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It is known that, in airplanes flying at very
high speeds, the tips of the propeller blades
should reach a relative velocity with respect to
alr equal to or higher than wvelocity of sound
at the height that is considered. This produces
a considerable increase of the resistance to the
movement of sald blades, which involves a con-
siderable drop of output, occurring for speeds
of the alrplane higher than 500 kilometers per
hour (which corresponds to a velocity of the
blades averaging 300 meters per second), and
a practical impossibllity for alrplanes of a speed
higher than 700 kms per hour.

It should be noted that the same difficulty
occurs for the wings of the airplane but only
for higher speeds, say 900 or 1000 kms per
hour.

The object of the present invention is to pro-
vide a propelling system which overcomes this

difficulty for speeds of the airplane higher than 2

500 kms per hour.

According to the present invention, I make
use of a reaction propelling device in which the
driving power is {ransmitted {o air by airscrews
or helicoid wheels the relative velocity of which
with respect to alr never reaches the veloclty
of sound, this result being obtained by slowing
down the flow of air when enterlng the pro-
pelling device and accelerating it as it leaves
sald propelling device.

Other features of the present invention will
result from the following detalled description of
some specific embodiments thereof.

Preferred embodiments of the present Inven-
tion w:ll be hereinafter described, with reference
to the accompanying drawings, given merely by
way of example, and in which:

Figs. 1 1o 8 incluslve and 1) to 16 !Inclusive
show, in diagrammatic sectlon by the vertical
plane of symmetry of the airplane varicus em-
bodiments of the invention, respectively;

Figs. 9, Sa and 10 are transverse seclional
views ol an iinproved airplanc wing made ac-
cordiing to difflerent features of the present in-
venticn, respectively;

Fig. 17 shows the arrangement of the propel-
ing system according to still another embodl-
ment of the invention on an airplane wing;

Fig. 18 is a plan view of an alrplane provided
with a propelling system according to the inven-
tion.

Fig. 1 is intended to illusiratz the principle
nf the invention;

Alr from the atmosphere cnters the propelling
device through orifice | with the total relative
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pressure corresponding to the speed of the air-
plane. It passes through the divergent nozzle
or inlet 2, which has gradually increasing sec-
tions and in which the air velocity is gradually
reduced, Its mean veloclty at the rear end of
sald divergent Inlet being
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%o being the front section and s: the rear section
of the divergent inlet. This divergent inlet can
be reduced or even eliminated owing to the use
either total or partlal of recompression at the
front of the fuselage.

After having passed through this divergent in-
let. the air comes to compressor 3. On the draw-
ing, this propelling compressor is of the multl-
cellular type, with helicoid blades 5 and station-
ary blades 6. But this compressor may be of the
monho-cellular ‘hellcoid type, or even constituted
by an airscrew, according to the particular con-
ditions of velocity and power to be obtained.

When Izsuing from the propeller or compressor,
the air still moves with an axlal velocity approx-
imating 71, but it has been given a pressure
higher than that it has at the inlet, This air
is then expanded in 2 nezzle 4, in which it is given
a velocity v2 higher than the velocity o of the
airplane, gnd through the exhaust of this air
into the atmosphere, the system is glven a front-
ward impulse proportional to the mass of the
alr in movement and the difference hetwecen the
velocitles v2 and vo.

This impulse or forward thrust replaces the
action of the airscrcw of an ordinary airplane
and ensures the propulsion ¢f the whole.

It will be seen that, by choosing the sections
so and s1 of the divergent inlet and by taking
for the propeller or compressor a sufficlently low
peripheral velocity, it 1s possible to bring back
the relative velocity of air with respect to the
driving blades to a value which can be chosen in
advence. In particular, this relative velocity can
be chosen lower than the velocity of sound or a
given fraction of this velocity even if velocity o
is itself higher than this value and a fortiori the
whole range of problems In which, v being lower
than the velocity of sound, it 1s impossible to
provide an sirserew having a goed efficiency and
the relative veloclty of which at the ends of the
blades is sufficiently below this velocity of sound.

