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METHOD AWND APPARATUS FCR THE
COMBUSTION OF FUEL
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Weir Levy, Abad Ha‘am St, 12, Ramat Gan, Israel
Filed Aug. 25, 1959, Ser. No. 836,023
Claims priozily, application Ysrael Aung, 29, 1958
7 Claims. (Cl. 66—39.06)

This invention relates tc a2 method for producing gase-
ous products of combustion and an apparatus for carry-
ing out said method.

Conventional internal combustion engines are relatively
inefficient. The construction of the commonly used mo-
tor of motor-cars is quite complicated and such motor
has a high ratio of weight per horsepower, as well as
many moving parts which are liable to wear. A sub-
stantial part of the power produced is intentionally dis-
sipated by means of the mandatory cooling system, with-
out being utilised for any useful purpose. As to the con-
ventional combustion turbo-engine, compressed air from
an air compressor is introduced under pressure into its
combustion chamber, while fuel is injected into said com-
pressed air, the combustion of the air-fuel mixture be-
ing achieved by means of a spark produced by an electric
spark plug.

Due to the inherent natural properties of the gaseous
media, it is difficult and uneconomical to obtain high
compression ratios by means of such air-compressor as
used with the conventional turbo-engine.

In order to obtain high efficiencies by means of such
turbo-engine, the combustion of the air-fuel mixture has
to take place at a high temperature, usually in the re-
gion of 650-1100° C. and at a relatively low pressure,
in the order of 6-8 atm., said pressure being of course
lower than that exerted by the air-compressor used for
introducing the compressed air, as otherwise back-firing
would resulf.

This high temperature, as well as the relatively low air-
pressure, constitute drawbacks. Furthermore, such an air
compressor for introducing the air necessary for combus-
tion of the air-fuel mixture, is a cumbersome and rela-
tively inefficient device which, in itself, is a disadvantage
which should, if possible be obviated.

An object of the present invention is to provide a novel
method for producing gas by combustion, and a novel
apparatus for this purpese, which apparatus, unlike the
conventional apparatus, does not require the provision
of an air compressor.

Another object is to provide an apparatus, in which
the combustion of the air-fuel mixture, or mixtures, takes
place in successive zones in the combustion chamber.

According to the invention, the method for producing
gas by combustion, comprises in combination the steps
of introducing under pressure at least partially gasified
fuel through suitable inlet means into a combustion cham-
ber wherein combustion of said fuel takes place, after
ignition, in a number of successive zones, said combus-
tion taking place due to the introduction of outside air
in predetermined quantities into each zone through suita-
ble inlet means, said air being drawn into said zones by
the suction effect created by the flow under pressure of
the fuel into the first zone and thence the combustion
products successively into the other zones, the predomi-
nantly gaseous products of combustion leaving the last
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zone at elevated temperature and at an elevated total

pressure.

The apparatus for carrying out the method according
to the invention, comprises a single or multiple zone
combustion chamber, in combination with means for pre-
heating and, preferably, at least partially cracking, fluid
or solid fuel or fuel mixtures, means for introducing
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under pressure said fuel or fuel mixture through suita-
ble inlet means into the first zone of said combustion
chamber, suitable formed openings being provided for
the passage of the combustion products from the first
zone to the mext and to successive zones in the case
of a multiple zone combustion chamber, inlet means
being provided in each zone for the introduction of out-
side air thereinto (due to the suction effect created by
the flow of the fuel and admixture of combustion prod-
ucts), and for ignition, a suitable exit being provided in
the last zone for the predominantly gaseous combustion
products.

By means of the novel apparatus, the necessity for the
provision of an air compressor for introducing air into
the combustion chamber is obviated. Furthermore, the
operational characteristics of this novel apparatus are su-
perior to the conventional constructions hitherto used,
a3 in this novel apparatus the combustion takes place
at a higher pressure, and as for an identical efficiency,
as compared with conventional internal combustion en-
gines, inclusive modern gas turbo engines, a lower tem-
perature may be used.

This reduction in temperature, for identical or superior
efficiency is of considerable economical significance, since
much cheaper materials may be used in the construc-
tion of the apparatus according to the invention, in
comparison with the special alloys required for the con-
struction of conventional high efficiency turbo engines.

