
degrees bhefore the aerofoil wmstalls. This "hysteresis" IS common
with Type |l stalls, but is sometinmes masked by excessive tunne

turbul ence, leading to an unstable, rather then to a hysteresial,

range Of incidence,

A thorough 1nvesti§agion of this type of stall has been
made by Gault and McCullough's<, vhere, at R, = 5.8 x 10%, the
bubble was only evident after the formation of ?he | eadi ng edge
suction pressure peak, i.e., when transition had noved close to the
leading edge. At |ower incidences the laminar Separation point was
far pack end, as discussed in Section 3.3, instability transition
occurred first,

b3/
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43 Type |ll. Rearward Expansion Of the Bubbl € Transition Region

Turbulent separakion

s T T

/-_‘—-—-

() (=) (c)

Tioure & S

For aerofoils having a very severe change Of curvature at
or near the IeadinP edge, a high suction pressurce peak forms over the
nose at a relativel'y | ow ancidence (about 5°), A Bubble Transition
regi on noves forward to the leading edge, where it appears to 'fair
orf+, the change of curvature, having sufficient effect on the potentia
flow to reduce greatly this suction peak. There 1s therefore a
noticeable reduction in Iift slope just at the incidence where the
bubbl e first forms over the nose. With further i ncrease of incadence,
a conplete and abrupt laminar separation, as in Type |, does not take
pl ace (possibly because the adverse pressure gradient is not now
sufficiently steep) and the bubble expands gradualily towards the
trailing edge, eventually extending over the entire upper surface.
The stell is therefore gentle, with a rounded CL peak, and there is
a kink in the Lift Curve at the angle of attack where the bubble first
reaches the |eading edge, although at high Reynol ds numbers this kink
IS not very noticeable and may get fairod out in the plotting.

The first conplete observations of the nature of the flow
with this type of stall nhave been given by MCull ough and Gault3,
Skotches of the development of the stall are given in Figure 4.

Lol Type IV. Turbulent Scparation Moving Powward from the Rear

Bubble expanding

Tioure § 4 With/
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Wth all aerofoils, at a high enough Reynol ds mumiber,
instability transition will occur ahead of any bubble transition, so
that, at hi %h incidences, a turbul ent boundary layer will be formed
right from the leading edge, and the stall wll be then due to turbulent
separation noving forward fromthe trailing edge, vith a fairly gentle
stall, The devel opnent of this type of stall is shown in Figure 5,

It should be noted, however, that conditions sonmetines arise
where turbulent separation from the trailing edge causes the stall,
even though there may be a Bubble Transition near the nose as in

Type I, or_a Bubble Transition expanding rearwards fromthe nose as in
Type 111, This only happens however with very thi ok and/or highly

cambered sections, where, as described in Ref. 14, there is "a race
between the devel opment of conditions which ceuse conpl ete separation
f{]omthe front of the profile and of those which cause scparation towards
the rear".

4.5 Tfpe bMl ent  Separation from Near the Leading Edge
on Roughened Aerofoils

. There is sonme evidence to suggest that, when the |eading
edge is roughened, a sudden turbul ent separation may in sone oases
take place near the nose, with a ccmsequent discontinuity in the Lift
gjrve at the stall which is very simlar in appearance t0 a Type ||
tall.

This type of stall is nost marked on very thick nerofoils,
for example the NACA 65#&.21 section in Ref. 15 where the gentle Type
|V stalls of the smooth aerofoils are changed by roughness into a very
abrupt type (see Fig. 6).

e would expect thick aerofoils to be nmost susceptible to
this type of stall, since the suction pressure peak is relatively far
aft, and therefore the adverse pressure gradient aft of this peak acts
on a relatively thick and fully developed turbulent [ayer.

. This Type V stall has, however, no direct experinental
evidence for its existence, and will therefore not be di scussed further.

5. Comvarative Effects of the Tyve_of Stall on Cr, mex, Qther Factors
-Eenmagniag a

5.1 Wth a Type | stall, O max i s compaeratively low, OwW ng
to the very early laminar separation which spreads from
the rear as the 1ncidence increases.

