
1  THERMAL GENERATOR WITH MAGNETO-CALORIC MATERIAL  Technical scope: 5 The
present invention relates to a heat generator comprising magnetocaloric
elements, magnetic devices arranged so as to alternately subject said
magnetocaloric  elements to a variation in magnetic field and alternately
create a heating cycle and a  cooling cycle in each magnetocaloric element,
at least one heat transfer fluid  arranged to collect the calories and/or
frigories produced by said magnetocaloric 10 elements during the heating and
cooling cycles, at least one hot exchange chamber  and one cold exchange
chamber respectively placed at the hot and cold ends of said  generator, and
means of circulation for the heat transfer fluid between said
magnetocaloric elements and said exchange chambers, with the said generator
comprising at least one thermal module comprising at least one set of N  15
magnetocaloric elements. Prior technique: Magnetic refrigeration technology
has been known for more than twenty years and  20 the advantages it provides
in terms of ecology and sustainable development are  widely acknowledged.
Its limits in terms of its useful calorific output and its  efficiency are
also well known. Consequently, all the research undertaken in this field
tends to improve the performances of such a generator, by adjusting the
various  parameters, such as the magnetization power, the performances of
the magnetocaloric 25 element, the heat exchange surface between the heat
transfer fluid and the  magnetocaloric elements, the performances of the
heat exchangers, etc. Publication US 4,829,770 looks particularly at the
composition of the magnetocaloric  elements and describes a heat generator
which uses such elements and whose  



30 operation is based on the principle of the Stirling engine. A heat
transfer gas, in 2  particular nitrogen, runs through these fixed
magnetocaloric elements, while the  whole assembly is contained within a
tank subjected to a reciprocating translation  movement, synchronized with
the variation in magnetic field. Helium heat  exchangers are connected to
the hot and cold ends of the tank to transfer the calories 5 and frigories
collected by the heat transfer gas to external circuits. The  magnetocaloric
elements appear as porous discs, stacked in the tank, separated from  one
another to delineate several chambers, or joined to one another to delineate
only  two chambers, according to the chosen embodiment. Each movement of the
tank  corresponds to a cold cycle or a hot cycle and causes the heat
transfer gas to circulate 10 in only one direction. The production cycles of
calories and frigories are thus  alternate and not simultaneous. Moreover,
the heat transfer capacity of a gas is  markedly less efficient than that of
a liquid. The heat exchange surface between the  heat transfer gas and the
magnetocaloric elements is also very limited. Given the very  low operating
temperatures, approximately -200C, the use of such a heat generator 15 is
restricted to laboratory applications. In conclusion, the calorific value of
such a  heat generator is too low for an industrial or domestic application.
Publication WO 2005/093343 describes the principle of a magnetocaloric heat
generator, which uses the air to be heated or cooled of a motor vehicle as
heat  20 transfer fluid. This solution is designed so that, in a starting
phase, the refrigeration system operates in a closed loop, with the air
being circulated according to a  reciprocating movement through the
magnetocaloric element between a hot tank and  a cold tank, using a pistons
and walking beam system, until the desired temperature  gradient is
achieved. As in the previous example, each movement of the piston 



25 corresponds to a cold or hot cycle and causes the air to circulate in
only one direction.  The production cycles of calories and frigories are
thus alternate and not  simultaneous. Moreover, the heat exchange surface
between the air and the  magnetocaloric element is very limited and does not
allow a sufficient calorific value  to be achieved for an industrial or
domestic application, given also that the heat  30 transfer fluid is a gas
and not a liquid. 3  Publication WO 2007/026062, which belongs to the
applicant, describes a  magnetocaloric generator that comprises two distinct
collecting circuits, namely a hot  collecting circuit and a cold collecting
circuit, hydraulically tight with one another, 5 and both coupled to a heat
exchanger that serves as a means of evacuating the  calories or frigories.
The heat transfer fluid circulates in a closed loop within the  collecting
circuits, which comprise a part outside the generator and require at least
one pump, means of commutation synchronized with the variation in magnetic
field,  ducts and connections. 10 Description of the invention: The present
invention aims to solve this problem by introducing an industrial  solution
based on a heat generator with magnetocaloric material that is economically
15 viable, and modular so it can easily be configured according to given
specifications as part of industrial as well as domestic applications. It
also aims to simplify and  rationalize the way the heat transfer fluid
circulates by discarding the use of one or  more hydraulic systems. 20 To
this end, the invention relates to a heat generator of the kind mentioned in
the  preamble, characterized in that said means of circulation are
synchronized with the  



