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SUMMARY

Part span sharpened leading-edges Were attached to the wing to produce
regions of separated flow Flight neasurement:. were nmade of botk the spectra
and root-nean-square intensity of the pressure fluctuations at orafices at
1% and 60% of the local chord. Corresponding measurenents on a model in a
| ow speed wind tunnel covered a sider range Of inecidence and frequency than
the flight tests. The flight test results are in good agreenent with the tunne
results.  The root-nean-square val ue of the pressure fluctuations, p, reached a
maxi mum val ue of p/q = 0.072 for the 60% orifice at an Incidence of 10°. The
incidence for buffet onset was close to that at which the break in the p/q vs. @
curves for both orifices occurred.

% Replaces R,A.E. Technical Report 67282 = A R C  30135.
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! | NTRODUCTI ON

Aerofoils have becone progressively thinner asaareraft speeds have
I ncreased. Thishas led to an increase in the curvature of the nose section
of the gerofoils, and indeed some research aircraft have been designed with
shar penedleading-edges. The adverse pressure gradient3 associated with
such leading-edges will cause the upper surface flowto separate; the flow
re-attaches at some downstream point on the aerof0111. A separation 'bubble
1sthus formed and flow unsteadiness associated with this, produces quite
| arge pressure fluctuations On the aerofoil surface. These pressure fluctua-
tions may have significant effects on the buffet characteristics of aircraft
and the fatigue of w ng panels.

Techni que3 had been devel oped to measure the total intensity and
spectral function of the pressure fluctuations On wind tunnel models2 and in
flight. Since there was only very nmeagre information on the character of
pressure fluctuations in full-scale flight, a sinple flight experiment using
a Venomaircraft with part-span sharpened leading-edges Was made. The flight
tests were made in two phases, the first when only the root-nean-square of
the fluctuating pressures was measured: the second when a time history of
the pressure fluctuations was recorded on a tape recorder. For conparative
purposes , neasurenents were al so made on 2/7 scale nodel of the Venomat a
speed of 150 feet per second in a wind tunnel at R A E. Farnborough. The
results of these test3 were unpublished, but were made in association with
overall force and noment tests®

The work was initiated by Aero Flight Division, and all the flight tests
were mde at the Royal Aircraft Establishment, Bedford. However, a |arge part
of the experimental work and initial analysis was done by S.C. Roberts whilst
at the College of Aeronautic3 and was used as material for his thesis.

The experinmental work was conpleted in 1960, but, in view of the
current interest in separated flow phenonena, publication i S warranted

2 DESCRIPTION OF Al RCRAFT ANDINSTRUMENTATION

2.1 The aircraft

The aircraft used for the tests i1s shown in Fig.,1. It 1sa two-seater
Venom M. 3, powered by a Ghost Mk.104 engine, devel oping 4850 | b of thrust
at sea level. The praincipal dinensions of the aircraft are given in Table 1,



The leading-edge of the wing, between the engine intake and the boundary
layer fence Was sharpened by the addition of wooden fairings attached with
Araldite,as shomin Figs.2 and 3, To preserve synmetry, both w ngs were
mdified. In the first place only a small 42-inch spanwise section between
AA and BB of each wing was nodified; as flight experience was gained and
it was found that the nodification did not have too large an adverse effect
on the aircraft handling characteristics, the sharpened |eading-edge was
gradual |y extended to the linmts of the intake and the fence. The aircraft
was limted to an equivalent airspeed of 250 knots to avoid over-stressing
the Pairing attachment, Fig.2 also shows a section of the modified wing at
two spanwise stations, AA and BB; Fig.3a shows the fairing attached to
the leading edge of the port wing. The type of profile was chosen to ensure
that a separation occurred at |ow incidence. Pressure orifices, of 3/16 inch
dianeter, were installed mdway between stations AA and BB, at approxi-
mately 1% and 60% of the chord on the upper surface of the starboard wing.
For flow visualisation, tufts were attached to the upper surfage of the star-
board wing, Fig.3b.

