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Flight tests on the Youngman-Bayres Bxperimental High-Lif't
aircraft nave shown thet an increrent of maxamum 11t ceefficient of
1,32 can be obtained on an unswe,t wing with a low drag section, whose
basic maximum 1if% coefficient 1s 1.28. It 15 estimated that an
inerement of maxamum 11f't coerTicnent of 0.2 has been lost aue to the
adverse effect of wing-Tuselage intsrference,

Adequate lateral contreol ar ail conailizione of [light 1s provided
by ailerouns arnset in tne full spar. lap.

The profale dray coefliciernt increment at full flap 1s C.07 for
a lift ceoefficient inersmert of 1.1L4, at a wing incaidence cf 10 degrees,

The changes in longitudinal trim due tc the flaps are small arnd
gasily controlle? and tre frect of reound cn lungitudinal trim is
censidered n2gligible, since there 15 nc dafficldiy in landing with
Tlaps down.

The siruecturs of the wing-flap-sileron errsngement 18 adequately
st1ff 1n tersion, and the zilsron reversal speed 15 estaimated 1o be
nearly 300 s<note,
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4 Tntroductron

In order to operatc highly loaded aircraft from reztricted spaces,
such as forward sirfields, or the decke of aircraft carriers, the
chosen wing-flap systems must be capable of procucing high maximum
1af't coeffacients. Tn addition, 1f high porformance in top speed or
range is to be maintained, 1t 18 essential that the brackets and
links of the flap opcrating systen should be contained, as far as
possible, within the wing profile. 1A large double slotted flap whicn,
when retracted, fairs neatly into the profile of an uvaswept low drag
section wing, of tnickncss/chord ratio 0.13, with only one small
excrescence, has becn designed by Mr. R,T. Youngman. The 1lift, drag
and pitching moment characteristics of this flop arrangement have been
investigated by means of low speed tunnel tcstgl, The first tests were
made on a rectaagular wing alone, to fix the optumum flap settiags and
to anvestigate the rolling power of the proposed aileron errangemcnt.
From this information a 1/5 scale rocel of the aiceraft designed for
the full-scale flight tests (described an this report) was constructed
and tested in the Wo.2 114 £t x 85 £t tunnel, Thiz investigation of
the fuselage and +tm1l plane cffects on 1ift and longrtudinel comtrol
and stability is reported an zeference 2,

The present report 1s ceacecned wath the £light tests of the full
scale asrceraf't, and deals mainly wath the low speed characteraistics of
the wing-flap arrangement, Where possible, o comparison 1is made
betwesn the flight roesults and those of the two series of tunnel tests,

2 Descripiion of Arreraft

A F=view general arrengenent darowaing of the siceraft is given in
Mg,t, and four photegrephic views of the aireraft are shown an Figs.dZ
and 3, It wall bc scen thot the carcraft bears o strong resemblance to
the Proctor IV caival circeaf't, though, in [act, only the undercarriagoe
and ruddér, plus o fev minog items, are standard Proctor IV parts.

The aireraft 1s o single-engined, tvo-seater, low wing monoplane,
of conventional lsyout, fitted with o Gapsy Queen 32 enginc of 250 H.P.
driving a 7 Tt 6 inches diameter constant specd propeller. The normal
toke-off weight wes 3700 lb, waith the C.G. at 36.,6% of the mean chord,

The wing is a low drag section of the ¥, 1 C.i. 65 -2 serics
modified to an elliptical nose section over the cutboord part of the
span {zee Fef'crence 1}, vith the further meodification of a drocped nose
cver thoat port of the spsn inboard of the undercarriage., This latter
modification 1s apporent in the head-on viev in Pig.2.

The forgard, Jizxed part of the wing 18 of wooden construction,
while the rear 50%, including the flaps -nd calerons, is constructed of
light alloy. The mazn ficp is of 96% span and 50% chord. Incorporated
in this £lap 1s the auxiiiary rear flsp, of 25, chord, covering the
central 5L of the spon, while the outboard portion of the main flap
carries the Prisc aalerons, of 25% ftotal chord. The aileron appears to
be of larger chord than the auxaliary flap in the photographs, bccause
of the largc shroud which covers the leading edge of the flap. These
photographs were token after the centrel portion of the auxaliary flap
had been removed (sece Section 5.1).

The f'laps are suspended from the {ixed part of the wing and from

the fuselage, by o system of lainks oper.ted hy o total of six screw
Jacks. Thess jocks are rotated by o shof't located aft of the front

wlym



spar and driven by an electric moter cn the centre line of the sircraft.
The flaps can move rearwords and downwards so that the main flap,
carrying the aileron with it, is depressed 15 degrees relative to the
wing while the auxaliary flap travels a further 30 degrees and lies at
L5 degrees relative to the wing., The total rearward extension of the
flaps amounts to 24% of the wing chord. The relation between the
angles of the main and auxiliary flap relative to the wing iz shown in
Fig.4. The "half flap" setting waos arbitrarily chosen to give about
ohe~third cf the flap travel.

When the flaps are down, a slot 1s formed between the leading edge
of the main flap, and the fixed main plane, and a second slot 1s formed
between the leading edge of the rear flap and the inboard portion of
the main flap. The rclation between the main flap and the ailerons is
unchanged when the flaps meve, so that the ailerons droop 15 degrees
vwhen the flaps arc fully dovwm.

The sizes and shapes of these slotsars shown in Fig,5. The size of
the rear slot showm as 1.8%, was originally 3.0%, and wes modified to
the size shown as a result of the stalling speed and maximum 1ift
measurements discussed in section 5.1 below.

The remainder of the aircraf't is conventional and needs little
comment., The fusclage is about 1 £t longer than that of the standard
Procter, and the clevator area is about 100% greater. The rather large
tail volume coefficient of 0.7 was chosen to ensure positive statice
longitudinel stability up to the stall, and the extra elevator area
as a safeguard against possibly large trim changes due to lowering the
flaps. The tail plane setting is adjustable on the ground over the
range -1 degree to +5 degrees rclative to the wing chord, but the
-1 degree setting was used throughout the tests.

It was originally intended to fit senled pressure balance allerons
to this aireraft (Reference 1), ard although the 2~dimensional medel
tests showed these to give adequate rolling power, it was considered
wiser to build the full scale aircraft with the more conventional
Prise ailerons.

The remaining sercdynomic data for the aircraft is given in
Tatle IX at the end of the report.

3 Test Equipment

For the airspeed neasurcments, the alreraft was fitted with a
100 f't suspended static head, operated manually by the observer, and a
venturi pitot rmounted on a short strut under the starboard wing. The
standard aircraft system pitot—static head was fitted on a similar
strut unfer the port wing.

An automatic cbserver was instolled for the recording of the
following quantitics:-

1 sdrspced indicater reading - either on the standard
aireraft system, or on the venturi pitot - suspended
static system.

2 Altitude - measured either by the aircraft statio or the
suspended static system.

3 Engine speed.



4 Attitude of the aircraft in piteh and roll, measured by
an electrically driven gyro.

5 Acceleration, in a direction roughly normal to the flight
path, using o remote indicating accelerometer of the Barnes type.

6 Elevator angle, using a desynn transmtter connected to the
elevator operating lever in the tail.

f Angle of main flap relative to the wing, at the inboard
and outboard ends, 'using desynn transmitters, for both wings.

8 Angle of auxiliary flap relative to the main flap, for both
wings, using desynn transmitters,

Records eof the readings of the above inetruments were obbained by means
of an eleatrically driven Bell and Howell %5 mm ecine camera. Tn
addition, for the lateral control investigations, records were anbtained
on a 4~chamnel continuous trace recorder of the following quantities.

1 fnleron angles relative to the main flap, port and starboard
using desynn transmtters.

