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{54) Title: OPERATING METHOD AND DEVICE FOR SUPPLEMENTARY COMPRESSED AIR INJECTION ENGINE OPERATING
WITH MONO-ENERGY OR BI-ENERGY IN TWO OR THREE POWERING MODES

(54) Titre: PROCEDE DE FONCTIONNEMENT ET DISPOSITIF DE MOTEUR A INJECTION D’AIR COMPRIME ADDITIONNEL
FONCTIONNAT EN MONO-ENERGIE, OU EN BI-ENERGIE BI OU TRI MODES D’ALIMENTATION

{57) Abstract

The invention concems an engine method with suction~compression
chamber (1) and/or expansion-exhaust chamber (4) operating by means of
reciprocating pistons with an independent and twinned compression chamber
(2) ~ the three chambers being sepamed with a device controlling the stroke
causing, over a long period of engine rotation, said piston (15) to stop at the
upper dead centre which in that position separates the combustion chamber and
the expansion-exhaust chamber, also comprising a high-pressure compressed
air chamber (23) and additional systems for recuperating ambient thermal _
energy and additional heating, capable of operating in mono-energy air plus ~
supplementary compressed air or in bi-energy, or with conventional fuel in
internal or external combustion, or by injection of a dose of compressed air
thereby producing three operating modes depending on the type of use. The
invention is useful for all types of engine methods.

(57) Abrégé

Procédé de moteur & chambre d*aspiration-compression (1) et/ou chambre
de détente—€chappement (4) fonctionnant 2 I'aide de pistons alternatifs avec
une chambre de combustion indépendante et jumelée (2) - les trois chambres
érant séparées — avec un dispositif de contrdle de 1a course provoquant, sur
une longue période de rotation moteur, 1'anét au point mort haut dudit piston
{15) qui dans cette position sépare la chambre de combustion et la chambre de
déteme—échappement, comportant également un réservoir d’air comprimé haute »
pression (23) et des systémes de récupération d’énergie thermique ambiante
et de réchauffe additionnel, pouvant fonctionner en mono-énergie air plus air '
comprimé additionnel ou en bi-€énergie, soit avec un carburant traditionnel en combustion inteme ou exteme, soit avece l'mjecuon d'une
dose d'air comprimé additionnel réalisant ainsi trois modes de fonctionnement selon 1'utilisation. Toutes apphcanons de moteurs,




engine is the time to establish the pressure in the expansion chamber when
.transferring gases between the conbusti on chanber and the expansion

chanber. To sejo/edAssay oblem and in angther French 3Ppgwtergssqmiggati on
97/ 13313, the author has described a nethod for controlling the novenent of
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foll owi ng can take place at constant vol une: - the ignition and
conbustion operations, in the case of conventional engines, - the
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engi nes and other conpressors. > _ . The piston may be stopped at top
dead center an?&%?gﬁrre?ﬁeofné’%eyssaeg AHeans Kol T o those skilled in the art,

_for exanpl e using camSyqdiind onsinteexnabut asmbhuptébsr eneagimesal | ovittthe
piston to,pe %.rn%%%%d'gnﬂtscombustion chamber and compression and
' expansion chambers such as those described in French
patents 23197692 or alternatively 2416344 allow a

certain numbexr of operating improvements over
conventional engines, but the time given over to the

15 transfer and combustion of gases is wvery short and does
not allow for good efficiency.

In his published patent application
WO 97/39232, the author has described a method for a
cyclic internal combustion engine with an independent

20 constant-volume combustion <chamber in which the
induction-compression chamber, the combustion chamber,
and the expansion-exhaust chamber consist of three
separate and entirely independent parts, and in which
the cycle of the induction-compression chamber is in

25 advance of that of the expansion—exhaust chamber so as
to allow long combustion times. One of the main
advantages of this method is that the mixture burns at
truly constant volume for a longer length of time than
in a conventional engine.

30 One of the difficulties with this kind of
engine is the time to establish the pressure in the
expansion chamber when transferring gases between the
combustion chamber and the expansion chamber.

To solve this problem, and in another French

35 patent application 97/13313, the author has described a
method for controlling the movement of the pistons of
machines such as engines or compressors, characterized
in that at its top dead center, the piston is halted in



top dead center, the piston is controlled using a 20 pressure |ever device
.itself controlled by a connecting rod and crank system The term "pressure
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- the operations at the end of exhaust, start
of induction, in all cases of engines and other
compressors.

15 The piston may be stopped at top dead center
and kept there by any means known to those skilled in
the art, for example using cams, pinions, etc, but as a
preference, to allow the piston to be stopped at its
top dead center, the piston is controlled using a

20 pressure lever device itself controlled by a connecting
rod and crank system. The term "pressure lever" is
given to a system of two articulated arms, one of which
has a stationary end, or pivot, and the other of which
can move about an axis. If a force is exerted

25 approximately at right angles to the axis of the two
arms, when they are aligned, on the articulation
between these two arms, then the free end is made to
move. This free end may be connected to the piston and
cause it to move. The top dead center of the piston

30 occurs when the two articulated rods are practically
one in the continuation of the other (at about 180°).

The crankshaft is connected by a control
connecting rod to the axis of articulation of the two
arms. The position of the various elements in space and

35 their sizes make it possible to alter the kinetic
characteristics of the assembly. The position of the
stationary end determines an angle between the axis of
movement of the piston and the axis of the two arms



stationary at its top dead center. This corresponds to the piston dwell
.time. In this kind of engine, the transfer of gases 10 and, in particular,
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t he i nduction-co sion c AS soon as the piston of the expan5| on
cyl i nder has for opening and closing at these temperatures is

tricky prospect.

15 The present invention sets out to solve this
problem of the transfer of pressure from the combustion
chamber to the expansion chamber in a different way by
proposing an engine method involving separate chambers,
for induction-compression, expansion-exhaust and

20 combustion and/or expansion at constant wvolume which
are separate, and in which method a device for
controlling the stroke of the piston to allow the
latter to be stopped at its top dead center is mounted
at least on the expansion-exhaust chamber. The

25 combustion and/or expansion chamber is mounted twinned
without any shutter on the upper part of the expansion-
exhaust chamber, the piston practically separating the
combustion chamber from the expansion-exhaust chamber
at its top dead center. Furthermore, the operating

30 cycle of the induction-compression cylinder may have
some retard with respect to the cycle of the expansion-
exhaust cylinder so that the top dead center of the
piston of the expansion-exhaust cylinder is, as the
engine rotates, in advance of the top dead center of

35 the piston of the induction-compression cylinder. As
soon as the piston of the expansion cylinder has
reached its top dead center, where it partially closes
off the combustion chamber, it is in advance of the top



reached its top dead center, where it partially closes off the conbustion

~chanber, it is in advance of the top -4- dead center of the piston of

t.he i nduction-conpression chanber and rengins at its top dead center during
the foll ow ng operations: copmuni cation E en t he conbustion chanber 5
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producing the nDtlve power right romthe s art of the domnstrg{e f the
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term Conbustlon at ConStfggure of the communication between the

combustion chamber and the induction-compression
chamber,

- ignition and combustion of the mixture which
generates an increase in pressure,

15 then, as soon as it begins its downstroke, produces
work brought about by the increase in pressure.
Combustion takes place at truly constant volume because
the mixture is expanded directly without transfer into
the expansion chamber, producing the motive power right

20 from the start of the downstroke of the expansibn-
exhaust piston.

The term "truly constant" which has just been
used, goes back to the state of the art which, in
common parlance, uses the term "combustion at constant

25 volume" even though in a conventional engine the piston
is always in motion and the volume is therefore never
really constant.

These advantages, combined with a long
combustion time in a compact combustion chamber make it

30 possible to obtain far lower emissions of pollutants in
the exhaust than can be achieved in conventional
engines.

According to a particular embodiment of the
method according to the invention, it is possible to

35 form between the compression chamber and the combustion
chamber a buffer wvolume in which compressed air is
accumulated which will make it possible to avoid surge

effects and pressure drops due to the dead transfer



25 vol ume" even though in a conventional engine the piston is always in
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gases; just as in certain applications it is possible
to use a reserve of air in a cylinder (or any other
container) which would be expanded in the combustion
chamber, or even compressed air from a network (in the

15 example of a stationary engine used in a factory using
compressed air from a network).

As a preference, the twinned combustion chamber
is of a shape similar to that of a sphere with no
roughnesses or corners for better combustion, and

20 similarly it is thermally insulated by being coated

. with a thermal barrier made of ceramic or other lagging

- insulating materials to ensure that there is no heat

energy lost through the walls which may thus be kept at

very high temperatures and therefore ensure that the

25 flame is not quenched on said walls, thus avoiding the

production of unburned hydrocarbons in the exhaust

gases. This combination makes it possible to
appreciably improve the emissions of pollutant gases.

The method of operation of the engine according

30 to the invention makes it possible to use homogeneous

air-fuel mixtures and the mixture may be achieved by a

carburetor prior to the induction-compression stage,

although an injection (electronic or mechanical) system

is preferred. However, direct injection into the

35 combustion chamber may alsoc be used without in any way
altering the principle of operation of the invention.

