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9 Claims.

The invention relates to & method of producing
very great reaction forees, more particularly for
propelling asroplanes, in order fo lift the latter
out of their position of rest on the ground or to
cause them to descend slowly with reduced fly-
ing speed. For this purpose, the force of expan-
sion of inflammable mixtures of rfubstances is

utilized in a novel and technically very advan-.

tageous manner.

The method according fo the inventlon con-
sists more fully in that a guantity of air of a
weight many times greater than that of the
inflammable mixture of substances Is directly ac-
celerated by the force of the excess pressure of
the exploded mixture. ’

The method may be earried out, for example,
in a very simple form in known substantially
tubular reaction chambers which are open at one
end. The teaction chamber is charged with air.
After charging, a small portion of that mass of
air which is most remote from the ouflet open-
ing of the reaction chamber is mixed with com-
bustible substances and thereupon this mixture,
which for example may only amount to 5% of
the total contents of the reaction chamber, is
exploded. The expension of the explosion gases
causes the expulsion of the entire mass from the
veaction chamber, whereby the mass of atr which
has not been mixed with fuél is pushed by the
force of the excess pressure of the expanding
gases Hke an eir piston in front of the said gases.

A particularly good efficlency for the transmis-
sion of energy 1s secured by means of the dis-
placement effect of the expanding gases.

For the purpose of securing an almost con-
tinuous effect of the reaction force, the process
may be repeated in rapid suecession and carried
out it a plurality of reaction chambers work-
ing in parallel.

The simplest means of transmitting the force
of the excess pressure of expanding gases direct-
Iy to & mass of air for the purpose of accelerat-
ing the said mass of air is undoubtedly the dis-
placement of the eir from s chamber by the ex-
pansion of the gases. Many speclal means have
become known, however, for recelving, transmit-
ting and utilizing the foree of the pressure of ex-
panding gases for special purpeses, for example
for producing the rotary motion of a shaft. A
far-reaching transformation, on these lines, of
the pressure forces, for example by means of an
internal combustion engine and a propeller driven
by the said engine, does not come into considera-
tion as regards the method aceording to the In-
vention. On the other hand, however, much
knowledge and many constructions are already
available in the relevant art for receiving the
explosion pressure of inflammsable substances,
which may be applied at once, by anyone skiiled
in the art, to the direct and technically extreme-

(CL 244—18) , =

ly simple transmission of the forces of pressure
Eul:r the large masses of air according to the Inven-
on.

In the known methods of producing large re-
action forees, solid or liguld mixtures of inflam-
mable substances, without admixture with air,
are employed, or fuel-air mixtures are employed.
The use of additional masses of air, not intended
for the combustion but for the purpose of In-
creasing the mass effect in the explosion by means
of the direct ufilizationn of the explosion pres-
sure, has not become known heretofore. The
method according to the Invention i not affected
by & method, described in the Lierature, of uti-

lizing the velocity at which explosion gases lssue ¥

:h'o:_n a reaction chamber for the purpose of
aspirating alr, The said known method is based
on an ejector-like suction and pumping action

of flowing combustion gases which have already

expanded, but on the contrary does not utilize
:lhe pressure effect produced during the explo-
on.

For the purpose of producing motive forces, the
utilization of the pressure effect for accelerating
additional masses iy, however, generally and fun-
damentally more advantageous than the utlliza-
tion of the energy of fow by mixing, because it
follows from the . laws of mechanics on which
the efector effect is based, that an Increasse in
the reaction force by means of the ejector effect
is not possible,

In an ejector (jet apparatus) the acceleration
of the admixzed masses takes place according
to the laws of plastic impact, and therefore the
magnitude of motion (mass times velocity) of the
whole of the mass leaving the elector is always
equal to the magnitude of motion of the power

‘jet working the ejector. As, however, the mag-

nitide of motion is also egual to the reaction force
which may be produced by the flow of a mass,
the reaction force is not changed by inserting
a jet epparatus. On the contrary, due fo the mix-
ing process, there is such a considerable loss of
energy that the increase in mass is outweighed by
the reduction in veloclty.

