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Description

Field of the invention

[0001] The present invention relates to an engine ar-
rangement comprising a heat recovery circuit for recov-
ering energy, especially but not exclusively in a vehicle.

Technological background

[0002] For many years, attempts have been made to
improve vehicle efficiency, and more particularly the en-
gine efficiency, which has a direct impact on fuel con-
sumption.
[0003] One conventional system is to provide the en-
gine arrangement with a heat recovery circuit for recov-
ering part of the energy which is otherwise wasted in the
form of heat in the exhaust gases, in the engine cooling
circuit, in the lubricating circuit, etc... Such heat recovery
circuits include Rankine circuits in which a fluid flows in
a closed loop and undergoes successive processes ac-
cording to the Rankine thermodynamic cycle:

- the working fluid, which is a liquid at this stage, is
pumped from low to high pressure;

- the high pressure liquid is evaporated into a gas by
a hot fluid flowing in another circuit of the engine
arrangement;

- the gas is expanded in an expander;
- finally, the gas is condensed.

[0004] As a result, at least part of the thermal energy
of the hot fluid used to evaporate the heat recovery fluid
is recovered in the expander, for example under the form
of mechanical, hydraulic, pneumatic or electrical energy.
This thermal energy would otherwise be lost.
[0005] Document US4901531 is an example of such
a conventional system.
[0006] However, the provision of a heat recovery circuit
involves the implementation of additional lines and com-
ponents, which requires space and brings weight and
cost.
[0007] It therefore appears that, from several stand-
points, there is room for improvement in engine arrange-
ments.

Summary of the invention

[0008] It is an object of the present invention to provide
an improved engine arrangement comprising a heat re-
covery circuit which can overcome the drawbacks en-
countered in conventional such engine arrangements.
[0009] According to the invention such an engine ar-
rangement comprises:

- an internal combustion engine where a combustion
chamber is supplied with at least one combustion
fluid by means of at least one combustion fluid circuit

comprising at least one combustion fluid pump;
- a heat recovery circuit carrying a fluid in a loop, suc-

cessively through at least a pump, an evaporator, an
expander capable of generating power from the fluid
expansion, and a condenser,

- characterized in that the combustion fluid is used as
the fluid in the heat recovery circuit and in that the
combustion fluid pump is a common pump located
in the heat recovery circuit to pressurize the fluid in
the heat recovery circuit.

[0010] Thus, in an engine arrangement according to
the invention, the heat recovery circuit does, in most cas-
es, not comprise a dedicated pump, the fluid flowing in
the heat recovery circuit being pumped from low to high
pressure by a pump which is already provided for other
purposes, i.e. the combustion fluid pump. Of course,
there remains the possibility to provide a further pump in
the heat recovery circuit, for example for further elevating
the pressure level of the fluid in that circuit. Therefore,
thanks to the invention, there can be provided an engine
arrangement including a heat recovery circuit for recov-
ering energy which requires one pump less than in such
engine arrangements of the prior art. This results in an
engine arrangement which is more compact and less ex-
pensive.
[0011] It also contributes to a better overall engine ef-
ficiency as it spares driving a pump which would other-
wise require a fraction of the engine’s work.
[0012] In concrete terms, the heat recovery circuit is
coupled to the combustion fluid circuit, and the same fluid
flows, for example from a combustion fluid tank, to the
engine and to the heat recovery circuit. Thus, said fluid
must be both capable of playing its role in the combustion
process in the engine and capable of undergoing the suc-
cessive processes of a heat recovery cycle. As a result,
a flow of combustion fluid flows through the common
pump and is later divided into at least two flows, one
directed to the combustion chamber and the other direct-
ed to the heat recovery circuit.
[0013] According to an embodiment, the engine ar-
rangement comprises a low pressure combustion fluid
pump and a high pressure combustion fluid pump, the
common pump for the combustion fluid circuit and for the
heat recovery circuit being the low pressure combustion
pump. This applies in particular when the combustion
fluid is fuel and where the internal combustion engine is
a direct injection engine, either of the compression igni-
tion type such as diesel engines, or of the spark-ignition
type, where the fuel pressure after the low pressure pump
can be around 3-5 bar. Of course, the engine arrange-
ment may comprise a combustion fluid circuit having a
single combustion fluid pump, which is then the common
pump.
[0014] In any case, the engine arrangement may have
several combustion fluid circuits, for example for sepa-
rately injecting in the combustion chamber two or more
fuels, or for injecting fuel and water, or for injection fuel