2.2 Instrumentation

The pressures at the two orifices on the starboard wing were neasured
byt enper at ure conpensated unbonded strain gauge mniature Statham pressure
transducers of range #2,5 1b/in2 and natural frequency 5,5kc/s.  These
transducers neasure differential pressures and since only the fluctuating
conponent of the pressure 1g of interest, one side of the transducer was
oowoted directly to the orifice by a short length of % inch dianmeter tube,
and the other side to a settling chanber, and thence by 1 mmcapillary tubing
to the orifice. This arrangenent 1s shown in Fig.4 and the high lag of the
capillary tube ensures that only the fluctuating conmponent of the pressure is
sensed by the transducers.  The natural frequency of the transducers is wel
above that of the range of the fluctuating pressures being neasured, and
their acceleration sensitivity 15 | ow.

The output fromthe transducers was passed through a zero-adjust
circuit to remove any drift which occurred. This drift, whilst not large in
tems of the full scale range of the transducers, was significant, as the
fluctuating pressures being neasured were typically only about 10% of the
range of the transduoer. The output was then anplified. The frequency res-

ponse of the amplifier is shown in Fig.5 and is flat up to 80 ¢/s, then
falls rapidly, due to a low pass filter.



The anplified outputs of the transducer3 could either be recorded as
time histories using a frequency nodul ated signal on a magnetic tape recorder
or a3 a root-nmean-square (rms) value of the fluctuating pressure. The
different recordings were nmade in two series of tests.

The magnetic tape recorder used was an ei ght channel, % inch tape
recorder, mnufactured by the Data Recorder Conpany. The tape capacity is
900 feet, which, at a tape speed of 7% inches per second gives a recording
time of 24 mnutes. The wow and flutter of the tape is less than 0,15% rns
under |aboratory conditions, A constant anplitude and frequency signal was
also recorded, to check the behaviour of the magnetic tape recorder during
the high normal accelerations and vibrations encountered in the flight tests.
A fourth track was used to record the pilot'3 and observer's speech

The rms val ue of the fluctuating pressure was neasured by a vacuo-
junction*, which consists of a resistance contained within a vacuum chanber
and a thermocouple to neasure the tenperature of the resistance, The output
of the pressure transducer3 was applied, after amplafication, to the resistance,
and consequently 1ts tenperature was proportional to the nmean-square of the
fluctuating pressure. The vacuo-junctions were shiel ded from extraneous

tenperature effect3 by insulating material. The out put3 of the vacuo-junctions
were recorded by a Hussenot A 22 recorder.

Normal  acceleration, elevator angle, and incidence nMeasured by a vane
mounted on a nose boom of the pitot-static system were recorded on another
A 22 recorder.

In addition, the follow ng quantities were recorded on an automatic
observer.-

Indicated airspeed
Al'titude.

Elevator tab angle.

Jet pipe totel pressure.

Ti ne.

. Footnote a3 a suitable tape recorder was not inmediately available the
vacua-Junction tests were nade farst, At the tine the test3 were planned
swneo t e tecanique was relatively untried in flight. Some of the limtation3
(see section 6.4) of using a vacuo-junction to measure the rms of a signa

contai ning spurious noise Were not fully sppreciated then



5 CALTERATIONS

Steady state calibrations using the two alternative recording systens
were made.

The dynam ¢ response of the transducers and associated pneumatic
systems was obtained by placing them behind a baffle plate in the wall of a
wind tunnel, which was run at different wind speeds, and conparing their out-
put with previously calibrated transducers. The response of the systenms is
approxi mately flat up to 100 ¢/s and 300 o/s for the 10% and 60%orifices
respectively. Above these frequencies, the response increases rapidly to a
resonant peak at the first fundamental frequency of the piping, The effect
of these resonances was attenuated by the low pass filter in the anplifier.
This effectively limts the useful spectral analysis of the time history
records to 100 ¢/s, al though the rms neasurements nmay contain Spurious
effects due to the resonances in the pneumatic systems at higher frequencies.

The dynanic response of the vacuo-junctions i S sluggish, having a tine
oonstant of about 40 seconds.