The method of operation of the engine according

to the invention also allows the use of heterogeneous
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- 6- dual-mode principle with two types of energy using

either conventional fuel such as gasoline or diesel
fuel on the highway (operating in single mode on air-
15 fuel), or, at 1low speed, particularly in towns and
suburbs, injection of compressed air into the
combustion chamber (or any other non-polluting gas) to
the exclusion of any other fuel (operating in the
second mode on air plus supplementary compressed air).
20 According to another aspect of the present
invention, the method of operation of an engine
according to the invention adopts this dual-energy and
dual-mode principle. In the air-fuel mode, the air-fuel
mixture is drawn into and compressed in an independent
25 induction-compression chamber. This mixture is then
transferred, still at pressure, into the combustion
chamber which is twinned with the expansion-exhaust
chamber. When the expansion-exhaust piston is stopped
at its top dead center, the combustion chamber is at
30 constant volume and the mixture is ignited so as to
increase its temperature and pressure. Combustion is
continued while the piston is stationary at its top
dead center and then this mixture is expanded directly
without being transferred in the expansion and exhaust
35 chamber, to produce work therein. The expanded gases
are then discharged to the atmosphere through an
exhaust duct.
In the air plus supplementary compressed air



sel f-i gniting mxtures like in diesel engines. In this case, the spark plug
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in this case becomes an expansion chamber, will expand,

15 and the mixture of the two masses of air increases the
pressure obtaining in the chamber to allow motive power
to be delivered during expansion.

The invention may also apply to operation in
single-energy air plus supplementary compressed air

20 mode. In his published patent application WO 97/4884,
the author described the installation of this type of
engine operating in single mode, with air plus
supplementary compressed air, on service vehicles, for
example town buses, taxis, delivery vans and the like.

25 This type of dual-mode or dual-energy (air and
'gasoline or air and supplementary compressed air)
engine may in fact be converted for preferential use in
towns, for example, on all vehicles and more
particularly town buses or other service wvehicles

30 (taxis, garbage trucks, etc), in air-supplementary
compressed air single mode by omitting all the elements
which are specific to the operating of the engine with
a conventional fuel, such as the tank, the fuel
circuit, injectors, etc.

35 According to another feature of the invention,
the method of operation of an engine according to the
invention also uses the single-energy single-mode
principle with the injection of supplementary



increase its tenperature and pressure. Conbustion is continued while the
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appl y to oper ®e§entn invention proposes another method of operation
for the compressed-air engine, in which is mounted a
device for controlling the stroke of the piston causing
the latter 'to stop at its top dead center. The
15 induction-compression cylinder is isolated - either by
disengagement or rendered inoperative by keeping its
valves open or closed, or by omitting it when the
engine is designed to operate only in single-mode
compressed-air mode. The engine operates with an
20 expansion-exhaust cylinder which has an exhaust port
and a twinned independent expansion chamber. During the
upstroke of the piston of said expansion-exhaust
chamber, during the exhaust cycle, the exhaust port is
closed off so as to allow some of the expanded gases to
25 be recompressed to a high temperature and pressure in
the expansion chamber into which, while the piston is
stationary at its top dead center, a dose of
supplementary compressed air from a storage reservoir
is injected, thus causing an increase in pressure in
30 said chamber, producing work by driving the piston back
in its downstroke.
The engine thus operates with an expansion
(therefore a power stroke) on each revolution of the
crankshaft in a cycle which, although fundamentally
35 different, could be compared with that of a two-stroke
engine insofar as there is an expansion for every
engine revolution.
As a preference, the method of operation of the



sinQIe-energy air plus supplementary conpressed air 20 node. In his

publi shed patent application WO 97/4884, the author described the .
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work consequently cools the compressed air which has
been expanded to a pressure close to the usage pressure
15 to a very low temperature, for example -100°C. This
compressed air, expanded to its usage pressure and at
very low temperature, is then sent into an exchanger
where it exchanges heat with the ambient air, and heats
up to a temperature close to ambient temperature, and
20 thus increases in pressure and/or volume, recovering
the heat energy taken from the atmosphere.
Also as a preference, the method of operation
of the engine according to the invention comprises a
thermal heater system as described by the author in his
25 patent application FR 98/00877, in which he proposes a
solution which will increase the amount of energy that
can be used and that is available, characterized in
that the compressed air, before being introduced into
the combustion and/or expansion chamber, from the
30 storage reservoir either directly or having passed
through the air-air héat exchanger and before being
introduced into the combustion chamber, is routed
through a thermal heater in which its pressure and/or
volume is increased further before being introduced
35 into the combustion and/or expansion chamber, thus
considerably further increasing the performance that
can be achieved by the engine.
The use of a thermal heater has the advantage



reducing engine. In the current text, the use of the expression "air"
~shoul d al so be understood as covering "any non-polluting gas". 10
For operating in conpressed-air node,jpthe present invention proposes
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with that of a’ two-stroke engine insofar as there is an expansion for every
piston upstroke, varies during operation to open during
the piston upstroke every two revolutions. In addition
15 to this, the engine has an inlet for air and fuel such
as gasoline, diesel o0il or the 1like, allowing the
introduction of a charge of carburetted mixture which
igs drawn in during the piston downstroke then
compressed in the expansion chamber which then becomes
20 a combustion chamber, in which chamber the mixture is
burnt and then expanded, producing work by driving back
the piston and then discharged in the exhaust according
.to the conventional four-stroke engine cycle.
According to another aspect of the invention,
25 the invention proposes a three-mode dual-energy method
of operation in which the engine operates either with
compressed air without additional heating, for example
when driving in town with =zero pollution, or with
compressed air that has been heated by external
30 combustion in a thermal heater supplied with a
conventional fuel, for example for running in the
suburbs, with infinitely low pollution, or for running
on the highway, with intermnal combustion and with the
inlet of air and gasoline (or any other fuel) allowing
35 the introduction of a charge of carburetted mixture
which is drawn in during the piston downstroke then
compressed in the expansion chamber which thus becomes
a combustion chamber, in which the mixture is burnt



eng]i ne revolution. As a preference, the nethod of operation of the -9-
.engi ne according to the invention conprises a systemfor recovering anbi ent
t-hermal energy as described by the authorp;in his patent application FR

97/ 00851, in which the conpressed air contained in the storage 5 .reservoir
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exanple, is e r e close to the pressure needed for its end
use in a vari agi e%%l%ﬁ%fggs?é%%for exanple in 10 a piston in a cylinder,
produci ng work whi ch cBeebe theemer apderl usell byopexakiemn miescribed

mechani cal 5 eligGldi fdbovdydr agh-C rud h%_u@i%me-ﬂ%ia%yeX93ﬂl§ir9BsVé’dt ha yBr K
consequently cools the conpressed air whicC en expanded to a pressure

has b
close to the ®dge %%%sﬁ@ﬁ%em?%tWerﬁPWQ%%‘ger%’tﬁr eheaked R¥nphe
-100[err]C.  ThirnePra@sses plus €upandechalyo Hel udirboepueasale andiat
very low tenperature,. is then sent Lnto exchanger where jt exchanges
heat with the GIHREHREIOT i ndiRERp c?% LR at{ c‘Fjo%%l?% andf ent
tenperature, aaxhalistthnd iinteasdscts,pridssumethodisorand| desyicesecboeri ng
t he heat er { r h { ege. a_prefer it t hod
of oper at ﬁgn %wjt'ﬁég?{ehr%i ggbglcg)g?edﬁﬁ%&%o%?heﬁ%%\%n i oﬁgéorcr%rr&s%%glae‘{]ﬁbeﬁnl
heat er systemekeatusenidved bgevheedut hor eledtirpmechanical devices,

mechanical devices or the like, and the fuels or gases

used may vary without in any way changing the principle
of the invention. Likewise, the inlet and exhaust

15 valves may advantageously be controlled by electrical,
pneumatic or hydraulic systems controlled by an
electronic computer according to operating parameters. ..

Other objects, advantages and features of the
invention will become apparent from reading the

20 description, by way of non-limiting example, of a
number of embodiments, this description being given
with reference to some appended drawings, in which:

Figure 1 diagrammatically depicts a wview in
cross section of one embodiment of the engine according

25 to the invention in which the expansion-exhaust chamber
is controlled by a system for controlling the stroke of
the piston and comprises a twinned combustion chamber.

Figure 2 depicts this same engine after the
air-fuel mixture has Dbeen introduced into the

30 combustion chamber at the time of ignition.

Figure 3 depicts this same engine at the start
of the expansion phase. '

Figure 4 depicts this same engine during
exhaust and compression.

35 Figure 5 depicts another mode of operation
viewed schematically in cross section in which a buffer
volume for accumulating compressed air is installed
between the compressor and the combustion chamber, at



25 patent application FR 98/00877, in which he proposes a solution which
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for operation in dual-mode dual-energy operation.

Figure 10 depicts this same engine at its
bottom dead center at the start of the exhaust phase.

15 Figure 11 depicts diagrammatically, viewed in
cross section, a compressed-air engine according to the
invention depicted at its top dead center.

Figure 12 depicts this engine during exhaust.

Figure 13 depicts this engine during

20 recompression.

Figure 14 depicts a view in cross section of
this engine equipped with a device for recovering
ambient heat energy and with a continuous combustion
heat device.

25 Figure 15 depicts a view in cross section of a
dual-energy internal combustion engine according to the
invention, during induction.

Figure 16 depicts this engine at the time of
ignition.

30 Figure 17 depicts this engine during expansion.

Figure 18 depicts it during exhaust.

Figure 19 depicts, diagrammatically, in
longitudinal section, an engine according to the
invention equipped to operate in dual-energy three-mode

35 operation.

