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2 Claims. (Cl. 230—95)

The present invention has for its object a static device,
that is to say without any moving parts, enabling a mass
of gas to be set into motion by means of another much
smalier mass of a fluid possessing a large amount of
energy. ,

Tt is known that in the usual types of gas turbine, or in
turbo-jet units for aircraft, a cycle is employed in which
a gas is successively compressed in-a rotary compressor
and is then expanded in a turbine, the internal energy of
the gas being increased between the compressor and the
turbine by means of a burner so as to recover in the tur-
bine more energy than was expended in the compressor,
this surplus of energy being the useful energy.

The applicant had also the idea of producing a cycle
in which a gaseous fluid is subjected to two reverse Op-
erations, between which its energy is increased in order
to collect a useful energy at the end of the operation.

Tn accordance with the invention, the fluid is first of
all ‘expanded and then it is compressed, and between
these two operations, the internal energy of the fluid is
increased, these three operations being carried out with-
out the use of any moving part. More especially, the two
phases or operations of expansion and compression take
place inside a circular convergent-divergent nozzle of
the Venturi type, the expansion taking place in the known
manner in the convergent portion and the compression
in the divergent portion, whilst the increase in energy
takes place in the convergent portion (it is completed in
any case at the neck of the Venturi) by providing an an-
nular nozzle, also of convergent-divergent form, which
discharges into the convergent of the circular nozzle, this
annular nozzle being supplied with a fluid under pressure
through a slot, one of the lips of the mouth of said slot
being extended so as to form at least one of the walls
of the annular convergent-divergent nozzle.

To other words, it can be seen that a device in accord-
ance with the invention is based on the property of cir-
cular convergent-divergent nozzles of -the Venturi type
which produce (apart from the losses) the conversion of
a portion of the potential energy (of the gas. which passes
through them) which exists at the intake of the conver-
gent, into kinetic energy at the meck of the discharge
nozzle (the speed of passage of the fluid being a maxi-
mum at the neck), and then conversely, the re-converson
of this increase in kinetic energy into -an increase in po-
tential epergy in the divergent. There is thus again
found the same potential energy and the same kinetic
energy at the outlet of the divergent as at the intake of
the convergent, it being understood that the inake and
oulet cross-section are identical, and assuming that the
losses are nil, which is not the. case except in theory.

In order to.obtain at the outlet of the divergent an
additional energy which can be used in the form of
kinetic energy and/or in the form of potential energy,
it is necessary to add a fresh quantity of energy to the
gas which circulates in the nozzle and, in accordance
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vergent-divergent, known as the primary nozzle, the di-
vergent of which discharges into the convergent of the
circular nozzle, known as the secondary nozzle, said an-
nular nozzle ‘being supplied by a slot through which is
passed a fluid under pressure. ]

in an alternative form, the annular coavergent-diver-
gent nozzle may comptise only one single solid wall, the
other wall being produced fictitiously by the mass of
gaseous fluid which circulates in the convergent of the
circular nozzle into which the annular nozzle discharges.

It is of course possible to arrange a mumber of an-
nular nozzles so that they discharge into the convergent
of one only or of a number of circular nozzles in order
to produce a device in accordance with the invention.

In order that the invention may be better illustrated,
it will now be described in connection with particular
forms of embodiment thereof, reference being made to
the accompanying diagrammatic drawings, it being well
understood that these forms are given solely by way of
examples and act in no way to limit the scope of the
present invention. .

In the drawings:

FIG. 1 shows in longitudinal cross-section a first form
of embodiment of a device in accordance with the ‘in-
vention;

FIG. 2 shows, also in longitudinal cross-section, a sec-
ond form of embodiment in which use has been made of
a number of discharge-nozzles in order to produce a de-
vice in- accordance with the invention;

FIG. 3 shows an alternative form of the mode of em-
bodiment of FIG. 1; :

FIG. 4 is an alternative form of the embodimen
shown in FIG. 3;

FIG. 5 shows in cross-section along the line V—V
of FIG. 6, a form of embodiment in which a number
of annular discharge nozzles discharge into a single cir-
cular nozzle;

FIG. 6 is a plan view of the device shown in FIG. §;
and - - C -

FIG. 7 is a fragmentary longitudinal view of a modi-
fied embodiment of a device of the type shown in FIG. 1.

