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by

~. LeaL, B.3c., rt.F.R.Ae.S.

Fllgr.t tests on the Yow,,;rnan-Bayr:es Experlmental Hlgh-Llft
alrcraft have sbm,n that an lDcrerrt nt of maX1Tfium 11ft coefflClent of
1.32 can be abtc:'nned on an unSI/I'd1't wlng Wlt.h a loVv drag seetlon, whose
basle maxlmwn 11ft c06fflClent 1:::. 1.28. It 18 <sstlmated that an
lDcrement of maXJffiUTI1 11ft coeI'-'lClent of 0.2 has been lost aue to the
adve~se effect oi' W] nr,-l'usE;:'age lnterfdICI1Ce.

Adequate lateral cnntr (:,1 lL all COn0.1 tlons of ;llght 18 prOYlded
by alleroTls 11...S6 t J.r.. tne f\...11 s ..?aL flap.

The P~'c:'lle d!'8.(l coef:olcleLt lncremcont at full flap lS 0.07 for
a 11ft coeff'lclent lncrenleLt of 1.14-, at a vllng lDcldence of 10 degrees.

The changes lD longltLldl-n2.1 trlIn due tc the fl::J.ps are small and
easlly cOEtrolle::, !JJld trc ,-f'I'6C"t 0:" I_;rc;und cn LJngltudlnal trlID 1.8
consldered D-3g11glblc, SlDce ttc.ce lS DC dlfflCLAl ty In land1ng 'Nl th
flaps down.

rThE; structu.re of the Vllng-flap-2.l1cron arre.ngement 18 adequately
st1f.f lD torsloD, &..YlU the .:nl:;;Ton reversa.l speed 18 estlmated to be
nearly 300 ~n8tp.

-1-





'-

•

•

1

2

3

4

5

6

LIST OF CONTENTS

Introduc tion

Descript~on of A~rcraft

Test Equipment

Flight Test Programme and Techmgue

4.1 Stalling Behaviour, and measurement of
Max~mum L~ft Coefficients

4.2 Partial Glides
4.3 TrJ.m Curves
4.4 Ground Effect on Trim
4.5 Laterar Control and Response
4.6 Rate of Climb Measurements

Resul ts and D;i.scussion

Maximum Lift C~effic~ents, and Stalling
Behav~our

5.2 Wing-Fuselage Interference Effects
5.3 Lift and Drag Measurements
5.4 Trim Changes due to Flaps and Engine Power
5.5 Ground Effect on Pitching Moments
5.6 Lateral Control Characterist~cs

5.6.1 Rates of Rotation
5.6.2 Response
5.6.3 .~leron Reversal Speed

5.7 General Handling Qualities

Conclus~ons

References,

LIST OF' TABLES

,

4

4

5

6

6

7
8
9
9

10

10

10

13
14
17
19
20
20
22
23
24

25

25

Tables I to VIII - See Text

Table IX J..e:::,cdynorllc Data - Youngman-Baynes
Experimental Aircraft

LIST OF ILLUSTRATIONS

3-View G.A. of Youngman-Baynes Experimental "lircraft

Front and Side views of Youngman-Baynes Experimental "lircraft

Rear Views, showing flaps extended

-2-

F~g.

1

2

3



LIST OF ILLUSTRATIONS (oontd.)

Rel~tion between main and auxil~ary flap deflections

Wing sections at root and tip (flaps down)

Total Position Error Corrections

Growth of Stalled ;,;rea with Reduotion in Speed - Flaps Up

Growth of Stalled Area with Reduct~on ~n Speed - Flaps DovlIl

CL - a Curves from Partial Glide Mea.surements

4

5

6

7
8

9

CD - a Curves from Partial Gl~de Mea.surements 10

Compa.rison between Model and Full Scale Lift Curves 11

Comparison between Estimated and Measured Lift Inorements
du~ to Flaps 12

Variation of Total and Prof~le Drag Coeff~oients with C
L

13

Variation of Profile Drag Coefficient with Incidence 14

Lift and Profile Drag increments due to Flaps 15

Varia.hon of CD/CL with Lift Coeffic~ent 16

Variation of iuogle of Glide ,dth l\irspoed 17

Variation of Datum att:Ltude with Lift Coofficient 18

Vari~tion of Elevator Imgle to Trim with Lift Coefficient 19

Variation of pb/2V, rb/2V with Lift Coefficient 20

Time History of Typical Rudder-fixed Aileron Roll, Flaps Down 21

Variaticn of pb/2V vdth Speed Margin over the stall 22

Variation of £ileron Power vdth £irspeed 23

Time to "PPly a Given lmgle of Bank 24

Prediction of Aileron Reversal Speed 25

Climb Performance ~t Ground Level and SOOO feet 26

-3-



1 Tntroductlon

In order to operate hlghly lo~ded alrcraft from restricted spaces,
such as fo~vard alrflelds, or the decks of alrcraft carrlers, the
chosen Wlng-flap systems JrD~st be capable of proc:.uclng hlgh manmum
llft coefflclents. Tn addltlon, If hlgh porforma~ce In top speed or
range is to be ITlD.lntalned, l t lS essentH:tl that the brackets and
Ilnks of the flap operatlng syst6~ should be contalned, as far as
possible, V{l thln the ',nng proflle. J. large double slotted flD.p "rmcn,
when retracted, fD.lrs neatly lnto the proflle of en unswept low drag
sectlon wlng, of tnlckness/chord ratio 0.13, V{lth only one small
excrescence, has beGn deslgned by Kr. R.T. Youn&~. The Ilft, drag
and pltchlng moment characteristlcs of thls flap arrMgement hD.ve been
investigated by means of low speed tunnel tests1 • The first tests "ere
made on a r6ctangular ',{lng alone, to flx the Optlmum flap settlllgs and
to lnvestlgate the rolling power of the proposed alleron arrangement.
From this lnformD.tlOll D. 1/5 sC3.lo r:oc.el of the aircraft o.eslgned fnr
th~ full-sc3.le fllght tests (descrlbed In this report) was constructed
and test6d in the No.2 11~ ft x 8~ ft tunnel. Thls lnv6stlgation of
the fuselage and t3.l1 plan" cffects or. Ilft and longl tudin2.1 control
and stability is reported In Reference 2.

The prosent report lS cOllcerned ,ath the fllght tests of the full
scale alrcraft, e..nd deals rr.o.lnly 'ti]. th the loV! speed characterlstlcs of
the wlng-flo.p arrangencent. Where posslblo, 0. comparlson lS made
betwe6n the flight rGsults and thoso of the t"o series of tunnel tests.

2 Doscriptlon of ~lrcraft

...'.. 3-v::Lmr g(.r~crnl o.rrcnge"'Jlen t dr,'Yv{lng of tho a1.£'cr8i't 18 given In
Fig.1, =d four photcgr2phic vie"rs of the ro.rcraft o.re shown Ul Flgl3.2
ana. 3. It vall be seen thc,t tho clrcraft boars 2. strong resemblance to
thE' Proctor IV clvll c,lrc",c"tt, though, in fact, only the underco.rriago
and rudder, plus c, fm' m:wor items, are standard Proctor IV po.rts.

The D.lrc.co.ft is 0. slngle-englllod, tva-senter, lov-r yang monoplCLDe,
of conventiono.l 18yout, fitted vath a GlpSy Queen 32 englno of 250 H.P.
driving a 7 ft 6 lnches dJ.~~eter constant speed propeller. The normal
toke-off ',reight 'TC.S 3700 Ib, rath tho e.G. at 36.6;:, of tho mean chord.

The ',ring is a loy! drag sechon of the N•.c.C ••\. 65 - 2 senos
modif1od to un elliptical nose section over the GutboQrd p~t of the
sp= (see Fofcr~ncG 1), ,''1. th the further modiflcahor. of 0. drooped nose
over that p:::.rt cf the spell lnboard of the undercarriage. This latter
~odiflcatlon lS appn.cent In the he~d-on Vl~7 In Fig.2.

Th8 foroTard, -,-·J.xed po.rt of tho uing 13 of ',lOodon construction,
whlle thc rear 50>0, lncluding the flaps 8J1o. allerons, is constructed of
light alloy. The maln flo.p is of 9610 sp= and 5°70 chord. Incorporated
in this flap lS th<e auxlli=y reo.r flo.p, of 25;0 chord, covering tho
central 54/0 of the span, whlle the outboard portion of the maln flap
carri6s tho Frise allorons, of 25~ total chord. The aileron appoars to
be of larger chord than the 3.uxlllary flap In the photographs, because
of the large shroud Hhich covers the lEadlng edge of the flap. These
photographs Hore taken after the centrd portlon of the auxlliary flap
had boon romov~d (see Sectlon 5.1).