The apparatus for carrying out the method according
to the invention s illustrated, by way of example only, in
the accompanying drawings, in which:

FIGURE 1 is a schematical view of the apparatus,

FIGURE 2 is a schematic fragmentary cross-sectional
view of a double zone combustion-chamber, :
- FIGURE 3 is a diagram showing the temperature and
pressure at each corresponding zone of FIGURE 2,

FIGURE 4 is a schematic cross-section through
A’—A"" of FIGURE 2,

FIGURE 5 is a schematic cross-section through
B’—B"” of FIGURE 2,

FIGURE 6 is a schematic partial cross-sectional view
of an apparatus incorporating a quintuple-zone combus-
tion chamber,

FIGURE 7 is a diagram showing the temperature and
pressure at each corresponding zone of FIGURE 6,

FIGURE 8 is a schematic fragmentary cross-section
view through an inlet into any zome of the combustion
chamber providing for additional air and/or fuel and/or
gaseous components, and

FIGURE 9 shows a combustion zone, according to the
invention, wherein a grid is located.

With reference to the drawings, the apparatus com-
prises, in general, the components as shown in FIG-
URE 1.

Said apparatus comprises—a distributor pump or com-
pressor- 1, actuated by suitable means as for example
the motor-shaft 11 actuated by means of the turbine
7, which forces fuel, coming from a source not shown,
through pipes 2 and 3 in predetermined quantities and
desired rates of flow into a heater 5; fuel flowing through
pipe 2 being introduced through a nozzle 4 and burned
in said heater 5, so as to heat the fuel flowing ‘through
the coil 6. The fuel passing through the heating cham-
ber 5 is heated to a predetermined temperature, depend-
ing on its quality, inherent properties and the like and
also on the properties of the multiple combustion cham-
ber 8 wherein it is burned. In a preferential embodi-
ment of the invention, the fuel is heated to such a tem-
perature, as to undergo at least partial cracking and
gasification while passing through the coil 6, as thereby
the energy which may be derived from it is increased.
Furthermore, said heating is carried to such extent, that
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the fuel introduced under pressure by means of pipe 3
leaves said heating chamber § and enters the combus-
tion chamber 8 at a predetermined pressure depending
on the construction of said combustion chamber, The
fuel heated in the heating chamber 5 leaves through pipe
12 and is introduced into the multiple-stage combustion
chamber through nozzle 9, the combustion in said com-
bustion chamber taking place in a manner to be ex-
plained in connection with FIGURE 2. The combustion
products leave said combustion chamber through open-
ing 10, their energy being converted into other desired
forms of energy by suitable meeans, as for example by
means of turbine 7.

In FIGURE 2, 1 is a nozzle through which preheated
fuel with an admixture of gaseous components is intro-
duced into the first stage 2 of the combustion chamber.
By injecting this fuel-mixture at relatively high pressure
and temperature, air, necessary for the combustion of
said fuel, is introduced through the opening 3 by means
of suction due to said introduction of the combustible
mixture. This opening is of suitable size and form,
calculated to introduce by suction such a quantity of air
from outside, as to cause the combustion of a predeter-
mined portion of the fuel introduced through nozzie 1.
The design of said opening or openings 3 is well known
to anybody versed in the elements of fiuid dynamics.
In a preferred embodiment of the invention, said open-
ings 3 are given the forms of venturis.. The simul-
taneous introduction of the preheated fuel-mixture and
introduction of the sucked-in air brings about the spon-
taneous combustion of such part of the fuel mixture, as
will be proportional to the amount of zir introduced.
By this partial combustion of the fuel, gaseous products
of combustion are produced, which leave the opening 4
of the first zone of the chamber at 2 velocity which is
a function of the amounts of fuel and air, temperature
and pressure. The gaseous mixture leaving through 4
enters the second zone of the combustion chamber 5.
Here also, an opening or openings 6 are arranged around
said opening 4, in such a manner that said gaseous
mixture brings about the introduction of further prede-
termined quantities of air from outside by suction through
said opening 6. This opening is given any suitable form
and dimension; preferably a venturi may be used.

1t is selfunderstood that the relative dimensions of the
various stages of the chamber and of the corresponding
openings for the introduction of air are such, as to pro-
vide for the combustion of predetermined portions of the
introduced fuel, taking into account the change of volume
by combustion, change of pressure and of temperature,
and to provide for practically complete combustion of
the whole of the combustible components up to the end
of the last stage. The gaseous mixture leaving through
7 is made to impinge on a turbine or other snitable ar-
rangement and its inherent thermal and kinetic energy
is thus utilised.

In FIGURE 3 there are shown the corresponding tem-
peratures and pressures, corresponding on each point
of the respective curves to the point vertically above at
the axis of the apparatus described in FIGURE 2.