4 FLI GHT_TESTS

Using the nagnetic tape recorder, time histories of fluctuating pressure
were obtained at two nomnally constant speeds at several values of norma
acceleration penetrating well beyond the buffet boundary. The recording
time was 90 seconds, giving a lemgth of magnetic tape of about 60 feet, which
was the mnimumlength of tape that coul d be used on the ground anal ysis
equipment t0 analyse accurately the results down to a frequency of 2 ofs (see
section 5), Records were also taken with the orifices sealed off, to check
the vibration sensitivity of the whole system During these tests the tufts
on the starboard wing were photographed by the observer, using a hand-held
camera.

The rms val ues of the fluctuating pressures were neasured over a some-
what wider range of conditions, at both 10000feet and 30000 feet. Fig.6 shows
the flight envelope covered; the Reynolds nunbers quoted are mean values
¥ x 106. It was necessary to hold conditions steady for about 30 seconds
prior to the recordings, to allow the observer to adjust the zero circuits
and give the vaouo-junctions time to stabilise. The recordings were not so
accurate at the higher values of normal acceleration and more severe huffet

intensity, as the zero adjusting was difficult under these conditions. To



extend the range of Reynol ds nunmber and Mach nunber, some tests were made in
level flight at various altitudes up to 37000 feet. The aircraft buffet
| evel s were al so determ ned, based on pilots' assessments.

5 ANALYSI S OF MAGNETIC TAPE RECORDS

The nethod of analysis of the tape records and the equi pment used is
essentially simlar to that used by Owen> and thus only an outline 1s given
here.

The root-nean-square val ue of the pressure fluctuations gyer the
spectrum as p, and this 1s made non-dimensional by dividing it by the dynamc
pressure, g (=1p v2).

A non-di nensional frequency paraneter is defined as

f
n e 5P,
where f = frequency in cycles per second,
¢ = a representative length, taken as the [ocal chord of the wing at
the neasuring station
v = free streamvelocity.

A spectral function F(n) a3 defined, such that F(n) dn 1s the
contribution to (ﬁ/q)2 in the frequency range n to n + dn.

Thus
2
d (E) = F(n) gn = n F(n) d (log n) .

The results cf the spectral analyses can therefore be plotted in the
formof F(n) against n, or n F(n) against log n; and, in either case,
integration over any range of frequency gives the correspondi ng mean-square
intensity of the fluctuation.  In particular, the total area under either
curve is equal to the total intensity for

o

(.5.)2 , wa(n) dn = F(m d (logn) .
0 0

The spectra neasured generally covered a wide range of frequency and
thus 1t 1s nore convenient to present results in the form of
n F(n) vs. log n.



The spectra were analysed to give the spectral function F(n) using a
Muirhead-Pametrada D-489 analyser Which covers the frequency range 20 to
20000 ¢/S. The | ow frequency range was extended to include the range 2 to
20 ¢/s by introducing a | ow frequency modul ator. In fact, the records shoul d
not contain any significant content above 100 ¢/s because of the |ow pass
filter in the amplifier used to augment the signals fromthe pressure trans-
ducers, The magnetic tape records were formed into loops for the analysis.
Experience in the analysis of wnd tunnel resu1t32 has shown that at |east
150 cycl es of the |owest frequency to be analysed must be contained within
the loop; in the present test the mnimumlength of the |oops is 60 feet,
which contains about 180 cycles of the |owest frequency that could be
analysed.

6 RESULTS AND DI SCUSSI ON

6.1 Fl owvisualisation

Fig.7 shows a photegraph obtained from the hand held canera of the
surface tuf'ts on the starboard w nd under typical test conditions. Qutboard
of the boundary layer fence the flow is, as expected, attached.  However,
inboard. of the fence behind. the sharpened |eading-edge, the flow has separated
over a considerable portion of the chord; | arge regions of reverse flow are
shown by the tufts pointing upstream

This type of bubble separation foraerofoils With sharp |eading edges
had been observed in wind tusnels® and has since been studied extensivelyl".
The flow re-attaches behind the bubble; the point of re-attachnent depends
on the Incidence and Reynolds number since these effect the point in the
larinar shear |ayer where transition occurs. Unsteadiness of the bubble can
occur giving rise to fluctuating pressures on the wing surface.