Figures 1 to 4 depict one embodiment of the
engine according to the invention in which the
induction and compression and expansion and exhaust



pi ston upstroke, varies during operation to open during the piston upstroke
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bur nt -11- compressed air by a conventional piston-compressor

assembly: a piston 9 sliding in a c¢ylinder 10

controlled by a connecting rod 11 and a crankshaft 12.

15 The fresh air-fuel mixture is let in through an inlet

duct 13, the opening of which is controlled by a
valve 14.

The expansion chamber controls an engine

assembly with a piston equipped with a device for

20 controlling the stroke of the piston in which device

the piston 15 (depicted at its top dead center),

sliding in a cylinder 16, is controlléd by a pressure

lever. The piston 15 is connected by its axis to the

free end 15A of a pressure lever consisting of an arm

25 17 articulated on a common axis 17A to another arm 17B

fixed so that it can pivot on a stationary axis 17C.

Attached to the axis 17A common to the two arms 17 and

17B is a control connecting rod 17D connected to the

wrist 18A of a crankshaft 18 rotating on its axis 18B.

30 As the crankshaft rotates, the control connecting rod

17D exerts a force on the common axis 17A of the two

arms 17 and 17B of the pressure lever, thus allowing

the piston 15 to move along the axis of the cylinder

16, and in return transmits to the crankshaft 18 the

35 forces exerted on the piston 15 during the power

stroke, thus causing it to rotate. The stationary axis

17C is positioned laterally with respect to the axis

along which the piston 15 moves and determines an angle



and then expanded, producing work and di scharged to the atnosphere
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for which the piston 15 is stationary at its top dead

15 center. The burnt gases are discharged through an
exhaust duct 19, the opening of which is controlled by
a valve 20.

The crankshaft 18 drives the compressor at the
same speed via a link 21 with an angular offset between

20 the top dead centers of the expansion piston and of the
compressor piston, the latter being retarded by an
angle of rotation which is chosen according to the
desired combustion time. The compressor may also be
mounted on the same crankshaft in which the angular

25 offset of the wrists makes it possible to achieve the
offgsetting of the top dead centers without in any way
changing the principle of the device of the invention,
which in this instance is shown with a link 21, making
for a simpler drawing.

30 Figure 1 depicts the engine when the compressor
piston 9 1is close to its top dead center and the
shutter 6 has just opened to allow the constant-volume
combustion chamber 2 to be fed with fresh air-fuel
mixture while the piston 15 of the expansion chamber 4

35 1s at its top dead center and will remain there for a
certain period of rotation of the engine, for example
110°.

Continuing the rotation in the c¢lockwise



Figure 3 depicts this sane engine at the start of the expansion phase.
.Figure 4 depicts this same engine during exhaust and conpression. 35
Figure 5 depicts another node of opeamtion viewed schematically in
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10 the expansion piston 15 remains at its top dead center
during the combustion period.

The crankshafts 12 and 18 continue their
rotation - Figure 3 depicts the situation about 100°
later - the expansion piston 15 has just begun its

15 downstroke and the gases under very high pressure
contained in the twinned combustion chamber 2 are
expanding in the expansion chamber 4, pushing back the
pistoﬁ 15 and thus providing the power stroke, while
the compressor piston 9 is in the process of completing

20 the intake of fresh carburetted mixture and the inlet
valve 14 closes.

Expansion will continue over about 180° of
rotation of the crankshaft, Figure 4, the exhaust valve
20 opens and the piston 15 discharges the burnt and

25 expanded gases into the exhaust duct 19, while the
compressor piston 9 will compress the air-fuel mixture
in the compression chamber 1 and the shutter 6 will be
opened to let fresh air-fuel mixture into the constant-
volume chamber 2 once again, to recommence the cycle

30 (Fig. 1). -

It will be readily understood that for each
revolution of the crankshaft (engine and compressor)
there is a corresponding expansion (or power stroke)
and that the choice of offset between top dead center

35 of the compressor piston 9 and top dead center of the
expansion piston 15, and the time the expansion piston
15 is stationary in its top dead center determines the
combustion time of the mixture in the constant-volume



Fi gure 13 depicts this engi ne during 20 reconpression. Figure 14
.depicts a viewin cross section of this engine equipped with a device for
rrecovering anbi ent. heat energy and with a&onti nuous conbusti on heat

device. 25 r cts a viewin cross section of a

dual - ener gy |ﬁiern§?fé%ﬁbu§%a%n g%glne according to the invention, during

i nduction. Figure 16 dapithermdne, ehjenexpansion i velwnei gisplaseB by
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3, twinned wi teffiwexparmidn ohadeusic Terigshpnessi on chanber 1 is
connect ed 1,0 Figures 5 to 8 depict, viewed diagrammatically
in cross section, another embodiment of the engine
according to the invention in which, between the
compressor and the constant-volume combustion chamber
2, there is a compressed-air buffer volume 22 supplied

15 with compressed air by any appropriate means through a
duct 22a, this volume being kept at practically
constant pressure and having the effect of avoiding
certain surge effects and the pressure drops which are
due to the dead transfer volume and to the expansion

20 during filling of the combustion chamber 2. The duct 5,
the opening and closure of which are controlled by the
shutter 6, connects the compressed-air buffer volume 22
to the combustion chamber 2 twinned with the expansion
and exhaust chamber (2) and comprises a fuel injector

25 24 intended to produce the air-fuel mixture appreciably
before it is introduced into the combustion chamber 2.
A shutter 25, also installed in this duct, allows the
charge let into the combustion chamber to be adjusted
(throttle).

30 Figure 5 depicts the engine when the shutter 6
has just been opened to allow compressed air mixed with
fuel atomized by the injector 24 into the constant-
volume combustion chamber 2 wvia the duct 5 while the
expansion piston 15 is at its top dead center after its

35 upstroke during which it has driven out into the
atmosphere via the duct 19 (the exhaust wvalve 20 having
been opened) the gases which were burnt and expanded in
the previous cycle.
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thus providing the power stroke.

15 Expansion continues over approximately 180° of
rotation of the crankshaft 18 as far as bottom dead
center and then the exhaust wvalve 20 opens and the
piston 15 in its upstroke, Figure 8, discharges the
. burnt and expanded gases in the exhaust duct 19, as far

20 as top dead center. After that, the shutter 6 is opened
to allow a new charge of fresh air-fuel mixture into
the constant-volume chamber 2 and to recommence the
cycle (Fig 5).

It will be observed that with the introduction

25 of a compressed-air buffer volume, the principle -of
operation of the engine remains the same. However, the
air compressor becomes completely independent, no
longer has to have particular angular timing with
respect to the engine crankshaft 18, and the choice of

30 its principle is thereby facilitated and, for example,
rotary compressors may thus be used. Furthermore, the
greater the size of this buffer volume, the greater the
attenuation of the effects of the surge and pressure
drops in the transfer volume and on expansion during

35 the filling of the combustion chamber.

Figures 9 and 10 depict an engine according to
the invention equipped, for dual-energy dual-mode
operation, with a supplementary air injector 24A and a



17C is positioned laterally with respect to the axis al ong which the piston
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which has the effect of avoiding certain effects of
surge and the pressure drops due to the dead transfer
volume and the expansion during the £filling of the

15 combustion chamber 2. The duct 5, the opening and
closure of which are controlled by the shutter 6,
connects the compressed-air buffer wvolume 22 to the
combustion chamber 2 twinned with the expansion and
exhaust chamber 4 and comprises a fuel injector 24

20 intended to produce the air-fuel mixture appreciably
before it is introduced into the combustion chamber 2.
A shutter 25, also installed in this duct, makes it
possible to regulate the charge let into the combustion
chamber (throttle).

25 In these same Figures 9 and 10, the engine is
also equipped with a device for controlling the stroke
of the piston, in which device the piston 15, sliding
in a cylinder 16, is controlled by a pressure lever,
the operation and description of which are identical to

30 what was described for Figure 1.

In operation on the highway with a conventional
fuel, the engine operates as described in Figures 5
to 8. '

In operation at low power, the fuel injector 24

35 is no longer operated and when, in its rotation, the
engine is at top dead center of the piston of the
expansion cylinder 16, Figure 9, only the supplementary
air injector 24A is operated and introduces into the
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of the crankshaft 18 as far as bottom dead center then

the exhaust valve 20 opens and the piston 15, in its

upstroke, Figure 10, discharges the expanded gases into

the exhaust duct 19 until it reaches its top dead

15 center.