As the velocity of sound In alr increases with
the temperature thereof and the compression
produced by each wheel causes a heating of the
alr, it will be seen that the critical veloclity of the
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air will be higher after iis passage through the
first wheel than before.

Therefore, it will be possible to make use for
the second wheel of a peripheral velocity sHghtly
higher than the first, which permits of making
this second wheel of a slightly greater diameter,
and so on for the successlve wheels.

Fig. 2 shows a propeller made according to this
arrangement, In which the diameters of the suc-
cessive wheels 25, 26 and 27 are increased from
onhe to the next one.

In order to adjust the propeller to the various
conditions of operation of the airplane, which
differ to & great extent, according as the airplane
is flying close to the ground or at a great height,
in a straight horizontal line or along a climbing
path, an adjusting device has been provided.

This device, which is shown by Fig, 3, consists
of one or several shutters 7, pivoted about a
spindle 8 and which permit, according to their
angular position, of varying the section of the
nozzle outlet., These shutters are controlled by
the pilot through a suitable transmission; of
course, the pilot adjusts the power of the engine
in the ordinary way through the gas throttle, but,
further, the operation of shutters 7 makes it pos-
sible for him to adjust the propelling system to
al] the conditions of operation as may occur.

In particular, the opening of the shutters will
correspond to a greater power and their closing
to a lower power for the same velocity of opera-
tion,

On the other hand, it is clear that, when the
orifice of this nozzle s increased, the velocity of
exhaust vs of the slr decreases but the mass of
alr brought into play increases. This arrange-
ment is advantageous for obtalning a high pro-
pulstion force with a good efficiency when the
speed of the airplane s relatively low.

On the contrary, when the speed of the engine
increases, the shutters 7 will be arranged in such
a position as to decrease the area of the nozzle
orifice, which increases the outflow veloclty vz
thus maintaining the efficiency at high speeds and
thus makes it possible to obtaln, for the airplane,
a high fmpulse at high speeds.

Iikewise, the operation of these shutters will
make it possible to adjust the operation of the
system when the helght varies.

Of course, these shutters can be replaced by
any known means for varying the section of noz-
zle 4.

Another device for adjusting the propeller,
which can be used separately or in combination
with that above described, consists in giving dif-
ferent angular positions to the blades of the com-
pressor which in this case, can be rather easily
bullt in this way owing to the small welght of the
blades and to their relatively low velocity, elther
simultaneously or not with a displacement of the
stationary blades of said compressor. It Is possi-
ble through either of these means, or through the
combinatlon of both, to modify the characteristics
of the compressor, for adapting it to the various
working conditions.

In particular, it may be very advantageus to
adapt the compressor to the working at great
height in such manner that it utilises, at this
time, the full power of the engine; but in this
case, when the propeller is working on the ground
level, the power absorbed by the compressor would
be too great for the engine. In order to remedy
this, I may vary the angular directlon of the
blades of one or several wheels so0.that the power
it apsorbs decreases or even becomes practlcally
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zero) Likewise, it is possible, either simultane-
olsly or not with the above mentioned means, to
vary the angular peositlon of the blades of one or
several of the stationary guide wheels so that,
through the resulting modification of the relative
directlon of the alr in the following wheels, the
power it absorbs is reduced or even made prac-
tically Zero.

Finally, It is also possible to reduce the power
absorbed by the ccmpressor by disconnecting one
or several wheels which will then turn freely
about their shaft and will absorb practically no
power, or again by releasing one or several row
of stationary blades, so that this row then turns
under the action of air.

This arrangement 1s shown by Fig. 3a. In this
embodiment, the row of stationary blades
mounted on wheel 88, placed hetween wheels 65
and 67, can, when lcft free to move, turn about
the shaft, owing to the provision of ball bear-
ings 68.

Under normal working conditions, this wheel
65 is locked with respect to the body of the com-
pressor, by means for Instance of an external disc
68 which can be tightly held between two annular
elements 70 and 71 or in any other releasable
manrer.