FIGURE 6 shows an apparatus incorporating a. five-
zone combustion chamber. By way of example only,
details of data for ome possible construction of such
apparatus are given. The fuel or fuel mixture, prefera-
bly an initially liquid hydrocarbon mixture known under
the trade designation of “mazuth” or medium  fuel oil
is pumped under pressure by means of a pump 1 and
passed through a preheater 5, where it attains a tem-
perature of about 450° C,, this temperature being the
temperature at which this particular fuel undergoes par-
tial cracking without any undesirable coking taking
place. The fuel mixture leaves the preheater through
pipe 12 and is introduced through a suitable nozzle or
nozzle-arrangement, as described in connection with FIG-
URE 2, into the first stage of the five-zone combustion
chamber 8.
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FIGURE 7 gives the temperatures and pressures coi-
responding to the apparatus described in FIGURE 6.

In this example, the fuel is introduced into the first
zone of the five-zone combustion chamber at a tem-
perature of about 450° C, and at a pressure of about 150
atmospheres, the pressure and the temperature at eaqh
zone are shown on the corresponding diagram given in
FIGURE 7. The predominantly gaseous mixture leaving
the exit of the last zone leaves at a pressure of about 65
aim. and at a temperature of about 600° C. Calcula-
tions have shown, that a theoretical efficiency of ab.out
60% can be obtained from this particular construction.

Experiments carried out have shown that the expected
and calculated suction effect is obtained, resulting in
the introduction of the required quantities of air into
cach zone.

For some constructions it might be preferable to in-
trcduce into one or more zones of the multiple-zone
combustion chamber, additional quantities of air, fuel
or a mixture of both.

For some specific uses, the introduction of a certain
quantity of water is desirable, s0 as to obtain a higher
thermal efficiency.

In FIGURE 8 there is shown, by way of example only,
a construction which provides for the possibility of in-
troducing the desired quantities of fuel and/or air, and/or
other gases, or gaseous mixtures,

The construction is identical with the one described
in detail in connection with FIGURE 2, an additional
pipe 13 being provided for introduction of said com-
ponents. Other modes of injection of the aforementioned
additional substances may be resorted to.

It is selfunderstood that the hot gaseous mixture leav-
ing the turbine may be utilised for preheating or heating
the foel mixture to be introduced into the combustion
chamber and/or for heating the air due to be sucked into
said chamber.

It is clearly understood that the thrust of the hot, pre-
dominantly gaseous, mixture leaving through the exit
of the last stage of the combustion chamber can be utilised
as such for the purpose of propulsion.

Although in the aforementioned there have been de-
scribed constructions in which the preheated fuel, coming
from the pressure pump after having been passed through
the heating unit, is introduced into the first zone of the
multiple-zone combustion chamber, and passes on through
the successive zones, part of said fuel undergoing com-
bustion in each zone, it is within the scope of the inven-
tion to resort to such constructions wherein injection of
predetermined quantities of fuel simultaneously into more
than one zone may be resorted to.

Experiments have shown that the provision of a suit-
able grid or netting, located either at the inlet of the
thus equipped zone, or at a location as shown in FIG. 9,
which is a schematical cross-section of one zone of a
combustion chamber, equipped with such grid, said grid
or netting being substantially vertical to the direction of
the axis A as shown in this figure.

The combustion zone 18 shown in this figure has an
inlet' 14, through which there are introduced the fuel
mixture, and if this zone is not the first one, also combus-
tion products from previous zone or zones; an inlet 185,
through which air is sucked in, as above explained, a
grid 16, having preferably conical holes 17, as shown;
and an outlet 19. This grid constitutes a resistance for
the flow of the gaseous mixture in a backward direction.
Thus improved flow characteristics are attained, improv-
ing the efficiency of the apparatus.

The gaseous, or at least partially gasecus mixture enter-
ing the combustion chamber, as well as the mixtures pass-
ing from one stage to the next one, have a component
of velocity in the direction of the fiow. As the mixture
is ignited in the respective zone, its volume is increased
and the gaseous mixture flows in the direction of least
resistance. As there is already a flow at a certain velocity
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through these holes in the-grid, the gaseous - mixture is
thus made to contrnue m its direction of flow,. as desired.
Furthermore it has ‘been found. that . whenever only
;Vgaseous fuel i is used, such as propane, butane, similar mix-

tures of producer gas or the like, same may be used. wrth -

or wrthout -preheating. After introduction  under -pres-
-sure. into the first stage, -all the effects described are ob-
tained.