Referring first of all to FIG. 1, in which a first form
of embodiment has been shown, it is seen that a static
device  in accordance with the invention (a body of
revolution -about the axis XX') comprises a circular
convergent-divergent nozzle on Venturi 1 (being the sec-
ondary nozzle which comprises in the known manner a
convergent 2, a neck or throat 3 and a divergent 4) and
an annular nozzle 5 also convergent-divergent being the
primary nozzle comprising a convergent 6, a neck 7 and
a divergent 8), the divergent 8 of the nozzle 5 discharg-
ing into the convergent 2 of the nozzle 1.

The annular nozzle 5 is supplied with a fluid under
pressure from a container or from a piping system 9
which is discharged through a slot 18. This is circular
as shown or it may be formed only in one portion of the
convergent 6 of the nozzle 5. One of the lips 11 of the
mouth of the slot 16 is extended so as to form one of the
walls of the convergent 6 of the annular nozzle 5, while
the other wall of this convergent is formed (in the same

_way as one of the walls of the neck 7 and of the diver-
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with one of the essential features of the invention, this .

addition is effected by the introduction into the conver-
gent portion of the nozzle of a smal mass of fluid having
a very high energy. More especially, this introduction
is carried out by means of an annular nozzle also con-

gent 8 of this nozzle 5) by a hollow member 12 of
revolution, carried by means (not shown) inside the dis-
charge nozzle 1. The annular wall adjacent the slot in
effect defines in a cross section of the primary nozzle a
surface which forms in an extension:of the lip of said
slot on the side toward the outlet of said primary noz- -
zle and which progressively recedes from the direction
of emergence of said fluid under pressure from said slot.

The nozzle 1 is open at both its exiremities: at the
up stream extremity of the convergent 2, the ambient
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air 13 is set into motion by the fluid passing out of the
slot 10. In FIG. 1, arrows 14 have been used to show
the fluid passing out of the slot 10, while the arrows 15
represent the ambient air drawn in through the annular
nozzle 5. :

In addition, the mixture of the -ambient air and the
driving fluid passing out of the extremity of the divergent
8 of the nozzle 5, which mixture is represented by the
arrows 16, carries along the ambient air in the direction
of the arrows 17 across the ceniral hollow portion of
the member of revolution 12.

It should be noted that by construction and in accord-
ance with one of the features of the invention, the fluid
passing out of the slot 18 draws along in the direction of
the arrows 15 a quantity of ambient air much less than
the quantity of ambient air drawn in the direction of
the arrows 17 by the mixture leaving the nozzle 5 in the
direction of the arrows 16.

The mixture of three fluids (fluid passing out of the
slot 10, air carried along the direction of the arrows 15,
and air drawn along following the arrows 17) takes place
in the convergent 2, and this mixture, represented by the
arrows 18, reaches the throat 3 at which its kinetic en-
ergy is a maximum, in the divergent 4, the potential en-
ergy of the mixture increases by the transformation of
a part of the kinetic energy into potential energy (the
mixture is represented by the arrows 19 in the diver-
gent 4).

Finally, the mixture leaves nozzle 1 in the direction
of the arrows 28 with a momentum and in consequence
a large useful thrust.

In actual fact, with a small mass of a fluid under pres-
sure contained in the reservoir 9 or supplied through the
piping system 9, a large mass of ambient air 13 has been
carried along and a large thrust has been obtained, given
that a large mass of fluid passes out in the direction of
the arrows 28, having in consequence a large momentum.

In FIG. 2, there has been shown an assembly compris-
ing three devices of the type shown in FIG. 1, arranged
coaxially one inside the other around the axis of revolu-
tion X—X'.

In this form of embodiment, the driving fluid leaves
under pressure containers 21 through a series of slots 22
of which one of the extended lips 23, as heretofore de-
scribed, constitutes one of the walls of a convergent 24
of an annular convergent-divergent primary nozzle 25,
the divergent 26 of which discharges into the convergent
27 of ‘a secondary convergent-divergent nozzle 28.

The operation of the multiple set of nozzles of FIG. 2
is the same as that of the nozzles of FIG. 1. The fluid
passing out under pressure through the slots 22 carries
along a small quantity of ambient air in the direction
of the arrows 29, and the mixture of the air 29 and the
driving fluid discharged following the arrows 30 into the
convergent poriion 27 carries along a further quantity
of ambient air in the direction of the arrows 31, the total
mixture taking place in the convergent portion 27 of
each nozzle 28 (arrows 32), and the final thrust being
obtained at the outlet of the total mass of fluid following
the arrows 33.

