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TLocal vclocity outside boundary layer
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1. INTRODUCTION

As the result of a recommendation by the Common-
wealth Advisory Aeronautical Research Council, which met in
Canada in September 1950, attention in these Laboratories has
been focussed on the problem of improving the high 1ift
characteristics of thin swept wings.

2,  STALLING CHARACTERISTICS OF THIN WINGS

One of the problems of high speed flight is the
achievement of relatively low drag at high Mach number.
When a shock wave of sufficlent strength is formed, flow
separation occurs immediately downstream of the shock.
Resulting changes in pressure distribution, and the adverse
effect of the wake on the control surfaces, seriously impair
the longitudinal and lateral stability of the aircraft.
The onset of flow separation can be delayed to higher Mach
numbers by the use of a thin symmetrical wing, with or with-
out sweepback, having the point of maximum thicknesn hotwoan
O.4 and 0.5 or the chord (ref.l).

Unfortunately, this type of wing has poor stalling
characteristics. At moderate lift coefflclents, a large
suction peak is present at the leading edge where the radius
of curvature is small, The flow is usually laminar at this
point of minimum pressure, and hence laminar separation will
occur shortly after the flow moves into the region of increas-
ing pressure. Provided the adverse pressure gradient is not
too great, transition occurs in the separated laminar layer
and the layer rejoins the surface as a turbulent one a small
distance downstream, Very thin aerofolls possess a similar
stall to that associated with a flat plate. The turbulent
layer at a certain incidence fails to re-attach immedlately
but rejoins the surface some distance from the leading edge.
The region of separated flow increases with incidence until
it extends over the whole upper surface. Aerofoils possess~-
ing thickness/chord ratios of Th or less are usually affected
in this manner, This figure is only approximate, as Rey-
nolds number and aerofoil design will have a large bearing
on the precise value, On aerofoils with thickness/chord
ratios in excess of those just mentioned, the nose stall is
experienced at a 1lift coefficient greater than the flat plate
maximum, nemely C. = 0.8 to 0.9. When this occurs, the
flow separates ovgr the whole upper surface of the aerofoil,
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: The above considerations apply to the two-~dimensional
aerofoll., When the wing possesses sweepback, another un-
desirable feature develops. Owing to strong spanwise press-
ure gradients, the slow moving boundary layer air is swept
tnwards the wing tips; any laminar separation will only
result in an even greater migration. This boundary layer
grcwth at the wing tips induces an early tip stall which
impairs the stabllity of the aircraft and may lead to an un-
steble stall (ref.2). The tip stall also reduces the maxi-
mum 1ift and the 1lift curve slope. This latter characteristic
m::ns that the maximum 1ift is reached at higher angles uf
attack.

Thus it can be seen that an important factor in
improving the stalling characteristics of thin swept wings is
the prevention of laminar separation.

3. EXISTING METHODS OF LEADING EDGE
BOUNDARY LAYER CONTROL

Before embarking on new experimental work, a review
of leading edge high 1ift devices was made (ref.3). This
work emphasised the fact that there are a number of ways in
which substantial maximum 1ift inorements ocan be obtained by
the use of known devices, Some of these devices are still
in the labvoratory stage and require considerable development
before being used in practice. This is particularly true of
continuous boundary layer suction as the porous material used
is very susceptible to contamination by dust, ice or water.
The removal of the boundary layer through a nose slot on a
thin aerofoil would introduce structural problems and in opera-
tion would probably require apprecisble powers (ref.3). This
is due to the low pressures prevailing at the nose, and unless
considerable pressure recoveries are made in the slot, very
low suction box pressures willl be necessary. The surface dis-
continuity due to the slot may be an undesireble feature at
high speed; to avoild drag increases, suction would need to be
applied continuously.

Reference 3 suggested that leading edge flaps
appe&.,ed to be the most promising of the boundary leyer con-
trol devices, being effective on elther straight or swept
wings. I* would appear that the main funotion of a flap is
to modify the pressure distribution in the vieinity of the
leading edge. Flaps, however, have dsfinite disadvantages



‘for high speed flight. Even when the flaps are accurately
manufactured, sane surface discontinuity in the retracted
state 1s certain to be present. This at high speed will
almost inevitably lead to transition and a subsequent drag
inorease. Finally, it is suspected that this device can
never be used in high speed manoeuvres, and because of this
its high 1lift applicatlions are limited,

4,  USE OF AIR JETS AS METHOD OF
BOUNDARY LAYER CONTROL

4.1 General Principles

In the light of the above facts, an endeavour was
made to develop a new method of delaying or preventing the
onset of separation. It is well knowvn that a turbulent
boundary layer is far more capable of overcoming an adverse
pressure gradient than a laminar layer. In the former oase,
manentum 1s transferred rapldly from the free stream to the
slower moving particles near the surface by eddy motion,
whilst transfer in a laminar layer is on a molecular scale.
With this in mind, we set out (a) to prevent laminar separation
by making the flow turbulent, and (b) to delay turbulent
separation by increasing the rate of momentum transfer.