When disc 69 is released, by moving discs 78
and 71 away from each other, wheel 68 starts
turning on its ball bearing under the effect of the
uir flowing through the compressor and it as-
sumes a velocity such that the whole of the two
wheels §6 and §T now produces only a work cor-
responding to a single one. This arrangement,
which i3 easy to bulld, is particularly advan-
tageous.

It is also very advantageous, for an airplane
flying at high speed, to be able to produce a true
braking action of said airplane. The propelllng
system according to the invention makes 1t pos-
sible easlly to obtain this braking by means of the
arrangement shown by Fig. 4.

This arrangement consists of a shutter 8 which
in normal flying position ig retracted along the
edge of nozzle or on the outside of the jet of
fiuid Issuing from sald nozzle, so as to produce
no detrimental resistance. TFor instance, this
shut'tgr may be, in this case, retracted in a hous-
ing 10.

When the pilot desires to produce a braking
of the airplane, it brings shutter 9, through any
suitable control means, Into a position such as
that shown by the drawing.

It will be readlly understood that, in this posi-
tion, the jet of air issuing from nozzle 4 is de-
fiected toward the front and discharged into the
atmosphere in a frontward direction and with a
very high velocity. Instead of being directed in
the direction in which the airplane is travelling,
the thrust produced by the reaction of the tur-
bine is then directed in thc opposite direction and
consequently produces & hraking effect which
may be of great Intensity. This arrangement
may be advantageous, for instance, in the case of
fighting planes and also to facilitate tlie land-
ing of all airplanes. Ii will be noted that this
arrangement gives, in opposition to the known
braking devices making use of flaps, a braking
action which does not tend toward zero when
the speed of the engine becomes zero. Further-
more, such a braking arrangement eventually per-
mits of leaving the engine in full power running
operation while braking it cr keeplng it station-
ary (when on the ground, or when landing or
during a fight, In order temporarily to remain
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behind s slower plane and at geod range with re-
spect thereto).

On the other hand, it is possible to increase
the useful work preduced by the nozzle by heat-
ing the air after it has been compressed and
before {t Is expanded In said nozzle. It is khown
that, under s given pressure, the rate of flow of air
through a nozzle is the higher as its temperature
is higher. On the other hand, it has been above
explained that the thrust of the propelling de-
vice increases together with the outflow velocity
of alr, Therefore, if, without changing any other
condition of working of the propelllng device, the
gases are heated before they pass through nozzle
4, the thrust, and therefore the useful power of
the propelling system is increased.

Mirst of all, it is possible to produce this heat-
ing without any supplementary consumption of
fuel, by sending the exhaust gases of the engine
nto the alr flow before the lalter passes through

‘5he nozzle,

Tt is also possible to place, at lhis point, and
before the exhaust, the radiators which serve to
the cooling of the water circulating in the engine
and eventually of the lubricating oil. T incor-
porate to the air, in order to obtain a good
utilization, all the calorles which, otherwise, would
be lost through the exhaust and by the cooling
of the engine. Such an arrangement is shown
by Plg. 5.

In this embodiment, 12 15 the engine and 13
designates the radiators for the coollng of the
engine water and oll.

The exhaust gases from engine (2 are led

/bo a maln 12 which, in this case, has been shown

¥ in the form of a tore, but which might be of any
“other shape. From this maln, these gases escans:
to mix with the compressed alr.

In order to avold creating a supplementary
reslstance to the flow of alr and a counterpres-
sure on the exhaust, 1t 1s preferable to produce
the mixture of the gaseous streams through
means stuch that the velocitles of the air and the
gases are substantlally in the same direction.

However, within the scope of the inventlon,
this mixing can be made in any suitable manner.

It would also be advantageous, In some cases,
to divide the exhaust main into two or more ele-
ments, each of these elements recelving the ex-
haust from one cylinder or one group of cylin-
ders chosen In such manner that thelr exhaust
into a common chamber do not interfere with ¢ne
another.

It 15 also possible, in order to utilize the whole
of the heat given off to the outside by the engine,
to place said engine, or at least the cylinders
thereof, In the air jet itself before the passage
of said jet through nozzle 4. This arrangement
is particularly advantageous in the case of air
eooled englnes because, in this way, the cooling
of the engine is perfectly ensured and all the
calories thus given off by the engine are incor-
porated to the air for raising the temperature
thereof and Increasing its useful work.

