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The present invention relates to a ‘particularly simple
and economical device which s readily adaptable to
any ‘actuating member and: which, owing to the rapidity
with ‘which it can- change its positiondue to -its:-smail
mass and its reduced movements; can be used: for pro-
gressively " deviating a -jet - issuing from- the ‘nozzle of
a jet motor with a view ‘to prodicing powerful -overall
torques for the piloting of an aircraft, ‘with the minimum
of power. consumption -and ‘the - maximaum- of ‘respon-
siveness; by the -instantaneous altération ‘of ‘the: “pres-
sure distribution along the: walls of the: nozzle.

In order to vary the direction of a high-speed jet of
gas; it:is in general necessary to:exert a ‘considerable
force ‘or. to move considerable physical masses. This
fact is a drawback in certain applications such ‘as: the use
of a deflection of the propelling jet for ‘producing an
artificial moment about the centre -of gravity of ‘a jet-
propelled aircraft; either ‘thé necessary mechanism - be-
cl':lc_)nlxles complicated, or the -consumption -of power ‘too

igh.

The present invention ‘relates to a deflecting device
that ‘obviates:- the above-mentioned ‘drawbacks; - since it

-enables considerable deflections, of the -order of: magnij-

tude of several angular degrees, to be-effected in a ‘high-

speed jet of gas while using movable parts of only small ¢

mass and-only-employing small' forces compared to the
result obtained. .

The device according to the present invention. is es-
sentially characterized by the fact that it comprises -at
least one -interceptor which- is’'made -to penetrate by
means Of a-suitable actuating system-into the ‘stream:of
gas, either through the wall of the ‘hozzle, - or: behind
sz}id nozzle, in -order -to- vary the ‘direction ‘of ‘thée jet
of gas.

Other features and the chief advantages of the inven- -

tion-will become apparent from’the description ‘thereof
which: will ‘be- given - hereinaftér-with reference-to- the
accompanying drawing which illustrates diagrammati-
cally and merely by way of example various embodiments
of the invention.

In said drawing:

Figs. 1a and 15 show longitudinal sections of a nozzle
provided with a device according to the invention, for
two different positions of the interceptor.

Figs. 2a and 2b, respectively, show a longitudinal
section and an end view of another embodiment of the
invention.

Fig. 3 shows a system for actuating the interceptor.

Fig. 4 shows another embodiment of the invention.

Figs. 5 and 6 illustrate, respectively in longitudinal
section and in end view, a device for controlling the
interceptor.

Figs. 7 and 8 illustrate, respectively in longitudinal
section and in end view, another embodiment of the con-
tI:(()ll élevice for the case where two interceptors are pro-
vided.

Fig. 9 illustrates diagrammatically the resultant forces
where the interceptor is introduced at a small angle as
heretofore proposed by others, and

Fig. 10 illustrates diagrammatically the resultant forces
where the interceptor is introduced at right angles within
the supersonic jet as per the present invention. ‘

In the wall of a nozzle 1 an opening is provided
through which is adapted to move an interceptor 2 of
any suitable shape. The presence of this obstacle changes
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thecdistribution-of the:pressuresalong the -corresponding
wall ‘of the ‘nozzle, ‘thereby producing both ‘a transverse
force: applied :to'said nozzle ‘and ‘a defiection.-of - the jet
issuing therefrom. These two effects are connected with
one .another by ‘the: laws. of ‘mechanics. Figs: 2 show
a rmodification whérein ‘the -interceptor is located out-
side  the nozzle.-

The high speed of the jet of -gas, which ‘may be below
or above the speed of sound, makes it :;possible to reduce
considerably the response-lag of aerodynamic origiiy, as
compared with similar ¢ontrol -surfaces- which -are -sub-
jected only -to.the wind: produced by the -flight -of  the
aircraft. Furthermore, the action. of the device obviously

‘depends little on the speed of flight:

Another -advantage of - ‘the - arrangement proposed ‘is
that, so long as no deflection: is required; the- interceptor
remains outside the. jet ‘of -gas which ‘may be at high
temperature and -be moving -at very ‘high velocity; con-
sequently, - the interceptor- is: less-liable -to damage: than

‘the: known system -of deflecting flaps which ‘are adapted

to move about an axis at right angles to that of the
nozzle and are constantly immersed in ‘the fluid stream.