In the method according to the invention, on
the contrary, no loss of energy takes place and
the new method therefore provides a very sub-
stantial and economical increase in the reaction
forces. As is known, the said forees depend upon
the mass and velocity of the expelled substances,
and the magnitude of the reaction foree which 1s
produced is proportional to the said mass and its
velocity. The energy which must be spent in

. accelerating the mass depends in like manner

upon the mass but also upon the square of the
velocity, 50 that maximum economy is attained
in the production of reaction forces in the case
of relatively small velocities and relatlve large
masses which are subjected to the said velocities.

80

06

100

106

110

116

120



10

156

20

a0

36

4b

60

55

80

85

70

-1
p=l

o

"By the method sccording to the invention, rela~
tively large masses of air are subjected to relative-
1y small velocities hy the smisslon of the
expansion pressure, so that an outstanding econ-
omy Is attained in the production of force. In
addition to the small consmnption of inflam-
mable substances or fuel which the method ac-
cording to the invention involves, there is, inter
alta, the advantage that satisfactory cooling of
the parts exposed to heat is secured in the sim-
plest manner by means of the large, unburnt
masses of air.

A particularly advantageous effect of the new
method is secured when the weight of the mass
of air is ahout ten to Afty times the weight of the
inflammable mixture of substances. . Such a ratio
of the masses or weights provides, on the one
hand, a small, technically readily controllable,
initial pressure of the mixture which is exploded,
and on the other hand, of course, an economi-
cally satisfactory efficiency in the production of
metive forces in comparatively small apparatus,
The apparstus for carrying out the method ac-
cording to the invention would be very large, for
example, if the production of the reactlon force
were to occur for such a small ratio by welght
of the accelerated masses of afr to.the masses of
the inflammable mixture, as is employed in
the known petrol engine-propeller units. As is
known, in the latter, at least 300-400 times as
mirch air is accelerated by the propeller as is burnt
in the eylinders of the engine, On the other hand,
however, in the utilizatfon of the energy of in-
flammable mixtures, without the simultaneous use
of substantial quantities of additional reaction
masses, and more partieularly, however, in the
utilization of the reaction forces of explosion gases
alone, there are, in addition to a very uneconomi-

cal utllization of the energy, also heating effects

which are technlcslly very difficult to control.

The tse of air as additional mass for increas-
ing the reactlon effect of explosion gases renders
it obvious to constitute in known manner the in-
flammable mixture of substances such as air and
& fuel. The necessary excess of air required will
be attained in each case without appreciable in-
crease in the apparatus, and in certain cases, due
to the homogeneity of the additional mass of air
and the inflammable air-fuel mixture, there will
even be on the whole a simplification in appara-
tus, and more particularly the method will be
easier to carry out techmicaBly.

In order to effect re-charging of & reaction
chamber after the masses of air and gas have
heen expelled, preferably a portion of the energy
of the mass of air and gas Issuing from the Te-
action chamber at s high speed will be utilized.
This may be accomplizshed for example, by em-
ploying e portion of the expelled masses to drive
a suction blower which, in the case of a rapid
succession of explosions or a plurality of reac-
tion chambers working in parallel, may be driven
continuously. On the other hand, the aspira-
tion of fresh masses of air for charging the re-
action .chamber may he attained directly by
means of the force of suction of the masses is-
suing with a high velocity from the reaction
chamber. X, for example, as shown in Figures
1 to 4, the reaction chamber, extending in tubu-
lar form, is made comparatively long, the ac-
celerated masses, towards the end of the expul-~
ston process, produce a partial vecuum in the re-
actlon chamber, and the supply of fresh masses
of air may be effected, for example, by cpening
8 valve. Figures 1 to 4 of the drawings illus-

vention applied .
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trate ‘the entire working apparatus and in ad-

‘dition .a few/ detalls are shown which are par-

ticularly ul for carrying out the method.