1 2 



EP 2 609 302 B1

3

5

10

15

20

25

30

35

40

45

50

55

and another type of additive such as an anti-knocking
agent. In such case, each combustion fluid circuit may
have its own pump and any one of the pumps can be the
common pump shared with the heat recovery circuit.
[0015] According to a further feature, the heat recovery
circuit may further comprise pressure reducing means
between the common pump and the evaporator. This
may apply in particular to spark ignition engines of the
indirect injection type, which are supplied with fuel, such
as gasoline, ethanol, methanol, liquid petroleum gas, nat-
ural gas or blends thereof. In such engines, fuel is injected
in an intake manifold at around 30 bars. Therefore, the
fuel pump is capable of raising the fuel pressure to around
30 bar. Then, the heat recovery circuit may require lower
pressures for operating optimally, hence the usefulness
of providing pressure reducing means being designed to
lower the fuel pressure, for example to around 5-10 bar,
in the heat recovery circuit.
[0016] The combustion fluid which is used as the fluid
in the heat recovery circuit may comprise one of or a
mixture of:

* an alcohol such as methanol or ethanol;
* a lower alkane amidst methane, ethane, propane
or butane;
* water;
* dimethyl ether (DME)
* ammonia-water solution.

[0017] Such fluids are known to be used already either
as a fuel, a fuel component or as another combustion
fluid component in internal combustion engines, and as
a fluid in a heat recovery circuit.
[0018] The fluid flowing in the heat recovery circuit is
evaporated in the evaporator by a hot fluid which can be
chosen among:

- a coolant of the engine flowing in a coolant circuit
downstream from the engine - which therefore has
a high temperature;

- hot exhaust gases flowing in an exhaust line of the
engine arrangement;

- engine oil;
- compressed intake air of the engine - i.e. hot gases

downstream from the compressor;
- EGR (exhaust gas recirculation) gases.

[0019] For example, the expander in the heat recovery
circuit can be chosen among a turbine, a scroll, a screw
and a piston.
[0020] In an implementation of the invention, the heat
recovery circuit may further comprise a heater, also
called regenerator, located downstream from the pump
and upstream from the evaporator, said heater being de-
signed to preheat the fluid flowing in the heat recovery
circuit before it enters the evaporator by means of the
fluid flowing in the heat recovery circuit downstream from
the expander and upstream from the condenser. Indeed,

the fluid which has been expanded has lost thermal en-
ergy but nevertheless its temperature remains high
enough to preheat the fluid before it enters the evapora-
tor.
[0021] The engine arrangement advantageously com-
prises means capable of recovering the energy produced
by the heat recovery fluid expansion in the expander into
mechanical energy on the engine crankshaft, into elec-
tricity and/or into hydraulic or pneumatic pressure. The
mechanical energy can be recovered on the engine
crankshaft directly or via intermediate parts such as
gears. As regards electricity, it can be produced by
means of an alternator coupled to a turbine as the ex-
pander. Electricity can be used in a hybrid vehicle (i.e. a
vehicle powered by an internal combustion engine and
an electric motor) or in a conventional vehicle to charge
a battery, to power auxiliaries, etc.
[0022] According to another aspect, the invention re-
lates to a vehicle which comprises an engine arrange-
ment as previously described.
[0023] However, the invention may also be used in oth-
er applications, for example in fixed industrial systems
such as engine arrangements driving fixed electric gen-
erators.
[0024] These and other features and advantages will
become apparent upon reading the following description
in view of the drawing attached hereto representing, as
non-limiting examples, embodiments of an engine ar-
rangement according to the invention.