L Ttis c]early wrthm the scope of the invention to use any
,surtable mixture of gaseous and/or liquid-and/or solid
. fuel. after. suitable preheating, -whenever requlred .

‘Tt “has.been: found, ‘that whenever- fuel-oil :is heated to
-a relatively low temperature, such as about 250°-C., same
.may be introduced in:at least partially - gaseous state into
the:first zone under: pressure,. resuiting in-the predicted
and above described characteristics .of the combustion
cliamber. It was found, that due to the relatively. low
.temperatures throughout the combustion chamber, igni-
-tion is necessary at least in the first, but often also in the
-second .and even third-zone. o )
Although we have described .our invention with- a cer-

tain - degree of ‘particularity, it -is understood -that -the
~present disclosure has-been made only by way. of example,
“and that numerous changes in the details of construction,
~dnd the combination and arrangement of-parts,~may. be
-resorted towithout departing from  the spirit and the
~scope of the invention -as-hereinafter claimed.

We claim:

1. “Arméthod for producrng energy by combustion, com-
‘prising, ‘in’ combination, the: steps’ “of¢ ‘preheating a- hqurd
“fuel; mtroducrng the preheated fuel under : pressure
“through a nozzle into ‘a2 combustion’chamber: comiuni-
- Gating ‘with*the outsrde air so‘that-ambient “air is-sucked
“info ‘said combustron ‘chamber to ‘form with a part of
“$aid fuel a combustrble mixture; éffecting ignition of said
“mixture to produce ‘combustion- gas; guiding-the remain-
~ing fitel and said -combustion- gas into another combustion
* chamber of greater volurie commumcatmg with the ‘out-
“$ide air ‘and ‘introducing said fiel ‘and ‘gas into said othér
combustion chamber at'a pornt of: substantrally minimum
“'pressure thétein’so that air is sticked-irito said other com-
“‘bustion chamber and forms with- at-least 'a ‘part of -said
remaining fuel ‘a ‘combustible ‘mikture Which is- ignited
by said combustion gas to form a greater volume of com-

bustion’ gas; and guiding said greater ‘voliime ‘of combus- *

tion gas out of $aid-other' combustion chamber at a tem-

- perature and kinetic energy greater than the temperature
-and kmetrc energy ‘of the introduced fuel.

2. A method _ for producmg energy by combustron,

X ‘the preheated fuel under pressure through a nozzle ‘into
a combustion chamber commumcatmg with ‘the -outside

“air 50 that ambient air is suckéd info said combustron‘
. chamber ‘to form with a ‘part of said fuel a combustible

: mrxture eﬁ”ectmg 1gmtron of said mixture by spontaneous
- -combustion’ to produce combustron gas; guiding the. -re-
""mammg foel and said combuistion gas into another com-
bustion chamber of greater volume communicating With
the outside air and" introducing said fuel and gas into said
~"other” combustion chamber at a-point of substantially
minimum pressure therein so that ambient air is sucked
‘into said other combustion chamber and forms with at
:least a part of said remaining fuel a combustible mixture
which is ignited by said combustion gas to form a greater
volume of combustion gas; and guiding said greater vol-
ume of combustion gas out of said other combustion
chamber at a temperature and kinetic energy greater than
the temperature and kinetic energy of the introduced fuel.

3. An apparatus for producing energy by combustion,
comprising, in combination, a series of successive com-
bustion chambers, each having an outlet opening at one
end and an inlet opening venturi configuration at the other
end thereof, said openings of each chamber being of sub-
stantially smaller transverse section than an intermediate
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:portion- thereof, said-ends with said outlet openrngs ex-

tending into -said inlet openings of the next successive

‘combustion chambers to the throat of said venturi con-

ﬁguratron thereof and forming-in the said chamber annu-
lar air inlets, the. volume of each chamber being greater
than the volume of the precedmg chamber; nozzle -means

located in the inlet opening of the first combustion cham-
.ber-and forming an annular air inlet in the same; preheat-
:ing means for preheating a fuel; means for, supplymg the

preheated fuel under pressure to said nozzle means so
that fuel is introduced into said first ‘combustion chamber

‘at a -predetermined . velocity -whereby amblent air_ is

sucked . through said -annular inlet of the same .into the

‘same to form a combustible .mixture in said first combus-

tion chamber, and means for eﬁectmg ignition of the

‘mixture in said first combustion chamber whereby com-

bustion-gas and fuel. passes through the ouilet opening “of
the same into the next successive combustion chamber : at

‘a predetermined velocity to-suck ambient air through said

mlet of the -same whereby an additional amount of ‘a
combustible mixture is formed which is 1gn1ted by sard
combustion:gas-and passes through- the outlet of said rext

‘successive. combustion chamber into the next followrng

successive combustion chamber until the combustion , :gas
produced by. all the introduced fuel-passes through .the

“outlet of the last combustion :chamber.