The behaviour of the surface tufts has been used to define the position
of the re-attachment [ine. Because of the sinplicity of the nethod the line
cannot be defined to better than 5% | ocal chord and at the highest lift
coefficients tested nuch less accurately, due to the large fluctuations in
the bubble length. Fig.8 shows a typical contour of the separation bubble
which starts near the intake |ip and termnates at the boundary |ayer fence.
The flow in the outboard part of the bubble is approxinmately two-dinensional,
but near the intake three-dinensional effects sre present.



Fig.9 shows the variation of bubble length, at the spanwise transducer
station, with aircraft |ift coefficient for various flight conditions. The
bubble varies in length from20%chord at the lowest |ift coefficient
tested, € =0.2, toa full chord separation at lift coefficients of the
order 0.6. There nay be a systematic variation, for a given CL’ of the
bubble length with Reynolds number, but an view of the difficulty of defining
the xx-attachment point at high lift coefficients and the relatively snal
range of Reynolds nunmber covered in the tests no definite conclusions can be
drawn.  Also it should be noted that the lift coefficient is the mean for the
wing, which is not necessarily the same as the |ocal value for the sharpened
| eadi ng-edge section. Fig.9 also shows results deduced fromoriginal tuft
5 and these are in reasonabl e agreement
with the flight results showing that scale effects are small, although the
separation bubble reaches the trailing-edge at a slightly | ower incidence in
flight,

filmrecords taken during tunnel +tests

6.2 lcing effects

On one of the flights the aircraft was clinbing slowy through 4COO feet
at an indicated airspeed of 440 knots. The tufts on the starboard w ng were
poi nting forwards showing that the flow on the modified W ng section was
fully separated, the buffet |evel was severe, and a stick force to trim of
approximtely 30 Ib pull was required. Suddenly a very large trim change
occurred requiring a push force of 30 Ib to trim the buffet intensity was
reduced considerably, and the tufts indicated a flow re-attachment at about
70% chord. Wen the power was reduced and the aircraft allowed to descend
slowy through 4000 feet the reverse occurred. This process was repeated
several tines and the behaviour Was found to be nost consistent.

On the day of this test the icing level was at 4000 feet and the weat her
was good wath little cloud. Although no icing was observed a possible

expl anation of the occurrence is the formation of a small amount of ice on
the leading edge, which would increase its radius and thus reduce the size
of the bubble. Another explanation could be that ice crystals in the aip
promoted an earlier transition than usual in the laminar shear layer, thus
reducaing the bubble size. This seems less likely since the data in this
Report show that quite large changes in Reynol ds nunber have little effect
on the flow.
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6.3 Power spectra of pressure fluctuations

For the flight results the | ow pass filter begins to cut off at 80 ¢/s
and thus the flight spectra have not been analysed beyond about 100 ¢/s.
Hence the nmore extensive wind tunnel spectra are discussed first flowed by a
conparison with flight results.

Fig. 10 shows the spectra of the pressure fluctuations at the 10%
orifice measured inthe wind tunnel for incidences from 0° to 14°, As
incidence is increased from gero the spectra show a primary peak in n F(n)
at gradually reducing values of n. The maximum value of this primry peak
is 0,0017 and occurs at an incidence of 30 when the separation bubble length
(Fig.9) as about 15% of the | ocal chord. As the Incidence 1s Increased further
up to 7° the maximum value of the primary peak decreases and the energy of
the spectra is reduced. At g8° incidence a secondary peak devel ops at about
n =0.35 agnd the primary peak disappears. At 1o°, when Fig.9 shows that the
separation bubble is approaching the trailing edge, the secondary peak at
about n = 0.1 increases rapidly and the spectral energy increases rapidly.
Wth further increase of incidence the flow no |onger re-attaches to the wng
surface, and this causes a reduction in the secondary peak until at an
i nci dence of 1&9 the spectrumis quite flat.