5.2Wth a Type Il stall, C; max is higher thsn Type |, but
still rather low, owng %o the early separation spreading
aft fromthe nose and enclosing a region of almost constant
and conparatively high pressure.

5.3Wth a Type Il stall, a given aerofoil \ill reach a much
higher CL max than with Types | or IIl, because a very
high suction peak forms over the leading edge before the
stall, so that considerably more lift a5 obtained.

5,4Wth a Type 1V stall, the highest possi bl e«f max Wi | |
be reached, since the stalling conditions will be governed
by turbul ent separation spreading forward from the trailing
edge; this means that a lgher incidence will be reached than
in the case of the Type Il stall, where trailing edge
turbul ent separation has not yet started (or only just
started) when separation from the leading edge takes place.

5.5/
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5.5 A Type V stall will not give quite as high a CL max as
Types Il or 1V owing to the greatly increased boundary
layer thickness due to the leading edge roughness; the
stalling incidence is also usually slightly [ower.

6. Examples of the Change in Stalling Characteristics with Reynol ds
Nunber and with Leadi ng Edge Roughness

The type of stall which takes place at any given Reynolds
nurher R, can usually be determned by an examination of the
appropriate Lift Curve, and, if Lift Curvesare available over a range
of Re, & nriyiral R, is often found, in the region of which the

stalling characteristics change fromone type to another. Sone
exanples are given below.

Exanples | to V are for a nunber of straightforward oases,
where there is a marked change inthe type of stall, follow ng an
alteration in the condition of the boundary layer due either to
increasing R, or to the addition of |eading edge roughness.

Exanples VI and VII are typical of the rather m xed
conditions occurring at the stall of thick and hifhly canbered aerofoils,
for the reasons mentioned previously in section 4. 4.

6.1 Exemple 1. Change from Type | to Type || and from Type ||
to Type |V W th Tnereasing R,

_ This example i S typical of nediumthickness low canber
sections.

In Fig. 7(a) taken from Ref. 16 MCA 0009 has a very rounded
C ﬁeak up to R, = 6.65 x 10%, where it appears to be on the point
o%‘ changing to the cébruptly di scontinuous type found at higher Ro.
Fig. 7(p) fromthe sane reference, shows the changeover at R, ~5 x 10°
for the NACA 0042 section. Again, in Fig. 8, taken fromRef. 17 for
tho NACA 63-009 and 64-009 sections, it 1s seen that this abruptness
at the stall persists up to Rg =Y x 10%, but hag di sapeared at
R. = 15 x 108 end above, Thus one deduces for the NACA OCOY section

aﬁproxinately:-
(a) Type | stall R, < 6 x 10°
(b) Type Il stall 6.(105<Rc<12x103.
(c) Type IV stall Ro % 12 x 10°.

Reference 2 confirms the existence of a Type Il stall on the HACA 63-009
acrofoil at Ro = 5.8 x 10°

6.2 Example |l. Change from Type || t0 Type |V with increasing Re

This exanple is typical of very thigk sections. In Reference 18,
a change froma Type Il to a Type IV stall occurs for several very thick
sections, at around R, = 3 x 10 .~ This ecritical Reynolds nunber is
much | ower tnan for the thinner section of exanple I, which is to be
expected, since on these thick sections the peak suction is further aft
and SO instabality transition noves upstream of the laminar separation
point at a nuch |ower value of Ro. Fig. 9 is taken from Ref. 1s.

Further confirmation of the above deductions conmes fromthe
behaviour Of CL max, Which, in the region above R, crit, decreases
steadily W th increasing R, showing the effect f the instabili ty

transition/
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transition noving forward W th increasing R, t0 give a greater extent
of turbul ent boundary layer, thus decreasing the effective canber and

al so increasing the tendency towards an earlier trailing edge turbul ent
separation.

6.3 Example |||. Change from Type ||l to Type IV with
Increasing Rq

(a) Results on circular back aerofoils’? indicate by the
kink inthe Lift Curve at a relatively | ow incidence
that a Type IIl stall occurs on these sections from
the |ovest tested R, of 10° up a critical Rg of
about 4 x 10°, at whi ch value the stalling
characteristics change to Type |V.