2 Rate of rcll about the longitudinal axis of the aireraft,
using an electrically-draven spring-constrained gyro.

3 Rate of yaw about the vertical axis of the airecraft, also
using an electrically-driven spring-constrained gyro,

Recerds frrm this instrument, and those from the normal automatic
cbserver were synchronised by using a common timing system which marked
each record at halfw-second intervals,

4 Flight Test Programme and Technigue

4.1 B8Stalling Behavicur, and Measurement of Maximum Lift Coefficients

The initial investigaticn of the stolling behaviour was made
befere the installation of the full flight test instrumentation
equipment. The object was to obtain a quick measurement of the maximum
11t coefficients and to study the conditions of airflow over the upper
wing surface at and near the stalling ancidence, Measurements of
stalling speed were made by visval ebservation with the flaps up, half
dewn, and fully down, with the engine throttled back.

The characteristics of the airflow at and near the stall were
studied by means of wool tufts attached to the upper wing surface,
Twenty greups of tufts were attached to each wing, each group
consisting of 4 strands at various heights up to zbout 10 inches above
the wing surface. Only direct visual cbservation of the +tufts was
made., The airspeed was reduced in steps, down to the stalling speed,
and at each steady speed the flow pattern was sketched in, from
cbservation of the behaviour of the tufts,

When the full recerding eguipment was installed, the measurements
of stalling speed were repeated in more detail, including the effect of
power. Oontinuous records of the airspeed indicator (operating cn the
venturi pltot-trailing static system), normal acceleration, and
attitude in piteh, plus a measurement of the rate of descent from
readings of the altaimeter, provided the infermation necessary for an
exact evaluation of the maxirmum 1aft coefficient.
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Bach record was obtained by first trimming for steady flight
conditions, waith the engine at the required setting, at a speed about
10 m.p.h, above the indicated minimum speed., The stick was then eased
slowly back so that the speed decreased at a rate of less than % m.p.h.
per second, with the automatic observer switched on. Reccrding was
continued until the speed was building up again during the recovery.

When the engine was threttled back, with the flaps fully down, the
speed fell rapidly almost to the stalling speed, and had to be increased
to the required steady value before a suitable recording could be
started.

It was intended criginally that the observer should indicate the
exact point on the record at which the stall occurred, by switching on
a lamp in the automatic observer instrument panel, but it was found
that a more relisble indication was cbiained from the readings of the
accelerometer and the pitch indicator, both of which changed rapidly -
at the stall. The reading of the A.8.I. continued tc fall for a short
time after the stall, often by as much as 2 m.p.h., and is therefore
not a reliable means, by itself, for the measurement of staelling speed.

From the first few records, a reascnable estimate of the stalling
incidence was obtained, and the accuracy of the acceleration measure-
ments was then improved by setting the instrument so that the recording
axis was approximately at right angles to the flight path at the stall,
The wing 1ift was then equal to the weight (allowing for fuel consumption)
multiplied by the accelerometer reading in g-units, with only a small
correction for mis-alignment of the accelerometer axis.

A correction had to be applied to the readaing of the airspeed
indicator to compensate for the effect of the rate of change of static
pressure at the suspended static head, With 100 £t of comparatively
small~bore tubing between the static head and the indicator, thse
pressure in the static gide of the instrument lagged belind the actual
pressure at the static heed, and with a positive rate of descent, the
instrument gave a high reading., This correction was properticnal to
the rate of descent and of'ten amounted to over 1 m,p.h.

b

When measuring the maximum 1lif't coefficients in the power-cn
condition, the contribution of the slipstream and the airscrew thrust
to the total 1lif't coefficient was estimated by the methed given in
Reference 3. Propelier thrust coefficients were estimated by means of
the charts of Ref.k., By subtracting this contribution from the gross
1ift coefficient, the 1lift coefficient attributable to the wing and
flaps alone was obtained. Throughout this report, reference to
maximum 1ift coefficient, power-cn, implies that the above correction
has been applied,

A totsl of 46 stalls wos recorded, covering the three flop
settings, with power off and power cn, and included a study of the
effects of various changes to the flaps ond upper wing root surface,
as described in Section 5.1.

4.2 Partial Glides

The object of these tests was to produce curves showing the
variation of 11t and total drag coefficients with incildence, for
direct comparison with the results of the model tests.

Steady, straight glides were made, with the alrcraft in the

reqguired condition as regards speed and flap position, and with the
engine speed adjusted so that the propeller was giving zero thrust.
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This latter condition was satisfied by setting the propeller speed
control for maxirum R.P.M. so that the prepeller was in fully fine
pitch, and then, knowing the tlade setting, and using the charts of
Reference 4, the R,P.M. was adjusted on the throttle to the value
cerresponding to zere thrust coefficient at the known true airspeed.

The steady glides were maintained for about 30 seconds, and the
rate of descent recorded by means of the aliimeter and a stopwatch.
During this interval, L4 short rccords were cbtained on the automatic
observer, so as to cbtain mean velues of the indicated airspeed,
attitude an pitch, normal acccleration and elevator angle (regurred for
the production of trim curves).

From the measured aneroid rate of descent and the mean eguivalent
alrspeed, the angle of glide could be estimated, knowing the air
temperature and relative pressure at the mean altitude of each glide.
Results were always corrected te standard atmospherlc conditions,

Given the angle of glide and the attitude of the aireraft, the angle of
incidence could be cbitained,

Lift and drag coefficients were obitained from a knowledge of the
instantaneous aircraft weight, angle of glide and equavalent airspeed.
Adrspecds were measured on the standard aircraf't system, to avord
having to corrset the aircraft drag for the drag of the suspended
static head. ZEquivalent nirspeeds were cbtained from a knowledge of the .
total position error corrcection, measured by a separate £iight test,
Position error curves are shown in Fig.é.

The drag coefficient wag corrected for any residual thrust or drag
which the airscrew might have provided, due to incorrect setting of the

R.P.M.

The measurements were made at as wide a range of speeds as
possible, with flaps down and half down, and up to nearly 130 knots,
flaps up. The tests werc repeated, following the modificetions tc the
flaps, ete., discussed in the next section.

It was fourd that very calm alr conditions were essential 1f
consistent results were to be cbtained. Up - or down - currents were
natural sources of errcr, and gencral "bumpiness" prevented the pilot
from mailntaining cither 2 steady speed or a constont attatude in piteh.
The scatter of the pcants on the final curves arcse mainly from the
difficulty of estimating the incidence, since even a slight correction
to the speed necessitated a comparatively large change in attitude.

L.3  Trim Curves

The magnitude of the changes in longitudinal traim produced by
changes in speed, flap angle and engine power was investigated by
obtaining records of the elevator angle to trim with various conmbina~-
tions of the above three parameters.

The majority of the data for the engine-off trim curves were
cbtained from the records of the partial glide tests, Elevator angles
to trim at the stall werc cbtained from the reccrds of the stalling

tests.

Seporate flight tests were necessary to cbtain the corresponding
curves with power on, wath the engine set for maXimum continuous
eruising power. These tests were done with the suspended static head
in use, so as to obtain the total position errcr correction at the
same time.
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Jince information was required only on the pitching moment
changes due to the flaps at variocus lift ceefficients, wath power off
and power on, no measursments were made of the stick forces to trim,
nor was any attempt made to determine the static margin by repeating
the tests at a different C.G. position. Movement of the C.G. would,
in any case, have been very dafficult, since the aircraft was already
100 1b over the design maxinum weight.,

The elevator trimmer was, in all cases, set neutral, so no
correction to the elevator angle to trim was required on this account.

4oy Ground Effect on Trim

Information was required on the effect of the proximity of the
ground on the elevator angle to trim with flaps up and down. Since it
was impossible to obtain trim curves in the normal way with the aircraft
flying sufficiently close to the ground for the ground effect to be
apparent, an alternative, tnough admittedly less satisfactory method
had to be used.

A series of landing tests wos made, with the flaps in each of the
three pesitions. The apprcach speed and engine condition were chosen
sc that at the end of the check the aircraft was ain the 3=point
attitude, and touched down without floating, Continuous automatic
rbserver records were obtained of airspeed indicator reading, attitude
and elevator angle,

The main difficulty in assessing the effect of ground arose from
a lack ef knowledge of the exact conditicn of the aircraft at the end
of the eheck, and, in particular, from the difficulty of estimating the
1lif't coefficient at this point. Readings of the eirspeed indicator
were considered to be unreliable, due to the (unknown) effect of ground
on the position errer correction. This effect is likely to be large,
with an under-wing position for the pitot-static head.

It has therefore been assumed that just before touch~down, the
aircraft was in trimmed, level flight. The wing incidence was
obtained from the recerd of the aircraft datum attitude, and the
elevator angle to trim at this incidence in free flight was cbtained
from the appropriate trim curve {(section 4.3). The difference between
this elevator angle, and the actual elevator angle used at touch-down
then gave a measure of the effect of the ground on pitching moment
at a constant incidence,

4.5 Laterel Control wnd Response

Automatic observer recordings were obtained of the rolling and
yawing behaviour of the airecraft follewing sudden application of the
ailerons, the rudder being held fixed. The tests were made with the
flaps at each of the three ncrmal settings (i.e. up, helf-down and fully
dovm), at a range of spcods from epproximately 4.15 times the stalling
speed up to the limiting speed of the aireraft., The engine was set to
give meximum centinucus cruising ypowsr in all cases, The pilot was
helped in applying a constant aileron angle by providing ham with a
series of wire loops of different lengths, attached to each side of the
cockpit, so that by attaching the chosen loop to the stick, the
ailerons ecould be moved rapidly to the desired position and held fixed.

The rates of roll and yow about body axes were msasured by
glectriscally-driven spring constrained gyros, recording on a continuous
trace L~channel recorder, which also bore records of the positions of
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the two ailerons. These rates of rotation were transformed to
correspondang rates sbeut wind axes, using incidence measurements
obtained from the results of the partial glide tests.

Unfortunately, the rate of yaw instrument responded not only to
pure yawing motion but alsc to the inevitable rate of change of
direction of the flight path following the application of bank.
Measurements of adverss yawing are therefore underestimated, since this
yawing motion 18 partly counteracted by the tendency of the aircraft
to turn in the direction of the bank. It has not been possible to
estimate the exact amount of thiz error, but it is believed to be small
since the maximum rates of roll and yaw were atteined within 1 or 2
seconds of the start of the monoeuvre.

It would have been pcssible for the pilet to use the rudder so as
to keep the flight path straight during the roll, but this would have
had the effect of masking almost completely the adverse yawing motion,
tn which considerable intorest was attached, It was therefore considered
better to held the rudder fixed, in the hope that the important part of
the motion would be completed before any appreciable rate of turn
developed.

From the structural point of view, the aileron-flap arrangement on
this aircraft is of considerable interest, The rclling forces due to
the ailerons are applied at the outboard ends of the main flaps, vhich
are therefore subjected to a considerable torsion moment. This mght
be expected to result in a rather lew aileron reversal speed.

Rates of roll (with fleps up) were, therefore, measured at a
range of speeds up to 18C knots B,A.S., which was just ever the design
limiting diving speed of the aircraft. The speed ot which the aileron
power (defined as rate of roll per unit aileron angle) became zerc was
then predicted by the method suggested by Refs. 5 and 6 (see section
5.6 below).

An attempt was alsc made to measure the amount of twist of the
main flap arising from the aileron loads during these high speed rolls,

L,6 Rate of Climb Measuremsnts

It was proposed at an early stage in the flight test programme that
the maximum 1if't coefficient of the aircraft should be increased by the
additicn of split flaps to the existing slotted flaps. For reasons of
simplicity, these flaps would have to be fixed in position (i.e. non-
retractable) and would therefore cause a loss in rate of olimb, even
with the normel flaps retracted. It was therefore necessary to measure
the rate of olimb perfeormance of the aireraft, in order to determine
what amount of extra flap, if any, could safely be added.

Rough measurements of the rate of claomb were therefcre made at a
range of airspeeds, with the normal flaps up, and fully down, with the
engine giving its maxamum climb power., The tests were made at a mean
altitude of 5000 feet, and the results corrected to standard sea~level

conditions.

As a result of these tests, it was declded not to proceed with
this project.

5 Results and Discussion

5,1 Maximum 1ift coefficiends and stalling behaviour

With the aircraft in its original condition, the following mean

A O

~
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values of the maximum 1ift coefficient were obtained, sach value being
the mean of at least 5 measurcments, The corresponding values obtained
?rom t?e 3~dimensional model tests are also given, for comparison
Ref',2).

Table T

Maxamum Lift Ceefficients
Flight Test Flight Tests | Medel teats, a
Flap Position | Reynolds Number | (Engine Off) |[R.N. =1.37 x 109,
{Trimmed values)

Flaps down 2.6 x 100 2,41 {(149) 2,50 (13.5°)
Half Flap 3.1 x 100 1,66 (110) -
Flaps up 5.6 x 100 1.28 (16°) 1.16 (20,59)

Note = the figures in bracksts are the cerresponding stalling
incidences, which, in the case of the flight measurements, may be as
mach as 2 degrees in error.

The measurements of maximum lift coefficient with flaps up and
flaps half dovm do not call for detailed comment. The difference of
0.1 between the model and full scale measurements in the flaps up case
is explained partly by the higher Reynolds number of the full scale
tests, and partly by the fact thot on the full scale aircraft, the
inboard pertion of the wing was of slightly dafferent section than that
used for the model tests. The drooped nese of the section over this
pertion of the span is apparent i1n the head-on photograph in Fag.2.

The rather lew stalling incidence recorded when the flaps were
half down may have been due to the foct that this setting was an
arbitrary -ne, and no effort was made to produce the optimum size or
shape of the gops between the flaps and the wing,

The disappointingly low valuc of 2.41 for the maximum lift
coefficient in the flap-down case celled for further investigation.
A visual exemination of the upper wing surfaces at the root showed that,
while there were no cobvicus fecturcs which might disturb the airflow in
this region (the genersl condition of the wing surface being quite good),
there were, nevertheless, several mincr gops snd irregularities which,
together, might have promcted an early breakaway of the flow, This
part »f the wing was, therefore, faired over as completely as possible
by means of strips eof doped fabric. The stalling tests were repeated,
and, from 7 such tests, a mean maximum 1lif't coefficient of 2,60 was
ebtained with flaps down and engine off, with a stalling incidence of
about 15 degrees. With the flaps up, however, no significant improve-
ment was ecbserved,

Not enly was the stalling speed reduced, with flaps down, as a
result of this sealing process, but there was alsc a marked change in
stalling behaviour., Whereas previously, the port wing (which accommo-
dated a rather badly fittang hanged door in its leading edge, giving
access to the cil tank) usuelly dropped at the stall, followed by the
nose, the stall was now mch more violent, but gtraightforward, with no

tendency to drop either wing.
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With engine on (1500 R,P.M. in fine piteh) the stall was even more
violent, and the mean maximum 1ift ccefficient, from 4 stalls, corrected
for the contribution of slip stream 1a1ft and airscrew thrust, was 2,62
with a stalling incidence of arcund 17 degrees. (The effect of the
above amount of engine powsr vas to increase the maximum gross 1if't
coefficient by just over 0.2).

The improvement an the upper wing surface therefore produced a
galn in maxamum laf't coefficient of .2, with flaps down.

Freviously, the airflow over the upper wing surface had been
studied by means of wool tufts. Information was obtained on the growth
of the stalled region of airflow as the stall was approached. TFaigs.7
and B show pictorially the result of this investigation for the flaps-up
and flaps-down cases respectively,

The development of the stall in the flaps-up case sxhiblted no unusual
features, but the corresponding picture for the {laps~down case (left~-
hand side of Fig,8) suggested that the gap between the suxiliary and
main flaps was the origin of a disturbance in the flow over the rear
flap. This disturbancc appeared at an early stage, and spread forwards
and outwards from this regicn as the szpeed was reduced.

The size of lhe gap between the auxiliary and the main flaps was
originally %5 of the wing chord on the full scale aireraft, as it was
also on the 3-dimensional model, The 2-damensional model tests,
however, (Ref.1), were made with a gap of 1.8% of the wing chord, this
havang been found tc be the opbimum size. It was therefore considered
possible that the gap on the full scale aircraft was not, in fact, of
the optimum size, and the gop was, thercfore, reduced to 1.8% of the
wing chord (Fig.5).

This reduction in gap sizc dxd not, however, have the expected
effect on the maxaimum 1if't coefficaent, although wool tuf't observations
suggested that the flow had besn improved, as can be ssen from the
right-hand picturc of Fig.8, A mean maxamum lifs ceefficicnt of 2,50
was obtained with {laps down and engine off, and 2,48 with engine on,
with stalling incidences of 16 degrees and 19 degrees respectively,
Four stalling records wecre obtained in each casc.

Te save time, the remaining tests were all made with this
modifaied gap, although 1t was then realised that the optumum gap size
was probably nearer thc original 3% than the modified 1,8%.

In a final attempt to increase the maximum 114 coefficient, the
effect of removing that portion of the auxiliary flaps which extended
across th: underside of the fuselage weas studied, The reasons for
expecting an improvement in this direction are discussed in section 5.2.
The portion removed covered the central Y% of the wing span (Fig.3).

Tame was not available to meke as complete an investigation of this
modafrication as hod been done for the others but a moxamum lift
coef'ficient of 2.44 was indzcoted with flaps down and engine off, at an
approximate stalling incidence of 14 degrees, increasing to 2,66 at
20 degrees with engine on (1500 R,P.M. in finc pitch, as before).

The results of these investigations are summarased in the

following table. Although stalling incidences are guoted in this table,
the angles may be as much as 2 degrees in error.
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Table II

Condition of Alrecraft Bngine Off Engine On
Stalling Stalling
Cp, max. Incidence CL mex, | Incidence
Original 241 1,0 - -
Upper Wing root surface 2,60 15° 2,62 17°
faired over
Ditto, plus reduced 2.50 16° 2.48 199
flap gap
Ditte, plus central 2.0 149 2,66 200
cut=-out

Note ~ The corrcection whaich has been applied to the maximum 1ift
coefficients with engine on amounted normally o just over 0,2.

It is difficult to draw conclusions from these results, regarding
the optimum flap arrangement on thais aircraft. Nothing was gained by
reducing the rear flap gap to 1.8% of the chord, but there might
possibly have been a gain vhen the central portion of the rear flap was
removed, if only when the local flow over the wing was lmproved with
the help of the slipstream. Despite the inaccuracies in the measure-
ments of stalling incadence, therc appears to be an increase in this
quantity in the presence of slipstreom.

A maxamm lift ceefficient of 2.60, with engine off has thus been
established for this aircraft, without modification to the flaps, and
it 18 now neccesary to determine why this value is 0.25 less than the
Yalue yhich was estimated from the original 2-dimensional model tests

Ref'.1).

5.2 Wing-fuselage interference effects

It 1= apparent from the 3-dimensional model tests of Ref.2 that
the addition of the fuselage to the plain wing had a marked effect on
the mosamum 1if't cocffacient with flaps down, although the effect was
very small with flaps up. In fact, the addition of the fuselage
rcduced the meximum 1ift coefficient from 2.81 (c.f. the value of 2.85
pstimmted in Rcf.1) te 2.55, untrimmed. This loss an CL max is due

entirely to the lower stalling incidence resulting from the addition of
the fuselage - in fact, at a given incidence, the lift coefficient is
slightly higher with the fuselage in position than without is.

The difference between the estimated maxamum 1lift coefficient and
that achieved on the actual aireraft is therefore probably due to the
premature breakeaway of the flow arising from interference between the
fuselsge and the deflected flape, Varicus wing root £illets wers tested in
the tunnel (Ref.2) and the simple slabw-sided fillet finally used was
embodied in the full scale aircraft, but it is probable that this was
not of the optimum si1ze or shape.
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Earlier wand tunnel model tests reported in Refs,7 and & deal with
body interfersnce on a high 11i't wing., Tests were made on a rectangular
wing with a double glotted flap in the presence of a fuselage. In the
low wing position, 1t was found that a higher value of Cp max could be
obtained if' the flaps were not continued under the body. When the flaps
were continuous, the root stall started at an ircidence of 4 degrees, but
if there was a central cut-out, the stall did not start till an incidence
of 7 degrees was reached, WVith thig central cut-out, the stalling inci-
dence and the 11ft curve slope were both increased, On the other hand
both the above model tests and later flight tosts (ef.9) have showm tnat,
with a wing of taper ratio 2.5:1, 1t 1s better tc continue the flaps
underneath the fuselage, 1t was therefors suggested that the wing on the
Youngman-Baynes aircraft, with 2ts lovr taper ratio of 1.35:1, corresponded
most ncarly to the untapered case, and 1t was decided to remove the cen-
tral portion of the auxiliary flap.

Unfortunately, the tests of this arrangement were inconclusive.
There was a loss in 1aft with engine off and a gain with engine on.
Since the tests were done after the flap gap size had been altered, at
1s possible that had this gap been of the optimum size, a more definite
regult might have been obtained.

It 25 concluded that the carly root stall i1s inherent in the almost
rectangular planform, low wing, layout. Variocus schemes have been
suggested for improving the root flow conditions, such as a leading cdge
slat, or a small local extension of the wing surface running forward
along the fuszelage from the root leading edge. This would be similar to
the dorsal extension tc the fin fitted to certain aircraft in order to
maintain the fan lif't curve slope at large angles of yew. There was,
hovever, no opportunity for testaing any such modifications.

Lo obtain the best results from this flap arrangement, a tapered
wlig with a miad or haigh-wing arrangement seems advisable,

5.3 Lift sand Drag Measurements

Ihe results of the partial glide tests wers converted to measure-
ments of 11ft and total drag coefficients at a range of wing incidence,
for each o' the three flap settings, and the resulting 1ift and drag
curves are plotted 1n Figs.9 and 10. The end points on the 1ift curves
of Fig,B8 were cbtained from the roesults of the stalling tests, discussed
earlier, each point being the mean result of a number of stalling tests,
following the various modazficatrons to the flaps that were investigated.
The 11f't coefficients for the "engine-on" stalls have all been corrected
for the contribution of slipstream and airscrew thrust to the total 11ft.
It is again emphasized that incidence messurements at the stall are much
less reliable than those obtained during the partial glide tests.

In ¥ig.11, & comparison i1s made between the full scale and the
model 1if't curves, the model curves having bcen corrected to trimmed
conditions., It can be secn that the lift curve zlcope 18 less on the
full scale aircraf't, but that the meaximum 11f't coefficient, flaps down,
1s haigher than that obtained from the model tests, because of the higher
stalling incidence.

In the following table, the l1ift increments due to full deflection
of the flaps at a wing incidence of 10 degrees above the no-l1lift angle,
flaps up, and at the stalling incidence, are compared for the full scale
and the model tests., The 1i1ft curve slopes at 10 degrees incidecnce are
also given, wath flaps up and down.
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Table TIT

Full Scale| yodel Tests(Ref.2) RN =1,57 x109
Tests

RN=2.5~ |{Complete Model

6.5 x 100 | fTrimmea |TMng Aone
Lift Coefficient Increment
due go Flaps, wing 1n01dencé} 1.1k 1,31 1.42
= 10
Increment of Maxaimum 1af't 1,32 1 1.6
coefficient due to Hlaps } 7 - S 2
Lift Curve Slope, Cp/redian,
Flaps Up. 363 a2l 406
Lift Curve Slope, Cp/rodien,
Flaps Down. 450 5.02 ke 35

It 1s of ainterest to compare the meagsured inerements of 1ift
coefficient due to the flaps with the increments estimated by the method
of Young, given in Ref.10, The flaps are treated as 5C% chord double
slotted flaps over the inboard portion, and as 50% chord single slotted
over the cutboard portion of the span. The 1if't increments at a wing
incidence of 10 degrees have been estimated for a range of flap angles
up to the {ull deflscticn, and the results plotted as the full line in
Pig.12. The measured results at 10 degrecs incidence are marked in as
two points (for half flep and full flap deflection) on the dotted line,
Also shown are the tunnel value of the laft coefficient inerement at 10
degrees incldence, and the full scale increments of maximum 1if't
coefficient at the two flap deflections. The agreement between the
estimated and messured increments 1s considered to be satisfactory.

These increments of 1if't coefficient due to flaps all refer tc a
wing of aspect ratio 6,0. The same flap arrangement, on a wing of
aspect ratio 10.0, should produce an increment of 1ift coefficient, at
incidences below the stell, some 11% greater than that actually cbtained
(Ref.10),

The partial glide tests, with flaps down, were repsated, following
the alteration to the gap beiween the main and auxiliory flaps, and the
wmprovement in the condition of the upper wing surface at the root.

The results are ploitied on the appropriate curves in Figs,9 and 10,
where 1t can be seen that these modifications had no detectable effect
on either 1ift or drag at a given incidence.

Using the faired lift and drag curves in Faigs.9 and 10, the curves
showing the variation of totol drag coefficient with 1ift coeffiicient,
given 1n Fig.13 ars obtzained, The dotted curves in this diagram show
the variation, with 11ft ccefficient, of the difference between the
total drag coefficient and the ideal induced drag coefficient CL,/HA”
The positive slope of these curves indicates the extent of the
deviation from ideal elliptic loading. The departure from ideal loading
is partly due to the inpoard double slotted flap since this produces a
larger locel Lift cocefficient than the outboard single slotted flap.
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There is a resulting increase in the induced drag and this must be
gstimated before the profile drag of the flap can be debermined.

The induced drag ccefficient may be cxproessed as

2 2
C =0 A+ K (AC
o = O JHA + K L)

where AGL is the oxtra 1lif't incrcment provaded by the double slotted
flap compared with a singlec slottcd flap of the same size, and K is a
factor depending on flap gecometry., Strictly spealking, the first term in
this expression for Cp; Should be multiplicd by a factor (1 + T) to

account f'or the non-elliptic loading of the unflapped wing, but in this
enalysis we arc concerncd only with the incroement of profile drag dus to
the flaps, The profilc drag coefficiont 1s thereforc somewhat loosely
defined as the tctal drap coefficient minus the induced drag coefficient
as defincd asbove. The factor K 18 estimated by o method given by
Young in Ref.10.

The profile drag coefficient is plotted in Fig.14 as a function of
wing aincidence for each flap deflection. The increment of profilc drag
cocfficlent due to the flaps is almost indepcndent of incidence over the
range of ainecidence used during toks-off and landing., Also shown in
Fig.14 are similar curves cbtained from an analysis of the wind ftunnel
results, (Ref.2), for the completc model and for the model wing alone,
Defining the profile drag ccefficient increment as that measured at an
incidence of €6 degrecs sbove the no-1lif't angle, the following values
for AGDO are obtailned.

Table IV

ACDo = Profile Drog COEfflGngt Increment at
o o= a. + 6
Flap Position 2

Flight Tost Comglete Model | Model Wing Alonc

Holf Flop 0.023 - _
Full Flop 0.071 0.062 0,048

The differencc between the profile drag inercment on the model
ving alone end that meosurced on the complete anrcraft is indicative of
the effect of wing-bedy interfercnce. The ratlo of &GDO with

interference to ACDO witheut interforence, from the model tests, is
1.3, while the ratio of the flight test znerament to that for the

model wing alone is about 1.5, Young, in Rer, 10, suggests on average
value of 1.4 for this ratio.

The relation between the 1ift and profilc drag inerements duc to
the flaps is 1llustrated in Fig.15. The profile drag increment is
defined sbove, and the 1if't coefficient increment is measured at
10 degrees sbove the no-1if't incidence, flaps up. Comparing this
diagram wath some estimates of the 1ift-drag incroments for a full span
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N.A.C, A, double glotted flap, roughly comparable with the arrangement
on this aireraf't, suggests that the same 11t ancrement might have been
obtained with about half the observed profile drag increment if a full-
span double slotted £laop had been used. The full span double-slottcd
flap was, of coursc, ruled out by the requirement of providing lateral
control by normal ailerons.

The profile drag increment at the half-flap setting appears to be
sbout three times groater than that which could have been obtained with
a full spon double slotted flap with optimum gap sizes. On this
aircraft, no attempt was made to produce the optimum gap size at any
but the full flap setting.

Finally, the variation of overall 1ift/drag ratio with 1ift
coefficient 18 given in Fig.16, showing that o maximum 1ift/dreg ratio
of 743 is obtained with flaps up, falling %o 5.8 when the flcps are
fully extended. The variation of gliding asngle waith equivolent airsgcesd
is shown in Fig.17, and in Fig.18, the attitude of the airecraft datum to
the horizontal is plotted agoinst 1ift ccefficient, for each of the three
flop positions, 4t s gliding specd of 80 knots, with engine off, full
deflection of the flaps produces a nose-down change in attitude of
nearly 17 degrees, while the gliding angle is increased by just under
2 degrees,

5«4 Trim changes duc to flaps and engine power

The results of the rcasurcment of elevator angle to trim at various
speeds, flap positions and engine powers are given in Fig.19. It can be
seen that in all conditions tested, the stick fixed static longitudinal
stability remained positive, the €,.G. being at 37% S.M.C.

The changes in eluvator angle to trim with different flap
positiorns remain small, both with engine off and with enginc on, as
shown in the following table. The elevator angles are quoted at o
eonstant airspeed of 80 knote, nd also at a constant ratio (1.15) of
airspeed to stalling speed (engine off).

Table V

Elevator Angle to Trim
Flap Position Engine OfT Engine On :
at 8o At 1.15 times At 80 At 1.15 times
knots Stalling Speed| knots Stalling Speed
Flaps up 2.,0° up 2.2° up 0.8%dovm | 0.7° dovm
Half Flap 2.6° down | 1.2° down - -
Flaps Dovn 0.1° down | 1.89 up 0.,8%down | Neutral

Lowering the flaps produces o small nose-~up change in trim with
power off, and a very small nose~down change with power on. The
effect of the zpplication of engine power is to produce a small nose-up
change in trim.
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There is a marked reducticn in elevator effectiveness at high 1if't
coefficients, at each of the three flap positions, with power off. This
deterioration is not apparent with power on, and is presumably
associated with the early growth of the stalled region at the wing-
fuselage junction. It has already been suggested (in section 5.1) that
the flow conditions in this region are improved in the presence of
slipstream.

With the above C,G, position, 10° of elevator are required to
produce the stall with flaps up, and 5° with the flaps half down or
fully down.

Since 1t was not possible to produce trim curves for more than one
C.G. position, only rough estimates of static margin can be made.
The elevator effectivensss has been estimated from the charts of Ref.11.
The slopes of the trim curves of Fig.17 have been measured over the
limited ranges of 1lift coefficients indicated in the table below, since
the slope changes rapidly at higher 1ift coefficients, particularly with
power off.

Then, if o, = increment of tailplane 1ift coefficient per
unit elevator deflection
V = tailplane volume coefficient
n = elevator angle to trim
CL’ CM = 1if't and pitching mcment coefficients,
we may write
a 3 dn = dC:M

2 a0 acy,

where dGM/dCL gives the static margin in terms of the standard mean
chord, as shown in the following table.

Table VI

ap = 0.0293 CL/degree; ¥ = 070

 Flap Position | Engine Cy |av/ac
. L

Condi t1on range degrees/OL dCM/dCL
Flaps Up off Qo =1.0 -10.0 =0,20
Half Flap " 0.6 ~1.3 —ly. 6 -0,09
Flaps Down n 0.9 =243 -1.9 0,0l
Flaps Up on 0.3 =1,0 4.9 =0,1C
Flaps Dowm " 0.9 ~2.,0 ~-0,6 ~0,01

The static margin with flsps up, engine off 1s seen to be very
large, while that with flaps down, and power on is marginal, Lowering
the flaps, with power off, mcves the neutural point forward an
estimated 16% of the meon chord, although the stability remains
positive. With power on, the forward shift is %%. The effect of power
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is seen to be destabilising, reducing the static margin by 104 of the
standard mean chord with the flaps up, and by 3% with fleps down.

The curves of elevator angle to trim at the same C.C. position
(0.376), obtained from the model tests (Ref.2) are also given 1n
Fig.19. It 13 scen thet the actual aarcraft is morc steble than would
bc indicated by tho tunncl tests, these letter having produced valucs
of dQM/dCL of =0.05 wath flaps up, and zero with flaps down.

With the C.G. situated ot & height of 10% of the mean chord sbove
the standard mean chord line, we should have expected a reduction in
stability at hagh 1ift cocfficients. Over the range of 1ift coefficients
quoted in the ebove table, the offect of reducing the C.G. height to
z6ro would b¢ to increase the static margins by sbout 2% of the mean
chord in all cases.

AIl the above estimates of dgTAiQL are intended to give only a
rough indication of the movement of*“the"neutral point with variatzon in
flap angle and power setting. An over-estimate of elevator effective=

ness may account for the azpparently very large statac margin with flaps
up, power off.

545 Ground Effect on Pitching Moments

The results of the larding tests which were made to provide
information on the effect of ground on pitching moments are gaven in the
table below. The effect of the ground has been expressed as the
difference betwesn the clevator angle actually used to achieve the
usual 3-point attitude at touch down, and the elevator angle to trim
at the sam¢ ancadencoe an free flight, awey from the influence of the
ground. It has beer assumed that the alreraft was in trimmed level
flight just bofore touch-down.

Table VII

t Approach {$Power on} |Touch-dewn{Power Oﬂ@j Rlevetor Angles

Flap TES|VV % Elevatar |LA.S[Wing |Measwred |Free | Chengs | Ovorall

Position | knots Angle lmoby Incid-~| Elevat or [Flght | duc to| measured

franmed) ence |angle (Elcv,| ground| chenge

i o, Ingle
degrees same o
X 0

Flaps|Up | 7k | 1161 =1.1° | 58 [10.7° |-7.7° {=1.99/5,%%p | 6.6%up

Helf Wlap| 64 | 1.16 | +1.8° | 48 [11.0° [-6.3° -0.3° 6.0%p | 8.4 %up
1,381 =0.1° | 35 | 8.7° |=12.,0° |=1,7°10.3%p |14.9%uwp

Full Flap| 63

1]

® Notei~ V equivalent airspeed in approach, knots

agtalling speed, engine off, knots.

fl

VSO

With the sbove assumption regarding the condition of the aircraft
at touch~down, it appears that the effect of the ground, at an
incidence of sbout 10 degrees, 1s to produce a nose-down pitching
moment requimng an extra ¢ degrees of up-elevator with flaps up or
helf down, and an extra 10 degrees with flaps fully down. It also




appears that this ground effect accounts for the major part of the
elevator movement reguired to achieve the touch-down attitude.

If, instead of being in level flaight just before touch-down, the
aireraft 18 assuned to be descending with an angle of glide of, say,
2 degrees, then the incadence will have been underestimated by thas
amount. The nett effect would be to reduce the estimate of the effect
of ground to 4 degress of clevator in the flaps up or half down case,
and meking no appreciable difference to the flaps down case.

The only conclusion drawn from thig rough invesiigabion is that the
gffect of ground 1s not large, and that there is ample elevator power
to make a 3-point landing, with flaps down.

5.6 Lateral Control Characteraistics

5.6.1 Raies of Rotation

Rates of rcll and yaw, converted to rates sbout wind axes,
were obtained at a range of spseds and sllsron deflections, an sach of the
three flap posrttions. It was found that, at a given speed, the steady
rate of rotation was proportional to the asaleron deflection from the
trimmed position, and the rates gaven in Fi1g.20 correspond in 211
cases to an aileron deflsction of 1% degress.

In this diagram, the rates of roll and yaw are expressed an the
Ammensionless forms ph/2V and rb/2V respectively, where p and r
are rates of roll and yaw (radisns per second), b 1s the wing span
(feet) and V 18 the crue airspeed (feet per second). Each of the
plotted pcoints wes obtained from several measurements at each speed,
from which the rate of roll or yaw corrssponding to the standard
15 degree control deflection could be obtained graphically.

Fig.21 is a typsical time history of one such roll manoceuvre. The
rates of roll and yaw used in the preparation of Fag.20 were in all
cases measured at the points where the rates first became steady,
although, in the case of the rate of roll, this was not necessarily the
maximum value recorded. Slight spiral anstabality is andicated by the
continued increase in rate of roll after the initial steedy value had
been reached. This time history is discussed in more detail an
Section 5.6.2.

Returning to F1g.20, 1%t 1s seen that = gg. of almost 0.1 is

meintained up to the highest 1if't coefficlients at which measurements

. b . . .
were made, and there is a tendency for %5 to increase in this region.

This may have been due to wing-tilp stalling, induced by the higher
effective ancidence of the down-going wing tap, and so reducing the
demping. Since the ratic pb/2V 1s equal to the tangent of the increase
in 1ncidence of the down-going wing tip, this increase amcunts to over
5% degrees at b/  of 0.1. If, thersfore, the overall wing ancidence
1s withain 5 or & degrees of the slall, there sppears to be a possibility
that the wing taip may stall when the rate of rpll haog developed. The
1if't coeffircients at which this mzght cccur are sbout 1.0 with flaps up

and 2,0 with flaps down. The corresponding incresases in E% are

observed to occur at lift coefficients of 0.9 and 1.7 with flaps up and
down respectively.
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The decrease of pb/2V at the high speed end of the flaps-up
curve is indicative of the oxistunce of a fanite cileren reversal speed,
This curve has been sxtrapolated to zero pb/2V at the 1ift coefficient
corresponding to the estimated reversol speed. The method of estimation
is given in Section 5.6.3.

If pb/2V is plotted against the ratio of airspcud to the stalling
spceod appropriate to the flap position, the threc curves are almost
coincident, as can be scon in Fig,.22. At airspceds below 1.15 tames tho
stalling specd, pb/2V ls inercasing fairly rapidly and there may be
o danger of acutorotation if large ailcron deflections arc used at
lower speeds. This danger, however, is unlikely to arise during o low
specd approach to land, sincce an aoppreciable time is reguired for the
maximum rate of roll to develop,

The aileron power, cxproenscd as the rate of roll per unit aileron
deflection, is shovm in Fig.23 as 2 function of airspecd., The upper
diagram covers the low ope-d ond of the range, whale the lowoer diarr-w
covers the whole specd ronge for which meosureronts were mode with £laps
up. The aileron power woe just starting to decrease at the highest
flight test airspecd (180 lmots) and the maximum occurred at about
175 knots.

The meximum rates of adversc yaw, coxpressed as rb/2V, are shom
in Fig.20, as funetions of the 1lift coofficient for each flap position.
These rates show a genoral inereacc with inerense in 1ift coefficient,
meximum volues of rb/2V of 0.03 being obtained in each case, This
ariount of adverse yow was considercd by some pilots to be objectionable,
particularly when attempting to hold the wings level as the stall was
approached.

It is of interest to consider how this yowing bchavicur affcected the
attainable ratce of roll, in order to determine what rolling performance
would have been attainable if the yowing had been controlled waith the
rudder.

It has been assumed that the corrcetion to the rolling helix
angle, A (pb/2V) is given approximately by the equation

A (pb/2V) = - a@v/ep + (rb/2v) er/gp..

where B 1is the ongle of sideslip and £,

the rolling moment derivatives due to sideslip velocity, rate of roll
and vate of yaw, The volidity of this assumption has been checked by
some calculations of the rosponse of an aireraft in both roll and yaw
to various applied rolling and yawling moments.

& and 6r arc respectively

It is concluded that if this correction is applied to the measured
instantaneous rate of roll, the resulting time histery corresponds
reasonably closcly to the curve that would be expected under pure
rolling conditions, at luast for the first 1-2 scconds of the motion.
On the Youngman-Baynes aircrgft, ror which &v is very small, the

corrcctlion amounts roughly to the addition of betveon CG.5 and 1,5 times
(rb/2V) to the measured value of (pb/2V), depending upon the value of
%r (which is roughly proportional to CL)‘ The derivatives were

estimated from the charts of Ref.12. The gross rate of roll is thus
roughly equal t¢ the sum of the measured roates of roll and adverse yaw,
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and 1s adequate in all conditaons of flight, particularly if rudder is
used to control the adverse yawing. Por example, at the mean 1lif¢
coefficient used on the approach to land, with flaps down, the use of
rudder in this way would increase the available vb/2V (Fig.20) from
0.093% to 0,108.

5.6.2 Response

This secticn 1s concerned with the lag and sluggishness of
the ailerons, so that it is first necessary to define these two terms.
The definitions adopted by Young in Ref.13 are ag follows. The lag is
defined as the time that elapses after a control is moved befcore the
aircraf't begins to respond to the movement. The sluggishness is
conveniently, if roughly measured by the time that elapses (less any
lag) after the control has been displaced before the rolling moment
reaches 1ts full value, This latter definition 13 not altogether
satisfectory for this aircraft, since the rate of roll had usually
reached, say, % of the moximum value in about half the time token to
reach the meximum.

Referring to Fag.21, the ailerons stort to move at point A cn the
time scale, and the rate of roll gstarts tc develop at point B. The
time interval AB therefore represents the lag. The aileron reaches its
maximum deflection at point G, and, allowing for the lag, the sluggish-
ness is measured from point D to point E, where the rate of roll first
becomes steady.

With the above defanitions, the lag and sluggishness have been
measured from the reccrds obtoined at o range of speeds and aileron
deflections, and mean values are quoted in the following table, together
with the corresponding maximum oand minimum values.

Table VIIT
Flap Log, Sccs. Sluggishness, Secs.
Posaition
Minimum | Mesan Maxzmun | Minimum Mean Mastimam
Up 0.05 0.09 0.16 0.52 0.77 1.09
Helf Down 0.06 0.1 0.16 0.51 1,06
Full Down 0 0.1 0.25 0.81 1.05 1.71

It is suggested in Ref.13, from an analysis of American flight
tests, that a2 lag of 0.1 seconds is unnoticed by the pilots while a
lag of 0.25 seconds is objectionable. Similarly, o sluggishness of
0.1 seconds was considered satisfactory, while 0.4 geeonda was
objectionable.

The lag on the above aircraft is therefore considered to be
satisfactory, but it oppears that the sluggishness is excessive. No
complaints on this point were, however, made by any of the pilots, in
spite of the fact thaot the measured sluggishness is 10 $imes the
recommended value. The reason probably lies in the method of defining
sluggishness. The pilots were probably unaware of the instant at which
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the rolling velocity reached the maximum value, but may have been more
concerned with the time token for the angle of bank to reach some

chosen value. The relation between the angle of bank and the tame
measured from the start of the control mevement is shown in Fig.24. The
upper curve refoers to an airspeed of 1.15 times the engine-off stalling
speed, and the lower one to a constant speed corresponding to a 1if't
coefficient of 1.C. From this it is seen that 20 degrees of bank can be
applied in under 1% seconds during a flaps-down approach to land, or in
half that tame at about 80 knots, irrespective of the flap position.
Since the aileron control, sven at low speeds, with flaps down, was
never criticised on the grounds of sluggishness, it is suggested that
the definition used earlier in this section is less realistic than one
based on the time to bank, say, 20°, and that this time should not
exceed 1.5 scconds. By comparison, a proposed requirement for deck-
landing aireraft (Ref.t4) stipulates a time not cxceeding 0,75 seconds
for the application of 410 degrees of bank, at & speed of 1.15 times the
(engine on stalling speed, In this condition, a Seafire IIc aircraft
recorded a time of 0,75 seconds fer 10 degrees of bank and 1 second for
20 degrees of bank, The lateral contrel con this aircraft was considered
to be good,

5.6.3 Aileron Reversal Speed

From measurements of aileron pewer, expressed as the rate of
roll per unit ailercn deflection, at a range of speeds up to the highest
practicable speed, the aileron reversal speed has been predicted, using
the method given in Refs.5 and 6.

Por a rigid alrvcraft, aileron power as defined abcve, is directly
proportional tc the airspeed, V. For an elastic airecraft, however,
gince the aileron power must become zerc at the aileron reveorsal speed
Vp, it is assumed that, sincc wang torsion and ita effects tend to
vary roughly as V2, the aileron power is further proportional to the
Tactor (1 -VQ/VRQ), so that the aileron power p/E is given by

p/E = kv (1-VE/vp?)

where k 1s a constant for a given aircraft,

This equation may be re-written in the farm

/&P = k (1/77- 1/70)

so that if we plot p/EV° against 1/V2, a linear relation should be

obtained, from whach ‘2/VR2 {and thus the aileron reversal speed) can be
chtained.

This has been done in Fig.25, each peoint on this dlagrem being
obtained from the corresponding point on the curve of pb/2V versus
C;, as for the flaps-ug case 1in Fig,18, It can be seen that the
relation between p/EV2 and 1/V2 is reasonably linear, at least at
the important high speed end, ond the extrapclation to zero aileron
power yields an aileron reversal speed of 296 knots. This figure may
be compared with the ostimated reversal speed of 220 knots (Ref.15),
based on measured volues of the wing and flap torsional stiffness, and
an estimated value of the torsional stiffncss of the flap root constraint.
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By dufferentiating the above expression for ailercon power it is
seen thal aileron power should be o maximum at a speed egual to

VR/’JEZ which 1n this case, 1s 171 knots. In fact, the measured
maxaimum, in the lower diagram of Fig.21, cccurred at 175 knots,

An attampt wos made to measure the twast produced in the main flap
when the aizlerons were deflected at high speeds. The technique
employed (desynn transmibStors at ench end of each main flap) was not
sufficiently sensitzve, however, to rccord any appreciable amount of
twist, although 1t 1o believed that o twist of 1 degree along the length
of the flap should easily have been detectable, It 1e possible that
most of the deflection occurred in the flap root anchorage, where it
would not be recorded,

5.7 General Hondlaing Qualities

Although this was purely a rcsearch aireraft, and, as such, might
not be expected to posupess the gtandard of handling gqualities usually
required on normal aircraft of this size and weight, it was, nevertheless,
very well liked by mest of the pilots who flew 1t.

The toke-off, usually made with flaps up, was easy and straight-
forward. No measurements of toke~off dislances were made, due to lack
of time, but the distance was nol cconsadered to be excessive,

The climb performance vas generally criticised, and o more
powerful engine would have been apprecicted. The measured rate of c¢limb
at 5000 feet, and the estimated rote at sea level, are given in Fig.26
with flaps up and fleps fully down at an A UW. of 3,700 lb. The service
celling was about 80C0 feet (compared with 14,000 feet for the standard
Proctor). 4ibove about 1000 feet, it was impossible $o maintain height
with flaps fully down, and o boulked landing ain this condition was
impossible.

The normal flying gusdities of the aircrof't were quite satisfactory.
The econtrols werc generally light and effective, though the aileorons
tended to become heavy at high speeds. The clevator and rudder trimmers
were adequate, but since no aileron trimmer was provided, the aareralt
could not be flown "hands-of £V,

The aileron contreol in particular was effective right down to the
stall, 4t 211 flap positions, and the wings could be held level until
the actusl stzll occurrcd. The adverse ailcron yow was, however,
becoming slightly unpleasant in this conditaon,

The recovery from the stall sometimes took rather a lot of height,
and on one cccasion over 1000 feet was lost before level flight was
resumsd. 4 considerablz pull forec was required to recover from the
steep dive following the stall, waith flaps down.

Landing the aircraft was ccensidered to be easy. Landings were
usually made with flaps either half down or fully down, although the
attitude on the approach with flaps fully down was rather unusual.

The view nhead was, however, excellent, Full use was not usually made
of the available maximum 1lif't coefficicent for landing., The average
approach speed with flaps fully dovm was about 1.4 tumes the stalling
spead, but, with flaps up, or half down, a ratio of 1,16 was normal,

At these speeds, a 3-point touch-dovm could be made, with little or no
float. The speed loss durang the check wath flaps down was large, the
A.8.I. reading at touch-down being about cqual to the indacated stalling
speed. This probably acccunts for the use of such a relatively high
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speed on the approach, with the flaps fully down., These landings were,
howsver, made with only a small amount of engine on. If flat, engine-
on approaches were used, much less speed would have been lost in the
check, and a lower sppreoch speed could have been used.

é Conclusions

- (1) Flight tests on the Youngren-Baynes Experimental high 1if't
aireraft have shown that an increment of maximum 1ift coefficient of
1.32 can be obtained on an unswept low drag scction wing with a flap
arrangement which, when retractced, barely disturbs the normal wang
profile. While the totel maximum 1lift coefficient of 2,60 is not
rhenomsnal, it has besn cobtarned, without increasge in stalling incldence,
en an alreralt whose maximum 1if+t ceefflcient with flaps retracted as
only 1.28.

It is suggested that an increment of maximum 1ift coefficient of
0.2 has been lost due to the adverse effect of wing~-fuselage interference,
and it is thought that this loss would not ogcur with a moderately
tapered wing mounted an the mid~ or high-wing positicn on the fuseloge.

(2)  The latersl control provided by the ailerons inset in the
full span flap gave adeguate rolling power and satisfactory rcsponse
dovn to the stall, at all flap positions.

(3)  The profile drag ccefficient incremcnts of the flap were
measured to be 0,023 for a laft ccefficient increment of 0,45 (at half
flap) and 0,074 for a 1lift cocfficient of 1.14 (at full flap) at a wing
incidence of 10 degrees. The corrcsponding profile drag coefficient
inerement measured during the tunnsl tests on the 3-dimensional model
wae 0,062 for a lift coefficient incremcnt of 1. 3k.

(L) The changes in longitudinal trim due to the flaps were small
and easily controlled, with a tail volume coefficient of O,7. The flaps
appeared to cause a considerable loss in longitudinal stability. The
true magnitude of this loss, 1n terms of static morgin, is dzfficult to .
assess, since there seems to be a marked loss in elevator effectiveness
with flaps up as the stall is approached. This results in on apparently
very large static margin with [laps up, which falls to reascnable
proportions when the flaps are lowered.

(5) Although the cfifect of ground on longitudanal tram could not
be measured directly, sufficient evidence was obtained to conclude
that the trim changes were not lorge, ond no difficulty was expericnced
when landing with the fleps fully down.

(6) The structure of the wing-flap-aileron arrsngement on this
experimental aireraft was oadequately stiff in torsion, and the aileron -
reversel speed was estimated to be nearly 300 knots,

“
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Table IX

Aerodynamic Data ~ Youngman Baynes Experimental Aircraft

General

Longitudinal Control |

%ea:'Wei%ht during 3700 T2il Surface area (Gross) laE.O
o318, S' sq.ft,
gq(g:oss Wing area) 180 Elevator Area/S 0.57
Engine Gipsy Queen | £'/¢ (& = adistance, 2,85
32 CG¢ to § T,P., chord)
Rated/H.P. at sea
level 250 S'/8 0.256
fgjgrhl°adlng’ 1.8 Pail Volume Coefficient 0.7
(] cp- S‘ E'/SE,‘-
Wing loading, 1b/sq.ft| 20.5 Elevator movement + 30°
Span loading, 1b/sqg.ft 3.4 Type of balance Horn
C.G. position,
h (T = 8/span) 0.367 T Percentage balance 12
Alrserew diameter, 7.5 Svick gearing, degrees/inch 5
feet
Airscrew pitch  Finel 11.5° Total trim tab area, sq.f't 1.05
Cozrse| 28° Trim tab angle, mex. up/down [19.5%/
26°
Gear Ratie 1:1 Tarlplane setting to wing -1
chord
Wings Directional Control
Area (gross) 8, sq.ft 180 Fin and Rudder area, 8", sq.ft| 16.9
Spen, 2s,ft 33 Rudder Ares/S" 0.75
Mean Chord, ¥, £t 545 &/s (& = distance, CG to 1,05
lcentroid of s")
Aspect ratio £.05 Fin end Rudder Volume coeffi~ | 0,099
cient, 8"&"/3s
Dihedral 3° Rudder movement + 19°
Sweepback of & ¢. line| 1.9° Rudder offset 3° to
port
Chord, ft, root | 6.40 Type of balance Hoxn
tip | 4.61 Percentage balance (horn only)| 4.5
Section (basic) root | NACA Pedal gearing, degrees/inch 5
65,2-214
tip | NiCA Trimming tab aresa, sq.ft 0.20
65,2212
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Table IX (contd,)

Wing twist, root-tip o° Trim tab angles, max, port | 14.5°

starboard | 14.5°
Flaps Lateral Control
Type Double
slotted
Maximum Angle, Main 159 Type of ailleron Frise
Auxiliary 30° extra | Total Ailercn area, sq.ft 122.0

Total flap area®/s 0.50 Aileron ares/S 0,122

ﬁgﬁ;lcgjg chord/looal | g g, Adleron chord/local chord | 0.25

Auxili flap chor .

wing czzgd, b 4 0.25 Aileron spon/2s Oh2

Mein flap span/2s. 0.96 Adleron angles, max, up 150

Auxiliary flap span/2s. 0,54 down 159

Maximum extended chord/c| 4.24 Percentage balance 27

Stick gearing, degrees/inch| 4
# including ailerons, which move Droop, with flaps down, 15°

with main fleps, and droop 15°

at full flap deflection,
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FRONT AND SIDE VIEWS OF YOUNGMAN BAYNES
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