Brief description of the drawings

[0025] The following detailed description of several
embodiments of the invention is better understood when
read in conjunction with the appended drawings being
understood, however, that the invention is not limited to
the specific embodiments disclosed.

Figure 1 is a schematic drawing of a first embodiment
of an engine arrangement according to the invention;
Figure 2 is a schematic drawing of a second embod-
iment of an engine arrangement according to the in-
vention.

Detailed description of the drawings

[0026] The invention relates to an engine arrangement
1, two embodiments of which are illustrated in the figures.
[0027] The engine arrangement 1 comprises an inter-
nal combustion engine 2 which can be a diesel engine
or a spark ignition engine. The engine 2 is supplied with
fuel stored in a fuel tank 3 through a supply line 4 carrying
said fuel towards a fuel pump 5 designed to provide fuel
to the engine 2 where it can be injected, directly or indi-
rectly, in a combustion chamber. In the illustrated em-
bodiments, said fuel pump 5 comprises:

- a low pressure fuel pump 6 which is designed to raise
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the fuel pressure to around 3-5 bar,
- and a subsequent high pressure fuel pump 7 which

is fed with fuel flowing out of the low pressure fuel
pump 6 in a connecting line 8, and which is designed
to raise the fuel pressure up to 200 bar or even up
to 3000 bar, depending on the applications.

[0028] According to an embodiment of the invention,
the fuel comprises ethanol. For example, it can be a pure
ethanol or mixture of ethanol with gasoline or with water,
with for example 15% gasoline and 85% ethanol. Other
heat recovery compatible fuels, i.e. which could also be
used as the working fluid in a heat recovery cycle, include
fuels based on lower alkanes such as methane, ethane,
propane or butane or mixtures thereof. Such fuels com-
prise widely used fuels such as natural gas, liquid petro-
leum gas (LPG), biogas, etc...
[0029] Exhaust gases are then collected and carried
towards the atmosphere by an exhaust line 9 which usu-
ally comprises several gas treatment or filtering devices
(not shown).
[0030] The engine arrangement 1 may further com-
prise a coolant circuit 10 carrying an engine coolant such
as a water based liquid. The coolant is moved in a closed
loop by means of a pump 11. The coolant enters the
engine 2 in order to lower the engine temperature, there-
by getting hotter. Then, downstream from the engine 2,
the coolant is carried towards a radiator 12 where it is
cooled down before entering the engine 2 again.
[0031] The engine arrangement 1 also comprises a
heat recovery circuit 13 which allows some energy re-
covery, which, in the shown example, is based on the
Rankine cycle.
[0032] The Rankine circuit 13 forms a closed loop
which, in this example, is coupled to the circuit carrying
fuel to the engine 2, and carries said fuel as the Rankine
fluid.
[0033] From the supply line 4, the fuel enters the low
pressure fuel pump 6 where it is pressurized and then is
carried towards an evaporator 14 by a first line 15 branch-
ing from the connecting line 8. In other words, the low
pressure fuel pump 6 acts as the Rankine pump, no other
dedicated pump being provided to pump the Rankine flu-
id. All of the fuel flowing in the supply line 4 enters the
low pressure fuel pump 6, but only part of this fuel is then
injected in the engine by means of the high pressure fuel
pump 7, whereas another part of this fuel will flow in the
Rankine circuit 13. At this point, any excess fluid pres-
surized by pump 5 could be returned to the tank through
a non shown connection.
[0034] In the evaporator 14, the pressurized fuel is
evaporated into a gas which then flows through a second
line 16 towards an expander 17. In the illustrated embod-
iments, the expander is a turbine 17 which is capable of
recovering the energy of the hot gas into mechanical en-
ergy. Said mechanical energy can be used on the engine
crankshaft 18, by an alternator (not shown) coupled to
the turbine 17 to produce electricity, and/or by a pump