Figures 11 to 13 show diagrammatically in cross
section a single-energy air engine according to the
invention equipped with a device for controlling the
stroke of the piston in which the piston 15 (depicted

20 in Figure 11 at its top dead center), sliding in a
cylinder 16, is controlled by a pressure lever. The
piston 15 is connected by its axis to the free end 15A
of a pressure lever consisting of an arm 17 articulated
on a common axis 17A to another arm 17B which is fixed

25 so that it can pivot on a stationary axis 17C. Attached
to the axis 17a common to the two arms 17 and 17B is a
control connecting rod 17D connected to the wrist 18A
of a crankshaft 18 rotating about its axis 18B. As the
crankshaft' rotates, the control connecting rod 17D

30 exerts a force on the common axis 17A of the two arms
17 and 17B of the pressure lever, thus allowing the
piston 15 to move along the axis of the cylinder 16 and
in return transmits to the crankshaft 18A the forces
exerted on the piston 15 during the power stroke, thus

35 causing it to rotate. The stationary axis 17C is
positioned laterally with respect to the axis of
movement of the piston 15 and determines an angle A
between the axis of movement of the piston and the axis



rotation - Figure 3 depicts the situation about 100[err] later - the
.expansi on piston 15 has just begun its 15 downstroke and the gases
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statlonary inits to center det nes the conbustion tine
mxture in thghgopg.tsg_@gl\;(ﬁ @Rd to degkermine the angle of rotation of

the crankshaft for which the piston is stationary at
its top dead center. Positioned over this collection of
pistons, connecting rods and crankshafts is a cylinder
15 head 11 comprising, on the one hand, an exhaust port
19, the opening and closure of which are performed by
an exhaust wvalve 20 and, on the other hand, an
expansion chamber 2 which, having just been supplied
with supplementary compressed air by an injector 24A,
20 1is thus under pressure, Figure 11. During rotation, the
compressed air contained in the expansion chamber 2
expands, driving back the piston 15 as far as its
bottom dead center, thus producing its power stroke,
the exhaust wvalve 20 remaining closed during this
25 phase. At practically bottom dead center, the exhaust
valve 20 opens and the piston 15 in its upstroke,
Figure 12, pushes out to the atmosphere, through the
exhaust duct 19, some of the compressed air which was
expanded in the previous cycle. During the upstroke of
30 the piston 15 and at a given moment, for example
halfway through said stroke, Figure 13, the exhaust
valve is closed again and the piston will recompress
the remainder of the gases still in the cylinder,
creating a high pressure and high temperature (hot
35 mass) in the expansion chamber 14. As soon as the
piston stops at its top dead center as per Figure 11,
the injector 15 is then actuated to allow a dose of
supplementary compressed air from the high-pressure



conbustion chanber 2. Furthernore, the expansion vol une di splaced by the
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shutter 6 ice for recovergng ambient eat en

which expansion with work of the high-pressure
15 compressed air stored in the reservoir 23 is performed
in a connecting rod 53 and working piston 54 assembly
coupled directly to a crankshaft 18C connected to the
engine crankshaft 18 by a transmission device 21A. This
piston 54 slides in a blind cylinder 55 and determines
20 a working chamber 35 into which there open, on the one
hand, a high-pressure air inlet duct 37, the opening
and closure of which are controlled by an electrically
operated wvalve 38 and, on the other hand, an exhaust
duct 39 connected to an air-air heat exchanger or
25 radiator 41 itself connected by a duct 42 to a buffer
volume at a practically constant end-use pressure 43.
During operation when the working piston 54 is at its
top dead center, the electrically operated valve 38 is
opened then closed again so as to let in a charge of
30 very-high-pressure compressed air which will expand,
driving back the piston 54 as far as its bottom dead
center, produce work, and drive the crankshaft 18C via
the connecting rod 53 and drive the engine crankshaft
18 via the transmission device 21A. During the upstroke
35 of the piston 54, the electrically operated exhaust
valve 40 is then opened and compressed air practically
expanded to the wusage pressure and at very low
temperature contained in the working chamber is



has just been opened to allow conpressed air mnmixed with fuel atom zed by
the injector 24 into the constant- volune conbustion chanber 2 via the duct
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upstroke duri ich riven ou nt Q th her uct 19
(t he exhaust ggﬁggaf@eﬁav¢ 1%@% 6B$ﬁéd?ntﬁg cﬁnmere%§ ﬁfgand
expanded in thanwexchnngeqcbe radlatﬁk -41As Ehma aénrmulﬂxthuelhﬁammen

i ntroduced in t d e on E re 6,
the shutter h%% C osedﬂggg?n an t%@ggﬁhg%%ngﬁ§#§%%3bﬁé H%ﬁbé#ﬂy S

i sol ated, thednchreasespkr kvpRUge3 38 dbe®ntEEsi Ehat @ufgﬁﬁrtuﬁﬁlaﬁa the air-
fuel mxtuge KW ?ntréébx}élfe&oastﬁﬁ yaéwgﬁlseahﬁs_t | fianger egqéﬁ%jg}e the
expansi on p|ston 15 remains at its top dead center. The crankshaf

continues its HFEMatiSn atTeSBNGHS 7, and the expansion piston 15 perforns
its dO\é\/I‘lSt Lgke and thﬁr}b@@SQ&lsﬁEHedd/%ﬂ Ehghdwce.ssm ebéﬂﬁn%ehnedei raﬁlme back
tw nned conbust.i on _chanber Xpa I n X on ¢ er 4 S g bac
the piston 153dkd I§9vi ngnahghﬁo%é&feﬁrf gl uns 4372 t%? zﬂ?g'l

conti nues oveheaeroxi @t el gob8Apeing ofof ot htirnersf tik cwhmkhhaﬁnul:ﬂB as

far 2 botgomaisal entay auLiben, e laustavaticanl eeTRsR Wik
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pressure and/or the volume of the compressed air

originating (in the direction of the arrows F) from the
air-air exchanger 41 as it passes through the heat
exchange coil 58.

15 Figures 15 to 18 depict the engine according to
another aspect of the invention, viewed
diagrammatically in cross section and modified to
operate according to the invention on a dual-mode
principle using two types of enefgy, employing either a

20 conventional fuel such as gasoline or diesel oil on the
highway (single-mode operation on air-fuel) or, at low
speed, particularly in urban and suburban areas, using
an addition of compressed air to the combustion
chamber, the piston 15, sliding in a cylinder 16, is

25 controlled by a pressure lever, the description and
operation of which are identical to what was described
in Figure 1. .

Positioned over this collection of pistons,
connecting rods and crankshafts is a cylinder head 11

30 comprising, on the one hand, an exhaust port 19, the
opening and closure of which are performed by an
exhaust valve 20, the twinned combustion chamber 2 and,
on the other hand, an inlet port 13A, the opening and
closure of which are controlled by a wvalve 14A. When

35 the engine 1is operated in air plus supplementary
compressed air mode, the inlet +wvalve 13A is not
operated and remains closed and the engine therefore
operates as described in Figures 11 to 13, above a



burnt and expanded gases in the exhaust duct 19, as far 20 as top dead
center. After that, the shutter 6 is opened to allow a new charge of fresh
air-fuel mxture into the constant vol u.nezghanber 2 and to recommence the
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24, this mixture is then compressed during the upstroke

of the piston 15, Figure 16, in the combustion chamber
2 where it is ignited during ignition initiated by the
15 spark plug 3 then expanded, driving back the piston 15
during the power stroke, Figure 17, as far as bottom
dead center where the exhaust valve 20 is opened and
the mixture is then discharged to the atmosphere
through the exhaust duct 19 on the upstroke of the
20 piston 15, Figure 18. When the piston is at its top
dead center, the inlet wvalve 13A opens to recommence a
further cycle (as per Figure 15). The engine thus
operates on a conventional four-stroke cycle. —~
Figure 19 depicts a dual-energy, three-mode
25 engine assembly according to the invention, capable of
operating either on air plus supplementary compressed
air at 1light 1load, 6r on compressed air plus
supplementary compressed air heated by a thermal
heater, the above two modes being on a cycle with one
30 power stroke per revolution, or alternatively still, in
a thermal air plus fuel with internal combustion mode
with one power stroke every two revolutions. It is
possible in this figure to see all of the elements
compatible with such an operation, namely a piston 15
35 sliding in a cylinder 16 controlled by a pressure
lever, the operation and description of which are
identical to what was described in Figure 1.

Positioned over this collection of pistons,



In® these figures of a cyclic internal conbustion engine, the tw nned
~conbustion chanber 2 is supplied by a buffer volune of conpressed air 22,
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engine is at top dead center of t Iston O
device 21A. This plston 54 slides in a blind cylinder
55 and determines a working chamber 35 into which there
15 open, on the one hand, a high-pressure air inlet duct
37, the opening and closure of which are controlled by
an electrically operated valve 38 and, on the other
hand, an exhaust duct 39 connected to the air-air heat
exchanger or radiator 41 itself connected by a duct 42
20 to a buffer volume at practically constant end-use
pressure 43. During operation when the working piston
54 is at its top dead center, the electrically operated
valve 38 is opened then closed again so as to let in a
charge of very-high-pressure compressed air which will
25 expand, driving the piston 54 back as far as its bottom
dead center and drive the crankshaft 18C wvia the
connecting rod 53 and drive the engine crankshaft 18
via the transmission device 21A. During the upstroke of
the piston 54, the electrically operated exhaust wvalve
30 40 is then opened and compressed but expanded and very-
low-temperature air contained in the working chamber is
discharged (in the direction of the arrow F) into the
air-air exchanger or radiator 41. This air will thus
heat up to a temperature close to ambient temperature
35 and increase in volume as it enters the buffer volume
43 having recovered a not insignificant amount of
energy from the atmosphere.
Also fitted on the duct 42A between the air-air



expansion cylinder 16, Figure 9, only the supplenentary air injector 24A is
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the inlet valve 13A is not operated and remains in the
closed position, and the engine therefore operates as
described in Figures 11 to 13, and the device for
recovering ambient heat energy preferably operates in
this mode. Above and beyond a certain speed of, for
example, 50 km/h, the heater device may be set into
operation by lighting the burners 57 so as to allow an
increase in performance while at the same time
remaining very low on pollution because of the
continuous catalyzed combustion, and thereafter, beyond
a higher speed, for example of 70 km/h, the
supplementary compressed-air injector 24A is no longer
operated, the burner 57 is extinguished and there is a
switch to thermal (internal combustion) mode using an
air-fuel mixture and the cycle governing the opening
and closure of the exhaust valve 20 is altered so that
it opens during the upstroke of the piston only every
two engine revolutions whereas the inlet valve 13A is
made to open also every two revolutions during the
downstroke of the piston 15, the engine can thus change
cycle, during the downstroke of the piston 15, Figure
15, the inlet valve 13A is opened and the piston draws
in a mixture of air and gasoline and this mixture is
then compressed during the upstroke of the piston 15,
Figure 16, in the combustion chamber 2 where it 1is
ignited during the ignition initiated by the spark plug
3 then expanded, driving the piston 15 back during the

15
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25 so that it can pivot on a stationary axis 17C. Attached to the axis 17a
.common to the two arns 17 and 17B is a control connecting rod 17D connected
to the wist 18A of a crankshaft 18 rot-atz'mg— about its axis 18B. As the
crankshaft ro nt nnefti 7 r f n the
common axis 1 %@P?%\% a?%l?u % and 1%% g% th]aeéjp%g%géﬁeal%esiergé&ﬁ =X
al l owi ng the p\mﬁrtm tige texhanet ayahyet A8 AR 9P§ﬂetihén€3quhﬁjé¢l}it6—u’émdl$ n
return transmgpged OdigéhafﬁéaSQ@ttﬂéAafc%sm@%%s EeshgE ehel NBaphedon 15

during the power stroke us 35 causing. it 'to rotate., The statiopary axis
17C i s positi GW&F | é?eldéﬁlqlilﬂm the, B§§§€PkF0 hethe PIFtRVERentFHIISe
pi ston 15" end 1det eTké neAl1 & eamkr@ Aheei Vﬁﬁné heo a¥egofimefiewe RENtuRihdhe
pi ston and the a - 20 - of airgnmgﬁt X .of tr]?e t wo arns 17 and 17B
when t hey arecéfci)&ﬁe%ls PR FAgMEShAT- | LPFoSPEiRSeF “éﬁe?B?F? §Pt ™ Spect
to the axi s ofcdrvermidmederfand/strralfe tdyece essure | ever and |ts posi tion

determ nes an angl e B& b%to\Qﬁ:%% t 5}§ecogh&,%étwﬁlﬂne?%| ng, Eod ‘%}g axi s

of alignment X X of the two arms ey arealgn
varying the amgistsrictedl Boatdie hembedjnantsf dasurihed i aud dﬁpﬂrmdng

rods and;parnif, ig INEACTRIAG! REheLbas 95r&9€15h§ehb%§s% btlilee B SGELy are

10 nDdlfled to_obtain an asymmetric curve of the stroke of the piston_15
and to det er niskk4ed andfe &her otaXt on éﬁp?ﬁéhélﬂanl@haf theor spignrged

piston is statdgPldlidatiion and without in any way departing from the
spirit of the invention.
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rods and crankshafts is a cylinder 15 head 11 conpry sitng!t oh the bne hand
an exhaust porgol§esEdeogpreni ng and cl osupge of which are perforned bggan
exhaust valve 20 and, on the other hand, an expansion chanmber 2 which,
havi ng just been supplled W th suppleneg%gi%ﬁconpressed air by an injector
24A, 20 is thus under pressure, Figure ring rotation, the conpressed
air contained in the expansion chanber 2 expands, driving back thekpistﬁn
15 as far as i{s botto nt S ucLRpg i founer at he
exhaust val ve 20 renmi g#gfggf_ﬁg qlliutrl’lwr% t%lrogd%éghaséeﬁg pr:yth |H(3alf31
bot t om dead cehrdactigm- @angissmnve cliarthrifis add t h@xBagsbﬁnisXhﬁust:s
upstroke, M gUERarkiBer PUSSSh Ol¥pdra tiitfy ah@%@he&ec1b%eaﬂh_1nbhep§éhaﬂ§t duct
19, sonme of the ressed ajr which mas ex qgg i.n the r évi ous cycfe
During the ups??%k &R §OCPWéuﬁF§PBnC?§ ratt er?oPeéﬁanple
hal f way t hr ougbeparate; r elharactetieel, mhehe)thauséra/ah:ge pfmﬁhldé‘déd again
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in that the combustion chamber is mounted twinned with
no shutter on the top part of the expansion-exhaust
cylinder, the piston ©practically separating the
combustion chamber from the expansion-exhaust chamber
15 at its top dead center.
2. Engine operating method according to claim 1,
characterized in that the operating cycle of the
induction-compression chamber is retarded with respect
to the cycle of the expansion-exhaust chamber so that

20 the piston of the latter, reaching its top dead center,
is in advance of the top dead center of the piston of
the induction-compression chamber and remains at its
top dead center during the following operations:

- communication between the combustion chamber

25 and the induction-compression chamber,

- filling of said combustion chamber with the
air-fuel mixture compressed by the piston of the
induction-compression chamber reaching its top dead
center,

30 - closure of the communication between the
combustion chamber and the induction-compression
chamber,

- ignition and cdmbustion of the mixture which
generates an increase in pressure,

35 then, as soon as it begins its downstroke, produces
work brought about by the increase in pressure.

3. Engine operating method according to claims 1
and 2, characterized in that the engine operates with



storage reservoir 23 to be injected and to create anlllmjwl{mluullwmjsure

/in the expansion chamber so as to repeat the cycle during expansion,
produci ng notive power. 5 Those sKkidled in the art may choose the
time at which_the exhaust clo

uj t the sired.and,chos araneters
such as the flme%%%r%sﬁﬁdl%?’egﬁﬁg g’flﬁgsen& o Phd 2‘;)r"rest§”|1 g4
wi t hout |n anyEusy rrpenctt o iheaptuameﬂl¢aﬁbrhng|abent|@wmbustlon as

Figure shows, ag &4 '%%mq@%%qro% neha&leeat hes i YRRty eg%ﬂp%gw‘th

systens for recovering a eat éner for heating. The engine is
equi pped mnthxmdnﬂnlnanﬂmpnﬂﬁﬁmﬂnrgﬁﬁmhﬁ%nt heat energy in which

expansi on gw th “DrkEﬂglnéhSpthQHnBr%ﬁ%ﬁéﬁ150%6%Bﬁ9§§3§>ab&a§h%reﬂ in
the reservoir 23 is perfornmed Tn_a connecting rod_ 53

r ki,n p|ston 54
assenbl y couMﬁQﬂ%ﬁr%kﬂ#%cﬁ%F%F%ﬁaﬁ%sﬁﬁﬂF E§€ GSWP@§Fé@WfM%§W?

crankshaft 18 gyrtaidid abEm §Si §phéheyi afvidined Thiithdi shen &dpshsilen Iaihdi

blind cylinder 55 and(h?$Hn1nes 20 a wor ki ng chanber 35 into which there
open, on the Yh-pressure air inlet duct 37, the opening and
cl osure of whixth are Engine | goebyt ang ehethodcakkbprdpegatted ant \ane38fnd,

on the ot her 2@_ ,&9 exhaugt gﬂggaéﬁe%ﬁaaaPt%Q Eﬁaﬁné% 1 éthgﬁ%ﬁ of

exchanger “or or 4177t se connected
vol ume at a prtehﬁ i chRmpersnst amomns s pﬁeds@@wlmr |-ngl§pe?%é'¢€tﬂ1 when
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valve 38 is opened then closed again so as to let in charge of 30
very- hi gh- pr ed&h&iabonpressed air which will expand,
6. Engine operating method according to any one of

15 claims 1 to 5, characterized in that fitted between the
chamber for the induction and compression of fresh
gases and the twinned independent combustion chamber is
a buffer volume for the gases thus compressed so as to
avoid surge effects and pressure drops which are due to

20 the dead transfer volume between the chambers, and to
the partial expansion of the gases while the combustion
chamber is filling, a connecting duct and its system of
controlled opening and closure therefore being located
between the buffer volume and the combustion chamber.

25 7. Engine operating method according to any one of
claims 1 to 6 used in dual energy and dual mode
operation, characterized in that when operating at low
power, for example in urban traffic, the induction-
compression chamber is no longer supplied with fuel and

30 in that there is introduced into the combustion
chamber, appreciably after the (fuel-free) compressed
air from the induction-compression chamber has been let
into this chamber, a dose of supplementary compressed
air from an external reservoir in which the air is

35 stored under an initial high pressure, for example 200
bar and at ambient temperature, this dose of
supplementary compressed air at ambient temperature, on
contact with the mass of air at high temperature
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~and drive the crankshaft 18C via the connecting rod 53 and drive the engine
crankshaft 18 via the transm ssion deviceglA During the upstroke 35 of
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the conpressed alé’ originating (in the direction of the arrows F) fromthe
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plus supplementary compressed air operation,

characterized in that all the elements needed for
supplying the engine with a conventional fuel are
omitted, and in that there 1is introduced into the
15 combustion chamber, appreciably after  (fuel-free)
compressed air from the induction-compression chamber
has been let into this chamber, a dose of supplementary
compressed air from an external reservoir in which air
is stored under initial high pressure, for example 200
20 bar and ambient temperature, this dose of supplementary
compressed air at ambient temperature, on contact with
the mass of air at high temperature contained in the
combustion chamber which in this case becomes an
expansion chamber, heating up, expanding and increasing
25 the pressure prevailing in the combustion chamber to
allow motive power to be delivered upon expansion.
9. Single-mode compressed-air operating method for
an engine, comprising an expansion-exhaust chamber
operating with the aid of a piston sliding in a
30 cylinder, and equipped with an exhaust port and a
twinned independent expansion chamber, characterized in
that the expansion-exhaust chamber is equipped with a
device for controlling the stroke of the piston causing
the latter to stop at its top dead center, in which the
35 induction-compression cylinder has been omitted and in
that, during the wupstroke of the piston of the
expansion-exhaust chamber, during the exhaust cycle,
the exhaust port is closed off to allow some of the
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fuel such as gasoline or diesel oil on the highway (singl e- mode Sopé&r ati on
on air-fuel) or, at |ow speed, particulardg 4 n urban and suburban areas,

usi ng an addi tion .of conpresse ir_to the conb i e th l,st on
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exhaust vakve £2Qm the stWraRed Kyl PNi shaMBRIcteBNdhed htisAnderahand,
an inlet port 13A, the qpeni ngﬁand cl osure of "which are conrt@fgrgl | e

by a
val ve 14A. \WhémCESasR dfgi PESFSUEBerit edlien §KPAPFEORs uERRBRER! ar'ifhéls
conpressed ai ppradifsiddie worlet Bial \Grikdikg S tid  quisstasred leack r edmi nst€l osed
and the engine, therefqore operates as described in Figures 11 to 13, above a
- 23 - certai r‘li%bgétd:cg?e for exanple, 60 kmih on switching to thernmal node
with an air-fud. m xt Begindeopscadeinpveenhod abeocvdéngngcarmhyc|asiret of
the exhaugh valie g0 b5 gt & ed 3ol lel e VeV e ARENS BUELRD ety
upstroke “of € piston only " every Wo  engi ne revol utions ereas the
inl et val ve 13mtmpduardt énbperthe expansion chamber, the compressed

air contained in the high-pressure storage reservoir is
expanded with work producing a drop in its temperature
and is then sent into an exchanger to exchange heat

15 with the ambient air to heat it up and thus increase
its pressure and/or its volume by recovering ambient
heat energy.

11. Engine operating method according to any one of
claims 7 to 10, characterized in that before being

20 introduced into the expansion chamber, the compressed
air from the storage reservoir is routed either
directly or having passed through the air-air heat
exchanger, into a thermal heater where its pressure
and/or its volume can increase still further.

25 12. Engine operating method according to claim 9,
used in dual energy operation, characterized in that
the cycle for the opening and closure of the exhaust
valve which opens on every engine cycle over part of
the piston upstroke wvaries during operation to open

30 during the piston upstroke every two revolutions and in
that the engine is equipped with an air and fuel inlet
which introduces into the c¢ylinder a charge of
carburetted mixture which is drawn in during the piston
downstroke and then compressed in the twinned expansion

35 chamber, which then becomes a combustion chamber, in
which the mixture is burnt and then expanded, producing
work by driving the piston back and is then discharged
in the exhaust according to the conventional four-
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.engine can thus switch node and cycle, during the downstroeketof Mt he pfiston
15, Figure 15, the 10 inlet valve 13A is 3gpen and the piston draws in a
m xture of air an oI| JE jyered by the injector 24, this mxture is
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combusti on chdmer 2 \Bm?:ener top%ramgeme@hedngcpgﬁﬁﬂnsn tioniamyatasne E t he
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four-stroke englne cycle, thus achieving three-mode

15 operation.
14. Engine operating method in three-mode use
according to claim 13, characterized in that the three
operating modes described hereinabove - air plus
supplementary compressed air, air plus supplementary

20 compressed air heated by a burner, air plus fuel - may
be used separately or in combination.
15. Engine operating method according to any one of
claims 7 to 13, characterized in that the air drawn in
by the engine is filtered and purified through one or

25 more filtration stages chosen from active-charcoal
methods, mechanical methods, chemical methods and
molecular sieves, so as to achieve a pollution-reducing
engine.
16. Engine device for implementing the method

30 according to one of claims 1 and 2, characterized in
that it comprises a combustion chamber (2) which is
twinned with the expansion chamber (4} which itself
comprises a piston (15) controlled by a device for
controlling the piston stroke, causing the piston to

35 stop at its top dead center for a period of angular
rotation which may be as much as 150°, and consisting
of a pressure lever (17, 17A, 17B, 17C) itself
controlled by a connecting rod (17D) connected to the
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_collection of pistons, - 24 - connecting rods and trdnk$haft ssi s+
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reservoir 23 Iooupressior miigtema d8hnetli iy compTesgi®workrmgepi stbh 54
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crankshaft 18 by a transm ssion device 21A. This piston 54 a'“dﬁs in a
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open, on the ofgaledd, situtt&h- P(EssUrgéndi rchatfttetitzed?, ihhethaeni tigeand
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- the shutter (6) opens,
- the combustion chamber fills with the wmixture

15 compressed by the compression piston (9) reaching its
top dead center,
- the shutter (6) closes,
- the spark plug (3) causes ignition,
- and combustion takes place, generating an
20 increase in pressure in the chamber (2) and driving
back the expansion piston (15), producing work known as
the power stroke.
17. Engine device for implementing the method
according to claim 3, characterized in that it
25. comprises a combustion chamber (2) which is twinned
with the expansion chamber (4) which comprises a piston
(15) controlled by a device for controlling the piston
stroke, causing the piston to stop at its top dead
center for a long period of angular rotation, this
30 control device consisting of a pressure lever (17, 17A,
17B, 17C) itself controlled by a connecting rod (17D)
connected to the wrist (18A) of an engine crankshaft
(18) rotating about its axis (18B) and driving, via a
compressor crankshaft (12) and a connecting rod (11),
35 an induction-compression piston (9) in a compression
chamber (1) connected to the combustion chamber (2) by
a duct (5), the opening and closure of which are
controlled by a sealed shutter (6), in that a buffer
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drive the crankshaft 18C via the connecting rod 53 and dfi vie t'e sengi ne
crankshaft 18 via the transm ssion device331lA During the upstroke of the
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an increase in pressure in the chamber (2) and drive

the expansion piston (15) back, producing work known as

the power stroke. '

15 18. Engine device for implementing the method
according to «claim 7, characterized in that the
combustion chamber (2) takes a supplementary compressed
air injector (24A) fed from a high-pressure storage
reservoir (23), and which, during low-power operation,

20 injects a dose of supplementary compressed air while
the fuel injector (24) is not actuated, and causes an
increase in pressure in the combustion chamber (2)
which produces work by expanding during the piston
downstroke.

25 19. Engine device for implementing the method
according to claim 9, characterized in that_ the
expansion chamber (2) is twinned with the expansion
chamber (4) which comprises a piston (15) controlled by
a device for controlling the piston stroke, causing the

30 piston to stop at its top dead center for a long period
of angular rotation and consisting of a pressure lever
(17, 17aA, 17B, 17C) itself controlled by a connecting
rod (17D) connected to the wrist (18A) of an engine
crankshaft (18) rotating about its -axis (18B), said

35 combustion chamber being supplied by an injector (24A)
of supplementary compressed air from a high-pressure
reservoir (23), and in that the exhaust valve (20)
which closes off the exhaust duct (19) is made to open
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“operates in this node. Above and beyond g certain speed of, for exanple, 50
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that it opensafuritg thp @ead okentgriha dizasdh 498§ efesSHRRiERER;HY
revol utions wWhgneasddrs i ghet v8l ugjktA dd, 3RauBdRy t enepPeprassQreveiy two
revol utions during the downstroke of the piston 15, the engi he can thus
change cycl e, NCRABPEFEWNSOr oke 3R t BB RIRFUSLNG gUg€ﬂ15, Y9 nl et
val ve 13A is epgekivid #ivhti Siem tHewstapt aofi xher dovhsairokandasad i ne
and this mxture s 3 t hen conpressed during the upstroke of the piston
15, Fi guré°16,pﬁsr¥%e8t5c)rrbustion chanber 2 where it is ignited during the
ignition initi2.ed by Briteirspar@epicg 3 foren Bmpbenentingi vihg t methaed on 15
back during t@%cordiﬂas to claim 10 to 14, characterized in that
located between the storage reservoir (23) and the
supplementary compressed air injector (24A) is a piston
15 (54) coupled directly to the drive shaft (18) and which
glides in a blind cylinder (55) forming a work chamber
(35) into which there open, on the one hand, a high-
pressure air intake duct (37), the opening and closure
of which are controlled by an electrically operated
20 valve (38) and, on the other hand, an exhaust duct (39)
connected to the air-air heat exchanger or radiator
(41) itself connected by a duct (42) to a buffer volume
(43) at a practically constant end-use pressure, and in
that the very-high-pressure compressed air expands,
25 driving back the piston and producing work with a
lowering of the temperature and is then discharged (F)
to the air-air exchanger (41) to heat up and increase
in pressure and/or in volume.
21. Engine device for implementing the method
30 according to claim 10 to 14, characterized in that
located between the high-pressure storage reservoir
(23) and the supplementary éompressed air dinjector
(24A) 1is a thermal heater (56) consisting of burners
(57) which increase the temperature and therefore the
35 pressure and/or the volume of the compressed air
originating (F) from the high-pressure reservoir (23)
as it passes through the exchange coil (58).
22, Engine device according to claim 21,



power stroke, Figure 17, as far as bottom dead center \JAMMJ'“'M"HJ“MM"I

_valve 20 is opened and the m xture is then discharged to the atnDsp ere

t hrough the exhaust duct 19 during the upst¢roke of the piston 15, Figure 5

18. The inlet valve then opens ecommence _a further cycle er Flgure

15. The enm|u§q?ﬁﬁp?ﬁﬁﬁ%ﬁ€slﬁn£§agoﬁgsnF PORAFSF (ﬁé?@:%h% Bhcour se

the invention pseswire n n@gemmgiresKBB¢te@aseegheuhﬁﬂnghnﬂam dascrabed and

depicted; 10 i I rOuS ' ons accessible to those
éhxéﬁaﬂéé{) agceé %Jﬂ% €4 Ci/?}i'&laéb

skilled in envi saged application and
wi t hout in any2lay depﬁilglr#@; fd@mlt:he don i timplementangnt ithe methog -
CLAIMS 1. ¢ é@&f&{ﬁ@gtowmsf% & 899! Nehavhéterfed in that = —.