As in the case of the first form of embodiment, the
internal walls of the primary nozzles 25 are constituted
by hollow members of revolution 34.

This form of embodiment enables much flatter noz-
zles to be constructed, that is to say in the case in which
the axis XX’ is vertical, nozzles of small height, which
nevertheless produce a large thrust.

The form of embodiment shown in FIG. 3 is similar
to that of FIG. 1, and for that reason the same reference
numbers have been used to indicate the corresponding
parts, and it has not been considered useful to desciibe
the identical portions, in view of the description given
with reference to FIG. 1, which is applicable to FIG. 3,
being a body of revolution about the axis XX’ the arrows
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showing the movements of the fluids have only been in-
dicated on the right-hand portion of the drawing,

The single difference is constituted by the fact that
the extended lip 11’ of the slot 10, through which passes
the driving fluid in the direction of the arrows 14, forms
first of all an elbow 35 before turning round at 36 to
form at 11’ one of the walls of the convergent 6 of the
nozzle 5, the other wall of this convergent being formed
by the hollow member 12. The second lip 37 of the
mouth of the slot 10’ is advanced so as to form a kind
of screen or baffle forcing the driving fluid to carry out
a winding movement.

There is thus obtained a nozzle with reversed thrust
between the walls 35, 36 and 11’ on the one hand, and
37 and 12 on the other.

Due to the known operation of the Coanda effect, de-
scribed for example in U.S. Patent No. 2,052,869, granted
September 1, 1936, to Henri Coanda, the driving fluid
discharged under pressure through the slot 16’ will create
a zone of reduced pressure in the immediate proximity
of the curved extended lip 36 and starting approximately
at the point marked 36. The driving fluid consequently
tends to move into this zone and its direction of flow
is along the wal] 11’ and into the throat and the divergent
of the annular nozzle 5. This flow again creates a pres-
sure drop at the convergent intake of the nozzle §, and
a movement of the ambient air is thus induced in the di-
rection of the arrow 15, this movement becoming ac-

clerated by the driving fluid at the convergent portion
of the nozzle 5.

The form of embodiment of FIG. 4 is identical with
the form of embodiment shown in FIG. 3, apart from
the fact that the member 12 is dispensed with, the in-
ternal wall of the nozzle § being realized fictitiously by
the ambient fluid which has been set in motion. This
fictitious wall has been shown by broken lines 12’

In FIGS. 5 and 6, there have been shown a form of
embodiment in which a series of annular convergent-di-
vergent primary nozzles 38 discharge into a secondary
nozzle 39, also convergent divergent, only the convergent
40 of this nozzle being shown in FIG. 5 (the nozzle 39
is similar to the nozzle 1 of FIG. 1).

Each nozzle 38 comprises a convergent portion 41
into which discharges a slot 42 supplied with air under
pressure from a chamber 43. The convergent 41 is
formed on the one hand by the extended lip 51 of the
slot 42 and on the other hand by the hollow member 52.

The fluid under pressure passes out of the slot 42 in
the direction of the arrows 44, and it carries with it the
ambient air in the direction of the arrows 45. The mix-
ture of the air 45 and the fluid 44 passes to the neck 46
and then into the divergent 47 of each nozzle 38 to pass
out following the arrows 48 and carrying along the am-
bient air in the direction of the arrows 49 through the
interior of the hollow member 50.

As in the case of the form of embodiment of FIG. 1,
the mixture of the three fluids (the fluid passing out
through the slot 42 in the direction of the arrows 44, the
fluid 41 and the fluid 49) passes through the convergent
portion of the nozzle 39, and then through the neck and
the divergent (not shown) of this nozzle, before being
discharged to produce the desired thrust,

It will of course be understood that modifications may
be made to the form of embodiment shown and de-
scribed, and that elements may be replaced by equivalent
elements, without thereby departing from the spirit and
from the scope of the appended claims,

For example, the extended lip of the mouth of the slot
through which the driving fluid is supplied may be
f_ormed by facets instead of being constituted by a con-
tinuous curve. An embodiment of the invention having
this feature is illustrated in FIG. 7. The device illus-
trated has a circular convergent-divergent nozzle or ven-
Fu.ri;71 comprising a convergent portion 72, a throat 73
joining the convergent portion to 2 divergent portion 74.
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This venturi forms the secondary nozzle of the device.
A primary annular nozzle 75 is formed by an annular
member 76, in conjuntcion with the mouth of the afore-
mentioned convergent nozzle in which it is disposed co-
axial therewith. This primary nozzle has a converging
portion 78 and a throat 79 formed by a facet 80 and the
annular member. A divergent portion 82 of the primary
nozzle opens into the converging portion 72 of the sec-
ondary nozzle. Driving fluid under pressure is provided
from a source, not shown, through conduit means 84 to
a circular slot 85. This device functions in the manner
of the device. illustrated in FIG. 1 to impart movement
to the ambient fluid as heretofore described.

What I claim is:

1. A device for imparting a high velocity of flow to a
compressible fluid by means of a relatively small flow
of an auxiliary compressible fluid, said device compris-
ing a secondary convergent-divergent nozzle providing a
main fluid path for a compressible ambient fluid to
which rapid flow is to be imparted, said secondary nozzle
"having an annular wall defining a convergent inlet and
a divergent outlet and a circular throat coupling together
said inlet and outlet, annular means coaxial with said
secondary nozzle defining in conjunction with said con-
vergent inlet of the secondary nozzle at least one an-
nular primary nozzle in the imlet of said secondary
nozzle and having a convergent inlet and a divergent
outlet disposed for delivering said compressible ambient
fluid into and within the inlet of said secondary nozzle,
said annular wall of said secondary nozzle having an an-
nular Coanda slot extending around said annular means
and spaced radially outwardly therefrom, said slot hav-
ing spaced lips, a chamber communicating with said slot
and adapted to receive an auxiliary gaseous fluid under
pressure which is discharged as a high-speed jet through
said Coanda slot into said convergent inlet of said pri-
mary nozzle, said wall having an annular portion defin-
ing in a ‘cross-section of said primary nozzle a surface
forming an extension of the lip of said slot on the side
toward the outlet of said primary nozzle and which
progressively recedes from the direction of emergence
of said pressure fluid through said slot so that a stream
of fluid discharged through said stot tends to follow said
surface and to induce adjacent ambient fluid in said pri-
mary and secondary nozzles to join in the stream, and
said stream of pressure fluid and ambient fluid flowing
outwardly through said divergent outlet of said second-
ary nozzle.

2. A device for imparting a high velocity of flow to

a compressible fluid by means of a relatively small flow

of an auxiliary compressible fluid, said device compris-

10

6
ing a secondary convergent-divergent nozzle providing 4
main fluid path for a compressible ambient fluid to which
rapid flow is to be imparted, said secondary nozzle hav-
ing an annular wall defining a convergent inlet and a
divergent outlet and a circular throat coupling together
said inlet and outlet, an annular body of substantially
conical section coaxial with said secondary nozzle defin-
ing in conjunction with said convergent inlet of the sec-
ondary nozzle at least one annular primary nozzle of
convergent-divergent section -having a convergent inlet
and a divergent outlet, the divergent outlet of said pri-
mary nozzle being disposed for delivering said compres-
sible ambient fluid into and within the inlet of said sec-

" ondary nozzle, said secondary nozzle having an annular
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Coanda slot formed in said annular wall of said second-
ary nozzle extending circumferentially around said an-
nutar body and spaced radially outwardly therefrom,
said slot having spaced lips, a chamber communicating
with said slot and adapted to receive an auxiilary gaseous
fluid under pressure which is discharged as a high-speed jet
through said Coanda slot into said convergent inlet of said
primary nozzle, said wall having an annular portion de-
fining in a cross-section of said primary nozzle a surface
forming an extension of the lip of said slot on the side
toward the outlet of said primary nozzle and which
progressively recedes from the direction of emergence
of said pressure fluid through said slot so that a stream
of fluid discharged through said slot tends to follow said
surface and to induce adjacent ambient fluid in said pri-
mary -and secondary nozzles to join in the stream, and
said stream of pressure fluid and ambient fluid flowing
outwardly through said divergent outlet of said second-
ary nozzle.
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