variation in magnetic field and arranged to alternately circulate said heat
transfer  fluid inside said thermal module in two opposite directions at the
same time, between  the hot and cold exchange chambers through said
magnetocaloric elements, in a 25 reciprocating movement, so that a first
fraction of the heat transfer fluid circulates  towards the hot exchange
chamber through said magnetocaloric elements subjected  to a heating cycle,
and that a second fraction of the heat transfer fluid circulates  towards
the cold exchange chamber through said magnetocaloric elements subjected  to
a cooling cycle, and inversely, and in that the means of circulation
comprise at 30 least one set of N pistons positioned opposite said
magnetocaloric elements and 4  subjected to a reciprocating translation
movement by a driving mechanism that  comprises at least one actuating cam
driven by an actuator. One thus obtains a number N of mini heat generators
operating simultaneously and in  5 parallel, allowing the heat exchange
surface with heat transfer fluid, and thus the  calorific value of such a
generator, to be multiplied by the coefficient N. Moreover,  each magnetic
cycle is optimally used since the circulation of the heat transfer fluid  in
both directions allows the simultaneous collection of the calories produced
by the  magnetocaloric elements subjected to an increase in magnetic field
(heating cycle) 10 and of the frigories produced by the magnetocaloric
elements subjected to a reduction  in magnetic field (cooling cycle). The
hot and cold exchange chambers form recovery chambers for the thermal energy
produced by the generator and allow achieving a mixture of the heat transfer
fluid  15 resulting from a heating cycle for the hot chamber on the one
hand, and from a  cooling cycle for the cold chamber on the other.
Preferably, the magnetocaloric elements comprise emerging fluid passages,
which are  



formed of pores, channels, grooves or a combination of these elements. 20 In
a preferred embodiment, the means of circulation comprise two sets of N
pistons  positioned on each side of said magnetocaloric elements to
circulate the heat transfer  fluid in both directions. 25 The actuating cam
may comprise a cam profile with a roughly sinusoidal shape, the  amplitude
of which determines the stroke of said pistons and the sinusoidal phase of
which globally corresponds to a heating cycle and a cooling cycle of said
magnetocaloric elements. 5  In the vicinity of said magnetocaloric elements,
the magnetic devices may comprise  at least one magnetic arrangement formed
of alternate magnetized zones and non  magnetized zones, said magnetic
arrangement being coupled with an actuator so as to  be mobile in relation
to said magnetocaloric elements. 5 These magnetic devices preferably
comprise a field closing device positioned  opposite said magnetic
arrangement to close the magnetic flux generated by said  magnetized zones
through said magnetocaloric elements. 10 Each couple formed by a magnetized
zone and a non magnetized zone of said  magnetic arrangement advantageously
extends over a distance that globally  corresponds to a sinusoid of said cam
profile. In the preferred embodiment, each magnetized zone comprises at
least two  15 permanent magnets with opposite polarities, assembled on a
core with high magnetic  permeability so as to concentrate the magnetic flux
of said magnets towards the  magnetocaloric elements. 



The thermal module may advantageously have a circular structure in which the
20 magnetocaloric elements are arranged in a circle around a central axis
and the  actuating cam as well as the magnetic arrangement are concentric
with this central  axis and put into rotation around said axis. In an
alternative embodiment, the thermal module may also have a linear structure
in  25 which the magnetocaloric elements are aligned and the actuating cam
together with  the magnetic arrangement are driven into reciprocating
translation along said  elements. The heat generator may advantageously
comprise X number of thermal modules  30 stacked to form a generator with X
thermal stages and said thermal modules may be 6  assembled in pairs using
intermediate chambers. In this case, the pistons of two  consecutive thermal
modules are advantageously shared. Hence, by stacking several thermal
modules, the heating and cooling of the heat  5 transfer fluid are achieved
in a staged manner, thus making it possible to increase the  temperature
gradient between the cold and hot ends of the said generator as desired.
The intermediate chambers may communicate with said pistons and form heat
transfer fluid mixing chambers between two consecutive thermal modules. 10
The intermediate chambers may also not communicate with said pistons, as the
heat  transfer fluid passes from one thermal module to another via said
magnetocaloric  elements. 15 The hot exchange chamber and the cold exchange
chamber may each be connected to  an external circuit fitted with a device
that allows a heat exchange only after reaching  a predefined temperature
inside said exchange chamber in question. 



Brief description of the drawings:  20 The present invention and its
advantages will be better revealed in the following  description of two
embodiments given as a non limiting example, in reference to the  drawings
in appendix, in which: 25 - figure 1 is a perspective, partially exploded
view of a first embodiment of a  heat generator according to the invention,
- figure 2 is a perspective view of a part of the generator from figure 1,
- figure 3 is a plane view of the generator from figure 1, - figure 4 is an
axial section view of the generator from figure 3, 7  figures 5 to 8 are
radial sections of the generator from figure 3, respectively  according to
section planes V-V, VI-VI, VII-VII and VIII-VIII, figure 9 is a perspective,
partially exploded view of a second embodiment of a  heat generator
according to the invention, 5 - figure 10 is an enlarged in view of detail X
from figure 9, and  figure 11 is an axial section view of the generator from
figure 9.  Illustrations of the invention: 10 In reference to figures 1 to 8
and more particularly to figure 4, the heat generator 1  according to the
invention comprises a thermal module 10 that includes N number of
magnetocaloric elements 2 arranged adjacently in a circle around a central
axis A,  forming an annular cylindrical structure. This embodiment is only
an example, given  that the heat generator 1 may also have a linear
structure. 15 This heat generator 1 comprises magnetic devices 3 capable of
alternately subjecting  