~4,-An apparatus for- producmg energy by combustion,

- comprising, in combination, a-series of: successive combus-
~tion chambers, each. having an -outlet opening -at one-end

and an.inlet opening of venturi configuration -at:the .other

-end thereof, ‘said-ends with -said outlet opemngs extend-
ving into-said -inlet -openings - of -the -next -successive -com-
~bustion chambers-to the throat of-said venturi conﬁgura—
-tion thereof and forrnmg in:the said chamber -annular . air
dinlets, -the volume -of -each -chamber - being -greater -than

the "'volume of -the preceding -chamber, -and the-openings

-of-each chamber being of -substantially-smaller transverse
“section. than: -an  intermediate - portion thereof; .nozzle

mieans located in the-inlet opening-of-the-first- combustion

‘chamber and forming an annular air inlet-in-the same;-a
- gnd located in:said first combustion:chamber and extend-
-ing transverse- to the-same :between -said inlet and-outlet
-openings- and -opposite -said-nozzle means-to reduce. back

~pressufe,-said: grid- having’ perforations -wider-on the side

45

50

-of-said grid facing said:nozzle'and.inlet'than on the -side
-of ~said - grid -facing - the :outlet -of -said -first -combustion
- chamber; preheating. means- for:preheating a fuel;.méans

for supplying the preheated fuel under pressure-to: said

nozzle means:so that fuel is introduced.into:said first com-
‘bustion chamber “at -a ‘predetermined velocity “whereby

. ambient-air-is sucked ‘through 'said -annular -inlet::0f-the
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“same into.the samie to form-a combustible mixture in'said
-first combustion chamber;:and means for-effecting ignition
- of the mixture in said ﬁrst combustion -chamber whereby
‘combustion-gas and fuel passes: through. the-outlet-open-
~ing "of -the ‘same -into -the ‘next ‘siccessive '‘combustion
~chamber -at’ a:‘predetermined. velocity - to: suck.-ambient
“air through' said- inlet-of the same whereby an-additional
‘amount ‘of ‘a’ combustible ‘mixture is: formed -whichis
60 ~outlet - of 'said ‘next: successive' combustion: chamber: into

~the next following' suctessive - combustion: chaniber until

-the’ combustion:gas ‘produced: by-all-the: introdiiced fuel

ignited: by said ' combustion: gas-and-passes: through!the

passes through the outlet of the last combustion chamber.,

5. In an apparatus for burmng fuel to obtain energy
therefrom, in combination, a series of enclosures each
of which forms a combustion chamber in its interior, each
enclosure having at one end an opening forming an inlet
of venturi configuration and at its opposite end a tubular
outlet of smaller cross section than an intermediate por-
tion of said enclosure extending with substantial clearance
into the inlet of the next following enclosure to the
throat of said venturi configuration thereof so that at
the inlet of each except the first of said enclosures there
is a free space between said inlet and the tubular outlet
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of the preceding enclosure, and said enclosures being of
successive larger size from the first to the last enclosure;
and means cooperating with the first enclosure at the
inlet thereof for introducing a combustible fuel into the
same and for igniting the fuel in said first enclosure,
whereby the combustion products from the first enclosure
flow automatically into the next enclosure sucking ambient
air in through the free space at the inlet of the second en-
closure to provide automatic combustion in said second
enclosure and so on throughout the series of enclosures.