The. small-'size:-of ‘the. necessary :interceptors: makes
it:possible to place ‘a whole series 2, 2a, 2b . . . thereof

in -a ring about ‘a-nozzle of revolution -(see Fig. 4),

thereby making it possible to vary-in a very simple ‘man-
ner the meridian plane in-which the lateral force F or
the lateral' component of -thé-speed: is produced. -

Tests have shown thdt, between -certain limits, the
angle of deflection‘(angle formed between Ve and Ve')
(Fig,  15) wvaries in' the same ‘direction as the length 1
by which the interceptor has penetrated into the stream
of gas; the-device according to-the -invention can, thére-
fore, be used both ‘for: continuously: adjusting the direc-

tion- of the- jet-and for producing -a -discontinuous adjust-

ment:of said direction according to the all-or-none prin-
ciple. -

In the case in which thé interceptor :moves- between
two -extreme- -positions,  since ‘A can only assume - two

values, Ay and hz (see Fig, -3), this ‘movement- may, -ad-

vantageously -bé--obtained ‘by securing the ‘interceptor

- 2 to thé moving -armature-3 ©0f an ‘electromagnet- 4,"to

46

50

60

80

which® current-is supplied ‘at- will: ‘or automatically by
means-of-a switch 5. In this ‘case; the defleécting action,

“which may ‘be very powerful, is: produced by -actuating

the switch §; the current consumed by-the electromagnet
4 may.be small since the force to which the interceptor is
subjected: in the -direction-at right angles to the -axis of
the nozzle is: almost zero. i

Referring to Fig. 6, the intercepting surface ‘2, which
is--located,” in  this “example,: behind thé -nozzle 1, is
integral’ with an- arm 6- which: may rotate about the
shaft 7. This arm is normally maintained ‘in -the re-
tracted position of the interceptor, by means of a spring 8.

A lever 9 at the end of the shaft 7 is engaged by the
rod 10 which is unitary with an iron member 11 adapted
to be attracted by the electromagnet 12.

When a current passes through the electromagnet 12,
the iron member 11 is attracted. The rod 10 pulls on
the lever 9 and causes the shaft 7 to rotate, the spring
8 to become extended and the interceptor 2 to be intro-
duced into the jet.

When the current ceases, the attractive force of the
electromagnet on the iron member is no longer exerted
so that the interceptor is brought back to its retracted
position by the spring 8§.

Figs. 7 and 8 show the case where two interceptors
are provided. These interceptors 2 and 2a are secured
to the ends of a resilient blade 21 secured to a member
integral with the nozzle 1.

This resilient blade 21 carries an iron member 22
which can be attracted by the electromagnet 23.

The resilient blade returns into the jet the interceptor
which has previously been retracted by the action of
the electromagnet.

Both interceptors 2 and 2a are mechanically or elec-
trically co-ordinated. They move in the same direction,
i. e. when interceptor 2 is in the jet, interceptor 2a is
outside the jet and vice-versa.

The device according to the invention may be used

(a) For the piloting of an aircraft, at any speed and
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at any altitude, either by a direct action of the pilot
on the chosen interceptor surfaces by means of conven-
tional mechanisms or even by an indirect action by
means of a suitable pulsating device (not shown);

(b) For deviating a gaseous jet issuing from a nozzle,
whether the purpose of this deviation be (or not) the
protection of a space swept by the jet or the feeding of a
rotary power machine.

It is obvious that the invention has only been described
and illustrated in a purely explanatory and in no wav
limitative manner and that any modification of detail
may be made therein in accordance with its principle
without exceeding its scope.