Since 1t 1s known that the maximum 1lift of thin aero-

folls inoreases with Reynolds number (ref,3), it seems logical
to suppose that this 1s due to the greater tendency of the
boundary layer to become turbulont near the leading edge.
This fact would indicate that if a turbulent boundary layer
could be produced before the flow turned round the leading
edge from the stagnation point, laminar separation would be
prevented and the maximum lift be inecreased.

By providing spanwise rows of small holes sultably
located and blowing air Jjets through the boundary Zayer, bdoth
main objectives have been achieved. Although this use of air
Jets to produce a turbulent layer is not new, it has not, to
the author's knowledge, been used as an effective means of
preventing leminar and/cr turbulent separation. It is known
that ‘blow%ng through a porous surface will decisively reduce
the inherent stebility of the laminar layer (refs.h and 5).

In the region of the stagnation point and the leading edge,
however, it is doubtful whether porous blowing will produce



a turbulent layer. By using jJjets to inject very small
quantities of air, Fage was able to produce transition down-
stream of the leading edge in shock wave-boundary layer inter-
action experiments (ref.6).

When Jets are used for the control of separation,
the outflow velocities have to be large enough to create tur-
bulence on the Jet boundaries. As a product of tho jet shear
flow, boundary layer air is induvced to flow outwards from the
surface, and this results in an inward flow micdwey ‘B7tween the
holes. In other words, a secondary flow of scale /2 is cre-
ated, where P d1s the pitch of the holes. This has been
observed in smoke experiments (ref.6); tuft studies have, in
our case, verified the existence of a strong svpoerimposed
vortex flow, Hence it is apparent thet discrect blowing holes
not only produce turbulence, but also provids a means of trans-
porting turbulence and momentum into the boundary laycr. It
i1s belleved that this method of producing a turbulent layer is
fundementally different to the action of porous dblowing. In
the latter case, transition is probably caused by the thicken-
ing of the boundary layer and a rcduction in the stability
limit at which small disturbances become amplirlied,

Experiments have shown that air Jets, suitably
located, eliminate laminar separation at the leadins edge of
thin aerofoils, even at small Reynolds nurhers, However, the
mechanism by which the air jets induce the lamlna» houndary
layer to become turbulent has not ye® besn invostigated.
Nevertheless, it 1s believed that the seccrdary flow carrles
the turbulence created by the jots Into the boundary layer.

In this preliminary worl:, it has been assumed that
the nose stall is mainly dependent on the secvere local adverse
pressure gradients downstream of the leadinz edge. On thin
aerofoils in particular, the minimum local pressurc coeffi-
clent, Cp in? can be taoken as a measure of the pressure

min

recovery which has to he effected without separation. In our
investigations interest has been contercd on the following
two aspeots:-
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(1) The elimination of laminar separation;

. (2) A good measure of turbulent boundary
layer control as indicated by the
minimum pressure peak reachecd just
prior to scparation,

The first expcriments were carried out in the

36" x 20" low speed wind tunnel. Owing to the desirability
of testing a model of moderately large dimensicns, a nose
flap of 15% chord was used, thc basic section being a 6%
thick, 10 ft. chord ellipse. The nose flap was hinged to a
two-dimensionsl fairing with a Sail flap. Most of the experi-
mental work on this model wac carricd out with holes (0.028"
dia.) drilled at a pitch of 1/" alonz Lhe span at a surface
Aimension of 1" from the leading edge. This arrangement is
near, but does not necessarily consiitute, the optimum. Un-
less otherwise stated, _t con be assuned that all flow condi-
tions were investigated qualitatively with a hot wire. Most
gf the experiments were carricd out at a tunnel speed of

O f.p.s. '