(b) Simlar results to the above are observed for the
NACA 63-006 sectionl? where there is a | arge increase
of CL mex at about R, = 9 x 10° showing a change
fromType 11 to Type 1 inthis region, and this is
confirnmed by Ref. 3, which gives for the NACA 64A006
section, a Type Ill stall at Ry = 5.8 x40, This
example IS typical of all very thin aerofoils.

6. 4 Example IV, Cl'ﬁge fromType || to Type IV due to Leading
Edge Roughness,

Many exanples are given in Ref. 15 at R, = 6 «x 10% of the
effect of |eading edge roughness on nedi um thickness (9%~15%) aer of oi | s.
A Type IV std.1 is obtained, due to instability transition being right
forward, but CL max is |owered because of the greatly thickened
boundary | ayer. An exanplee IS shown iN Fig. 10 Tor the NACA 63~210
aerofoil at Ry, =6 x 107,

6.5 Example V, Change fromType |1l to Type |V due to
Leading Fdge Roughness

On all thin (6%) aerofoils given in Ref. 15, the effect of
| eadi ng edge roughness is actually to increase CL max, in contrast
to Exanple 1V.  The Lift Curve peak remains rounded and the change iS
froma Type Il to a Type IV stall. An example, the NACA 65-006
aerofoil, "1s shown in Fig. 11.

6.6 Examle VI. Mxed Stalling Characteristics

PinkertonZO gives details of the pressure distribution over
a NACA 4412 section. Replacing the "eflective" Reynol ds nunber as
used in this reference by the actual Test Reynolds number, it will be
scen thet up t0o Rg = 3.41 x 105, separation i S chiefly due to a
Type |1 stall, the Dubbl & transition regron being nost clearly defined
by the uniform pressure region near the nose. There s, however, some
separation, Of at amy rate undue thickening of the turbul ent boundary
layer, at the trailing edge as well, so that the final stall, although
it shows the typical Type Il collapse of the |eading edge pressure peek,
does not give such a severe drop in Cp as if there had been no
turbul ent separation at the trailing edge. At Re = 6.8 x 10°
(Test Rq) and. above, however it willbo seen that evidence of a
bubbl e transition near the leading edge has disappeared and the stall
IS a straightforward Type |V, with a gradual col [ apse of the |eading
edge pressure peek as turbul ent separation noves forward fromthe
trailing edge.

I/
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In this same report, Pinkerton suggests that the local laminar
separ ati on near t he nosc is prevented, at high Reynol ds nunbers, by a
transition fromlamnar to turbulent flow before the laminar flow has
reached separation conditions.

6,7Example VII. M xed $talling Characteristics

Cbservations of the RAF 28 acrofoil section at Rg = 1.1 x 10°,
given in Ref. 14, indicate that this aerofoil stalls as a result both
of the rearward spread of separation fromthe bubble transition region
at the leading edge (as in a Type Il stall) and also of the forward.
sprlela)ld of turbulent separation fromthe trailing edge (as 1n a Type |V
stall).

7. Summary Of  Stalling Characteristics/
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7. Summary of Stalling Characteristics