Figa. 1 to 4 are diagrammatic sketches of the
auccessive steps in the cycle of operation of the
propulsion. means, T T

Fleg, 5 is a front elevationsl view of airplane
wing with the invention applied thereto,

Flg. 8 is a plan view of the same, partly in
section. :

. 85
Fig. 7 is a vertical cross-sectional view of the

. 'wing in the zone of lhe discharge cpening.

Figs. 8 and 9 are respectively elevation and
plan views of afrplane fuselage with the in-
' : 20

Figs. 10 and 11 are slde elevations of & modi-
fication of the invention. .

Fig. 12 is a plan view of this modification,
and )

Flg. 13 is a schematic view of the interior show-
ing the location of the air passages and ncces-
gories. o _

The device substantially comprises a_tubular

resction chamber 1, having its inlet end 3 s0

provided with flaps or valves 2' that the said 100
end can be alternately closed and opened. 'The
outlet end 3 is open. i

In Figure 1 is shown the first phase of the
working process. The combustible mixture is in-
troduced through the open valves 2" at the in- 1g5
let end of the tubular body 1, or is formed by
injecting petrol Into the first part of the tube.
As will be seen from the drawings, this mixture
only occupies a very small fraction of the total
EPAace. ' 110

In Figure 2, the inlet end of the tube is closed
by closing the inlet valves. As the valves are
constructed as check or non-return valves, they
close automatically on explosion in the present
case, Expansion then occurs after explosion of 115
the explosive mixture, as indicated In this fig-
ure, the expanded mixiure still constituting a
comparatively small fraction of the contents of
the tube, The column of air filling the remain-
ing portion of the tube then begins to Aow in the 190
direction of the arrow 4. '

In Figure 3, the non-return valves at the in-
let end of the tube 1 are agaln open, and the
expanded combustion gases are advancing in the
direction of the pressure flow (arrow 4). A suc- yo5
tion flow is thereby produced behind the ex-
panded eombustion gases in the direction of the
arrow 5. The expanded combustion gases and
the air column in the flow tube 1 thus draw
in by suction a fresh column of air at the inlet
end.

In Figure 4, the expanded mixture is on the
point of leaving the ouflet end of the flow tube,
while the Iatter has been filled by suction with
a fresh column of air, Finally, an inflammable
mixture js drawn in at the inlet end of the air
column or is formed dfrésh by the injection of
petrol, and thereupon the cycle recormences,

As already follows from the Plgures 1 to 4, it
is necessary in carrying out the method accord-
Ing to the invention, to employ reaction cham-
bers which are made comparatively long, so as
to contain, in addition to the mass of inflam-
mable mixture, masses of air many times great-
er. This very long extension of the reaction 45
chambers, when the latter are employed as mo-
tive means for aeroplanes, requires in its tum
that the tubular -chambers should extend sub-
stantially along the fuseluge of the azeraplane
or along the supporting surfaces, in the latter 150
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ease therefore, at right angles to the direction
of flight, in order that the shepe of the aero-
plane will be satisfactory from the point of view
of aerodynamics. In the arrangement of the
tubular reactionn chambers in the direction of
the supporting surfaces, the reaction chambers
may he advantageously placed within the sup-
porting surfaces. As the direction of flow of the
with the srrangement of the
reaction tube in the direction of the supporting
gurfaces, Tuns substantiaily transversely to the
direction of flight, defiection of the streaming
masses at the outlet end of the reaction cham-
hers will In general be necessary. :

Several practical applcations of the suhject
matter of the invention. are shown diagrammadti-
cally in Figures § to 13 of the drawings.

Figures 5, 6 and 7 show by way of example
the arrangement of devices according .o the in-
ventlon within a supporting wing, in front ele-
vation, in part sectional plan, and in section along
I——IinFlgureﬁ,whﬂeinPlguresBandsisshown
the arrangement of two resction tubes running in
the direction of the aeroplane fuselage, in side
elevation and in part sectional plan.

In Figures 5, 6 and 7 is shown a reaction tube

‘g through which flow takes place in the direction

indlcated by the arrows 7. The reaction tube
ltes completely within the aeroplane supporting
wing shown, running from the tip of the wing
to the fuselage, and is provided at the outlet near
the fuselage with a bend 8 having a guide blade
9 (Figure 6).