Without blowing, laminar separation was present, and
the minimum Cp rcecached ncar the lcading edge prior to the nose

stall was =-7.U4. By injecting a smull amownt of air, the
btoundary layer became tuvrbuicit o the iower surface arproxi-
mately 0.6" along the surface from the leading edge., Laminar
separation was thus avoided aid before nose separation occurred,
a minimum Cp of =20 had becn attaincd. The prcssure then
increased to Cp = =3 in the first 3.5% of chord, which
represents a remarkable cccovery rate; the local pressure
distribution for this ccndition corresponaed tc the theoretical
distrivution for a lift cocfiicient of 0,85, Very little
socale effect was noted vwithin the limited speed range of the
experiments (max. specd 80 fop.s.). The volume flow through
the Jets to achieve “hese resulis was not measured directly,
but a conservative esiimate wculd sugges® that the flow
coefficient, CQ , was not more than 0,0000L.,



In order to obtain a quick confirmation of the ¢bove
promising results on a full chord aerofoil, a 3 ft. chord
NACA 64A006 aerofoil of 2 ft. span was fitted to an existing
endplate arrangement and mounted on the balance in the 9' x 7!
wind tunnel. Supplementary tests on the same aerofoil were
carried out in the 36" x 20" wind tunnel, the aerofoil span
being 20", The detailed exrerimental rssults will be pub-
lished at an early date.

Laminar separation was eliminated from this aerofoil,
Although an appreciable amount of boundary layer control was
achieved as a result, the minimum pressure could not be reduced
below a C, of =12 before the nose stalled. This compares with
velues of from =3 to =6.5 without blowing for the Reynolds
nunber renge covered (0,75 x 10° to 3,75 x 10°). Wery little
scale effect was noted for thc case of blowing. One row of
air jets (0.028" dia. holes) situated approximately 3/8" along
the surface from the leading edge and at a pitch of 1/8"
sufficed for the 36'"x 20" tunncel oxperiments, However, an
additional row, 1/8" closer to the leading edge, was required
to prevent laminar separation in the 9'x 7' tunnel tests,

The nose stall, with blowing, was due to a turbulent
separation having its origin in the region of the 10% chord
position; this separation moved forward very rapldly with
inereasing incidente. Onset of complete separation over the
upper surface then followed a simllar pattern to that described

previously.

Before analysing these results further, the action of
air jets on the turbulent boundary layer will be discussed.
As mentioned previously, the air Jets produce a secondary flow
which transports momentum from the free stream into the bound-
ary layer. A close interaction botween this induced flow and
a turbulent layer can be expected, as the turbulent boundary
layer transports momentum in a similar fashion. This should
result in an intense momentum transfer.

Qualitative tests were carried out to check the
above theory. For these experiments, a rear stalling aero-
foil was chosen in order to ensure that turbulen: separation
was the only factor involved. An existing model of an NACA
2214 aerofoil with a 17" chord was found to meet the above
requirement. Tests on this model in the 36" x 20" wind
tunnel with 1/16" dia. holes at 3/4'" ritch drilled on the
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suction surface at the 50% chord position demonstrated the
efficacy of air Jets in delaying turbulenit separation. With
a moderate amount of air, trailing edge separation was delayed
to an appreciably higher incidence, the stall being reached
when turbulent separation moved rapidly from the trailing
edge to the nose, Unstalling could only be achieved by sub-
stantially reducing the incidence. To ensure that the stall
was a turbulent one, in subsequent tests laminar separation
was elimlnated with small jets situated between the front
stagnation point and the leading edge. No substantial change
in the stall was noted.

Owing to these promising results, it was decided to
apply this knowledge to the nose of the 64A006 aerofoil in
order to control the turbulent separation encountered. The
nost effective arrangement tried consisted of two rows of holes
(0,028" dia,) at 1/4" pitch situated 1/4" and 3/8" along the
upper surface from the leading edge, in addition to the row of
lower surface holes, With the optimum amount of blowing, a
C, of =17.5 was achieved at 4O f.p.s.; at the higher speed of
dg 80 f.p.s., the pressure coefficient was -~15.5 and still fall-
ing with increasing box pressure. The meaximum mean Jet velo-
cities were of the order of 350 - 4OO ft/sec. As before, the
nose stall, which occurred at a higwrmecidence, resulted from
a turbulent separation moving forward from the 10% chord posi-~
tion. However, the difference beiween the rose stall incid-
ence and tho complete stall had been reduced owing to the
extension of unseparated flow conditions, These tests were
carried out in the 36" x 20" wind *unnel.