Fig. 11 shows spectra for the 60% orifice for the tunnel tests from
a=0" to14%, As incidence is increased from zero a primary peak devel ops
with the same characteristics as noted for the 10% orifice although the peak
values are much larger. The primary peak reaches a maxinum value of about

0

0.0125 for an incidence of 11O at about n = 0.5, this primary peak persists
until at least 12°, A secondary peak first appears at 8° at about n = 0.15,
this secondary peak reaches a maxi mum at an incidence of 10°, At 1L° bot h
the primary and secondary peaks persist, but are much smaller.

Conparisons of the spectra measured at the 10% and 60% orifices show
certainsimlarities. As incidence is increased a primary peak devel ops at
gradual |y reducing values of n. The maximum value ofthis peak is approxi-
mately proportional to the orifice distance from the leading edge and occurs
when the orifice position is about two-thirds of the separation bubble length
As the separaration bubbl e approaches the trailing edge a secondary peak
develops rapidly, this has the same value for either orifice and occurs at
a reduced frequency of just greater than 0.1. As the incidence is increased



further and the flow no |onger re-attaches to the wing tae energy in the
spectra 1s reduced rapidly.

The power spectra of the pressure fluctuations measured in flight for
the 10% and 60% orifices are shown in Figs.12 and 13 at various |ift
coefficients. As explained previously the spectra have not been analysed
at high frequencies and thus only a limted conparison with the tunnel data
13 possi ble. For the 10% orifice the primry peak is cut off, but the

secondary peak devel ops in a manner sinilar to that indicated by the tunne
results. In the case of the 60% orifice the spectra measured in flight

cover both primary and secondary peaks and the results are simlar to those
of the tunnel tests.

The good agreenent between the flight and tunnel results for a sharp
leadang edge suggests that at |east at up to subsonic speeds of the order
¥ = 0.7 and Reynolds nunbers of about 20 x 106, satisfactory scaling |aws
from|ow speed wind tunnel tests can be established and the effects of
Reynol ds nunber, Mach nunber, tunnel turbulence and aircraft flexibility
are smll.

6.4 Root-nean-square pressure fluctuations

The spectra of the pressure fluctuations have been integrated to obtain
the root-mean-square (rms) level of the pressure fluctuations p, and these
have been non-dimensionalised in Figs.14 and 15 for the 0% and 60%orifice
respectively.

The flight results have been integrated over the nmaxi mum avail abl e
range of the reduced frequency paraneter, n, 0.05 to 1.0. For conparative
purposes the tunnel results have been integrated over the same range as the
flight results and over the '"full' range 0.05 to about 30; integration to
| ower reduced frequency val ues was not possible due to limtations of the
analysis equipment at low frequencies. The spectral shapes suggest that
termnating the full range integration at an n of about 30 does not
exclude any appreciable energy.

The full integration of the tunnel results for the 10% orifice, Fig.1k,
shows that p/q increases from zero at 0° incidence to a peak of 0.016 at 3°
and another peak of 0.037 at 11°, These two peaks correspond to the primery
and secordary peaks noted in the spectra, Fig,10. At 1&0 i nci dence »/q has
fallen to 0.005. The integration of the tunnel results over the truncated

11
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rangen = 0.05 to 1.0 is broadly simlar except that the maxi num value of
the first peak is lower due to the out-off at n = 1.0 elimnating the major
oontent of energy of the primary peak. The flight results are only available
for a smll range of incidence, but these are in quite good agreement wth

t he comparable tunnel results.

For the 0% orifice the full integration of the tunnel results, Fig.15,
shows that p/q increases fromzeroc at a = 0° to e single peak val ue of
0.072 at 11° falling to 0.020 at 14°, The integrated results of the tunne
speotra over the truncated range n = 0.05 to 1.0 are very simlar because
little energy exists above n = 1.0. Here the flight results cover nost of
the tunnel incidence range and are in very good agreement with the tunne
tests.