The section In Figure 7 Is shown viewed in the
direction from the wing tip to the fuselage. From
Figure 7 it will be seen that, corresponding to
the direction of the outlet velocity of the ac-
colerated masses, a reaction force acts as indi-
cated by the arrow 7, which force is directed
substantially forwardly and fo a lesser extent
upwardly. Hence, the. aeroplane will normally
be moved forward by this reaction force.

Figures 8 and 9 show two reaction tubes 10
and 11 which are arranged laterally inside the
fuselage of an aeroplane. The construction of
the tubes substantially corresponds to the reac-
tion tube shown in Figures 1 to 4. The direc-
tion of flow of the accelerated masses Is shown
by the arrows 12, 13 and 14 to 17. It will be
seen that the reaction force corresponding to the
arrows 15 and 17 (or 13) drives the aeroplane
forward in a manner similar to that effected
by the propeller traction in normal aeroplanes.

In one application of the method according to
the invention for the purpose, for example, of
lifting an aeroplane from the position of rest

‘on the ground in a vertical direction or gener-

ally, with reduced aerodynamic lift. to keep the
seroplane hovering, to Mit it or to lower it, it
is necessary to effect, at the outlet for the re-
gotion masses a downward deflection of the fow
by there providing means as for example guide
blades or bends. :

“It is also preferable in those cases where ver-
tieally acting forces are to be transmitted to an
aeroplane by the devices according to the in-
vention, to expel the reaction masses at at least
three places on fhe aeroplane, The sald places
will preferably be arranged in a substantially hor-
izontal plane so as to form the corners of a tri-
gngle. Stability of the normal flying position
cantiot be attained by using less than three places
of support constituted by the reaction forces of
the expelled masses of gas and air, whereas, on
the contrary, stability can be aitained with cer-

3
tainty by the arrangement of three or more places
of expulsion. :

Figure 10 shows another constructional form
in side elevation, and Migures 11 and 12 3 fur-
ther constiuctional form in side elevation and
in plan, while Figure 13 shows a gsection along
O-II in Figure 10.

In these two constructional forms, three reac-
tion tubes are employed and are located adjacent
i::e another 1n the bottom of an aeroplane fuse-

ge.

Two of the said tubes, denoted by 18 and 19,
lead from the rear to the front and are situated
on the right and left hand of the centre line of
the fuselage, while the third tube, denoted by
20, is arranged in the centre of the aeroplane fuse-
lage and leads the reaction masses from the front
to the rear. As was shown in Figure 6, deflect-
ing blades are provided at the outlets for the re-
aciion masses, 50 &3 to obtain a downwardly di-
rected Jow of the accelerated masses. This down-
ward deflection of the accelerated masses natur-

‘ally produces upwardly acting fores,

In Figure 10 is shown one of the reaction tubes
(18 or 19) situated laterzlly of the central line
of the aercplane. The air flows in the direction
of the arrow 21, that is, from the rear to the
front, and it will be seen that the Indicated de-
flecting blades 22 at the outlet 23 of the reaction
tube deflect the air downwardly. Figure 11 shows
the reaction tube 20 situated in the centre line
of the aeroplane fuselage, the arrows 24 denot-
ing the directlon of flow of the accelerated masses
which are deflected downwardly by the deflect-
ing blades 25 at the outlet 26. Figure 12 shows
the arrengement of the three reaction tubes in
plan, i, e. viewed from ghove, The arrows 21 and
24 correspond to the arrow having the same ref-
erence numerals in Figures 10 and 11, It-fol-
lows clearly from the illustrations that the é¢x-
pulsion places for the reaction masses are ar-
ranged in a substantially horizontal plane and
form the corners of a triangle. The arrangement
is further so contrived that the two expulsion
places 23 are situated at a small distance in fronv
of the centre of gravity of the aeroplane, while the
explusion place 26 is situated at a greater distance
behind the centre of gravity 'of the aeroplane.
Consequently, the forces produced by the several
reaction tubes are so accorded that, during sta-
tionary hovering of the =eroplane, the normal
horizontal position is preserved. Consequently,
in the present case, a considerably greater force
will be produced at the outlets 23 than at the out-
let 26. :