Flg. 6 shows this arrangement in the case of
an engine having its cylinders disposed along
one or several lines or rows. In this drawing,
the exhaust gases from the ehgine mix at 14
with the compressed air before the passage of
sald air through nozzle 4.

g, 7 shows the same arrangement in the
case of a radial engine, this type of engine_ being
particularly well adapted to a eombination of
this kind. )

In this drawing, the evlinders 18 of the engine

3

are hathed in the air leaving the propeller and
their exhaust gases escape directly into this air
through nozzles 16.
When it 1s further desired to increase the
5 thrust of the propelling device, it 1s possible to
ralse the temperature of the alr by means of a
supplementary heating, which may be constituted
for instance by one or several burners 17 to which
a supplementary amount of fuel iIs fed. These
10 burners are preferably distributed in the air
stream so as to produce a temperature as evenly
distributed as possible. Such an arrangement
has the disadvantage of necessitating a supple-
mentary consumption of fuel which is not utilized
15 with a very good efficiency and, consequently, the
total efficlency of the system is somewhat re-
duced during the periods for which the supple-
mentary burners are utilized. However, this ar-
rangement has the very considerable advantage
g0 of permitting the obtainment of an excess of
" power, which is advantageous when this excess
of power s necessary only for a short period,
for instance for taking off, for climbing, or while
the airplane is engaged in a flght. JAn this case,
the consumption of fuel is of lit importance
since it lasts for a very short timel This method,
which can be applied whatever be the type of
means used for driving the propeller, has the
very great advantage of being paid nelther by
30 a substantial increase of the weight of the air-
plane nor by any reduction of the efficiency of
/the motor means and the propeller when run-

y

ning under normal power conditions.

The detall arrangements shown by the above
a5 Inentioned drawlngs have bcen chosen by way of
example in order to permit of explaining the
operation of the propeller, but modiflcations
might be made thereto without for this reason
departing from the principle of the inventlon.
Por instance, Fig. 8 shows a modiflcation in
which the cngine is placed ahead of the pro-
peller.

In addition to the advantages already sct forth
concerning the propeller, and to which must be
added the high efficiency of the whole, espe-
cially in the case of the calories from the ex-
haust gases and from the coollng of the engine
being recuperated, which permits of providing
propelling systems the apparent efficiency of
which may be ag high as, and even higher than 1,
the invention permits of obtaining a certain
number of devices which are of very high inter-
est for the handling and operation of the alrplane
in flight.

Among these devices, the chief are the follow-
Ing:

First, the reaction nozzle 4 may be provided
with deflectlng shutters or flaps 13 (Fig. 8) the
angular positlon of which is controlled by the
pilot. These flaps permit of directing at will
the air jet leaving the nozzle and therefcre of
giving any desired direction to the thrust pro-
duced by said jet. It {ollows that a high frans-
verse force can thus be applied to the airplane,
which permits of taking sharp turns for instanee
and ensures a great facility of manoeuvre com-
parable to that obtained with pivotable propellers
in the case of boats.

It goes without saying that deflectors 18 may
be provided either for varying the direction of
the thrust in the horizontal direetion or In the
vertical plane or in both,

It is also possible to vary the direetion of the
outflowing gases by displaeing the whole of the
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propeller owing to a suitable suspension thereof
adapted to permit of pivoting it with respect to
its normal position.

Such an arrangement should be employed
preferably to the shutters or in combination
therewith when it is desired to have, for rela-
tively long perlods, a direction of the jet making
a certaln angle with the direction in which the
airplane is travelling. For instance, it may be
interesting to increase the lift of the airplane by
directing in a slightly downward line the air
jet from the propeller nozzle. As a matter of
fact, the vertical component which results there-
from may be very substantial in comparison with
the welght of the airplane, and add itself to the
Uft of the wings.