Tho flaps are suspended fro", the fixed part of the vnng and from
the fuselago, by a sys tern of Ilnks oper_too. by a total of $lX sere"
Jacks. These Jacks are rotated by a shoSt located aft of the front
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spar and driven by an electric motor on the centre line of the aircraft.
The flaps can move rearvlards and dovmwards so that the main flap,
carrY1ng the aileron w~th it, is depressed 15 degrees relative to the
wing while the auxiliary flap travels a further 30 degrees and lies at
4-5 degrees relative to the wing. The total reD.r"lard extension of the
flaps amounts to 24-% of the wing chord. The relation between the
angles of the main and auxiliary fln.p relative to the wing is shown in
:B'ig.4-. The "half flap" setting was arbitrarily chosen to give about
oile-third rf the flap travel.

When the flaps are down, a slot ~s formed between the leamng edge
of the m:un flap, and the fixed main plane, and a second slot ~s formed
between the leading edge of the rear flap and the inboard portion of
the main flap. The relation between the main flap and the ailerons is
unchanged when the flaps move, so tho.t the ailerons droop 15 degrees
when the flaps n.re fully dovm.

The sizes and shapes of these slots are shovm in Fig.5. The size of
the rear slot shovm n.s 1.8}:, was originally 3.0%, and was modified to
the size shown as a result of the stalling speed and maximum lift
measurements discussed in section 5.1 below.

The remainder of the o.ircraft is conventional and needs little
comment. The fuselage is about 1 ft longer than that of the standard
Proctor, and the elevn.tor area is about 100% greater. The rather large
tail volume ccefficient of 0.7 W8.S chosen to ensure positive static
longitudinal stab~lity up to the stall, and the extra elevator area
as a safeguard against possibly large tr~m changes due to lowering the
flaps. The tail plane settin", is o.djustable on the ground over the
range -1 degree to +5 degrees relative to the wing chord, but the
-1 degree setting was used throughout the tests.

It was originally ~ntended to fit sealed pressure balance ailerons
to this aircraft (Reference 1), and although the 2-dimensional mcdel
tests showed these to give adequate rolling power, it was eons~dered

wiser to build the full scale aircraft with the more conventional
Frise aileronQ.

The remaining n.erw.ynDlllic data for the aircraft is given in
Table IX at the end of the report.

3 Test Eqqipment

For the airspeed neasuremonts, the aireraft was fitted with a
100 ft suspended static head, operated mn.nually by the observer, and a
venturi pitot l'lOunted on a short strut under the starboard wing. The
standard aircraft system pitot-static head VlD.S fi ttGd. on a similar
strut uniler the port wing .

.An automatic observer VlD.S installed for the recording of the
following qun.ntities:-

1 Airspeed indicator reading - e~ ther on the standard
aircraft systel:l, or on the venturi pitot - suspended
static system.

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

3 Engine speed.
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4- Att~tude of the aircraft in p~tch and roll, measured by
an electrically driven gyro.

5 Acceleraticn, in a d~rection roughly normal to the flight
path, using a remote ind~cating accelerometer of the Barnes type.

6 Elevator angle, us~ng a desynn trans~tter connected to the
elevator operat~ng lever ~n the tail.

7
and

Angle of main flap relahve to the wmg,
outboard ends, 'using desynn transmitters,

at the inboard
for both wings.

8 Angle of auxiliary flap relahve to the main flap, for both
wings, using desynn transm~"tters.

Records r-f the readings of the above ~nstruments were obtained by means
of an electrically dr~ven Bell and Howell 35 mm cine camera. In
addit~on, for the lateral control invest~gat~ons, records were ~btained

r-n a 4--channel continuous trace recorder of the follovnng quant~t~es.

1 kJ.leron c.ngles relative to the ma~n flap, port and starboard
us~ng desynn transr£CLtters.

2 Rate of roll about the; longitudinal axlS of the aircraft,
using an electElcally-dr~venspring-constra~nedgyro.

3 Rate of ym~ about the vertical axis of the aircraft, also
using an electr~cally-driven spring-constrained gyro.

Records fr~m this ~nstrument, and those from the normal automat~c

observer were synohronised by using a corranon timing system winch marked
each record at half-second ~ntervals.

4- Flight Test Programme and Techniq;..1S

4-.1 Stall~ng Behaviour, and MeO-suremcnt cf Maximum Lift Coefficients

The initial ~nvestigation cf the stalling behaviour was made
befrre the installation of the full fl~ght test ~nstrQ~entation

equipment. The obJect was to obt~n a qu~ck measurement of the max~mum

l~ft coefficients and to study the cond~tions of airflow over the upper
wing surface at and near the stalling J.ncidence. Measurements of
stalling speed were made by visual ~bservation with the flaps up, half
down, and fully dovm, with the eng~ne throttled back.

The characteristics of the airflow at and near the stall were
stumed by means of Vlool tufts attached to the upper wing surface.
Twenty grnups of tufts were attached to each wing, each group
oonsisting of 4- strands at var~ous heights up to about 10 ~nches above
the wing surface. Only d~rect visual cbservat~on of the tufts was
made. The airspeed was reduced in steps, down to the stalling speed,
and at each steady speed the flov; pattern was sketched in, from
cbservation of the behav~our of the tufts.

When the full recording equipment was ~nstalled, the measurements'
of stalling speed were repeated ~n more deta~l, including the effect of
power. Continuous records of the a~rspeed ~nd~cator (operating on the
ventur~ pitot-trailing stat~c system), normal accelerat~on, and
attitude in pitch, plus a measurement of the rate of descent from
readings of the alt~meter, prov~ded the ~nforwation neoessary for an
exact evaluat~on of the max~mum lrtt coefficient.
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Each record was obta~ned by f~rst tr~g for steady flight
conditions, w~ th the engine at the requ~red setting, at a speed about
10 m.p.h. above the indicated minimum speed. The stiok was then eased
slowly back so that the speed decreased at a rate of less than ~ m.p.h.
per second, with the automahc observer switched on. Recording was
continued until the speed was building up again during the recovery.

When the engme was thrcttled 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 record~ng could be
started.

It was intended originally 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 rel~able indication was obtained from the readings of the
accelerometer and the pitch indicator, both of which changed rapidly
at the stall. The reading of the A.S.l. continued to fall for a short
time after the stall, often by as much as 2 m.p.h. and is therefcre
not a reliable means, by itself, for the measurement af stalling speed.

From the first few records, a reasonable est~mate 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 lift 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 correotion had to be applied to the read~ng of the airspeed
indicator to compensate for the effect of the rate of change of static
pressure at the suspended static head. With 100 ft of comparatively
small-bore tubing between the stat~c head Dnd the indicator, the
pressure in the statio side of the instrument lagged beliind the actual
pressure at the static heQd, and with a positive rate of descent, the
instrument gave a high reading. This correction was proportional to
the rate af descent and often runounted to ever 1 m.p.h.

When measuring the max~mum lift coefficients in the power-on
condition, the oontribution of the slipstream and tho airscrew thrust
to the total lift coefficient was es hma ted by the method given in
Ref erene e 3. Propeller thrust coefficients were es tilIl9.ted by means of
the charts of Ref .4. By subtraotmg this contribution from the gross
lift coefficient, the hft coefficient attributable to the wing Dnd
flaps alone was obtained. Throughout this report, reference to
maximum lift coefficient, p(Ner-On, implies that the above correction
has been applied.

A total of 46 stalls was recorded, covering the three flap
settings, with power off and power on, and included a study of the
effects of various changes to the flaps and upper vang root surface,
as described in Section 5.1.

4.2 Partial Glides

The objeot af these tests was to produce curves showing the
variation of l~t and total drag coefficients with incidence, for
direct comparison with the results of the model tests.

Steady, straight glides were made, with the aircraft in the
required condition as regards speed and flap position, Dnd with the
engine speed adjusted so that the propeller was giving zero thrust.
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This latter cond~tion was satisfied by setting the propeller speed
control for maX~MUm R.P.M. so that the prcpeller was in fully fine
pitch, and then, knowing the blade setting, and using the charts cf
Reference 4, the R.P.M. was adJusted cn the throttle to the value
correspon~ng to zero trrust coefficient at the known true airspeed.

The steady gl~des were ma~ntained for about 30 seconds, and the
rate of descent recorded by means of the altimeter and a stop"atch.
D=ng this ~nterval, 4 short records were obtained on the autonntic
observer, so as to obtain mean values of the indlcated airspeed,
attitude In pitch, norITk~l acceleration and elevator angle (reqUlred for
the productJ.On of trim curves).

From the measured anero~d rate of descent and the mean equlvalent
airspeed, the angle of gllde could be estimated, knowing the air
temperature and relative pressure at the mean 0.1 ti tude of each glide.
Results were always corrected to standard atmosphe~ic conditlons.
Given the angle of ghde and the attitude of the aircraft, the angle of
lncidence could be ob calned.

Lift and drag coefflcients were obtained from a knowledge of the
instantaneous aircraft weight, angle of gllde and equlvalent airspeed.
.Airspeeds were measured on the standard aircraft system, to avold
havlng to correct the aircraft drag for the drag of the suspended
static head. Equiv3.1ent 3.irspeeds were obtalned from a knovrledge of the ~

total positlon error cor.cGction, measured by a separate flight test.
Position error curves are shovm in Fig.6.