when using a plurality of reaction tubes, it 1s
also possible, by varying the effect of the several
reaction tubes, to control the aéroplane for the
purpose of maintaining a deflnite position or di-
rection of motion. In order to attain this object,
the quantity or the velocity of the masses expelled
from the reaction chambers will be varied with
vespect to one another in the simplest manner by
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varying the propellant quantity of inflammable

substance supplied to the different reaction

chambers, whereby automatic regulation, for ex--

ample of the equilibrium position of an aeroplane,

may_ be secured with rarticular advantage by

varying the quantity of inflammable substance or
fuel in accordance with known instruments, in-
dicating, for example, the equilibrium position
of an seroplane.

Devices for varying the quantity of propellant
supplied to the different reaction chambers are
shown in Figures 10, 11 and 13. In Figures 10
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and 11, 27 denotes o tank filled with propellant,
for example, petrol, 28 i3 a pump for the pro-
pellant and 29 is a driving motor for operating
the pump 28. )

In Figure 11, a regulating device 31 is in-
cluded in the pipe line 30 which carries the pro-
pellant from the pump 28 fo the reaction tube 20
shown situated in the middle of the aeroplane
fuselage, The said regulafing device comprises
8 three-way cock 32 which in operated by a
‘The arrow 34 indicates that the
pendylum can swing outwardly {o the right, the
cock 32 being opened wider on this outward
throw than when the pendulum 33 is placed in
the position shown in the drawings. 'The pen-
dulum 33 will swing oufwardly to the right in the
direction of the arrow 34, when the rear portion
of the aeroplane fuselage sinks. Then, under
the action of the regulating device 31, an in-
creased supply of propellant takes place through
the pipe 30 to the propellant injection point 35,
whereby of course a greater effort is exerted on

the muasses of air in the reaction tube, 50 that an

increased escape occurs through the outlet 28,
The result of this inereased effort, however, is to
lift the rear end of the aeroplane fuselage. At
the same time as the position of the aeroplane
fuselage is brought back into the horizontal posi-
tion, however, the pendulum arm 33 returns and
hence the increased supply of propellant to the

" injection point 35 falls off, so that on the normal

flying posltion being attalned, the normal sup-
ply of propellant and production of force are
again attained.

" The regulating device 81 thus operates in such
a way that when the reaction tube is working a
certain normal quantity of propellant will al-
ways be introduced Into the tube ai the point 35,
On the rear end of the aeroplane fuselage sink-
ing, the said quantity will be increased by the
regulating device 31 until the normal flying posi-
fion has again been attained.

Figures 10 and 13 also show the correspond-
ing regulafing device for the two forwardly lead-
ing reaction tubes 18 and 18 situated Iaterally of
the centre line of the aeroplane fuselage, From

- the pump 28, a pipe 36 leads to the regulator 37,

from thence fo two regulators 38 and 39, respec-
tively, and then further to the propellant injec-
tion points 40 and 41. The regulating device 37,
like the device 31 for the central reaction tube,

- effects, through the throw of the pendulum 42

in the direction indicated by the arrow 43, an in-
creased supply of propellant to the injection
points 40 and 41, An increased effort at the
-outlets 23 of the two lateral reaction tubes 18 and
19 is thereby attained.- The function of the regu-
lating device is therefore exactly the same as
that of the device 31, so that on the downward
friclingtion or dipping of the front portion of the
aeroplane, the return to the normal fAying posi-
tion is brought about automatically by the regu-
lating device.

The regulating devices 38 and 39 control the
lateral position of the aeroplane, that is to say,
the posttion af right angles to the Aying direction.
As shown in Figures 10 snd 13, the propellant
leaving the regulator device 37 enters the two
regulating devices 38 and 39, to be supplied from
thence to the injection points 40 and 41. On the
pendulum 43 or 44 moving in the direction of the
arrow 46 or 47, respectively, an incressed supply

-of propellant will be effected to the injection

points 40 or 41, thereby producing correspond-
ingly increased efforfs, In this way, therefore,

1,088,205

the normal position of the acroplane at right
angles to the direction of Alght will also be con-
trolled automatically, o .
Of courge, the arrangement; shown in, the draw-
ings may be modified within wide Hmiis accord-
ing to the particular conditions. Obwiously in-

clination regulators other than the pendulum

devices shown may also be used. .
The method according to the invention may he
arranged together with a- normal propeller drive,
i. e. a8 supplementary drive, or also alone for pro-
pelling aeroplanes. In many cases, it will be par-
ticularly economical to arrange the propulsion
device according to the invention in conjuriction
with a propeller drive, the propulsion device ac-
cording to the invention being employed substan-
tially only for the production of very particularly
great efforts. The production of very particularly
great efforts is chiefly to be desired at starting
or in order o attain particularly high climbing
powers and flying speeds, Moreover, it is pref-

86

20

68

erable in many cases to provide the device accord-

ing to the invention on aeroplanes as a safety

reserve, which may be used as & substitute for’

the propeller drive in case of engine failure, while
normally only the propeller will bhe used for
driving the aeroplane. All these forms of appli-

cation of the reaction drive according to the n-

vention, which have been mentioned in the fore-
going, increase the economy of fying to a par-
ticular extent, because remarkably high reaction
forces may be obizined with an extremely small
weight of apparatus by suitable selection of the
additional quantities of air.

The devices required for carrying out the i

method according to the invention may be located
at any place on aeroplanes or vehicles, since mov-
ing parts are avolded fo a considerable extent,
and almost completely with some econstructional
forms. The space they occupy i3 small in com-
parison with the effort attained, and their safety
in working is exeellent. .
The explosion chambers of the ipfammable
i may either be separated from, or com-
bined to form one unit with, the reaction cham-
bers from which the masses of air and gas are ex-
pelled. Further, a plurality of reaction chambers
may be fed by one explosion chamber, and also
the reaction chambers may be provided with very

large additional masses of air from a central:
TDoint, :

The method may be used both for aeroplanes
which are to he moved very slowly (aseending and
descending) as also for aercplanes or wvehicles
which are to he moved very rapidly. In aero-
planes or the like which are te be moved very

103
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180

rapidly, the method according fo the invention

exhlbits very advantageous effects chiefly for
initiating the rapid mofion, because very great
accelerating forces can he produced with an
economrical consumption of inflammable agents.
Moreover, however, the method geecording to the
invention may also possess considerable advan-
tages when it is a question of continuously main-
taining a body in very rapld movement.

When the body which is fo be influenced by the

‘reaction forces moves in a medinm other than

alr, this said other medium msy be used, of
course, as the additional mass which is accelerated
by the explosion pressure of the inflammable
mixture.

I clalm:

1, The method of producing motive forces on
sircraft and like vehieles by reaction, which com-
prises admitiing & volume of fresh air into a

140
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chamber Jocated on the vehicle and having an
outlet, producing a pressure upon the air by ex-
ploding an explosion-expansive charge which is
not greater than one-tenth of the mass of the alr
whereby to effect a movement of the air in the
direction of said ountlet and therewlth a reaction

. movement of the vehicle.
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" %, The method of producing motive forces on
alreraft and like vehicles, which comprises ad-
mitting a volume of fresh air into an elongated
chamber located on -the vehicle and having an
outlet at one end, preparing sn explosive mass
in guantity not greater than one-teoth of the
mass of said air, igniting the explosive mass and
transmitting the pressure of the explosion to said
volume of air at the end of the chamber opposgite
said outlet for effecting a movement of the air
in the directlon of said outlet and therewith
effecting a reaction movement of the vehicle.

3. The method of produclng motive forces on
gireraft and like vehicles, which comprises inter=-
wittently admitting a volume of fresh alr into a
chamber located on the vehicle and having an
outlet, admitting and exploding thereln af a paint
remote from the ouflet an inflammable substance
in quantity to utilize only & small part of the air
for combustion therewith, and employing the
movement of the mass of air under the pressure
produced by the explosion to create a reaction
affect upon the vehicle. .