Experiments have shown that laminar separation can
be eliminated, thereby delaying the nose stall which is then
influenced by turbulent separation moving from a region Just
downstream of the lcading edge. As a result of this control,
one would expect appreciable improvements in the stalling
characteristics of thin wings. I'rom the balance readings in
the 9'x 7' wir? tunmnel the following points of interest werec

noted:-
(a) Meximum 1ift increascd by 10% ;

(b) Maximum usable lift coefficient increased
by approx. 0.2;
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(e) Drag greatly reduced at high incidence;

(d) Pitching moment virtually constant
until nose stalled.

These resulis were cobtained with two rows of air
Jets on the lower surfeace, the flow coefficlent, C., being
0.00043 at a chord Zcynclds nunber of 3,8 x 10°, UVrhe flow
coefficient 1s higher thexn the value used in the nose flap
experiments; this i3 due to difficulties in implementing the
device on a smaller chord ncerofoll und the use of a jet flow
in excess of the minimum sequirement.

Much remainc to he done in exploring the potentinli-
ties of the device, particularly on thin swept wings. Fere
one may expect cutsianding improvements when laainar separation
i1s eliminated; encowreagement in this respect is obtained from
the large scale effect which has been found on thin swept wings,

Discussion 50 far has centered on the low speed
landing case. Higa 1ii%, however, is also required Zor high
speed manoeuvies. It cu be assumad *entatively that at nigh
speed the turbuiciat bovndary layer produced by air jots will
be far more effoctive in resisting separation taan a laninar
leyer or the noruwal turbuicni one. Mctual flight tesits may Ve
necessary to confiym or disprcve the above assumption.

L.3 Maximum Li{t Consideraticas

The foregoing ciiperimcntal worl: has been centered o=
wings of 6% thickncss. Cu sush aerofoils large incrementc in
maximun 1lift cannot e eipeci2d by this blowing technlque aloi-c,
To illustratec this poin%, the local minimum pressure coeffi-
cients near thc lecding cdne of tlis ELUAOOS are =22 and ~32 fou
11ft coefficionts of 1.0 and 1.2 resnectively; unlesec means orf
dealing with the stbsequunt pressvrec rises are found, the 1ift
of this type of unilapncd acrofoil will be severely Limited.

Jf, however, we consldcr ithat the useble 11ft is limlited ™y the
point at which nosc sepsration cccurs on a two-dimensionalil wing,
or the tips stall on a swept wing, then the use of the ebove
form ~f boundary layer ~cunirol will give an appreciable in-
orease, An attem.{ has Ttcen made o estimate the provahle
maximum 1ift increments on aerofolls with a thickress greater
than A%. Acsuning, as before, that the scvere local pressure
gradients at the loadirg edage are the governing factors in nose

e oy
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stall and that the minimum pressure near the leading edge is
a measure of the gradient, Cp g has been presented as a

min.
simple function of C; in Fig.l. The data are taken from the
systematic tests reported in references 7. to 9 and illustrate
very clearly the two types of nose stall, By extending these
curves, it will be seen that considerable maximum 1ift incre=-
ments are possible on the NACA 63009 and 64AO010 when it is
assumed that Cp values of =20 are obtainable with this device.

It 18 conceivable that the complete stall will be a more
gradual one with turbulcent separation from the rear being the
basic ocause. Hence the application of the principle to the
thicker aerofoils also appears warranted.

Whilst the above gains appear attractive, the
desired increase in 1ift may not, in all cases, be obtainable
with air Jets alone, Therefore it may be necessary to use
this method of control in combination with other high 1lift
devices, Since, however, the flow is controlled in the region
which normally presents great difficulties, other known devices
such as suction slots and trailing edge flaps will be more
effective due to the absence of separated flow, The flow
over the allerons will also be Improved, thus giving greater
lateral control on the thin swept wing in the high 1ift condi-
tion.

4.4 Laminar Flow Considerations

With increasing aircraft speeds, the maintenance
of laminar flow on the upper surface of thin swept wings is
becoming difficult, For instance, the 1lift coefficiant
beyond which adverse gradients appear on the NACA 6L4A006 is
only 0.02; this 1s less than the usual flight values. Hence
in flight, adverse gradients may occur over most of the upper
surface, thus making laminar flow impossible, On the lower
surface, however, care must be taken to preserve the laminar
flow as long as possible.