This property can be utilized, even when the
propeller is not pivotable with respect to the
airplane, by giving the outlet of the nozzle a
slight downward direction. This direction will
depend upon the aerodynamic qualities of the
alrplane and the sectlon of the wings and the
optimum direction will generally differ little
from the direction of the wing trailing edge.

As the working of the propeller calls for the
suction, from the atmosphere, of a great amount
of alr, I may take advantage of this for reduc-
ing as much as possible the drag of the alrplane,
by drawing In this air from the points where the
surface of the alrplane exerts the higher head
reslstance, for instance along the leading edge of
the wing. Fig. 9 shows this arrangement.

Alr is admitted along a slot 19 disposed over
the whole or a part of the length of the wing and
thus penetrates into a channel 20 which leads
this air to the inlet of the propelling system.
Directing blades may be provlded between the
slot and the channel or in this channel, so as to
reduce as much as possible the resistance of the
air circudt.

I may also dispose the discharge nozzles of
the propelling system in a posltion such that they
produce an increase of the wing lft. For in-
stance, these nozzles may open along a narrow
slot 21 (Fig. 9) running along the whole or a
part of the wing span, so as to blow away the
Hmit layer or stratum where it tends to accumu-
late, which thus produces a lift increase analogous
to that obtained by means of a slotted wing but
which can be much more important because the
available blowing pressure is substantially higher.

The blowing of the limit layer, instead of being
made along a slngle line, can also be made along
several lines, In such manner as to avold, over
the whole area of the wing, the accumulatlon
of the limit layer, even for very high angles of
incidence of the wing, which makes it possible to
obtaln a very high lift increase, so that the air-
plane can be considerably reduced without
danger, for instance when taking off or landlng.

Such an arrangement is shown by Fig. 8a.

Instead of blowing away the Ymit layer by
means of the exhaust of the propelling system, I
may also suck it by means of one or several slots
provided along the span of the wing and ex-
tendfng over the whole or a part thereof. Such
an arrangement s {lustrated by ___., Fig. 10.
Slots 23 permit of admitting the air into a ¢ham-
ber 20 connected to the Inlet of the propelling
system.

Finally, according to another arrangement, I
send a portion of the exhaust fluid from the pro-
peller into a conduit 24 (Fig. 10) placed alonhg
the leading edge of the wing, so as to heat it
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to avold freezing thereon. The gases thus utilized
escape to the atmosphere through small nozzles
working in the same conditions as the main noz-
zles, and adding their propelling action to that
of the whole. Thus the removal of ice on the
wings is obtained without loss of efficiency.

These nozzles can also be constituted by slots
placed at the wing tips and producing, at these
points, a lift increase effect and the desired
thrust,

In the preceding description, it has been sup-
posed that the propeller proper is driven by an
ordinary engine of the reciprocating type, such
for instance as a gasoline engine or a Diesel en-
gine. PBut this propeller can also, according to
the Invention, be driven by a motor of any other
type, for instance a gas turbine, and, in this case,
very interesting combinations can be devised.

Fig. 11 shows a propeller driven by a gas tur-
bine,

‘The air admitted through the inlet orifice is
slowed down In the divergent iniet 2, then com-
pressed by propeller 3, which may be of a mono-
cellular or muiti-cellular type. In this embodi-
ment, the compressor Is shown as including three
compression stages, with helicoidal blades and
stationary intermediate gulding blades.

When leaving the compressor, the air is heat-
ed by one or several burners 31 disposed In one
or several combustion chambers. In the embodi-
ment illustrated by the drawing, the combustion
chamber 32 Is of annular shape ahd includes a
plurality of small burners distributed at equal
intervals around 1ts center., When issuing from
the combustion chamber, the compressed alr is
expanded in the nozzles 23 of turbine 34.

When Issulng from the turbine, the air ex-
pands again in the propulsion nozzle 4, In such
manner as to assume a high speed 2 as necessary
for ensuring the propulsion of the alreraft. This
nozzle may be, as above, provided with shutters
for adjusting the outlet section thereof, and also
with adjustable deflecting shutters.

It is also possible, by sultably adapting the tur-
bine, to dispense from the second expansion noz-
zie 4, It suffices, for this purpose (Fig. 11bis) to
provide the turbine in such mahner that the
gases have, at the outlet from the movable wheel,
a high resldual velocity, of a substantially axial
direction. This result is obtained by gilving noz-
zles 33, same as the set of blades 35 of the remov-
able wheel, sections with very open angles, In
this way, the full expansion of the gases takes
place in nozzle 33, a portion of the energy being
utilized in wheel 35 and the remainder serving to
the propulsion.

When the propeller Is driven by a gas turbine,
the temperature of the gases Issuing therefrom
is relatively high and if they are sent directly in-
to the atmosphere, the efficlency may be rela-
tively low in view of the loss of the calorles thus
evacuated Infto the atmosphere,

In order to Improve the efficlency, it is possi-
ble, before expanding the gases, to mix them
with a certain amount of alr having analogous
pressure and veloclty. In this way, I reduce the
temperature of the mixture delivered into the
atmosphere, while increasing the fluid mass.
This involves an improvement of the efficiency.

Fg. 12 shows an arrangement in which the
air to be mixed with the exhaust gases from the
turbine Is admitied directly through oriflces 36
and compressed merely by its passage through
divergent inlet 3T,

After mixture at 38 with the exhaust gases

(]




887,868

from the turbine, the whole expands in nozzle 89
before escaping into the atmdsphere with velocity
2. It I8 cledr that this arréngement ¢an be ém-~
ployed only when the exparislon ratio in nozzle
38 s relatively low.

In order to obviate this drawback, the heating
of the cold alr may be effécted by means of a
surface heater or thermic interchanger, which
permiits of avolding mixing said air with the com-
bustlon gases issying from the turbine.

It is also possible, since in this case the gases
may have different pressures, to place this inter-
changer, sqitably streamlined, in the hot gas jet
after their expansion in nozzle 39,

However, when it 1s desired to utilize higher ex-
pansion rattos, It Is necessary to have recourse
to an arrangement analogous to that illustrated
by Fig, 13.

In this embodiment, the alr issuing from pto-
pelier 40 15 divided into two portlons, one of which
is further compressed by compressor 41, goes to
the combustion chamber shown at 38, where it is
heated by burner 31, then expands In gas turbine
24, which is shown of the mono-cellular type, but
which might also inslude several stages.

The other portion of the air issuing from com-
presser 40 passes through a dlrect condult 42
which constitutes a by-pass from the gas turbine.
Compressor 41 and turbine 34 are devised in such
manner that the pressure and velocliy of the alr
and gas which meet together at 43 are substan-
tially equal, whereby the mixture Is obtained
without loss of energy due to eddies.

The gases at hgh temperature Issuing from: the
turbine heat the relatively cold air coming from
the by-pass and the whole Is then expanded In
noz2zle 38, so as to acquire the high speed that Is
necessary for propulsion,

This arrangement has scveral advantages. In
particular, it is possible, without any drawback,
to ralse the temperature of the gases produced in
the combustion chamber 32 in such manner to
improve the efficlency of the gas turbine, and the
excesslve temperature which results therefrom at
the outlet 1s corrected by suitably increasing the
proportion of alr passing through the by-pass.
On the other hand, the heat lost in the combus-
tion chamber toward the outside is recuperated
in by-pass 42, where 1t cooperates to the heating
of the air. It Is possible to arrange that the air
flowing through the unavoldable leak which ex-
ists around the balancing piston 44 of the com-
pressor sweeps the remalnder of the surface of
the combustion chamber, so that the whole of
the lost heat is recuperated. This air may sub-
sequently be returned to the mixing chamber 48,
for instance by flowing through the wheel of the
turbine at the lower part of the blades, which
wiil have been devised for this purpose.

In Fig, 13, the propeller hes been shown in the
form of the first stages of a multt-cellular com-
pressor the last stages of which compress only
the air portion intended for the turbine, these
two parts of the compressor being keyed on the
same shaft. But, in vlew of the different sair
volumes acted upon by these two parts of the
compressor, and also of the different pressures
that it Is necessary to obtain, It may be advan-
tageous to make the compressor of two distinet
bodies turning at different speeds. Such an ar-
rangement is shown by Flg. 14.