4. An gpparatus for producing motive forces
on aireraft and like vehicles, comprisihg a tube
having an air inlet and an outlet, means for pre-
paring in said tube at a point remote from said
outlet a combustible mixture in volume which is
between one-tenth and one-fiftieth of the volume
of said tube, means for ignliing sald mixture, and
& valve for closing seid inlet upon the explosion
of sald mixture. . .

b. The method of producing motive forces in
rapid stccession on ajreraft and like wvehicles
which comprises admitting a volume of fresh alr
into a chamber located on the vehicle at an Inlet
end thereof so that the air flows {oward an out-
let at the other end of sald chamber and substan-

- tially fills the same, producing s pressure upon

the sir by exploding an explosion-expahsive
charge in contact therewith whereby to effect &
hodily movement thereof under sald pressure in
the direction of said outlet and create & reaction
effect upon the vehicle, permitting the free escape
of the alr and exploded charge through =aid out-
let, and repeating the steps in rapld succession
whereby all movement of the air and exploded
charge is substantially in the direction from said
inlet toward sald outlet.

8. The mathod of producing motive forces In
rapld succession on alreraft and like vehicles
which comprises admiiting a volume of fresh
air into a chamber located on the vehicle at an
inlet end thereof so that the air flows toward an
outlet at the other end of sald chamber and sub-

stantially fills the same, exploding an explosioh~

expansive charge, and {ransmitting the pressure
of the expanding charge products directly to sald
volume of air for effecting a movement of the air
under such pressure in the direction of said cut-
let and therewith effecting a reaction movement
af the vehicle and while permitting the free
escape of the air and exploded charge through the
cutlet, and repeating the steps in rapid succession.

7. 'The method of producing motive forees In
Tapid succession on alreraft end ke wvehicles
which comprises admitting a volume of fresh air
into a chamber located on the vehicle at an inlet
end thereof so that the air flows toward an out-
let at the other end of said chamber and sub-
stantially fills the same, exploding an explosion-
expansive charge adjacent said inlet in contact
with the air for effecting a movement of the vol-
ume of air under the pressure of sald charge in
the direction of sald cutlet and therewith creat-
ing s reaction effect upon the vehiele and while
permitting the free escape of the air and explod-
ed charge through said outlet, and employing
the energy of the moved sir and charge for ef-
fecting the admission of a new volume of fresh
alr into said chamber through sald inlet whereby
all movement of the air and exploded charge is
gubstantially in the direction from said inlet
toward said outlet. : i

8. The method of producing motive forces in

rapld suecession on aircraft end like vehicles,
which comprises admitting a volutne of Iresh air
into a chamber located cn the vehicle and having
an inlet and an outlet st opposife ends thereof,
establishing an explosion-expansive charge in
the chamber adjacent the Inlef, igniting the 110
cherge in contact with the air whereby fo effect -
a movement of the air toward and through the
outlet end of seid chember and thereby create
a reaction effect upon the vehicle and while per-
mitting the free escape of air and exploded charge
through said outlet, and rapidly repeating the
admission and ignition steps, sald air and charge
moving substantially only in fthe longitudinal
direction of said chamber from the inlet toward
the outlet thereof.

9. The method of producing motive forees in
rapid succession on aircraft and like vehicles,
which comprises admitting a volume of fresh alr
into a chainber located on the vehicle and having
an inlet and an outlet at opposite ends thereof, 125
intermittently edmitting a combustible material
into the portion of sald volume of air adjacent
sald inlet whereby to produce successive explo-
slon-expansive charges in limited quantity in re-
lation to said volume, and individually igniting 130
the successive chsrges while closing the inlet

90

100

106

1156

120

‘whereby to effect 8 movement of the air away

from sald inlet end of the chamber and thereby
produce a resction effect upon the vehicle while
permitting the free escape of the sir and ex- 135
ploded charges from said chamber through sald

outlet.
PAUL SCHMIDT.
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