It is obvious that at high speed, i.e. low incidence,
the holes may influence flow conditions over the lower surface
as the stagnation point is ahead of the holes. Any small
outflow will probably produce ecarly transition, and hence
safeguards should be taken to ensure this does not occur. As
the holes are in a region of high pressure, the pressure bax could
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Yo vented to a region of low pressure* when the devlice is not
required, in order to counter small leaks which may develop in
the shut=off valves from the compressor, Another possidble
effect of small outflows is discussed in section 5,

The size of hole visualised 1s too small to consti-
ture a surface irregularity likely to cause transition in this
very stable flow region. If this assumption proved to be
wrong, a small amount of suction as suggested above would
stabilise the flow, Hence it appears that this dovice, when
inoperative, does not adversely affect the laminar boundary
layer and in this respect dift'ers from most of the other
leading edge high 1lift devices known.

4.5 Installation and Power Considerations

One main application of this device is to high spced
airoraft. Such aircraft will normally be powered with elither
a jJet or gas turbine engine, and hence the engine compressor
is the natural choice for an air supply. A preliminary
- Anvestigation cn its suitability disclosed that the bleed
quantities only amount to a few per cent even under idling
conditions, The box precsures, wh;ch at the moment appear to
be of the order of 0.5 to 1,0 1b/in. rclative to atmospheriec
pressare, may be difficult to obtaln when idling, although
sufiicient pressure will probably be available for normal
engine speeds at landing. Alternative power supplles would
be en auxiliary compressor, or an ejJector system powered by
elther high pressure air or a liquid fuel rocket. Studies
on the latter system have been carried out at N,P,L. by
Williams (ref,10).

Owing to the intermittent use cof the device, it is
envisaged that operation will be on a fully automatic basis.
A sultable controlling instrument for landing and take=-off
would be the A.S.I. When the more general application of high
speed manosuvres is considerced, either an incidence meter or a
ratio meter to measure C_ would be required. Actuation of a
switch would then providg power to open or close tl.e necessary
valves; quick acting valves would ensure a rapid application
or removal,

» Reference 6 suggests a similar scheme for the whole air-
ocraft wing as a means of minimising the effect of in-
advertent leaks.
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Insufficient data are availahle to make an accurate
estimate of the powesr requiremenis. From the assuiaptions
that Cq = 0.00004, U, = 150 ft/sec., c = 8 ft, and the box
pressuré relative to “surfacc 'static = 1 1b/in’, the air power
per foot span lost across tho aerofoil skin is approximatzly

Power/ft.span = p Cq Uoc/55O

0.013 H.P,

Bven when liberal allowances are made for losses in the tube
fran the campressor, the power required is likely to be low
and of no importeance., This calcuiation applies, of course,
only to the casc of one row of holes on the lower surface as
used on the nose 1lap model, If blowing were applied to the
upper surface, power considerations wouid be of greater
importance.

Pundementally, this form of boundary laycr control
differs from most other methods, The air Jets can be con-
sidered as activators vwhich accelorete the transfer of momentun.
This in fact correcponds to an increase in the skin friction
drag, which means tha% the engine power has been used in a
simple, indirent wey to provide a measure of boundary layer
control, Alternatively, use has reecn mads of the known
advantages of a tuvbulernt vonndary layer, and an attempt has
been made to increase ils elf'ectivencss,

With Increasing Reynolds rumher 1t ls expected that
the flow coefficient, C., will decrcase sharply ow’ng to the
greater oase with which™lurbulenze cen be produced. The above
considerations promotic ontimism corcerning the power recquire-
ments likely to be encouniered ia flish?i,

5. OTHER APPLICATICNS

: Alr jets have becn considered as a means of boundary
layer control on thin swopt wings, It 18 cbvious, however.
that the principles involved are applicable to many other
fluld flow problems. Tor instance, the alr inlets and duet-
ing of Jet engines may benefit appreciably from either the
prevention of laminar scparation or the control of the turbulent
layer, In fact, the above principles vearrant investigation,
whorever repid diffusiors occur e-.g. In wide angle diffusers.
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As a wind tunnel tool, the blow principle offers a
means of eliminating large scale effects; this may increase
the usefulness of low speed wind tunnels in testing high speed
airoraft. The high speed tunnel application has been men=—
tioned before (ref.6). X