Type i I Il

i 11 v v
H : o -]l -=-----
o :Leminar  Leminar i Roorward Turbulent Turbulont
Description ; separation separation! expansion separation .separation
' moving at the ; of the moving .from near
, Porward leading " bubbl e forward ‘the L.E, on
tfrom the edge t transition r,F'rom the . roughened
g rear ' region rear .aerofoils
Diagrem of Lammar Bubble | Rearwsrd  Instability Turbul ent;
boundary separat:.on transition ' expansion tra.ns:r.*'lon separatlon
layer just ! j / ' \ v
L 225 _r
before staJ_'L,: ol e !—:: \ B ‘\"'m N PRV
H "---_...___-:.___"‘-_\5 T~ _‘_‘_" v ) v} T~
] : h S
i moving t turbulent | of turbulen’c / ;
,forward ; layer , bubble scparation |
J L ' * H
1 E[.‘yp:u.r::en.'!.E § : o -
Lift i .
7Y Curve i /_\ : /\ ! / ..
L L/ ; ; / I : /
Incidence f ‘
Unmzportant Undes:l.ralﬂﬁ Savero All acro~ FOr very
Romarks :Only occurs' Discontin- change of foils to thick end
‘atvery lowuousstall ;curvature this type roughened
iRqe at nose 'at high ‘aerofoils,
' ‘enough RO Rathor hypo-
‘thetical,
NACA 0009 .NACA 0009 NACA 0009
iRy® x 10° ' 6 x 10° < R>12 x 10°
(’..;,ectlon Ro <12 x 1¢ (Section
Exampl es 641) ;(Section 6o1)
. 6J1)
- - - -L - e S
NACA 63—006 I\TACA 63—005
Re<9 x 10° >g x 10°
(Section gec‘tz.on
o 643) 6.3)
: NACA 65 421 NACA 65 421
R0~6 X O Rc-—-6 X
smooth, rough,
(Section  (Section
11-05) """5)
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8. Discussion and Concl usi ons

8,1 It is hoped that sufficient examples have been given to show
that THe i deas presented in this note are of reasonably wide significance.
Al though there are many aerofoils whose stalling characteristics do not
fit exactly into one of the five types discussed above, it 1s thought
that these characteristics will, if investi%?ted, always prove to be a
mxture of two types, as in exanples VI and VII.

8.2 Many of the thin, low canbered sections, now comng into
wide USE€ for high speed aircraft, have stalling characteristics that
can be oxaotly classified in torms of Types I, Il and IV.

For medium thi ckness sections the critical. Reynolds nunber
for the change from Type Il to Type IV is around Ry = 15 x 10°, so
that the undesirable Type || stall will be present at the landing
speeds of such aircraft. In the past, however, surface irregularities
on the acrofoil caused early instability transition which prevented
the devel opment of the Type Il stall, giving instead tho satisfactory
Type |V.  Trouble fromthe Tgpe Il stall at Flight Reynol ds numbe s
has therefore only recontly become evident, owing to the devel opment
of very smooth “"laminex flow' aerofoil surfaces

8.3 Excessive |eading edge roughness will reduce CL max due to
the greatly thickened turbul ent boundaxy layer, and may even, on the
thi ckest sections, promote the undesirable Type V stall, However a%
appears that the careful use of a very smell spoiler - alnost a
roughness element =~ placed spanwise very close to the front stagnation
point, mght well induce a Typo IV stall, with rounded Lift peak, in
Frcferonce to a Type Il stall, without greatly thickening the boundary

ayer and so reducing CL max. There mght even, as discussed in
Section 5.4, be a slight gain in CL max, For very thin aerofoils the
lift peak would rcmain rounded and there would be a distinct increase
of CL max due to the stall e¢hanging from Type Il to Type IV.

In order to give the maxinumarea of lamnar flow at high
spced, this spoiler mght have to be retractable. However, since at
| oW zncidences it would bo situated in a very favourable pressure
gradaent, a critical size of spoiler mght be so arranged as not to
disturb the flow under these favourable conditions, so that no
retraction would be necessary.

8.4 Mst of the ideas and explanations presented are rather
specul ative and morc experinental rosults are required, particularly
acrofoil data obtained in |ow turbul ence tunnels, since excessive free
stream turbul ence, |ike surface roughness, will cause an early
instability transition resultang an a Type |V stall at a much | ower
Re iNn the tunnel than in free flight. ~Experiments are al so required
on the factors effecting the formation of bubble transition and its
breakdown under adverse conditions. This woul d probably best be
acconpl i shed by flow vi sgllal i zation studies, using a snoke filanent
or chinaclay technique®!, The arportance of flow visualization in
obt ai ning an understanding of the stall cannot be over-enphasized.

The eventual gaim of all the experiments would be to elimnate

the Typo Il stall co Ietely by carcful aerofoil design and to ensure
that a Type 1v stall took place under a1l Flight Conditions.

%/
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