or by a compressor, to circulate and/or pressurize a fluid.
Electricity can be used in a hybrid vehicle (i.e. a vehicle
powered by an internal combustion engine and an elec-
tric motor) or in a conventional vehicle to charge a battery,
to power auxiliaries, etc.
[0035] Downstream from the turbine 17, the gas, which
has been expanded and cooled, flows in a third line 19
towards a condenser 20 in which it becomes a liquid
again. In case the engine arrangement 1 is implemented
on a vehicle, said condenser 20 is typically located on
the front face of the vehicle. Downstream from the con-
denser 20, the liquid fuel is carried by a fourth line 21
which comes out into the supply line 4 before entering
the low pressure fuel pump 6 with some more fuel coming
from the fuel tank 3. Alternatively, the Rankine fluid flow-
ing out of the condenser 20 could be directed to the tank 3.
[0036] A first embodiment of the invention is now de-
scribed with reference to Figure 1.
[0037] In this embodiment, the fuel flowing in the Rank-
ine circuit 13 is evaporated in the evaporator 14 by the
coolant flowing in the coolant circuit 10 downstream from
the engine 2. Indeed, said coolant has been heated when
passing through the engine 2, and its temperature is high
enough to evaporate the fuel.
[0038] Reference is now made to figure 2 which illus-
trates a second embodiment of the invention (the coolant
circuit is not shown on figure 2).
[0039] In this embodiment, the fuel flowing in the Rank-
ine circuit 13 is evaporated in the evaporator 14 by the
hot exhaust gases flowing in the exhaust line 9.
[0040] Furthermore, a heater 22 is provided in the
Rankine circuit 13, downstream from the pump 6 and
upstream from the evaporator 14, in order to preheat the
fuel flowing in the Rankine circuit 13 before it enters the
evaporator 14. The fuel is preheated by means of the
fuel flowing in the third line 19 of the Rankine circuit 13,
i.e. downstream from the turbine 17 and upstream from
the condenser 20.
[0041] Of course, the invention is not restricted to the
embodiment described above by way of non-limiting ex-
ample, but on the contrary it encompasses all embodi-
ments thereof.
[0042] Fuel is not the only combustion fluid contem-
plated in the context of the invention which could be used
for the heat recovery cycle and for injecting in the com-
bustion process. Indeed, in other engine arrangements,
not only fuel or not only one fuel is injected in the com-
bustion chambers. There may be other combustion flu-
ids, i.e. fluids which are to be injected in the combustion
chamber of the internal combustion engine, which are
not premixed with the fuel and which may therefore have
a dedicated fluid circuit equipped with a pump. It must
be noted that the combustion fluids are not necessarily
injected at the same time in the combustion chamber.
Also, each fluid may or may not be injected directly in the
combustion chamber.
[0043] For example, the combustions fluids might in-
clude fuel, either heat recovery compatible or not, and
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water, where water is used in the combustion/expansion
process to benefit from the heat generated by the fuel
combustion to vaporize and provide further expansion,
and/or reduce raw engine emissions. In such a case,
water could also be used in the heat recovery cycle and
a common pump would pressurize a flow of water both
for injecting in the combustion chamber and for circulat-
ing in the heat recovery circuit. Alternatively, as in the
previous example, if the fuel is heat recovery compatible,
for example based on methanol or ethanol, then the fuel
could be used in the heat recovery cycle instead of the
water.
[0044] In another example, it is known to run internal
combustion engines on fuels such as dimethyl ether
(DME) or on ammonia-water solutions, which both are
compatible with heat recovery cycles and which would
therefore allow implementing the invention. Another ex-
ample is the case of dual fuel engines where a first fuel,
containing methane, ethane, propane, butane or mix-
tures thereof, and a second fuel, such as gasoline or
diesel fuel, are injected separately in the combustion
chamber of a compression ignition engine. In such a
case, the first fuel may be heat recovery compatible so
that a common pump for the first fuel could also be used
for pumping.
[0045] The heat recovery circuit could be based on a
different cycle than the Rankine cycle, either derived from
the Rankine cycle, such as the Kalina cycle or the super-
critical Rankine cycle, or entirely different such as the
Brayton or Ericsson cycles.

Claims

1. An engine arrangement comprising:

- an internal combustion engine (2) where a
combustion chamber is supplied with at least
one combustion fluid by means of at least one
combustion fluid circuit comprising at least one
combustion fluid pump (6);
- a heat recovery circuit (13) carrying a fluid in
a loop, successively through at least a pump (6),
an evaporator (14), an expander (17) capable
of generating power from the fluid expansion;
- characterized in that the combustion fluid is
used as the fluid in the heat recovery circuit and
in that the combustion fluid pump is a common
pump located in the heat recovery circuit to pres-
surize the fluid in the heat recovery circuit.

2. The engine arrangement according to claim 1, char-
acterized in that the combustion fluid circuit com-
prises a low pressure combustion fluid pump (6) and
a high pressure combustion fluid pump (7), the com-
mon pump being the low pressure combustion fluid
pump (6).

3. The engine arrangement according to claims 1 or 2,
characterized in that the heat recovery circuit (13)
further comprises pressure reducing means be-
tween the common pump (6) and the evaporator
(14).

4. The engine arrangement according to any one of
claims 1 to 3, characterized in that the combustion
fluid which is used as the fluid in the heat recovery
circuit (13) comprises one of or a mixture of

* an alcohol such as methanol or ethanol;
* a lower alkane amidst methane, ethane, pro-
pane or butane;
* water
* dimethyl ether (DME)
* ammonia-water solution.

5. The engine arrangement according to any one of
claims 1 to 4, characterized in that the fluid flowing
in the heat recovery circuit (13) is evaporated in the
evaporator (14) by a hot fluid chosen among:

- a coolant of the engine flowing in a coolant
circuit (10) downstream from the engine (2);
- hot exhaust gases flowing in an exhaust line
(9) of the engine arrangement (1);
- engine oil;
- compressed intake air of the engine;
- EGR (exhaust gas recirculation) gases.

6. The engine arrangement according to any one of
claims 1 to 5, characterized in that the expander
(17) in the heat recovery circuit (13) is chosen among
a turbine, a scroll, a screw and a piston.

7. The engine arrangement according to any one of
claims 1 to 6, characterized in that the heat recov-
ery circuit (13) further comprises a heater (22) locat-
ed downstream from the pump (6) and upstream
from the evaporator (14), said heater (22) being de-
signed to preheat the fluid flowing in the heat recov-
ery circuit (13) before it enters the evaporator (14)
by means of the fluid flowing in the heat recovery
circuit (13) downstream from the expander (17) and
upstream from the condenser (20).

8. The engine arrangement according to any one of
claims 1 to 7, characterized in that it comprises
means capable of recovering the energy produced
by the heat recovery fluid expansion in the expander
(17) into mechanical energy on the engine crank-
shaft (18), into electricity and/or into hydraulic or
pneumatic pressure.

9. The engine arrangement according to any preceding
claim, characterized in that the heat recovery circuit
further comprises a condenser (20) downstream of
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the expander (17) and upstream of the pump (6).

10. A vehicle characterized in that it comprises an en-
gine arrangement (1) according to any one of claims
1 to 9.

Patentansprüche

1. Motoranordnung umfassend:

- einen Verbrennungsmotor (2), bei dem eine
Verbrennungskammer mittels wenigstens eines
Verbrennungsfluidkreises, der wenigstens eine
Verbrennungsfluidpumpe (6) aufweist, mit we-
nigstens einem Verbrennungsfluid versorgt
wird,
- einen Wärmerückgewinnungskreis (13), der
ein Fluid in einem Regelkreis nacheinander
durch wenigstens eine Pumpe (6), einen Ver-
dampfer (14) und eine Ausdehnvorrichtung (17)
führt, die in der Lage ist, Strom aus der Fluid-
ausdehnung zu erzeugen;
- dadurch gekennzeichnet, dass das Verbren-
nungsfluid als das Fluid in dem Wärmerückge-
winnungskreis verwendet wird, und dass die
Verbrennungsfluidpumpe eine gemeinsame
Pumpe ist, die in dem Wärmerückgewinnungs-
kreis angeordnet ist, um das Fluid in dem Wär-
merückgewinnungskreis mit Druck zu beauf-
schlagen.

2. Motoranordnung nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Verbrennungsfluidkreis ei-
ne Niedrigdruckverbrennungsfluidpumpe (6) und ei-
ne Hochdruckverbrennungsfluidpumpe (7) aufweist,
wobei die gemeinsame Pumpe die Niedrigdruckver-
brennungsfluidpumpe (6) ist.

3. Motoranordnung nach den Ansprüchen 1 oder 2, da-
durch gekennzeichnet, dass der Wärmerückge-
winnungskreis (13) weiterhin druckreduzierende
Einrichtungen zwischen der gemeinsamen Pumpe
(6) und dem Verdampfer (14) aufweist.

4. Motoranordnung nach irgendeinem der Ansprüche
1 bis 3, dadurch gekennzeichnet, dass das Ver-
brennungsfluid, das als das Fluid in dem Wärme-
rückgewinnungskreis (13) verwendet wird, eines von
oder eine Mischung aus

* einem Alkohol wie Methanol oder Ethanol;
* einem niederen Alkan, darunter Methan,
Ethan, Propan oder Butan;
* Wasser,
* Dimethylether (DME);
* Ammoniak-Wasser-Lösung aufweist.

5. Motoranordnung nach irgendeinem der Ansprüche
1 bis 4, dadurch gekennzeichnet, dass das in dem
Wärmerückgewinnungskreis (13) strömende Fluid
in dem Verdampfer (14) durch ein heißes Fluid ver-
dampft wird, das ausgewählt ist aus

- einem Kühlmittel des Motors, das in einem
Kühlmittelkreis (10) stromabwärts von dem Mo-
tor (2) strömt,
- heißen Abgasen, die in einer Abgasleitung (9)
der Motoranordnung (1) strömen;
- Motoröl;
- komprimierter Einlassluft des Motors;
- EGR- (Abgasrückführungs-) Gasen.

6. Motoranordnung nach irgendeinem der Ansprüche
1 bis 5, dadurch gekennzeichnet, dass die Aus-
dehnvorrichtung (17) in dem Wärmerückgewin-
nungskreis (13) aus einer Turbine, einem Rotations-
kolben, einer Schraube und einem Kolben ausge-
wählt ist.

7. Motoranordnung nach irgendeinem der Ansprüche
1 bis 6, dadurch gekennzeichnet, dass der Wär-
merückgewinnungskreis (13) weiterhin eine Heiz-
einrichtung (22) aufweist, die stromabwärts von der
Pumpe (6) und stromaufwärts von dem Verdampfer
(14) angeordnet ist, wobei die Heizeinrichtung (22)
dazu ausgelegt ist, das in dem Wärmerückgewin-
nungskreis (13) strömende Fluid mittels des in dem
Wärmerückgewinnungskreis (13) stromabwärts von
der Ausdehnvorrichtung (17) und stromaufwärts von
dem Kondensator (20) strömenden Fluids vorzuhei-
zen, bevor es in den Verdampfer (14) eintritt.

8. Motoranordnung nach irgendeinem der Ansprüche
1 bis 7, dadurch gekennzeichnet, dass sie Einrich-
tungen aufweist, die in der Lage sind, die durch die
Ausdehnung des Wärmerückgewinnungsfluids in
der Ausdehnvorrichtung (17) erzeugte Energie in
mechanische Energie auf die Motorkurbelwelle (18),
in Elektrizität und/oder in hydraulischen oder pneu-
matischen Druck zurückzuführen.

9. Motoranordnung nach irgendeinem vorhergehen-
den Anspruch, dadurch gekennzeichnet, dass der
Wärmerückgewinnungskreis weiterhin einen Kon-
densator (20) stromabwärts der Ausdehnvorrich-
tung (17) und stromaufwärts der Pumpe (6) aufweist.