Finally, it has been noticed that blowing with air
Joets can spoil the flow over the leading edge. Although this
does not appear to present a hnzard, it is worth mentioning
as 1t could form a very effective form of air brake at high
speed where flutter and compressibility effects are dangerous,
This spoiling effect was noted on the nose flap model when a
rninute outflow was permitted. The reason for this behaviour
is not at all clear, but it appears to be related to the
stabllity of the stagnation point as this moved from the sur~
face into the freec strcam. This phenomenon was absent during
all the tests on the 64A006, and hence cannot be considered
as a normal featurc of this device. However, owing to the
speed with which a brake of thls type could be applied, the
original phenomenon mey warrant investigation as speed of
operation 1s essential where flutter and compressibility
troubles call for a sudden reduction in airecraft speed. If
this were a practical proposition, it might mean a separate
system with a different arrangement of holes from those used
at high 1ift,

6. EXPERIMENTAL WORK IN HAND

In addition to the work which has previously been
outlined, plars arc well advanced for fiight testing the device
on a Vampiro fighter. Another flight project is an apolica-
tion to a high speed target aircraft now in produetion, where
increased maximum 1lift is very desirable. A model of this
aircraft will soon be tested in the wind tunnel.

Wind tunnel experiments have either begun or are
projected in the near future on (a) a swept wing (North
American Sabre aircraft); (b) Ligh speed tests on a small
chord model; (c) use of jets to delay trailing edge
eepaiation on an NACA 23012 aerofoil; and (d) fundamental
studies,

7.  CONCLUSIONS

In conclusion, 1t may be said that the use of air
Jets to control flow separation appears very promising.
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Experimental work has shown clearly that worthwhile increases

in either usable 1ift or maximum 1ift appear possible.

Because of its simplicity, the method could readily be aprlied
to aircraft already in production or in the process of design.

It 18 realised that a great deal of work is still

necessary before the limitations of the above device can be
agoerta:lned.
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ADDENDUM TO AERQ, NOQTE 110 -

"THE USE OF AIR JETS FOR
 BOUNDARY LAYER CONTROL"

by

R.A, Wallis

It has been suggested that we might enlarge
on one or two nf the points mentioned in Aero. Note 110.
As the application of air jets to the probvlem of producing
transition in the region of the stagnation point is new, a
brief discussion of the flew stability based on experi-
mental data and observations might prove useful.

' In a favourable gradient on a smooth surface,
there are three ways in which transition may occur.

(1) Two-dimensional instability (Tollmien~-Schlichting)

(11) Dyramic instability due to inflexion point
veloclty profiles (Rayleigh)

(111) Three-dimensional instability on curved
surfases (GYrtler-Taylor)

Calculations show that in the region ef the
Jets, the coritical Rs.,. above which asmall two-dimensional
disturbances become “amplified is approximately 12,000 .
Hence the first type of instability can be ruled out as
the Reynolds number based on the displacement thickness
of the boundary layer, RBs*, at the jets is of the arde
of 70 for a chord Reynolds number of L4 x 108,

The second type of instabllity could very easily
have a bearing on the question of transition as the Jet
flow will almost certainly produce inflexion point profiles
close to the Jesse Due to the marked convexity of the
surface it is not expected that the Gortler-Taylor type will
have any effect other than to possibly damp out some of the
component frequencles of the turbulent fluw.

e
o ez =r oy

UNCLhSM.. Fo. 0 Wasieadvias o



v-r s, TeATIM 0 0
1T "

L] 31" "3?1\"4
(AP AR B [ SAEIUAY S S, B

v, K . Wik,
'v-r ARCh sl R -ioﬁ\ ;»\
sty ,

LI

- 36

x20" W.T.

ADDENDUM TO
AERO NOTE 110

o
TAIL FLAP NOSE FLAP(6//ELLIPSE)
e —
FAIRING

n

scm.e—-é-":u'—o
FIG.| DIAGRAM OF MODEL

NT

|
xs

|
[
v

APPROXIMATE POSITION OF STAGNATION POI

rh‘@-—-—-—ﬁ)—— :

—° ~——O< EXPERIMENTAL
y ~=—<— — THEORETICAL (C_=0-85)

(TWO DIMENSIONAL UNFLAPPED 6% ELLIPSE)

o

(=)

,
Gt 1)

LOCATION OF AIR JETS

4 8 12 18 20
DISTANCE ALONG SURFACE, S,—INS.

FIG.2 PRESSURE DISTRIBUTION #3571 TRITT .
ON INLIMITE:



