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"VILLIERS 34" SLOTTED-WING AIRPLANE (FRENCH).*

Night Pursuit Sesquiplane.

The "Villiers 34 C.A.N. 2" is a night pursuit sesquiplane,
equipped with the 450 HP. direct-drive Lorraine 12 Eb engine.
It is characterigzed by the Handley Page slotted wing (Figs. 1,
2, 3, and 4). It is very advantageous for a night airplane to
have a low minimum speed, sufficient manageability above the
critical angle, elimination of the danger of stalling from loss
of speed, and short take-off and landing runs, all of which
gqualities are supplied by the slotted wing.

_In the ”Villiers 24" only thé upper wing is provided with
the slot déviée._rThis consists of a séparable leading edge oI
flap interconnected with the trailing edge, excepting the cen-
tral portion of the latter, which is fixed. The profile adopt-
ed is the R.A.F, 31, which has long been used in England. The
Etablissements Villiers propose to replace it ultimately by an
improved profile which is now being investigated.. On the first
airplane the device will be operated by the pilot; later, 1t
will be automatic. The opening of the slot causes, at the

same time, a vpositive deflection of the rear flap and of the

*" 1 avion Villiers 24 & aile a fente," in L'Aéronautique,
March, 1928.
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ailerons, the latter Tretaining, however, their normal deflec-
tion for every position of the device.

The "Villiers 24" is of mixed construction (Wood? metal
and fabric) with a monocogue fuselage built on six longerons.
The tail planeé are constructed of wood, the stabilizer being
adjustable during‘flight. The landing struts are two panels'
of glued wood. The removable engine-propeller group 1s mounted
on a durélumin support. A silencer is mounted dn the exhaust.

The slotted wing makes it possible to réducé‘the speed of
the airplane from 212 km (131 mi.) per hour to a minimum of
101 km (83 mi.) with the slot closed, and to 70 km (43.5 mi.)
with it open. These figures were obtained in the first flights
made early in March by Hr. Descamps and are evidently suscepti-
ble}of improvement, - O i

Tigure 5 shows the trailing edge of a wing with one of
the fleps in place. The flaps and ailerons ere hinged to their
suppofts,_the axis of articulation being outside of the profile
and behind the front edge of the flaps so as to balance them
automaticelly. The lowering of the flaps and‘ailerons is ef-
fected by levers mounted on the front tube and by connecting
.rods. The ailerons retain their freedom of motion of 20° upwazrd
and 12° downwardfin any position of the device.

Figure 6 shews the mechanism for operating the leading-
edge fleps. A tube, mounted in the leading edge of the wing,

is controlled by a screw and a helicoidal wheel placed in o case.
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The front flep is operated by mezns of levers rigidly attached
to said tube and to the leading edge of the wing. The rear
flap is controlled by levers mounted on the tube.

Figure 7 shows-the cewling of the stabilizer, which Tesem-—
bles the joint of an insect. A duralumin éheet slides between
two other sheets so that the rear portion of the fuselage reméins
cevered in any position of the stébilizer, which is adjustavle

during flight.
Effect of Slotted Wing on Safety of Airplane

The slotted wing, which has been undergoing development
for sevéral &ears in England unde: the direction of F. Handley
Page, constitutes one of the mest important devices frem the
viewpoint- of safety in flight. It is"khown that a@eve\a qertainu
angle of attack (the critical angle there is a separation of the
alr filements en the top of the wing, which results in a diminu-
tion of the 1ift accompanied by a considerable increase in the
drag. . If the ailerons are operated at this instant, the drag
is still further increased and stalling occurs with all its
well-known oonsequendes;

The introduction of a .slot inte the leading edge of the
wing results in considerably increasing the critical angle of
attack. The 1ift also 1s greatly increased (semetimes nearly

100%) for zngles of attack up te 25 er 390 ingtead of the usual

*'L'aile & fente et la sécurité de 1ltavion," in L' Aéronautique,
April, 1928, pp.117-130.
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14 to 18°: The néturél result is a great reduction in the mini-
mum speed, as likewiseé in the take—off run and landing run.
When the slot is closed, the profile is like the ordinary pro-
file and behaves the séme.

Experimentation with this device led tc combining it with. a
rear flap which is operated simultanecusly with the front flap.

Tne tests then showed that it was possible to render the
operaticn of the flaps entirely automatic and thus obtain ean
automatic lateral control. The test flights demonstrated on
many occasions that an airplane, nosed up beyond the critical
angle, descended vertically and theﬁ begoan a dive without slip-
ping cff on the wing or going into a spin.

The very interesting results induced the Etablissements
F. Villiers to acquire for France the rights to the Handley Page
'dEViée; which has first been dpplied to the ﬁiéﬁt pursuit air-
plane "Villiers 24."

| We consider it of sufficient ihterest to give a few tech-

nical details en this device, which lends itself to various
adaptations as illustrated diagrammatically by Figure 8 (A, B,
and C). |

A.— The Wing can be provided with a front flap extending
over the entire span, interconnected with a rear flap independ-
ent of the ailerons, and also providedfwith ailerons intercon-
nected or not with the front flap, the operaﬁion of the létter

being either sutomatic or controlled by the pilot.
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B.—~ Another arrangement consists in installing two Iront
flaps, covering the same portions of the span as the ailerons,
and interconnected or not with the latter, in order to obtain

automatic lateral control.

C.— The two preceding arrangements can be combined, the
end flaps serving for the automatic lateral control and the
central flops (either automatic or controlled) serving to re-
duoe the minimum speed.

The "Villiers 24" as constructed has the wing profile
R.A.F. 31, already tested in England. It seemed, however,; thot
the results could be considerably improved, and it is hoped that
the profile "Villiers A 5" (Fig. 9) will show such improvement.
At the top of the figure a drawing shows the front flap mounted
oM a jointed parallelogram whose motions can be controlled by a
rotating tube, which simultaneously actuates the rear flap
through connecting rods and levers. The two lower diagroms show
the extreme positions, while Figure 10 shows the corresponding

polars ond moment curves. It is seen that the maximum 1ift of

c 128, for i = 18° of the normal profile, increases to

zm

248 for i = 35°, or an increase of 93.8%, thus corre-

i1

Czm
spending to a reduction of 39% in the minimum spced. This re-
sult renders it possible to alight on water at night or when

there is no vislbility, the pilot having only to hold the air-

plane at the angle of minimum speed.
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We scid the operation of the flops could be either cutomat-
ic or controlled. Investigation of the action of the air on
the flops has shown, in fact; that it is possible to control
the fleps in such manner that they will separate frem the wing
for a given angle of attack under the séle actien cof the aero-
dynamic resultantlon its surféce; Figure 11 shows the position
of this resultant for varidus engles of atbacki For example,
a flap can_bé regulated in such a manner that it will open as
~soon as the angle of attack reaches 89 and close again when the
angle has dropped below 8°. Locking the device will enable the
pilof to stop at will its automatic'functidning, which will be
cf advantage in some cases, such as climbing and stunt flying.

The automatic lateral control is based on the following
considerations. If 1 denotes the critical angle of attack
of the ﬁiﬂg with the slots clgsed énd i“ fhatAwith fhe slots
open, the opening of-the slots between the flaps_for lateral
centrol and the central part of the wing affects the polér of
the airplane: The critical angle of the whole airplane will be
increased and will lie between 1 and i'. The 1ift.of the wholeb
airplane will also be increased by a certain percentage depend-
ent én the ratio of the span of the lateral-control flaps to the
total span. The critical angle of the portion of the wing pro-
vided with lateral-—control flaps, as well as its 1ift, will al-
ways be greater, hewever, than the same characteristics of the

whole wing. The result is a lateral control which remains very
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efficacious abéve the critical angle of the vwhole airplone. O0OFf
course thc range of the angles of deflection of the ailerons
remains constant regardless of the position of the lateral-
control fleps.

From o necte recently sent us by Handley Page following his
Stockholm n~ddress, we will take o few statements ond figures
Which wv1ll supplement vhat we have already said.

On comparing an ordinary wing having o reor flap with o
like slotted ﬁing of normal English profile, it is found thet,
for o deflection ef 20° of the flep, the maximum 1ift increcses
only 10% in the former case ard 10C% in the latter case, thus
demonstrating the impcrtance of the simultaneous use of the rear
flap and of the slet. Figure 12 shows the connecting syétem
by which the slet is enlarged when the aileron is depressed and
is closed vhen the aileron is raised. A variant is represented
by Figﬁfe 13, The slot remains ccnstant-when-the aileron is
deflected, a connecting rod with a spring shock abs»srber acting
on a swmoll deflecting plane, which projects vertically above the
wing when the aileron is raised. Figufe 14 shevis diagrammatically
the mounting, on a Bristol combat airplane, of the movable part
" of the lecding edge fbr opening and clcsing the slet at given
angles of ottack for the purpose of better autcmatic lateral

control under the sole action ¢of the aerodynamic forces.

These facts indicate that the slotted wing has made an im-
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portant contribution to the problei of the safety of flight by
airplone. Hitherto an airplane inclined above the critical
angle of attack became uncontrollable by the pilot until it had
fallen & sufficient distance to regain speed enough to enable
its sustentation ot an acceptable angle. The new device enables
the pilot clways to keep control of his airplane, to avoid feolls,
spins ond glides, ond also to reduce greatly the take—off ond

loending runs, while enjoying the benefits of a lower miniwmunm

speed.
Characteristics
Povier 450 HP.
Span | 13.00 m ( 42.65 T%.)
Height ' 3.30 " ( 10.83 )
_ Length o ,xg;?;§§.75 " ( 88;71‘ ! )
Wing area i@ m2 (452 sq.ft.)
Teight empty -~ 1489 kg (3239 1b.)
Useful loa 450 . ( 982 ")
Fuel " 300 " (881 )
Full l 2219 " (4892 't )
Wing loading 52.8 kg/m®  ( 10.81 1b./sq.ft.)

Power " : 4,97 kxg/HP ( 10.8 1b./HP.)
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" Performances

Moximua speed at sca level ( 1850 R.P.M.) 212 km/h
(132 mi./nhr.)

inimum 0 " ' 5000 m (18400 ft.) 200 km/h
. : (124 mi./hr.)
Ainimum speed, slot closed, 101 km/h

( 83 mi./hr.)

" " " cpen, 70 km/h
(43.5 mi./hr.)

Climb to 6000 m (19685 ft.) in 50 minutes.

Flight range : ' 3 hours.

Translation by Dwight ii. kiner,
National Advisory Committee
-for Aeronautics.
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(a)Span 13.00 m (b) Span 9 m Length 8.75 m
(42.65 ft.) (29.52 ft.) (28.71 £t.)
Height 3.30 m Wing area 423 m2
(10.83 ft.) </ (452 sq. ft )
R

Iorraine 12 Eb 450 HP engine (W type).

Fig.l1 The Villiers 24 C. A N.2 night pursuit airplane
with slotted wing.
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Sketches Shoﬁing structure of the Villiers 24

C.A.N. 2 night »pursuit airplane.
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Axis of airplane -

1

c

a,Rear flap interconnected with front flep.
b,Aileron interconnected or not with front flap.
c,Flap automatic or controlled by pilot.,

B

|

d,Aileron interconnected or not with front
flap of automatic lateral control.
e,Front flap of automatic lateral control.

C
I f g
I s I 7
¥ i/

f,Central rear flap interconnected with
front central flap.

g,Alleron interconnected or not with the central
part of front flap or with the front flap of
automatic latsral control.

h,Central part of front flap,either automatic or
controllsd by pilot,serving simply to reduce
the minimum spsed.

i,Front flap of automatic lateral control.

Fig.8 Slotted-wing arrangéments.
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Coentrol device

Control tube for front slct

.A,Rear slot,front'slot clesed.

B,Rear slot 20°,front slot open.

. N~ ‘ . B
—_— —

Fig.9 F.Villiers A-5 airfoil.
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Fig.10 Polar curves for profile A-B.Velocity 40m/s.
8t.Cyr laboratory.
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