The drag coefficient vms corrected for any residual thrust or drag
which the airscrew lIDghC have provided, due to incorrect setting of the
R.P.M.

The measurements were made at as vride a range of speeds as
possible, with flaps dovm and half down, and up to nearly 130 knots,
flaps up. The tests were repeated, folloving the modifications to the
flaps, etc., discussed in the next sectlon.

It was found tl:at very calm air condltions were essential If
consistent results were to be obtm.ned. Up - or dovm - currents were
natural sources of error, and general "bumplness" prevented the pilot
from maintain~ng either a steady speed or a constant at tltud e in pitch.
The scatter of the pOlnts on the final curves =ose malnly from the
difficulty of estlITating the incidence, Slnce even a slight correction
to the speed necessitated a comparatively large change in attitude.

4.3 Trim Curves

The J1'agnltude of the ch81lges in longitudinal trlm produced by
changes in speed, flD.p angle and engine pmre!' was investigated by
obtaining records of the elevator angle to trim wi th various corribina­
tions of the above three para.T'1eters.

The rnajori ty of the data for the engine-off trim curves were
obtained from the records of the partial gllde tests. Elevator angles
to trim at the stall were obtained from the records of the stalling
tests.

Separate flight tests were necessary to obtain the correspondlng
curves with power on, Wlth the engine set for ma.xlmum contJ.nuous
cruising power. These tests were done VlJ.th the suspended static head
in use, so as to obtain the total posi tlon error correction at the
same time.
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Since informat~on was requ~red only on the pitching moment
changes due to the flaps at various l~ft C<'efficients, w~th power off
and power on, no measurements were made of the stick forces to trim,
nor was any attempt made to determine the static margin by repeahng
the tests at a different C.G. position. Movement of the C.G. would,
in any case, have been very dJ..fficult, since the aircraft was already
100 Ib over the design maximum weight.

The elevator trimmer was, ~n all cases, set neutral, so no
correction to the elevator angle to trim was requ~red on this account.

4.4 Ground Effect on Trim

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

A series of Imlding tests W3.S made, Ylith the flaps in each of the
three pc sitions. The approach speed anD. engine condit~on were chosen
so that at the end of the check the aircraft vms ~n the 3-point
atti tude, and touched down wi t.l)out floating. Continuous automatic
~bserver records were cbtained of airspeed indicator reading, attitude
and elevatcr angle.

The main difficulty in assessing the effect of ground arose from
a lack 1'1' knowledge of the exact condition of the aircraft at the end
of the cheok, and, in particular, from the difficulty of estimating the
lift coefficient at this point. Readings of the airspeed indicator
were considered to be unreliable, clue to the (unknown) effect of ground
on the posit~on error correction. This effect is likely to be large,
with an under-wing position for the pitot-static head.

It has therefore bee~ assumed that just before touch-down, the
aircraft was in trimmed, lovel flight. The wing inc~dence was
obtained from the recllrd of the aircraft datum attitude, and the
elevator angle to tr:.m at this ~ncidence in free flight was obtained
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 D. measure of the effect of the ground on pitching moment
at a constant incidence.

4.5 Lateral Control 3lld Response

Automatic observer recordings were obtained of the rolling and
yawing behaviour of the aircraft :rollowing sudden application of the
ailerons, the rudder being held fixed. The tests were made with the
flaps at each of the three normal settings (1. e. up, half-down and fully
dovm), at a range of spoods from approximD.tely 1.15 times the stalling
speed up to the limiting speed of the D.ircraft. The engine was set to
give maximum o<'ntinuous cruising power in all cases. The pilot was
helped in applying a constant a~leron angle by providing hl.Jll with a
series of wire loops of different lengths, attached to each side of the
cockpi",;, so that by attaohing the chosen loop to the stick, the
ailerons could be moved ra.pidly to the desired position and held fixed.

The rates of roll and yaw about body n.xes were measured by
electrieally-driven spring constrD.ined gyros, recor~ng on a continuous
trace 4-channel recorder, which also bore records of the positions of
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the two ailerons. These rates of rotatlon were transformed to
correspondlng rates abrut vQnd axes, using incidence measurements
obtalned from the re~~lts of the partlal glide tests.

Unfortunately, the rate of yaw lnstrument responded not only to
pure yavnng motion but also to the lneVl tilble rilte of oho.nge of
direction of the flight path following the appllcation of bank.
Measurements of adverse yavang are therefore underestimated, since thlS
yilwing motion lS partly counteracted by the tendency of the aircraft
to turn In the direction of the bank. It hilS not been possible to
estlmate the exact aJ".ount of this error, but it is believed to be small
since the maximum rates of roll and yavl were attained within 1 or 2
seconds of the start of the mo.noeuvre.

It would have been possible for the pilot 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,
t,., which considerable int'3rest 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 pOlnt of view, the alleron-flap arrangement on
this aircraft is of considerable interest. The rclling forces due to
the ililerons are applied at the outboard ends of the maln flaps, which
are therefore subJected to a considorab1e torsion moment. This ffilght
be expected to result in a rather lcw alleron reversal speed.

Rates of roll (vQth flaps up) were, therefore, measured at a
range of speeds up to 180 knots E.A.S., which was Just over the deslgn
llmiting diving speed of the aircraft. The speed at whlch the aileron
power (defined as rate of roll per unit aileron angle) became zero was
then predlcted by the method suggested by Refs. 5 and 6 (see sectlon
5.6 below).

An attempt was also made to measure the amount of twist of the
main flap arislng from the aileron loilds durlng these high speed rolls.

4.6 Rate cf C1~b Measurements

It was proposed at an early s~ag~ in the flight test programme that
the maximum lift coefficient of the aircraft should be increased by the
addition ~f split flaps to the existing slotted flaps. For rea~ons of
simplicity, these flaps would have to be flxed in position (i.e. non­
retractable) o.nd "ould therefore cause a loss in rate cf climb, even
wi th the normal flaps retracted. It was therefore necessary to measure
the rate r,f olimb performance of the aircraft, in order to determine
what amount of extra flap, if D..TlY, "ou1d safely be added.

Rough measurements of the rate of clll'lb were therefcre made ilt a
range of airspeeds, with the normal flaps up, and fully down, with the
engine giving its mflXlmum climb power. The tests were wade at a mean
altitude of 5000 feet, and the results corrected to standard sea-level
conditions.

As a result of these tests, it ,~s decided not to proceed VQth
this proJect.

5 Results and Discussion

5.1 Maximum lift coeff1 Clents and stalhng behaviour

With the aircraft In its original condition, the following mean
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values of' the maximum lit't coefficient were obtained, each value being
the mean of at least 5 measurements. The corresponding values obtained
from the 3-dimensional model tests are also g~ven, f'or comparison
(Ref.2).

'I'able I

Max~mum Lift Coefficients
Flight Test Flight Tests Model tests, a~

Flap Position Reynolds Number (Engine Off) R.N. =1.37 x 10,
(Trimmed values)

Flaps down 2.6 x 106 2.41 (14C ) 2.50 (13.50
)

Half' Flap 3.1 x 106 1.66 (11 0 ) -
Flaps up 3.6 x 106 1.28 (16 0 ) 1.16 (20.50

)

Note - the figures in brackets are the ccrrespond~ng stalling
~ncidences, wh~ch, in the case of the flight measurements, may be as
much as 2 degrees in errcr.

The measurements of maximum lift coeffic~ent with flaps up and
flaps half dovln 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 nwnber of the f'ull scale
tests, and partly by the fact the.t on the full scale aircraft, the
inboard port~on of the wing vms of sl~ghtly mfferent section than that
used for the model tests. The drooped nose of the section over this
portion of the span is apparent ~n the head-on photograph in F~g.2.

The rather lrw stalling incidence recorded when the flaps were
half down may have been due to the f"ct that this setting was an
arbi trary c-ne, and no effort vra~ lllD.de to produce the optimum size or
shape of the g"Ils between the flaps :md the wing.

The disappointingly low value of 2.41 for the maximum hft
coefficient in the flap-dovln case called fcr further investigation.
A viSUM examination of the upper w~ng surf"ces o.t the root shaw"d that,
while there were no obvious fe,,-turos .,hich might disturb the airflow in
this region (the general condition of the wing surface being quite good),
there were, nevertheless, several minor gaps o.nd ~rregularities which,
together, might ho.ve promoted o.n early breako.way of the flov:. This
part "f the wing vms, therefore, fo.ired over o.s completely o.s possible
by means of strips of doped fo.br~c. The stall~ng tests were repeated,
and, from 7 such tests, a mean maximum lift coefficient of 2.60 wo.s
ebtained with flaps down and engine off, W~th a stalling ~ncidence of
about 15 degrees. With the flaps up. however, no significant improve­
ment was observed.