i nduct i on- conpressi on ~ chanbe expansi on- exhaust 5 chanbe bot h
operating usi g eé?ﬁﬂ&@atft% EP§F6ﬁ’§11§‘Hd W?hsé'cr@&%u%’?l Gllilech%h%"e?n' t he

three chanmber schies vy sawrpietoﬁhabagt@pl aed ity el ddel ecéstd ofidbfled, at
| east on the ansi on- ha st a.devi ce for, ct;)nt lling the stroke

of the piston %a?%lrjc‘ﬁ aT@u?85u§Pﬁ6tllF?Ps Rinein o BESPFe % op
dead center, dmslvemn t{mEr, t E7ZxoNLAR) om.'m:l)arrb:etl:se]sf nockoh etol Wedneblywi &4h no

ohutter oA el B g Chobl R AL il Mty S ¥ shor

rom
expansi on- exhaemankskadier (18) rotatlng about its axis (18B) slides in

a cylinder (16) topped by a cylinder head (11)

3

comprising a twinned combustion chamber (2) into which
there open, on the one hand, an intake duct itself
15 comprising a fuel injector (24), the opening and
closure of which are controlled by a valve (14A) and,
on the other hand, an exhaust duct (19), the opening
and closure of which are controlled by a wvalve (20)
which may, depending on the mode of operation, open
20 either every two engine revolutions during the piston
upstroke or every revolution during just part of the
piston upstroke, and a spark plug (3) and a
supplementary compressed air injector (24A) supplied
with compressed air by a'high—pressure compressed air
25 storage reservoir (23), this assembly allowing the
engine to be operated in two modes, either supplied
with supplementary compressed air for low power, or
supplied with a carburetted charge using conventional

fuel, for higher powers.



15 at its top dead center. 2. Engi ne operating nmethod according to

claim1, characterized in that the operaIJ cycle of the
i nduct i on- conpt"@I6& 0 chamber is retarded /\}gt h respect to the cPeTERIEH
expansi on- exhaust chanber so that 20 the piston of the latter, reaching
its top dead center, is in advangg offlthestop dead center of the piston of
t he i nducti on-conpressi on chanbe ano%if nins at its top dead center during
the foll ow ng operations“.9 - Op ni cgehon betaween the conpdéti on chanber 25
and the induction-conpres\ion‘ a M1ling & f4.'- conbusti on chanber
)

with the air-fuel m xture onpre ni st g Hf t he
I nducti on-conpressi on chanbg

closure of the comuni cag

conter; 130 .
{ on chanber and
onbusti on of the

the induction-conpression ) S
m xture which generates an i el ===t herf, as soon as it
begins its downstroke,qg pFo R theqncrease in
pressure. 3. Engi g op Iﬁins 1 and 2,
characterized in that the e -Gpete <~ het er ogeneous
sel f-igniting m Xgpye I n or is actuated to

bring about conbustion &

18
188 ! 12
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i
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soon as the conbustion chanber is isolated fromthe induction-conpression
chanber. 5 4. Engi ne operating net%zg%according toclaing 1 t
characteri zed WO9¥63286 t he conbustion cha is a portion of anaﬁggg’%lm
twinned with the expansi on and exhaust chanber. 5. Engi ne operating
met hod according to any one of 10 +ai B 1_}3)4W characterized in that at
| east one of the chanbers - conbus§lon ghd expansion - is coated with a
thermal barrier made of Iaguinguiniulat'
operating nethod according {o aiy one 4
" (0]

g matgyial. 6. iEngi ne
ains JB tfo-5"characterized in
I on .qgiconpression of fresh
erg s a—butTer vol une for
js><and pressure drops
n&he chagbers, and to
chafber is filling,

that fitted between the chanqer 4
gases and the tw nned i ndepenttei c\
t he gases thus conpressed so as | 55
which are due to 20 the dead ¥ I\

the partial expansion of the ggfesumimily

a connecting duct and iti S CRESE=ccrt fsatTd cheggure

t heref ore being | ocated wee Wwhe-Ctonbusti on
chanber. 25 7. Engi Ne—opt o ee Loty one of clains
1 to 6 used in dual energy andy \ ¥ Cliaracteri zed in that
‘when operating at | o\{P . ol Ay affic, the induction-

conpressi on chanber i s pe onger s
is introduced into the SH.L
(fuel -free) conpressed o
| et

and 30 in that there
! ably after the
i om~seh#ber has been

pchamber,
i'nducti on-
t

.....

174
FIG. 3




into this chanber, a dose of supplenentary conpressed air froman externa
reservoir in which the air is 35 stored r an initial high pressure, for
exanpl e 200 -bAYO9%E06 at anbient tenperMtldre, this dose GCI/FR99/01288
suppl ementary conpressed air at ambient tenperature, on contact with the
mass of air at high tenperature - 29 - contained in the conbustion
chanber which in this case becomes an expansi on chanber, heating up,
expandi ng and increasing the prgﬁsur va|”rﬁb in the cnnbustlon chamber”
so as during expansion to allow, livery |of Q%nnt “power, and in that
when operating at high fwer, f0r ex%ﬁ? on}th Ry, th@sengl ne is
supplied with fuel and o era.e. ac G g OP.eielns 1 to 6. 8.
Engi ne operating net hod agcondi ag T o 6 used in
singl e energy and single mdg)ai ¥ ghpr essed

air operation, characte |z“ ' e erenent’s neeged for
supplying the engine with Ey ,‘ are omtted, af¢ in that
there is introduced into thé& n chanber, appr&iably after

(fuel -free) conpr esseg5 ai. :.‘.""“‘;—- I on- conpr essi on chber has been
l et into this chanber, dow-iof\ﬁkpp tary conpressed ai
external reservoir |n ch B S under initial hlgh_ for

e, this d

exanpl e 200 20 b;ﬁ_gﬂg\anb -nut enpoys




conpressed air at anbient tenperature, on contact with the mass of air at
.high tenperature contained in the conbusp&ag chanber which in this case
beconmes an expd@$P/6I0€hanber, heating up, pandi ng and i ncr easPGEFRY/0128%e
pressure prevailing in the conbustion chanber to allow notive power to be
del i vered upon expansion. 9. Si ngl e- node conpressed-air operating

net hod for an engi ne, conprising an expansi on- exhaust chanbgy operating
with the aid of a piston S|Idln% in a 3cyli and equipped with an ~
exhaust port and a tw nned i n@pendent equns on chaober, characterized
in that the expansion-exhaust granbe > devipge for
controlling the stroke o{ th@ ‘“Mktop at its top
dead center, in which thé 354 pd
omtted and in that, during t e
expansi on- exhaust chanber, /4 i
closed off to allow sone of¥
reconpressed to a high tenp pressure in the &
chanber into which, while t ationary at its topdead center,
a dose of suppl enent aﬂ?' ressed art— roma storage resefoir is

i nj ected, thus causing et ' i chanber,
this produci ng work by drlvi [ back in its downst :

i s equiippedf wi
u3|no/t%- R

R e

>§
Pousl y expanded

RN

TS




10. Engi ne operating nethod according-to any one of 10 clainms 7 to 9,
characterized |n that before being intro d into the expansign_chamber

t he corrpressed 99/63%6 ai ned in the hi gh-%?gsure st orage reser ¥6i Y01288
expanded with mork producing a drop in its tenperature and is then sent
into an exchanger to exchange heat 15 with the anbient air to heat it up
and thus increase its pressure and/or its volune by recovering anbient heat
energy. 11. Engi ne operating nethod according to any one of clains 7 to
10, characterized in that before being 20 introduced into the expansion
chanber; the conpressed air fromthe storage reservoir is routed either
directly or having passed fhrough the air-air heat exchanger, ipto a
thermal heater where its pféssSurge and/or its vo se’ BT
further. 25 12. Engi ne opera i met ho ording tg, clakm S+—used i|n
dual energy operation, charactezlle n t, ;K’{ﬁigﬂgycle £Of t he Wpenifg

cl osure of the exhaust valve mh} cifi opens /én every %ﬂe cycle over—part. of >

t he pi ston upstroke qgrles dyrijng ﬂplr A¥1 on qsope durg e t hg piston
upstroke every two reyolu oS "at ,:eqU|ppec with an
air and fuel inlet whilch itht'r ¢n~ a char ge of
carburetted mxture white S 4 on ddiwnstroKe and then
conpressed in the tw nned g _Qbeconts a
combustion chanber, in ﬁh*u Nexpanded,

i : and is then d|5o¢.rged in the

a ".l.\:’

I ™

17A

FIG. 8



- 31 - stroke engine cycle 13. Engi ne operating nmethod according to
any one of cl in three-node gl characterized in

engi ne oper at gggg?%:ﬂ'@g wi th conpressed air ?Without heat and W‘?ﬁ;l%&eglfﬁbgzss
pollution, or with a conpressed air that has been heated by external
conbustion in a thermal heater supplied with a conventional fuel wth
pr-actically zero pollution, or with internal conbustion by letting in air
and fuel, 10 allowing a charge of carburetted m xture to be introduced into
t he expansi on chanber, in which the m xture is burnt- -and then expanded,

pr oduci ng work and dlscharged in the exhaust according to the_conveptional
four-stroke engine cycle, thus achieving three-npde 15 operax10q——$4. '
Engi ne operating nmethod ¥ A~~thr ee- node ‘m_13,
characterized in that the threg opéﬁ@tlng des descri b hefgghabow;u_kyr
pl us suppl enentary conpressqﬂ.aln afr pPus supplenentary 20 conpiessed ai'r,

l
l

heat ed by a burner, alr pl ug ﬁuehsq'nay be used s&§ fatel or in

conbi nati on. 15. Englne’oper At | ,gﬁnethra/ 3 any orne of clains
7 to 13, characterizgd |’ Pha ﬁ;{§= e filtered
and purified through one 4 LN Fages chc\en fram

acti ve-char coal nethod§*

AN 23




nol ecul ar sieves, so as to achieve a pollution-reducing engine. 16.

Engine: device for inplenenting the od 30 according t
clains 1 and YOeR% terized in that i trﬁggpri ses a conbusti O%W&?zsh)
which is twinned with the expansi on chanber (4) which itself conprises a
pi ston (15) controlled by a device for controlling the piston stroke,
causing the piston to 35 stop at its top dead center for a period of
angul ar rotation which nay be as nmuch as 150[err], and consisting of a
pressure |lever (17, 17A, 17B, 17C) itself controlled by a connecting rod
(17D) connected to the - 32 - wist (18A) of an engine crankshaft (18)
rotating about its axis (18B) and driving, via a conpressor crankshaft (12)
and a connecting rod (11), an induction- conpression piston (9) in a
conpression chanber (1) 5 connected to the conbustion chanber~(2) py =
duct (5), the opening and cl osure of which are controlled by a aealed
t

shutter (6), and characterized in %ﬁét tQEFgEaﬁR§haft (12) of_ .t.F

i nducti on-conpression chanber 2i s dfi'yen #hrough a nechanicaI\ankﬁ 21)
- the engine 10 crankshaf(18) fand ti/med.-With a retard in the cygle—so
t he expansion-exhau;& pi stqi (15) .rg@ﬁes and remains at its top dead
center while: - teld @ S copens, - t he conbustii on chanber
fills with the mixtuke

that ™
et

23




15 conpressed by the conpression piston (9) reaching its top dead center, -
the shutter d& cl oses, - t he spar Lug (3) causes ignitio

and conbusti ONO9/E¥8€ pl ace, generati 2an 20 increase in p?%%@&?%o?%
t he chanber (2) and driving back the expansion piston (15), produci ng work
known as the power stroke. 17. Engine device for inplenenting the
met hod according to claim3, characterized in that it 25 conprises a
conmbustion chanber (2) which is twinned with the expansi on chanber (4)

whi ch conprises a piston (15) controlled by a device~{orjcomtrolling the

pi ston stroke, causing the piston tgc%%gp:at::ts:tQp dead center for a long
period of angular rotation, tha&A30 trol device gohsisting of a pressure

lever (17, 17A, 17B, 14C) i sehﬂ qoﬁtrolled by a connefLi 1 (17D)
connected to the wgd st IQfJQ of An engi ne crankshaft (18) rotatj ng about
its axis (18B) and JrihgsraiamREv & conpressor cr afit (12) and a
connecting rod (11) M.& n- conpLessi on pi st —n a

conpr essi on chanber (A o the Eonbustlon {2)} by a duct

(5), the opening and g%
(6), in that a Qyffer T&
whi ch i s connected~to#

are controlled by—a~sg§£§d-shutter
e (22) is placed bét ween a canpr essor
by a duct (23), in that a

17A



throttle valve (25) is inserted between this buffer volunme and the duct

(5) conprisin a fuel injector 5 (24) d I n that as soon lston
(15) reaches i"?@ 99%%%ead center, and whdf is stationary IW@%H@E
position, the shutter (6) is opened and the fueI injector (24) is actuated
to introduce a charge gf——Tonmpressed m xture 1nto the chanber (2), then the
1Q shutter is closed_QQaln and ignition is |n|t|ated by a spark plug (3) to
cause conbustion ichiwll generate an |ncrea$e in pressure i h the chanber
(2) and drive the-e*Parsion pi ston (15) back, prodUC|ng wor k knoss; as the
power stroke. 15 A Engine device f,ﬂr/ inplenenting the met hod
according ‘to claln}7 ;characterized in tHat the combustion qhanber (ZT

t akes a supplenentdry conpresded air #hjector (24A) fed froma :

hi gh- pressure storgge reserv0|ﬁ\&ﬁ3) and whi ch, durgﬂg:tgﬁEpgﬂgﬁj]

operation, 20 injedts a dose of pplenentary conpr.'g@@wvwwwmiwg: the uel

I njector (24) is ngt r;’—pressu—lL
conmbusti on chanber 'hgﬁthezg sto
downstroke. 25 19 ntlng ’the met hod
accordinggto claim§ ansi ory’ chanber gg |;?

ses a |ston
troke,/ cag$
ri od Of aguular r @
70) Ftsel 2

twi nned with~the ex{
control l ed by a‘deyji
piston to stop at |it
and consi sting of @
a connecting /




rod (17D) connected to the wist (18A) of an engi ne crankshaft (18)
rotating abou%véf'iég?ﬁ?&(g s (18B), said 35 cqﬂpxrkstion chanber bei n%c%ﬁﬁb)o?ﬂsby
an injector ( of 'suppl ementary conpressed air from a high-pressure
reservoir (23), and in that the exhaust valve (20) which closes off the
exhaust duct (19) is nade to open - 34 - at practically bottom dead

center of the| pi stpmhrard—te—etese again durin e upstroke of said piston
(15) so as tolrecoRpfess in the%(pansj,eﬁ%ha, g (2 theXrenmmi ni ng gas

left there, & ng a ket rrass\o 5 conpresge&q air- into which, as soon as

the piston lstops at its t2adnc,’t,1fr dose of suppl enentary
conpressed @air is Injectedy Rl ERar in said chanber to rise
and producing uri g fom thhe start agat he downstroke

of the 10 “pi 15). 28% IR e kaerrenti ng the
met hod acc'o!rdi ng tE cl ai m@ A @rrzed in that |ocated between
the storag ) ir (23)%H ent ary fqionpressed air injector
(24A) is a piston 15 (54)-%

, sy _to the drive shaft (18) and
which slides/in a blind ﬁ:“':{;::_;—:—:—g_ m ng~Na work chanber (35) into

whi ch t he[e’open, onggd he o : anfiNa hidh- presggre air intake duct (37),
t he openiTg and cl osuxe—of ich:& eroIIed by an electrically operated
20 valve (38) and, on the pthe _"\, 3hn exhaust duct (39)




connected to the air-air heat exchanger -or radiator (41) itself connected

by a duct (4. uf fer volune (43) practically const

pressure, ﬁkpﬁ@?ﬂgp t he very-hi gh- preggéﬁé conpressed air ei%aﬁ@ﬁﬂm@%%
driving back the piston and producing work with a lowering of the
tenperature and is then discharged (F) to the air-air exchanger (41) to

heat up and increase in pressure and/or in volune. 21. Engi ne device_
for inple Enting\ the method 30 according to claim10 to 14,

characterizedF:I et weengjge h- presséﬁe storage reservoir
(23) and pHe—s bTenentary cq NFS ed air i@ r (24A) is a thermal

heat er (5 ~|st|rm)%ﬁ2nur’ 7)4wh|d§f ncrease the tenperature and

t her ef or ¢ +dfFome of the conpressed air
originati 5 (23) as it passes through
t he excha evice according to claim

21, -
pressurejrese(vair (23) sisd
clai m 20.723: Engj nés |npleneﬂﬁlng t h&A et hod 5

accordi ng tg/ | ai ms F3apd _Lld_ ®r™~2ed in that the device for

control 1i2%g§ the stroke oé“" ----------- ‘,% ausing the piston to stop at its top
dead center for atéong "rlod q anur ar rot a8 on, consists of a pressure

pressed air {rom the high-
ai r™air exchanger according to

1 B /:/ A
JiT
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| ever (17, 17A, 17B, 17C) itself controlled by a 10 connecting rod (17D)
connected to | st (18A) of a cranks (18) rotating about_its axis
(18B) slides %%gygé%%l nder (16) topped b@fgzcyl i nder head (11) "E’Wﬁ??’%‘izf‘ﬁg a
tw nned conbustion chanber (2) into which there open, on the one hand, an

i ntake duct itself 15 conprising a fuel injector (24), the opening and

ci osure of which are controlled by a valve (14A) and, on the other hand, an
exhaust duct (19), the jopening and clTosure of whichh are controrled by a

val ve (20) which meys— dependi ng on the node of._operation, open;i20 either
every two engi ne rievol dtions duri ng the piston jupstroke or every revol ution
during just part q_d pi ston upstroke, apd a spark plug s63) and
a suppl enentary conpt e’ 1y ' ' mpressed air
by a hi gh- pressure(';gg}?rpressed air 25 sto1/age reservoir (23), thi's assenPly
al l owi ng the engingito be ope“l’-\at ed i n®wo nodes, either supplied with

suppl enent ary correressed air fb{.\l ow power, or suppligdwth—a—earburetted
charge using conver,inii onal fuel, for higher powers. )_Kmmmﬂ A
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