It should be noted that the maximum values of p/q are nuch larger than
the normally accepted val ue of about 0.006«;5’6 for attached turbul ent
boundary-layer flow

The rms pressure fluctuations were al so nmeasured by the vacuo-junctions
and the results expressed in terns of p/q are shown in Figs.16 and 17 for
the 10% and 60% orifices respectively. These results are conpared with the
integrated spectra in Figs.14 and 15. It is apparent that whilst the vacuo-
junction and integrated. results show similar trends with incidence, the
vacua-junction results are nuch larger. The results fromthe vacuo-junctions
are al DSt certainly spurious, and the nost |ikely reason is background noise
in the system in flight.  The spectral analysis of the tape records was
linited to frequencies where the response was flat, i.e. below 100 ¢/s and
noi se at any frequency above this would not have been noticed, even if it
was on the tape. Resonances at 300 ¢/s and 600 c¢/s associated with the 40%
and 60% orifices respectively may have contributed to the signals, despite
the nominal cut-off of the anplifiers at 100 ¢/s, The vacuo=-junction has a
very high frequency response and coul d al so have responded to any noise beyond
the upper linit of the tape deck (about 2 k¢/s). Thus the vacua-Junction
resultc are regarded as unreliable and show that great care nust be taken when
measuring the overall level of pressure fluctuations, |f such an automatic
integrating system is used it 1s essential to filter the signals first so
that they are confined to the frequency range of interest, and to nake a
spectral analysas to confirmthat the filter effectively suppresses any
signal s including resonances or noise outside this frequency range.
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In spite of the limtations of the vacuo-junction tests they were of
some use. They showed that a significant pressure fluctuation built-up with

incidence and thus it was worthwhile proceeding with the nmore conpl ex spectra
measur ement s

6.5 Buffet

Pilots' assessnents of the aircraft's buffet |evels are shown in Fig,18,
together with the boundary for appreciable buffet on the original aircraft.
For the nodified aircraft buffet onset is at a CL of about 0.35 (@~ 5.5')
and varies little with Mach nunber. Thus below M = 0.65 the addition of the
part-span sharpened |eading-edge roughly halves the CL for appreciable

buffet, and al nost completely suppresses the dependence of buffet |evel upon
Mach  nunber.

It is interesting to note that, omitting the initial peak et |ow inci~
dence in the tunnel results for the 10% orifice, the onset of increasing
p/q derived fromany of the sets of data in Figs.14 or 15 is at an incidence
between 6° and 7°, Thus p/q vs. a fromany of the sets of tunnel or flight
data, 1ncluding the suspect vacuo-junctions, Woul d provide an adequate indica-
tion of buffet onset on the nodified aircraft.

However it should be noted that for the Venom the wng fundanental
bendi ng frequency is about 8 ¢/s, and the frequency corresponding to the
secondary peak in the spectrumis at 4.5 to 9.0 ¢/s for Mach nunbers from
0.3 to 0.6. Thus the vreax in the p/q vs. a curves, which corresponds to
the growth of the secondary peak, shows the onset of excitation at near a
structural frequency in the present tests. Caution should be used in apply-

ing tnis result in cases where the aerodynamic and structural frequencies
are not closely matched.

For a simlar range of flight conditions the primry spectral peak

occurs in the frequency ra.ze between 20 and 200 ¢/s and thus coul d af fect
panel fatigue.

7 CONCLUSI ONS

The part span sharpened |eading-edge fitted to the Venom wing produced
a separation of the flow on the upper surface. This separation re-attached
before the trailing edge at |ow incidences, but the re-attachment point
nmoved aft as incidence increased until eventually at about an incidence of
10° the flow failed to re-attach to the Wi ng.
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The spectra of' pressure fluctuations at two orifices at 10% and 60%
of the local chord within the separated floa agreed well ain the flight and
| ow-speed wind tunnel tests. This suggests that at |east for a sharp unswept
| eadi ng edge up to a Mach number of 0.7 and a Reynol ds nunber of 20 x 106
satisfactory scaling laws can be established from|ow speed tunnel tests and
that the effects of Reynolds nunber, Mach nunber, tunnel turbul ence and
aircraft flexibality are small. The characteristic variation of the spectra
wi th incidence and chord position Were established, but they are probably
specific to the particular configuration tested. Integration of the spectra
gave root-mean-square values of the pressure fluctuations p/q that reached
maximum values of 0.037 and 0.072 for the w%and 0% orifices respectively
at an incidence of 11° as the separation bubbl e reached the trailing edge.
Results of an attenpt to measure root-mean-square pressure fluctuations
directly using a vacuo-junction Were not reliable, probably due to background
noise in the system in flight. The incidence for buffet onset was close to
those at which the break in the p/q vs. a curves for both orifices in tunnel
and flight, including the suspect vacuo-junctions, occurred.

On one flight considerable changes of longitudinal trimand buffet,
associ ated wath changes in size of the separation bubble, were experienced
as the aircraft clinbed or descended through the icing level. These effects
may have been caused by small amounts of ice formng on the sharp leading-
edge, although none was observed
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VENOM N,F. 3 - PRINCIPAL DIMENSIONS
Wing
Area 279 feet?
Setting relative to fusel age datum 0 degrees
Dihedral 3 degrees
Leading-edge sweep 17.1 degrees
Span 11 feet

Aerofoil section (unnodified): symmetrical section, maximum
thickness/chord 0.1, at 0.4 ghord,

Tailplane (including el evator)

Area 52.3 feet

Mean weight during tests 11500 | b
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Fig. 2 Details of sharpened leading-edge




Fig.3(b) Upper surface of the starboard winig, showing tufts
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A.R.C. C.P. 1032 533.6,071.5 :
November 1967 533.693 :
533.69L.25
RO&E, R . 533.600% .
Nicholas, O.P. 533,6,071

FLIGHT AND TUNNEL MEASURFMENTS (F PRESSURE FLUCTUATICNS
ON THE UPPER SURFACE (F THE WING OF A VENQM AIRCRAFT

WITH A SHARFENED LEADING-EDGE

Part span sharpened leading-edges were attached to the wing to produce
regions of geparated floW., wmw¢L=¢ O easurements Were made of both the
spectra and root=mean-square Intensity of the pressire fluctuatlions at
ariftees at 108 and 60% of the local c¢hord, Corresponding peasurements
on a model in a loW speed wind tunnel covered a rider range of Incidenee
and frequency that the flight tests. The night test results are In good
agreement ®with me t-u!mel results, The root-mean-square_value of m e

pressure fluctuations, p, reached a  maximm value of p/q = 0.072 tor

(ver)
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53.694.25
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FLIGHT #ND TUNNEL MEASUREMENTS OF PRESSURE FLUCTUATI(NS
ON THE UPPER SURFACE (F THE WING OF A VENOM AIRCRAFT
WITH A SHARPENED LEADING~EDGE

pal-t spa” sharpened leading-edges were attached to the wWing to produce
regions or separated flow, Fllght measurements weére made of both the
spectra and rogt-mean=sguare intensity of the pressure fluctoatlons at
orifiees at 10k and &0F of the local chord, Corresponding measurements
on a model {n a low speed wind tunnel cover-4 a wider range of incidence
and frequeney that the fllght tests. The flight test results are 1” good
agreement With m e tunnel results. The root-mean-square value of me

pressure fluctuations, p, reached g maximm value of p/fq = 0.072 for
{(over)
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FLIGET AND TUNNEL MEASUREMENTS OF PRESSURE FLUCTUATIONS
ON THE UPPER SURFACE OF THE WING OF A VENGM AIRCRAFT
WITH A SHARPENED LEADING-EDCE

Part span sharpened leading-edges were attached to the wing to produce
regions of separated flow, Flight measurements were made of both the
gpectra and root-mean—sguare intensity of the pressure fluctuations at
orifices at 10% and 60% of the local chord. Corresponding measurements
on a model {n a low speed wind tunnel covered a wider range of incidence
and frequency that the flight tests. The flight test results are in good
agreement with the tumnel results, The root-mean—square value of the
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