The embodiment illustrated by Fig. 14 differs
from the preceding one in that compressor 41
which feeds air to the zas turbine is directly
driven by sald turbine, these two machines being
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keyed on the same shafi, while propeller 40
which, according to the very principle of the i«
vention, 1s to rotate at relatively low speed, is
driven through a speed reducing gear 45. This
gear has been shown in the form of a system of
pindons but 1t might be made of any other form,
elther conventional or not.

It will be readily understood that, in order to
obtain the correct adaptation, both of the pro-
peller and of the compressor of the turbine, when
the power, the speed and the height of the air-
plane vary, it may be necessary to vary the ratlo
of the outputs supplied by these {wo machines.
This varlation can be obtalned with machines
the gpeeds of which are always in the same ratlo
with respéct to.each other, but It involves a diffi-
culty of the gdaptation of the point of operation
of esch of the machines. This drawback can he
obviated by making use of compressors the mov-
able or stationary blades of which can be ad-
justed and angularly displaced, or having wheels
which can be left free to rotate loose on the shaft
or sets of statlonary blades which can be allowed
to turm with the wheels, but it is more advan-
tageous to control the propeller and the com-
pressor so that they run at speeds indepéndent
from one another to a certaln extent.

This result can be obtalned with the arrange-
ment shown by Fig. 15, in which propeller 40 1s
driven by turbihe wheel 46 through shaft 47,
while compressor 41 is driven by turbine wheel 48
through hollow shaft 49 concentric to shaft 47T,
In this arrangement, the gas turbine includes two
stages 48 and 48, each of which may be of the
single cell or multiple cell type¢, and through
which the gases coming from combustion cham-
bér 32 flow in serles.

A particularly advantageous grrangement con-
sisls in making use of two turbine wheels 48 and
46 rotating in opposite directions and employlng
the kinetic energy of the gases expended in the
nozzles 5 located immediately ahead of the first
wheel, a slight supplementary expansion being
eventually effected.in the set of statlonary guid-
ing blades 51 which is located between the two
wheels,

With this arrangement, the efficiency of the
turbine can be particularly high because the loss
due to the change of direction of the drilving fiuid
in set of blades §l is greatly reduced. It is even
possible to arrange so that the deviation to be
effected between the two wheels 1z practically
zero and element 51 can then be wholly dispensed
with.

In thi; drawing, the air issuing from com-
pressor 41 is received in & tore-shaped condult 52
which communicates, through pipe 53, with com-
bustion chamber 82, whence, after hesating by
burner 31, it is brought, through condult 84, to
tore-shaped clement 55, which feeds it to the
nozzles of the gas turbine.

Instead of a single combustion chamber, it is
possibly to make use of several chambers, for
instance three, which may then be evenly dis-
tributed around the axis of the machine, each
including the pipes 53 and 54 for the air inflow
and the gas cutflow and eventually further In-
cluding one or several burners.

The portion of the air which does not pass
through the gas turbine is derived through by-
pass 42 and Is added, in mixing chamber 43, to
the exhaust gases of the furbine, which heat this
air. The gaseous mixture is then expanded In
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nozzle 39 before belng evacuated to the atmos-
Phere.

Ih the case of the propeller being driven by a
gas turbine, it 1s clear that it is also possible, as
above stated, to heat the alr flowing through the
by-pass by means of one or several burhers into
which a supplementary smount of fuel is sent,
in order to be able to obtaln temporarily a higher
power while slightly lowering the efficiency dur-
ing this perlod.

Of course, nozzle 39, same as inlet orifice {, can
be divided in such manner as to constitute sev-
eral nozzles working In parallel and of any sult-
able shape or section. For instance, the nozzles
may be of circular or rectangular sectlon or of
very flat shape. They may be provided elther at
the rear or on the sides of the englne nacelles or
of the fuselage or of the wings, several of these
arrangements having been Indicated above by
way of example.