10. Fahrzeug, dadurch gekennzeichnet, dass es eine
Motoranordnung (1) nach irgendeinem der Ansprü-
che 1 bis 9 aufweist.

Revendications

1. Ensemble moteur, comprenant:
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- un moteur à combustion interne (2), dans le-
quel une chambre de combustion est alimentée
par au moins un fluide combustible au moyen
d’au moins un circuit de fluide combustible com-
prenant au moins une pompe (6) à fluide
combustible ;
- un circuit de récupération de chaleur (13) trans-
portant un fluide dans une boucle, successive-
ment par au moins une pompe (6), un évapora-
teur (14), un expanseur (17) capable de générer
de l’énergie à partir de la dilatation du fluide ;
- caractérisé en ce que le fluide combustible
est utilisé en tant que fluide dans le circuit de
récupération de chaleur, et en ce que la pompe
à fluide combustible est une pompe commune
située dans le circuit de récupération de chaleur
pour mettre sous pression le fluide dans le circuit
de récupération de chaleur.

2. Ensemble moteur selon la revendication 1, carac-
térisé en ce que le circuit de fluide combustible com-
prend une pompe (6) à fluide combustible basse
pression et une pompe (7) à fluide combustible haute
pression, la pompe commune étant la pompe (6) à
fluide combustible basse pression.

3. Ensemble moteur selon les revendications 1 ou 2,
caractérisé en ce que le circuit de récupération de
chaleur (13) comprend en outre un moyen réducteur
de pression entre la pompe commune (6) et l’éva-
porateur (14).

4. Ensemble moteur selon l’une quelconque des reven-
dications 1 à 3, caractérisé en ce que le fluide com-
bustible qui est utilisé en tant que fluide dans le circuit
de récupération de chaleur (13) comprend l’un des
composants suivants, ou un mélange de ceux-ci:

- un alcool tel que le méthanol ou l’éthanol ;
- un alcane inférieur, parmi le méthane, l’éthane,
le propane ou le butane;
- l’eau
- le diméthyléther (DME)
- une solution aqueuse d’ammoniac.

5. Ensemble moteur selon l’une quelconque des reven-
dications 1 à 4, caractérisé en ce que le fluide
s’écoulant dans le circuit de récupération de chaleur
(13) est évaporé dans un évaporateur (14) par un
fluide chaud choisi parmi:

- un réfrigérant du moteur, s’écoulant dans un
circuit de réfrigérant (10) en aval du moteur (2) ;
- des gaz d’échappement chauds, s’écoulant
dans une conduite d’échappement (9) de l’en-
semble moteur (1) ;
- de l’huile moteur;
- de l’air d’admission comprimé du moteur;

- des gaz EGR (recyclage des gaz d’échappe-
ment).

6. Ensemble moteur selon l’une quelconque des reven-
dications 1 à 5, caractérisé en ce que l’expanseur
(17) se trouvant dans le circuit de récupération de
chaleur (13) est choisi parmi une turbine, un com-
presseur à spirale, une vis et un piston.

7. Ensemble moteur selon l’une quelconque des reven-
dications 1 à 6, caractérisé en ce que le circuit de
récupération de chaleur (13) comprend en outre un
réchauffeur (22) situé en aval de la pompe (6) et en
amont de l’évaporateur (14), ledit réchauffeur (22)
étant conçu pour préchauffer le fluide s’écoulant
dans le circuit de récupération de chaleur (13) avant
qu’il ne pénètre dans l’évaporateur (14), au moyen
du fluide s’écoulant dans le circuit récupérateur de
chaleur (13) en aval de l’expanseur (17) et en amont
du condenseur (20).

8. Ensemble moteur selon l’une quelconque des reven-
dications 1 à 7, caractérisé en ce qu’il comprend
un moyen capable de récupérer l’énergie produite
par la dilatation du fluide de récupération de chaleur
dans l’expanseur (17) sous forme d’énergie méca-
nique sur le vilebrequin (18) du moteur, d’électricité
et/ou de pression hydraulique ou pneumatique.

9. Ensemble moteur selon l’une quelconque des reven-
dications précédentes, caractérisé en ce que le cir-
cuit de récupération de chaleur comprend en outre
un condenseur (20) en aval de l’expanseur (17) et
en amont de la pompe (6).

10. Véhicule, caractérisé en ce qu’il comprend un en-
semble moteur (1) selon l’une quelconque des re-
vendications 1 à 9.
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