It has been found by experience that in the case of
a supersonic gaseous jet, the method of operation of an
interceptor employed to produce a controlling moment
on a nozzle, as well as the results obtained are totally
different depending on whether the said interceptor is
introduced into the gaseous jet at a right angle or not.

According to established principles, an interceptor ac-
cording to the present invention, introduced perpendic-
ularly into a supersonic gaseous jet, gives rise to a sep-
arate shock wave inducing -an over-pressure zone up-
stream of the interceptor, the flow being subsonic within
said zone.

An interceptor introduced, on the contrary, like stand-
ard aerodynamic flaps, at a small angle within a super-
sonic gaseous jet gives rise to a shock-wave not detached
from said interceptor, so that in that case there is no
over-pressure zone upstream of the interceptor, and the
flow along the latter is supersomnic.

If follows from this essential difference, that:

(a) In the case where the interceptor 2 (see Fig. 9)
is introduced at a small angle inside the supersonic jet,
the pressures acting upon said interceptor exert a force
F1 giving rise to a diving moment, it being noted that
the shockwave O1 not being separate and the flow along
the interceptor being as a result supersonic, considerable
friction forces Fz will occur and reduce the efficiency
of the interceptor which then only operates through
resultant R.

(b) On the contrary, in the case where the inter-
ceptor 2 (see Fig. 10) is introduced at right angles within
the supersonic jet, the force F1 acting upon the interceptor
itself gives rise not to a diving moment but to a lifting
moment (small in view of the short lever arm di).

The diving moment results from the fact that the
shock wave O, which is separate, gives rise to over-
pressures exerted along F, upstream of the interceptor
directly on the body of the nozzle.

The pressure and velocity changes within the gaseous
jet caused by introducing the interceptor 2 at a right
angle are bound to each other by the law of the quantity
of motion. :

The jet thrust that was axial before the introduction
of the interceptor shows therefore a lateral component
R, resultant of F and Fi. :
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If Ro is the total thrust, the jet is accordingly deflected
by an angle « such that

sin a= L
[+4 Ro

I claim:

1. In a device for deflecting a supersonic gaseous jet,
a nozzle subject to supersonic flow of a gaseous current
therethrough, at least one movable jet-intercepting sur-
face disposed at right angles to the gaseous current, said
surface having relatively small dimensions in compari-
son with those of the nozzle and located adjacent the
outlet orifice of the said nozzle and outside the nozzle
when in the position of rest, the end of said intercepting
surface adjacent said outlet orifice having a bevel shape
so as to reduce frictional forces, and actuating means for
introducing a single movable interception surface at a
time into the supersonic gaseous current at right angles
to said current, whereby the displacements of said mov-
able surface result in an impact wave producing pro-
portional changes in the distribution of pressure along the
corresponding wall of the nozzle upstream of the inter-
cepting surface and a proportional substantial deviation
of the longitudinal axis of the supersonic jet without
modifying the output of said nozzle.

2. In a device for deflecting a supersonic gaseous jet,
a nozzle subject to supersonic flow of a gaseous current
therethrough, a movable interceptor located immediately
adjacent the outlet orifice of said nozzle and having a
deflecting surface disposed at right angles with respect
to the nozzle gas flow, and actuating means moving
said interceptor into the supersonic gas stream in a
direction perpendicular to the flow of gas to deflect the
flow of gas, producing an impact wave and thereby
causing a substantial deviation in the direction of flow
of the supersonic jet stream, said deviation of the super-
sonic jet stream resulting in a side thrust applied to
the wall of the nozzle upstream of the interceptor.

3. Device according to claim 2, wherein the movable
intercepting surface is located downstream relatively to
the outlet orifice of the nozzle.

4. Device according to claim 2, wherein the movable
intercepting surface is located upstream relatively to out-
let orifice of the nozzle.
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