6. Apparatus for producing emergy by combustion,
comprising, in combination, first and second elongated
combustion chambers in- axial alignment, each having
an inlet opening of venturi configuration at ome end
and an outlet opening at the other end thereof, said
openings of each chamber being of substantially smaller
transverse dimension than the largest transverse dimen-
sion of said chamber, said second chamber having a
greater volume than said first chamber, and the outlet
opening of said first chamber located in the inlet open-
ing of said second chamber at the throat of said venturi
configuration thereof; means located in the inlet opening
of said first chamber for imjecting a predetermined
amount of fluid fuel under pressure into said first cham-
ber and forming in said inlet opening of said first cham-
ber a passage through which ambient air may be sucked
into said first chamber in an amount less than that re-
quired for complete combustion of the fuel therein;
and means for igniting part of the fuel in said first cham-
ber so that combustion gas at a temperature and kinetic
energy greater than the temperature and kinetic energy
of the introduced fuel is produced and said combustion
gas and the remainder of the fuel is ejected from the
outlet opening of said first chamber into said second
chamber through the inlet opening of said second cham-
ber, said outlet opening end of said first chamber form-
ing in the inlet opening of said second chamber a pas-
sage through which ambient air may be sucked into said
second chamber in an amount sufficient for complete
combustion of the remainder of the fuel in said second
chamber, said remainder of the fuel being spontaneously
ignited by the combustion gas from said first chamber
so that additional combustion gas at a temperature and
kinetic cnergy greater than the temperature and kinetic
energy of the fuel introduced into said second chamber
is produced and is ejected with the combustion gas re-
ceived from said first chamber from the outlet opening
of said second chamber.

7. Apparatus for producing energy by combustion,
comprising, in combination, a plurality of elongated
combustion chambers in axial alignment including a first
and last chamber and at least one intermediate cham-
ber, each of said chambers having an inlet opening of
venturi configuration at one end and an outlet opening
at the other end thereof, the openings of each chamber
being of substantially smaller transverse dimension than
the largest transverse dimension of said chamber, said
chambers being of successively increasing volume from
said first to said last chamber, the outlet openings of
said first and said intermediate chamber being located
in the inlet openings of their next succeeding chambers,
respectively, at the throat of said venturi configuration
thereof; means located in the inlet opening of said first
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chamber for injecting a predetermined amount of fluid
fuel under pressure into said first chamber and form-
ing in said inlet opening of said first chamber a passage
through which ambient air may be sucked into said first
chamber in an amount less than that required for com-
plete combustion of the fuel therein; and means for
igniting part of the fuel in said first chamber so that
combustion gas at a temperature and Kkinetic energy
greater than the temperature and Kinetic energy of the
introduced fuel is produced and said combustion gas
and the remainder of the fuel is ejected from the outlet
opening of said first chamber into said intermediate
chamber through the inlet opening of said intermediate
chamber, said outlet opening end of said first chamber
forming in the inlet opening of said intermediate cham-
Dber a passage through which ambient air may be sucked
into said intermediate chamber in an amount less than
that required for complete combustion of the remainder
of the fuel therein, a part of the remainder of the fuel
being spontaneously ignited by the combustion gas from
said first chamber so that additional combustion gas at
a temperature and kinetic energy greater than the tem-
perature and kinetic energy of the fuel introduced into
said intermediate chamber is produced and is ejected
from the outlet opening of said chamber into the inlet
opening of the next succeeding chamber, said last cham-
ber receiving the accumulated combustion gas and the
last remainder of the fuel from the next preceding cham-
ber through the outlet opening of the next preceding
chamber located in the inlet opening of said last cham-
ber, said outlet opening end of said next preceding cham-
ber forming in the inlet opening of said last chamber a
passage through which ambient air may be sucked into
said Jast chamber in an amount sufficient for complete
combustion of the last remainder of the fuel in said last
chamber, said last remainder of the fuel being spontane-
ously ignited by the combustion gas from said next pre-
ceding chamber so that additional combustion gas at a
temperature and kinetic energy greater than the tempera-
ture and kinetic energy of the fuel received in said
last chamber is produced and is ejected with the com-
bustion gas received from said mext preceding chamber
from the outlet opening of said last chamber.

References Cited in the file of this patent
UNITED STATES PATENTS

1,288,696 SChWarz ceee e Dec. 24, 1918
1,828,784 Perrin e Oct. 27, 1931
2,159,758 Deidrich cecmevcmeeee May 23, 1939
2,167,183 Naab et al. coeeceeee e July 25, 1939
2,335,134 8ands cmcee e Nov. 23, 1943
2,469,679 Wyman o ceeeemeeeee May 10, 1949
2,579,043 Kallal e Dec. 18, 1951
2,663,142 WilSOD e e Dec. 22, 1953
2,670,597 Villemejane e Mar, 2, 1954
2,697,910 Brzozowski oo Dec. 28, 1954
2,704,435 Allen Mar. 22, 1955
2,778,189 Carmody et al. - Jan. 22, 1957
FOREIGN PATENTS
1,011,439 France mmeeee—mccmeecma Apr. 2, 1952

—

R gAY

223