Likewlise, in the propeller driven by a gas tur-
bine, the movable and stationary blades of the
propeller and of the compressor can be adapted to
be angularly displaced, elither for the whole of the
machine or by wheels or groups of wheels, as in-
dicated for the case of propellers driven by ordi-
nary reciprocation movement engines.

The starting of propelling systems inecluding
an engine of this last mentioned type lnvolves no
difficulty other than those indicated for opera-
tion on the ground level in the case of the system
peing adapted to working at high altitude. Con-
cerning the case of propellers driven by gas tur-
bines, a special device or method must be pro-
vided for starting the system. Such a device is
easy to provide. For instance, I provide a small
starting engine (as shown at §4 in Fig. 12) driving
the gas turbine for starting it and adapted to be
subsequently disconnected.

I may also send into the combustlon chamber
alr coming from a battery of compressed alr
bottles and sultably expanded. This alr is then
heated by the burners which are thus allowed to
start burning and it permits the starting of the
gas turbine and therefore that of its compressor,
At this time, I might dispense with the com-
pressed alr bottles, which might be left on the
ground, the airplane belng kept statlonary dur-
ing the gtarting of the turbine-compressor unit.

Another solution, which has great advantages
of simplicity and quickness, consists In effecting
the starting of the propeller by blowing through
orifice | compressed air from & motor-fan system
placed on a motor car and provided with a flex-
ible or angularly displacement pipe adapted to
fit on inlet I, the airplane belng kept stationary
during operation.

The air flow thus produced in the propelling
system permits of starting burners 31 and the
gas turbine which then supplies the power
necessary for the drive of the compressor or
compressors. The acceleration of this turbine
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is then easily and quickly obtained by the ad-
justment of the amount of fuel and the motor
car carrying the auxiliary fan can then move
away so as to permit the take off of the airplane.

I may also constitute a mixed propelling sys-
tem including both & reclprocating movement
engine and a gas turbine.

Fg. 16 shows an arrangement of this kind.
In this drawing, the reciprocating motion en-
gine i2 drives compressor 66, which discharges
air to the combustion chamber 61, where alr
is heated by birner 86. This combustion cham-
ber may also recelve the exhaust gases from
engine 12, which may itself be supercharged by
a portion of the alr supplied by compressor 69,

The hot gases coming from combustion cham-
ber 71 are sent to gas turbine &9 which, owing
to the heating of the gases, is capable of sup-
plylng & power substantially higher than that
of engine 12. This turbine in turn drives com-
pressor 60, according to the invention,

The air from the atmosphere which pene-
trates through orifice | is compressed by pro-
peller 60, mixes at 61 with the exhaust gases
from the turbine and the whole is expanded by
nozzle 39 before being evacuated to the atmos-
phere for propelling the airplane. This arrange-
ment is particularly advantageous for instance
in the case of & twin engine alrplane in which
the reciprocating motion engine or engines 12,
which must be supervised, can be placed in an
accessible portion of the airplane, for instance
in the fuselage, while the propellers proper can
be placed on the outside, either In separate
nacelles or in the thickness of the wings.

Besides, 1t should be noted that the various
types of propelling systems above described are
particularly well adapted to the most varied
embodiments of alrplanes and can be employed
either in the fuselage or in separate nacelles, or
agaln in the thickness of the wings or ahead of
them,

By way of example, Figs. 17 and 18 show, In
vertical sectlon and in plan view respectively, a
four-engined airplane of the type called “flying
wing,” in which the four propelling systems 61
are placed so as to project slightly at the front
of the wing and each discharge fluld streams
through & slot-shaped nozzle located on the up-
per side of the wing at the point where an accu-
mulation of the 1imit layer tends to occur.

The four nozzles thus constituted are of a
size such that they adioin one another so as to
create over the whole span of the wing, a lift
Increase device acting by blowing off the limit
layer, in addition to the desired thrust.

In Fig. 17, | is the inlet orifice leading to pro-
peller 40, 62 designates one of the four engines
driving the propellers, §3 1s the slot-shaped noz-
zle for the expansion of the gases in order to
obtain propulsion,
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