Not only "o.s the stalling speed reduced, with flaps dorm, as 0.

result of this sealing process, but there wo.s o.lso a mark~d chD.nge in
stalling behaviour. \Yhereas prevlOusly, the port wing (which accommo­
dated a rather badly fitt~ng ~nged door in its leading edge, giving
access to the oil tank) usually dropped at the stall, followed by the
nose, the sb.ll wo.s now much more vivlent, but straightforward, with no
tendency to drop either wing.

-11-
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w~th engine on (1500 R.P.M. in f~ne p~tch) the stall was even more
violent, and the mean max~mum lift coeffic~ent, from 4 stalls, corrected
for the contribut~on of slip stream l~ft and ~rscrew thrust, was 2.62
,vith a stalling inc~dence of around 17 degrees. (The effect of the
above amount of eng~ne power ',as to ~ncrease the max~mum gross lift
cceff~cient by just over 0.2).

The improvement ~n the upper w~ng surface therefore produced a
gain in max~mum hft coeffic~ent of 0.2, with flaps down.

Prev~ously, the airflow over the upper ''lng surface had been
studied by means of Vlool tufts. Informat~onwas obtained on the growth
of the stalled region of ~rfloY{ as the stall was approached. F~gs.7
and 8 shmy pictor~ally the result of this ~nveshgatwn for the flaps-up
and flaps-do~n cases respect~vely.

The development of the stall in the flaps-up case exh~bited no unusual
features, but the correspond~ng picture for the flaps-down case (left­
hand side of F~g'. 8) suggested that the gap between the auxihary and
main flaps was the orig~n of a disturbance in the flow over the rear
flap. This disturbance appeared at an early stage, and spread forwards
and outwards from this ragion as the speed was reduced•

The s~ze of tile gap between the aux~liary and the main flaps was
or~ginally ?flo of the wmg chord on the full scale aircreft, as it was
also on the 3-dimensional model. The 2-d~mens~onal model tests,
however, (Ref. 1) , ",ere made ,vith a gap of 1. 8r, of the wing chord, tms
ha~ng been found to be the optimum size. It was therefore considered
poss~ble that the gap on the full scale aircraft was not, ~n f3.Ct, of
the opt~mum size, and the gap was, therafora, reduced to 1.1'% of the
'V1ng chord (Fig.5).

This reduchon in gap s~za d~d not, however, have the expected
effect on the mo.x~mum lift coaff~c~ent, although wool tuft observat~ons

suggested that tha floY! had been improved, as can be seen from the
right-hand p~cture of F~g.8. A mean Jmumum life coeffic~ent of 2.50
was obta~ned wi th flaps down and engine off, and 2.48 with engine on,
vdth stalling incidences of 16 degrees and 19 degrees respectiv~ly.

Four stalling records ware obt~ned ~n each oase.

To save t~mo, the remain~ng tests were all m~de w~th this
modif~ed gap, although ~t was then realised that the Optllmilll gap s~ze

was probably nearer the or~ginal 3;0 than the mod~f~ed 1.8)0.

In a final attempt to ~ncrease the max~mum lift coeff~c~ent, the
effect of rGlllov~ng that port~on of the auxil~a.ry flaps wh~ch extended
across th~ unders~do of the fusela.ge w~s studied. The reasons for
expecting an imprcvement ~n th~s direct~on are discussed m sect~on 5.2.
The portion removed covered the central ~~ of the wing span (F~g.3).

T~me was not ava~lable to make as completo an investigation of this
momf~cation as hOO been done for the others but a. max= l~t

coefficient of 2.44 wa.s ~nd~catod yd th flaps do"m and engine off, ".t an
approximate stalling incidence of 14 degrees, increas~ng tc 2.66 at
20 degrees with engine on (1500 R.P.1!. w fwc pitch, as before).

The results of these investigations are summar~sed in the
following table. Although stall~ng inc~dences are quoted ~n this table,
the angles may be as much as 2 degrees ~n error.
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Table II

Oondltion o~ ~ircrD.ft Englne Off Engine On
StD.1ling StalEng

01 max. Incldence °1 mo.x. Incidence

Original 2.41 140 - -
Upper Wlng root surface 2.60 150 2.62 170

faired over
Ditto, plus redueed 2.50 160 2.48 190

flap gap

Ditto, plus central 2.44 140 2.66 200

cut-out

Note - The correctlon whlch has been applled to the maximum lift
coefflcients with engine on amounted normally to just over 0.2.

It is difflcult to draw conclusions frem these results, regarding
the cptimum flap arrangement on thls D.lrcrD.ft. Nothlng was gained by
reducing the rear flap gap to 1.8% of the chord, but there might
posslbly have been a gain "hen the central portion of the rear flap was
removed, if only when th8 local flow over the wing was improved with
the help of the sllpstream. Desplte the lnaccuracies in the mcasure­
ments of stalling incldenee, there appears to be an increase in this
quantity in the presence of slipstream.

A maxlIlD.1m lift coefficlent cf 2.60, with engine off has thus been
established fcr this aircraft, without modification to the flaps, and
it lS now necessary to determlne why this value is 0.25 less than the
value which was estimated from the origlnal 2-dimensional model tests
(Ref. 1) •

5.2 Wing-fuselage lnterference effects

It lS apparent from the 3-dlmensional model tests of Ref. 2 that
the addition of the fuselo.ge to the pLdn wing ho.d a marked effect on
the maxlmum lift cooffJclent with flaps dovm, although the effect was
very small vdth flaps up. In fo.ct, the additlon of the fuselage
reduced the maxlmum lift coefficient from 2.81 (c.f. the value of 2.85
estivated in Rof.1) to 2.55, untrlIDIDcd. This loss In 01 ~~x is due

entirely to the lower stalling lncidence resultlng from the addition of
the fuselage - in fact, at 0. glven incldcnce, the Ilft coefficient lS
slightly higher wlth the fuselage in positlon than vathout it.

The difference between the eshmated m!J.Xlffium lift coefficient and
that achieved on the actuo.! aircraft is therefore probably due to the
premature break-away of the flow aris:..ng from lnterference between the
fuselage and the deflected flaps, Various wing root fillets were tested in
the tunnel (Ref.2) and the simple slab-sided fillet finally used was
embodied in the full scaleo aHcraft, but it is probable that this was
not of the optimum Slze or shape.
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Earl~er Wlnd tunnel model tests reported In Refs.7 and S deal ,nth
body mterference on a h~gh l~i't wmg. Tests were made on a rectangular
'T.Ulg w~th a double slotted flap m the presence of a fuselage. In the
low wmg pos~t~on, ~t was found that a h~gher value of 0L max could be
obtamed if the flaps were not continued under the body. When the flaps
were cont~nuous, the root stall start~d at an ~Lc~dence of 4 degrees, but
if there was a central cut-out, the stall dW not start b.ll an mc~dence

of 7 degrees was reached. 1,1,~th th~s central cut-out, the stalling mCJ-'
dence and the l~ft curve slope were both mcreased. On the other hand
both the above model tests and later fl~ght tests (~ef.9) have shovm that,
\nth a wing of taper ratlo 2.5:1, It ~s better to contlnue the flaps
underneath the fuselage. It was therefore suggested that tho wmg on the
Youngman-Baynes a~rcraf't, \,'l th ~ts 10F taper ratlO of 1.35:1, corresponded
most nearly to the untapered case, and It "ras declded to remove the cen­
tral porhon of the aux~liary flap.

Unfortunately, the tests of thls arrangement were mconclus~vc.

There was a loss m l~ft ,nth engme off and a gam ,nth engme on.
Slnce the tests "Tere doll" ai'ter the flap gap Slze had been al tered, ~t

~s .floss~ble that had this gap been of the opt~mum s~ze, a more def~nite

result might have been obtalncd.

It lS concluded that the oarly root stall ~s ~nherent ~n the almost
rectangular planform, low w~ng, layout. Varlous schemes have been
suggested for lmpro~ng the root fl~a condltlons, such as a leadmg cdge
slat, or a small local extenslon of the wlng surface runn~ng fOr\vard
along the fuselage from the root leadlng edge. Th~s ,muld be s~~lar to
the dorsal extens~on to the fm f~ tted to certam arrcrai't In order to
mamtain the f~n Ilft curve slope at large angles of yaw. 'fhere \Tas,
however, no OPPOrtunlty for testlng any such modlflcations.

To obtaln the best results from thls flap arrangement, a tapered
Wlllg Wlth a mW or hlgh-wlng arrangement seems advisable.

5.3 Lif't andDrag illeasurements

fhe results of the partlal glide tests were converted to measure­
ments of Ilft and total drag coefflclents at a range of Wlng lncldence,
for each d' the three flap settlngs, and the resultmg lift and drag
curves are plotted m F~gs.9 and 10. The end po~ts on the l~ft curves
of Fig.S were obtamed from the results of the stalllng tests, dlscussed
earller, each pOln t b elng the mean result of a number of stalling tests,
following the various mod~f~cat~ons to the flaps that were lllvestlgated.
The Ilft coefflclents for the "englne-on" stalls have all been corrected
for the contrlbutlon of sllpstream and alrscrew thrust to the total Ilf't.
It is agaln emphasized that incldence measurements at the stall are much
less rellable than those obtalned durlng the partlal gllde tests.

In Flg.11 , a companson lS made between the full scale and the
model lift curves, the model curves havlllg been corrected to tnmmed
condltions. It can be seon that the llft curve slope lS less on the
full scale alrcraf't, but that the maxlmum Ilft coefflcient, flaps down,
lS hlgher than that obtalned from the model tests, becaUse of the hlgher
stalllng lncldence.

In the follovnng table, the Ilft lncrements due to full deflectlon
of the flaps at a WlUg lncldence of 10 degrees above the no-lift angle,
flaps up, and at the stalling lncldence, are compared for the full scale
and the model tests. The Ilft curve slopes at 10 degrees lncldcnce are
also given, Wl th fl"ps up and dmm.
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Table III

Full Scale Model Tests(Ref.2) R.N" 1.37 x10E
Tests

R.N" 2.56 Complete Model, W~ng Alone
6.5 x 10 Trimmed

Lift Coefficient Increment }
duc to Flaps, ~~ng ~nc~dence 1.14 1.31 1.42
" 100

Increment of MD.X~m\Jm l~t } 1.32 1.34 1.65
coeffic~ent due to Flaps

L~ft Curve Slope, Cr/radian ,
4.06

Flaps Up. 3.63 4.24

Lift Curve Slcpe, Crlrad~~'1,
4.40 5.02 4.35Flaps Dovm.

It ~s of ~nterest to compare the measured increments of lift
coeff~cient due to the flaps ~~th the increments est~mated by the method
of Young, given ~n Ref.10. The flaps are treated as 5070 chord double
slotted flaps over the ~nboard portion, and as 50% chord single slotted
over the outboard port~on of the span. The lift increments at a wing
incidence of 10 degrees have been estlmated for a range of flap angles
up to the full deflection, and the results plotted as the full line in
Fig.12. The measur·,d results at 10 degrees incidence are marked ~n as
two points (for half flQp and full flap deflect~on) on the dotted line.
Also shown are the tunnel value of the l~ft coefficient increment at 10
degrees ~ncidence, and the full scale increments of maximum lift
coeff~c:Lent at the two flap deflections. 'rhe agreement between the
estimated and measured increments :LS considcred to be satisfactory.

These increments of lift coeffic~ent due to flaps all refer to a
w:Lng of aspect ratio 6.0. The same flap arrangement, on a wing of
aspect ratio 10.0, should produce an increment of lift coeffic~ent, at
inc~dences below the stall, some 11% greater than that actually obtained
(Ref.10).

The parhal gl:Lde tests, ,dth flaps dovm, were repeated, following
the alteration to the gap bet,reon the main and auxiliary flaps, and the
:Lmprovement ~n the cond~hon of the upper wing surface at the root.
The results are ploct~J on the app~opr~~te curves in Figs.9 and 10,
where ~t can be seen that these modifications had no detectable effect
on e~ther lift or drag at a given ~nc~dence.

Using the faired lift and drag curves in F:Lgs.9 and 10, the curves
sh<Wring the variation of total drag coeff~c:Lent vath lift coefficient,
given :Ln F~g.13 are obtnned. The dotted curves in this diagram show
the variation, nth l~t cceffic~ent, of the difference between i he
total drag coeffic~ent and the ide "-1 ~nduced drag coeffioHmt CL IlIA.
The positive slope of these curves indicates the extent of the
deviat~on from ideal elliptic loading. The departure from ideal loadlng
is partly due to the inooard double slotted flap since this produces a
larger loccl lift coefficient than the outboard single slotted flap.
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There is a resultlng lncrease In the induced drag and thlS must be
estimated before the profile drag of the flap can be determlned~

The induced drag coefficient may b~ exprossed as

C = C 2/TIA + K
Di L

•

whore LlCL is the oxtra lif't lncromont prov.Lded by the doublo slotted
flap compared i'lith 0. slnglo slotted flap of the same SlZO, and K is a
faotor depending on flap geomotry. Strictly spealdng, tho first term in
this expression for C

Di
should bo multipliod by a factor (1 + ~) to

account for the non-elliptic loading of the unflapped wing, but in this
analysis we aro concernod only 17ith tho lncroment of profile drag due to
the flaps. The profile dro.g coefficient lS thorofore somewhat loosely
defined as the total drag coefficlont mlnus the lnduced drag coefflolent
as defined above. The factor K lS estimated by a method given by
Young in Ref.10.

The profile drag coefficient is plotted in Fig.14 as a function of
wing lncidence for each flap def'lection. The lncrement of profllo drag
coofficient due to the f'laps is almost independent of incidence over the
range of lncidence used during takG-off Md In.nding. Also shOiffi in
Flg.14 are similar curves cbtmned from [Jl analysis of thE: wind tunnel
results, (Ref'.2), [or the complete ~odGI Dnd for the model vang alone.
Deflnlng the profile drag coefficient .increment o.s toot meo.sured at an
incidence of 6 degrees o.bovo the nc-lif't o.ngle, the follcvdng values
for LlCDo are obtained.

Table IV

LlC
Do

= Proflle Drag Coefflclent Increment ut
a a + 6 0

Flap Pcsition
- 0

Fl.L.ght 'fos t Complete 1110081 Model Wlng Alono

Half Flap 0.023 - -
Full Flap 0.071 0.062 0.048

I

The differenc e betvrGell the proflle drag increment on the model
vdng alone and tho.t measured on the complote alrcraft lS indicative of'
the effect of ,dng-body lnterf'ercnce, Tho ratio of' 6C

Do
vdth

interf'erence to LlCDo without interforence, from thc model tests, is

1.3, vlhile tho r'1tio of the f'llght test'lncrement to that for thE'
model w~ng alone is about 1.5. Younr" lD Rof.10, suggests o.n average
value of' 1.4 f'or this ratio.

The rela ti on between the lif't and proflle dro.g increlJlDnts due to
the flaps lS lllustratcd in Fig.15. The profile drag increment is
defined o.boVG, o.nd the lif't ceefflclent lncrement is measured at

., 10 degrees above the na-lif't incidenco, f'laps up. COIlIpo.rJng this
dio.f!,ram Wlth some estimates of the lif't-8rag increments fer a full span
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N.A.e.A. double slotted flap, roughly comparable 'iT.l th the arrangenent
on this a~rcrnft, suggests that the srune l~ft ~ncrement m~ght have been
obtained with about half the observed profile drag ~ncrement if a full­
span double slotted flap had been used. The full span double-slotted
flap was, of course, ruled out by the requ~rement of providing lateral
control by normal ailerons.

The profile drag increlilent at the half-flap setting appears to be
about three times greater than that wh~ch could have been obta~ned with
a full span double slotted flap with opt~mum gap sizes. On this
aircraft, no attenpt was mde to produce the optimum gap size at any
but the full flap setting.

Finan;, the variation of overall lift/drag ratio 'iT.l th lift
coeffic~ent ~s given in F~g.16, showing that a maximum lift/drag ratio
of 7.3 is obtained ',lith flaps up, falling to 5.S when the fl:::.ps are
fully extended. The var~ahon of gliding angle ..-nth equivo.lent airspo,,"
is shown in Jhg.17, :illd Ul B'ig.1S, the ath tude of the aircraft datum to
the hor~zontal is plotted against lift coefficient, for each of the three
flap pos~tions. At a gliding speed of SO knots, with eng~ne eff, full
deflechon of the flaps produces a nose-down change in attitude of
nearly 17 degrees, while the gliding angle is mcreased by just under
2 dtlgrees.

5.4 Trim changes duo to flaps and engine power

The results of the neo.suroment of elevator angle to trim at v~ous
speeds, flap positions and ongine powers are given in Fig.19. It can be
seen that in all conditions tested, the stick fixed static longitudinal
stability remained positivo, the e.G. being at 37% s.l1.e.

The changes ~n elevator angle to trim yli th different flap
posi tior.s remain small, both wi th engine off and with eng~no on, as
shown in the following table. Tho elevator angles are quoted at a
constant airspeed of 80 knots, ~ also at a constant rat~o (1.15) of
airspeed to stalling speed (engine off).

Table V

Elevator Imgle to Trim -~
Eng~ne Off Enbine On I

Flap Position
1.t SO .It 1.15 tines At SO 1.t 1.15 til'leS
knots Stalling Sr-eed knots Stalling Speed

Flaps up 2.00 up 2.20 up O.So dovm 0.70 down

Half Flap 2.60 dovm 1.20 dmm - -
Flaps Doom 0.1 0 down 1.So up 0.60 down Neutral

Lowering the flaps produoes a snall nose-up change in trin vlith
power off, and a very small nose-down cho.nge vrith power on. The
effect of the application of engine power is to produce a sIlk'lll nose-up
change in trim.
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There is a marked reducticn in elevator effectiveness at high lift
coeffic~ents, at each of the three flo.p positions, with power off. Th~s

deterioratlon is not apparent ,7ith power on, and is presumably
assooiated w~th the early growth of the stalled re&ion at the win$­
fuselage junction. It has already been suggested (in section 5.1) that
the flow cond~t~ons ~n this reg~on are improved in the presence of
sl~pstream.

w~th the above C.G. posit~on, 100 of elevator are requ~red to
produce the stall with flo.ps up, and 50 with the flaps half down or
fully dmm.

Since ~t was not possible to produce trim curves for morc than one
C.G. positlon, only rough estimates of static margin can be made.
The elevator effectiveness has been estimated from the charts of Ref.11.
The slopes of the trin curves of F~g.17 have been lneasured over the
limited ranges of lift coefficients lndicated in the table below, since
the slope changes rapldly at hlgher lift coefficients, particularly with
power off.

Then, if 0.2 '" increment of tailplane lift coefficient per
unit elevator deflection

V '" tailplane volume coefficient

'11 '" elevator angl e to trill

C
L

, CM '" lift and pitching :noment coeff~cients ,

we rnay 'Nrite

dC
"" d'1 '" lila V. __ -

2 dCL dCL

where dClil/dCL g~ves the static margln in terms of the standard mean
chord, as shown in the follovr.Lng table.

1'able VI

-= Position Engine dr/dCLFlap CL
dCJldCLConGi bon range dogrees/CL

Flaps Up off 0.4 -1.0 -10.0 -0.20
HaJf Flap " 0.6-1,3 -4.6 -0.09
Flaps Dovm " 0.9 -2.3 -1,9 -0.04

Flaps Up on 0.3-1.0 -4.9 -0.10
Flaps Down " 0.9 -2.0 -0.6 -0.01

The static nurg~n vdth flaps up, engine off ~s seen to be very
large, willIe that w~th flaps down, and power on is marg~nal. Lowering
the flaps, ,nth power off, moves the neutural po~nt forward an
estiJnD.ted 16% of the mean ohord, although tho stability remains
pos~tive. Wlth power on, the forwo..cd shift is 9';f. The effect of power
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is seen to be destabllislng, reducing the static margln by 10% of the
standard mean chord with the flaps up, and by 3% nth flaps dOVon.

The curves of elevator angle to tnm at the same e.G. posltion
(0.37~, obtalned from tho model tests (Ref.2) are also glven In
F:1.g.19. It lS seGn that the cectual alrcraft lS more stceble than would
bc lndlcntGd by thc tunnel tests, these latter haVlng produced values
of dq/dCL of -0.05 wlth flaps up, and zero vnth flaps dOVon.

Wlth the C.G. sltuatcd at c. helght of 10% of the menn chord above
the standard mean chord Ilne, wo shOUld have oxpected a reductlon In
stablllty at hlgh Ilft coofflelonts. Over the range of lift coefficients
quoted in the above table, the offect of reducing the C.G. hOlght to
z.ero would bo to lncroase the stnhc marpns by Mout 2% of the mean
chord In all c"-sos.

All the above estlmates of dC,(d?r, are intended to glve only a
rough lndlcatlon of the movement of" the neutral pOlnt W'J. th variatlon ill

flap angle and power settlng. An over-estlrnate of elevator effectlve­
ness may ac,?ount for the app",rently very large statlc rnargln with flaps
up, power off.

5.5 Ground Effect on P:Ltch:mg i.1oments

The results of the laL:l.:Lng tests which were made to provlde
inforrnatlon on the effeet uf ground en pitchlng mo~ents are glven In the
table below. The effect of the ground has been expressed as the
difference between the elevator angle actually used to achleve the
usual 3-pelnt attitude at touch down, and the elevator angle to trim
at the sarno lncldencc In frec flIght, a"ray from the lnfluence of the
ground. It hus beer: assumed that the aircraft was In trimmed level
fhght Just before touch-do"n.

Table VII

I Approach <-1rPm-,-er on) Touch-dcwn(Power Off)
, ,

I
Elevator Angles

LA.S V!Vso1El€illator loA.S Wmg Measured IFree IChcnge Over:::.llI Flap
Positlon !mots IAngle I!mot, Inc.Ld- Elevat or ,F:bgIi; due to mmsurl.d

~nmned) epee Angle IElev. ground change
,

I I ex, 11l:r>..g1fJ,
i I

degrees same exI ,
I ,

IFlaps iup 74 1 .1 6 ~1 .1 0 58 10.70 -7.7e -1.90 5.B%p 6.6°up I
Half ~lap 64 1 .16 I +1.80 48 11 .00 _6.3 0 -0.30 6.0'Up 8.1 0 up
Full Flap 63 1.38 I -0.1 0 35 8.70 -12.00 -1.7 0 10.3"up 11 .90 u_p

I

]I Note:- V = eqUivalent airspeed In approach, lmots

= stalling speed, enpne off, lmots.

Wlth the above assumption regardlng the ccnditlon of the aircraft
at touch-down it appears that the effect of the ground, at an
lnCldence of ~bout 10 dogrees, lS to produce a nose-dov.n pitching
moment reqmnng an extra 6 degrees of up-elevator wlth flaps up or
half dov.n, and an extra 10 dO[lrees Viith flaps fully dovm. It also
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appears that th~s ground effect accounts for the maJor part of the
elevator movement req~red to o.ch~eve the touch-down att~tude.

If, ~nstead of be~ng in level fl~ght just before touch-down, the
aircraft ~s assumed to be des<.:end~ng N~ th on angle of gl~de of, say,
2 degrees, then the ~nc~denc" VI~11 have been underest~ated by th~s

amount. The nett effect ",ould be to reduce the est~ate of the effect
of ground to 4 degrees of elevator in the flaps up or half doom case,
and mak~ng no apprec~able difference to the flaps dovm case.

The on~ conclus~on drawn from th~s rough invest~gat~on is that the
effect of ground ~s not large, and that there is ample elevator power
to make a 3-po~nt land~ng, Vii th flaps do.m.

5.6 Lateral Control Character~stics

5.6.1 Rates of Rotat~on

Rates of roll and yaw, converted to rates about wind axes,
were obta~ned at d range of speeds and a~leron deflect~ons, ~n each of the
three flap pos~t~ons. It was found that, at a g~ven speed, the steady
rate of rotation was proport~onal to the a~leron deflect~on from the
trimmed pos~tion, ond the rates g~ven ~n F~g.20 correspond in all
cases to an a~leron deflect~on of 15 degrees.

In th~s d~agrwn, t~e rates of roll and yaw are expressed ~n the
jlJ.mens~onless fonns pb/2V ar,d rb/2V respecbvely, where p and r
are rates of roll and yaw (radians per second), b ~s the ~ng span
(feet) and V ~s tile crue alTspeed (feet per second). Each of the
plotted po~nts w~s obta~ned from several measurements at each speed,
from wh~ch the rate of roll or yaw corresponding to the standard
15 degree control deflect~on could be obta~ned graph~cally.

F~g.21 ~s a tYJ~cal time h~story of one such roll manoeuvre. The
rates of roll and ya" used ~n the preparat~on of F~g.20 were in all
cases measured at the po~nts where the rates f~rst became steady,
although, ~n the case of the rate of roll, th~s was not necessar~ly the
maximum value recoraed. Slight sp~ral ~nstab~l~ty is ~nd~cated by the
cont~nued ~ncrease ~n rate of roll after the ~n~t~al steady value had
been reached. Th~s t~me h~story is discussed in more deta~l ~n

Secbon 5.6.2.

Returnmg to F~g.20, ~t ~s seen that a pb of almost 0.1 is
ZV

ma~ntained up to the h~ghest lift coeff~cients at wh~ch measurements

were made, and there is a tendency for E£ to increase in th~s region.
ZV

This may have been due to .nng-tip stalhng, ~nduced by the h~gher

effect~ve ~nc~dence of the down-go~ng w~ng t~p, and so reduc~ng the
damping. Since the ratio pb/2V ~s equal to the tangent of the increase
~n ~ncidence of the down-go~ng wing t~p, this increase amounts to over
~ degrees at pb/ZV of 0.1. If, therefore, the overall wing ~nc~dence
~s with~n 5 or 6 degrees of the stall, there appears to be a poss~b~li ty
that the w~ng t~p may stall when the rate of roll has developed. The
lift coeff~c~ents at which th~s m~ght occur are about 1.0 ,nth flaps up

and 2. 0 w~th flaps down, The correspond~ng ~ncreases J.n E£ are
ZV

observed to occur at l~ft coeff~c~ents 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 tIl<:- existc-nce of a flnl te =leron reversal speed.
This curve h~s been extrapolated to zero pb/2V at the lift coefficient
corresponding to thG estimated reversol sp~ed. The method of estlmation
is given in Section 5.6.3,

If pb/2V is plotted agalnst the ratlo of ~rspoGd to the stalllng
spood appropriate to tho flap positlon, the threo curves are almost
coincident, as CQn bt. soon J.n Fig. 22. At nirspcc.ds b13101l 1.15 tUIlvS tho
stolling speed, pb/2V ls lnCrGaslng fairly r~pldly and there may be
a danger of autorotation ~f largo aileron deflections are used at
lower speeds. This danGer, hmrover, is unlikoly to arlse durlng a low
spe,?d approach to land, sineo an c,!-'pruci3.blo timo is roquired for the
maxlmunl rate of roll to develop.

Th" ailoron powor, o},:prem".:d aG the rllto of roll por unit aileron
deflection, is shovffi in Fig.23 as ~ fur,ction of alrspeed. Th<:- upper
diagrD.m covers the' 10\7 o.po'il end rof the r&1ge, wb.1.10 tho lowoor ili o.iro'11
covors the' whole speed rc.n,:;e for V:hlCh m,·,.surcrlcnts vrcre nc.de with flups
up. The aileron power vl,-"C just st=tinp; to decrease at the highest
fhght test airspeed (180 knots) and the nnXlmUlll eccurred at about
175 knots,

The maximum r~tos of Qdvcrsc yaw, oxprossud 28 rb/2V, are Ghovm
in Fig.20, as functlonc of the lift coef'fic:lent for ellch flap positlon.
These rates show a general increase "~th incr8ase in lift coefficient,
maximum volues of rb/2V of' 0.03 being obtained in each case. This
n1'lOunt of' 'ldverse yaw was conside£od 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 yawing bohaviour affected the
attainabl.o rate of roll, in order to determine what rolling perforlllilnce
would have been attainable if the y,,-wing had been controlled wlth the
rudder.

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

where (3 is the angle of sideslip and .e,.e nnd .e nre respoctively
v p r

the rolling lllilment dor~vatives due to sideslip velocity, rate of roll
and l'ate of yaw. The volidity of tills assumptlon has been checked by
some calculations of the response of' an aircraft in both roll and ymv
'to various applied rolliJ,g nnd yawing CJom(.n j,s.

It is concluded that if this correctlon is applied to tho measured
instantaneous rate of roll, the resulting time hlstory corresponds
reasonably closely to the curve that would be expected under pure
rolling conditions, at least for the first 1-2 seconds of the motion.
On the Youngman-Baynes aircrqft, for whieh .e is very small, the

v
correction D..'Ilounts roughly to the addition of bebreen 0.5 and 1.5 times
(rb/2V) to the measured nlue of (pb/2V), dopending upon the value of
t
r

(which is roughly proportionDl to CL). ThE. derivatives were

estimated from the charts of Ref .12. The gross ro. te of roll is thus
roughly equal to tho sum of th" measured rates of roll nncl adverse yllVl,
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and ~s adequate in all condit~ons of fl1ght, particularly if rudder is
used to control the adverse yawing. For example, at the mean lift
coefficient used on the approach to land, ,nth flaps down, the use cf
rudder ~n this Viay would increase the available pb/2V (Fig.20) from
0.093 to 0.108.

5.6.2 Response

ThlS sectlon 1S concerned w~th the lag and sluggishness cf
the ailerons, so that it is f1rst necessary to define these tv.o terms.
The definitions adopted by Young in Ref.13 are as follows. The lag is
defined as the time that elapses aCter a control is moved before the
aircraft beg~ns 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 d~splaced before the rolling moment
reaches ~ts full value. This latter definition ~s nct altogether
satisfactory fcr this aircraft, since the rate of roll had usually
reached, say, *of the mDX1mum value in about half the tlIDe taken to
reach the maximum.

Referr~ng to ~'lg. 21, the ailerons start to move at point A cn the
time scale, and the rate of roll starts to develop at point B. The
time interval AB therefore represents the lag. The aileron reaches its
maximum deflection at point C, and, allowing for the lag, the sluggish­
ness is measured from point D to point E, where the rate of roll first
becomes stea.dy.

With the above def~nitions, the lag and sluggishness have been
measured from the records obtained at a range of speeds and aileron
daflections, and mean values are quoted ~n the following table, together
with the corresponding max~mum and minimum values.

To.ble VIII

Flap Lo.g, Secs. Sluggishness, Sees.
Pos~tion

llin~mum Mean Manmum M~nimum Moan 1lax1mum

Up 0.05 0.09 0.16 0.52 0.77 1,09

Half Down 0.06 0.11 0.16 0.51 1,06 1.59
Full Dovm 0 0.11 0.25 0.81 1,05 1.71

It is suggested 1n Ref .13, from an analysis of American fl~ght

tests, that a lag of 0.1 seoonds ~s unnotioed by the pilots while a
lag of 0.25 seconds is objectlonablo. Similarly, a sluggishness of
0.1 seconds was considered satisfactory, while 0.4 seconds was
obj ectionable.

The lag on the o.bove ai,rcraft is therefore considered to be
satisfactory, but it appears that the sluggishness is exoessive. No
complalnts on this point Viere, ho,.ever, made by any of the pilots, in
spite of the fo.ct that the meo.sured sluggishness is 10 times the
recommended va.lue. The reason probably lies in the method of defining
Sluggishness. The pilots wore probo.bly unaware of the instant at which
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the rolhng velocity reached the maximum value, but may have been more
concerned with the time taken for the angle of bank to reo.ch some
chosen vD.1ue. The relabon between the angle of bank and the t:une
measured from the start of the control movement is shown 11, F~g.24-. The
upper curve refers to 001 airspeed of 1.15 t~mes the engine-off stalling
speed, and the lower one to a constant speed oorrespond~ng to a lift
coefficient of 1.0. From this it is seen that 20 degrees of bank can be
applied in under it seconds during 0. flaps-down approach to land, or in
hD.1f that t:une o.t about 80 knots, irrespective of the flap position.
S~nce the aileron control, even o.t low speeds, with flo.ps down, was
never criticised on the grounds of sluggishness, it is suggested that
the defin~tion used enrlier in this section is less realistic than one
bo.sed on the t:une to bank, say, 200 , and tho.t this time should not
exceed 1.5 seconds. By comparison, 0. proposed requ~rement for deck­
landing aircraft (Rof.14-) stipulates 0. time not exceeding 0.75 seconds
for the applico.tion of 10 degrees of bmlk, o.t 0. speed of 1.15 times the
(engine on) stalling speed. In this cond~bon, a SeD.i'ire IIc aircrD.i't
recorded a time of 0.75 seconds for 10 degrees of bank and 1 second for
20 degrees of bank. The lo.terD.1 eontrol on this o.ireraft was considered
to be good.

5.6.3 ,~leron ReversD.1 Speed

From measurements of o.~leron pewer, expressed as the rate of
roll per unit aileron deflection, o.t 0. range of speeds up to the h~ghest

pract~cable speed, the o.ileron reversal speed has been predicted, using
the method given in Ref s. 5 and 6.

For 0. rig1d o.ircraft, aileron power o.s defined above, is directly
proportional to the o.irspeed, V. For o.n elastic aircrD.i't, however,
since the aileron paver must become zero at the aileron revorsal speed
VR, it is assumed that, since iung tors~on and its effects tend to
vary roughly as V2 , the a~loron power is further proport~onD.1 to the
fo.otor (1 - V2/VR2) , sO toot the aileron power pi!; is g~ven by

where k is a constant for 0. g~ven aircraft.

Th~s equahan may be re-wri tten in the form

p/!;V3 = k (1/V2 - 1/vR
2)

so that if we plot p/!;V3 o.gainst 1/V2,!l linear relo.tion should be

obtained, from wmch 1/vi (and thus the aJ.leron reversal speed) can be
obtained.

This has been done ill Fig.25, each point on this diagro.m bemg
obto.ined from the corresponding po~nt on the curve of pb/2V versus
0L as for the flo.ps-up case ~n Fig.18. It can be seen tho.t the
relation between p/!;V3 and 1/V2 is reasonably hnear, at least at
the important high speed end, o.nd the extro.polation to zero aileron
power ~elds an aileron reversD.1 speed of 296 knots. This figure may
be compared w~th the est~mated reversal speed of 220 knots (Ref.15),
based on meo.sured vD.1ues of the wing and flap torsional stiffness, and
D.ll estimo.ted value of the torsional stiffness of the flap root constraint.
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By d~ferentiatlng the above expresslon for alleron power it is
seen that alleron power should be ~ maXlffiQ~ at a speed equal to

vHf [3, "hich ln thlS case, lS 171 knots. In fact, the measured
maxlmUIJ1, in the lowor dlagrnm of Fig.21, occurred at 175 knots.

An :l ttompt wo.s milde to me ,-sure the> twJ.s t produced in the milln flilp
when the allerons were defleotcd at hlgh speeds. The technique
empl<;>yed (desynn tril.11Smlctc.rs ilt e::lCh end of eilch milln flap) vms not
sufflclently senslt:.ve, however, to record :lny ilpprccl::tble ilmount of
twist, although lt u, believed that " tVllSt of ~ degree along the length
of the flilp should easily havo been detectilble. It lS possible that
most of the deflection occurred ln the flap root anchorilge, vmere it
would not be recorded.

5.7 General Handllng Qualitles

Although thi~ was purely a research aircraft, and, as such, might
not be expeGted to possess the stand=d of handling quallhes usually
required on nor~ alrcraft of thlS siz~ ~~ welght, it was, nevertheles~

very well llkod by most of the pllots who flew It.

The take-off, usu:llly milde with flaps up, was easy and straight­
fonf:lrd. No :'lea,surements of take-off distances were made, due to lack
of time, but the distance was not consldered to be exceSSlve.

The ollmb performance v'as gone.ca.lly orlticised, 3l1d a more
powerful dngine would have been appreciated. The measured rate of climb
ilt 5000 feet, and che estims.t~d rate at sea level, are given in Fig.26
with flaps up emd flal's fu:ly down at an A. U.W. of 3,700 lb. The service
ceillng was about 8000 feet (co~pared wlth 14,000 feet for the standard
Proctor). Abovo about '000 feet, it was impossible to maintaln height
with flaps fully dovm, =d a baulked landing ln this conditlon vms
lmpossible.

The normal flying qu:lii ties of the alrc.caft were quite satlsfactory.
The controls He.ce generally libht and effectlvo, though the allerons
tended to becomo heavy n.t hlgh spoeds. The elevator and rudder trimmers
«ere Qdequatc, but since no a~leron trimmur vfGS provided, the 22rcr2ft
could not be flown "hands-off".

The alleron control in pilrt~cular was effect~ve rlght do\Vll to the
stall, at all flap POSl tlons, and the wings could be held level until
the actual stall occurred. The adverse slleron yaw was, however,
becoming slightly unpleilsant in this conditlon.

The recovery from the stall sometlffies took rather S lot of height,
and on one occasion over 1000 feet ViaS lost before level flight wa~

resumed. "~conslderabl~ pull force 'TaS requlred to recover from the
steep d~ve followlng the stall, w~th flaps down.

Lilllding the aircraft was c cnSl der~d to be easy. L3l1dlngs were
usually made Wlth flaps either half down or fully dovm, ill though the
att~tude on the approach wlth flaps fully dovm Vias rather unusual.
The Vlew ahead was, however, excellent. Full use was not usually made
of the aVallable maximum lift coefflc~ent for landlng. The average
ilpproach speed YrJ. th flaps fully down was about 1.4 tlmes the stalllng
speed, but, w~th flaps up, or half do,m, ::t ratio of 1.16 vms normal.
At these speeds, a 3-polnt touch-dovm could be made, with Ilttle or no
float. The speed loss durlng the check Wlth flaps dO'm was large, the
A,S.I. reading at touch-dovm belng about equal to the lndlcated stalling
speed. This probably accounts for the use of such a relatively hlgh
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speed on the approach, w~th the flo.ps fully down. These lo.ndings were,
however, made w~th only 0. smo.ll amount of en~ne on. If flat, eng~ne­

on o.pproaches were used, much less speed would have been lost, in the
check, and 0. l",rer approach sp~ed could ho.ve been used.

6 Conclus~ons

(1) Flight t es ts on the Young:'lo.n-Bo.yIH3S Experimento.l high lift
aircraf't ho.ve shovm tho.t em increme-n t of mo.ximum lift coeffic~ent of
1.32 can be obta~ed on o.n unswcpt low drag scct~on w2ng w~th 0. flap
:u'£EiJlgement wh~ch, '"hen retracted, barely d~sturbs the normal yang
prof~le. Wnile the total ~ax~mum l~ft coeffic~ent of 2.60 is not
phenorr~no.l, it has been obto.~ned, w~thout ~ncrease ~n stall~ng incidence,
on an a~rcraf't whoso mn.x~mum lift c08ffic~ent vrith flaps retracted ~s

only 1.28.

It is suggested that o.n increro.ent of marimum lift coefficient of
0.2 has been lost; due to the adverse effect of wing-fuselage interference,
and it is thought that this loss ,muld not occur with a moderately
tapored wing mounted ~n the Illld- OJ:' high-wing position on the fuselage.

(2) The latero.l control provided by the ailerons inset ~n the
full spo.n flap gave adequate rolling power and satisfactory response
dovm to the stull, at 211 flap posjt~ons.

(3) The profile drag coeffic~ent increments of the flap were
neasured to be 0.023 for a l~ft coeff~cient increNent of 0.45 (at half
flo.p) and 0.071 for a lift cooff~c~ent of 1.14 (at full flap) at a yang
inc~dence of 10 degrees. The corresponding profile drag coefficient
increm8nt measured dur~ng the tunnel t8sts on the 3-d~mensional model
was 0.062 for a l~ft coefficient ~ncremcnt of 1.34.

(4) The changes in lonptumno.l trim dU8 to the flaps were small
and eas~ly controlled, ~~th a taic volume coefficient of 0.7. The flaps
appeared to cause a considerable loss ~n longitud~nal stability. The
true Nagn~tude of this loss, ~n terms of static margin, is d~fficult to ,
assess, since there seems to be a Narked loss in elevo.tor effectiveness
vnth flaps up as the stall is approached. This results in an apparently
very large static margin vnth fln.ps up, which falls to reo.sonable
proporhons when the flaps are lov'ered.

(5) Although the effect of ground on long~tumnal tr~ could not
be measured directly, sufficient ev~dcnce wo.s obtained to conclude
that the trim changes were not large, and no diff~culty WD.S experienced
when land~ng with thc flaps fully d~wn.

(6) The structure of the 'il~ng-flap-aileronarrangement on this
experimental aircraft was adequately stiff in torsion, and the aileron
reversal speed wo.s estimated to be nearly 300 knots.
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Table IX

Aerodynamic Data - Youngman Baynes Exper~mental Aircraft

General Longitudinal Control :
Mean We~ght during
tests, lb

S (Gross Wing area)
sq.ft.

3700

180

T~il S~face area (Gross)
S' sq.ft.

Elevator Area/S'

Engine Gipsy Queen t·/C (t· = distance,
32 CG to ~ T. P. chord)

2.84

Rated/H.P. at sea
level

Power loading,
lb/b.h.p.

Wing loading, lb/sq.ft

Span loading, lb/sq.ft

C.G. pos~tion,

h (c = S/span)

J\irscrew diameter,
feet

250

14.8

7.5

S'/S

Tail Volume Coefficient
s't·/SC

Elevator movement

Type of balance

Percentage balance

S"ick gearing, degrees/inch

0.256

0.7

Horn

12

5

Trim tab angle, max. up/down 19.50 /

260

Airscrew pi teh Fine 11.50

Coarse 250

Total trim tab area, sq.ft 1.05

Gear Rati"

Wings

1 : 1 Ta~lplane sotting to nng
chord

Directional Control

1.05

0.75

Area (grose) S, sq.ft

Span, 2s,ft

Mean Chord, c, ft

Aspect ratio

180

33

5.45

Fin and Rudder area, S", eq.ft 16.9

Rudder Area/S"

tll/e (til = distance, CG to
,centroid of S")

Fin and Rudder Volume coeff'i- 0.099
cient, S" t"/Ss

Dihedral

Sweepback of ! c. line 1 .90

Chord, ft, rcot 6.40

tip 4.61

Section (baaic) root NAGA
65,2-214

tip Nl.cA
65,2-212

Rudder movement .±. 190

Rudder offset 30 to
port

Type of balance Horn

Percentage balance (horn onlY) 4.5

Pedal gearing, degrees/inch 5

Tr:imming tab area, eq.ft 0.20
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Wing twist, root-tip

Flaps

To.ble IX (contd.)

Trim tab angles, max, port 14-.50

starboard 14-.50

Lateral Control

Type Double
slotted

Maximum Angle, Main 150 Type of a~leron Frise

Auxiliary 30° extra Total Aileron areo., sq.ft 22.0

Total flap areaK/S 0.50 A~leron areo./S 0.122

Total Flap chord/local
0.50 Aileron chord/local chord 0.25wing chord

Auxiliary flap chord/
wing chard. 0.25 Aileron spnn/2s 0.4-2

Main flap span/2s. 0.96

Auxiliary flap sp=/2s. 0.54-

Maximum extended chord/c 1 .24-
!

K including o.ilerons, wh~ch move
with main flaps, and droop 150

o.t full flap deflect~on.

Aileron angles, mo.x, up 150

down 150

Percentage balance 27

stick gearing, degrees/inch 4-

Droop, with flaps do,vn, 15°
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FIG.2

FIG.:t FRONT AND SiDE VIEWS OF YOUNGMAN BAYNES

EXPERIMENTAL AIRCRAFT



FIG.3

A.

B.

FIG.3. P.EAfl. VIEWS SHOWING FLAPS EXTENDED

A. FLAPS HALF DOWN} WITH CENTRAL PORTION

B. FLAPS FULLY DOWN OF REAR FlM R.EMOVED
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