the magnetocaloric elements 2 to a variation in magnetic field so as to vary
their  temperature according to the Cannot cycle, and to alternately create
a heating cycle  and a cooling cycle in each magnetocaloric element 2. This
generator contains a heat 20 transfer fluid that is made to move inside said
thermal module 10 via means of  circulation 4 in order to collect the
calories and frigories produced by the  magnetocaloric elements 2 during the
successive heating and cooling cycles, and to  respectively store them in a
hot exchange chamber 5 and a cold exchange chamber 6  positioned at the hot
and cold ends of this generator. Each exchange chamber 5, 6 is 25 designed
to exchange with an external circuit via a heat exchanger (not represented)
in order to use the calories and frigories produced by said generator. The
means of  circulation 4 are synchronized with the variation in magnetic
field to simultaneously  circulate the heat transfer fluid in two opposite
directions, so that a first fraction of  heat transfer fluid circulates
towards the hot exchange chamber 5 through the 30 magnetocaloric elements 2
subjected to a heating cycle, and that a second fraction of 8  heat transfer
fluid circulates towards the cold exchange chamber 6 through the
magnetocaloric elements 2 subjected to a cooling cycle, and inversely. In
the example represented, the magnetocaloric elements 2 consist of partially
5 cylindrical sections that are cut, machined and/or moulded out of a
magnetocaloric  material, placed in a fixed support 20 fitted with
complementary shaped housings 21.  The shape of the magnetocaloric elements
2 is not restrictive and may be changed to  any other three-dimensional
shape. Magnetocaloric material means a material that is  partly or entirely
made out of a magnetocaloric substance, such as gadolinium (Gd), a 10
gadolinium alloy containing for example silicon (Si), germanium (Ge), a
manganese  alloy containing for example iron (Fe), magnesium (Mg),
phosphorus (P), a  



lanthanum alloy, a nickel (Ni) alloy, any other equivalent material or
magnetizable  alloy, or out of a combination of various magnetocaloric
materials, in the form of  powder, particles, solid block, sintered or
porous. The choice between these 15 magnetocaloric materials is made
according to the heating and cooling capacities  desired and the ranges of
temperature required. These magnetocaloric elements 2 are  permeable to the
heat transfer fluid and therefore comprise emerging fluid passages,  which
may be formed by the pores of a porous material, mini- or micro-channels
machined out of a solid block or obtained by assembling superimposed grooved
20 plates, and other similar elements. The means of circulation 4 of the
heat transfer fluid comprise at least one and  preferably two sets of N
pistons 40, subjected to a reciprocating movement, parallel  to the central
axis A, by a driving mechanism 7, with each piston 40 arranged in 25
opposition and along the axis of a magnetocaloric element 2, so as to
circulate the  heat transfer fluid contained in said module through said
element in a direction that  depends on whether the said element is
subjected to a heating cycle or a cooling  cycle. Each magnetocaloric
element 2 is thus associated to two pistons 40, aligned  along its axis and
opposite each end, driven in opposite directions. For the heat 30 transfer
fluid to circulate from an exchange chamber 5, 6 to the other exchange 9
chamber 6, 5, the jacket 42 comprises openings 43 that connect the inside
volume of  the thermal module 10 and the housing 41 of the pistons 40. In
reference to the  circular structure of the heat generator 1 as illustrated,
the pistons 40 are arranged  adjacently, in a circle around central axis A,
and form an annular structure. In the 5 case of a linear heat generator, the
pistons would be aligned. These pistons 40 consist  of cylindrical parts,
guided in complementary shaped housings 41 arranged in a  



jacket 42. Any other piston shape may also be appropriate and may be
determined to  minimize hydraulic pressure losses. The jacket 42 is a fixed
part, installed on the  support 20 of the magnetocaloric elements 2 using
any adequate means of assembly. 10 The support 20 and the jacket 42 may also
made from a single part. These parts are  preferably made out of thermally
insulating materials, such as synthetic materials or  similar. In the
example represented, the driving mechanism 7 comprises at least one and  15
preferably two actuating cams 70 coupled to the pistons 40, driven by an
actuator  (not represented). Each actuating cam 70 may comprise a cam
profile 71 with a  roughly sinusoidal or similar shape (see fig. 2 and 3),
the amplitude of which  determines the stroke of the pistons 40 and the
sinusoidal phase of which globally  corresponds to a heating cycle and a
cooling cycle of the magnetocaloric elements 2. 20 The cam profile 71 forms
a salient rib, placed inside a groove of each piston 40, thus  ensuring a
mechanical coupling between these parts. In reference to the circular
structure of the heat generator 1 as illustrated, the actuating cams 70 are
annular and  put into continuous or non continuous rotation around the
central axis A, by an  electric motor or any equivalent actuator. In the
case of a linear heat generator, the 25 actuating cams are rectilinear and
subjected to a reciprocating translation movement.  In reference more
particularly to figure 8, the magnetic devices 3 comprise a  magnetic
arrangement 30 formed of alternate magnetized zones ZA and non  magnetized
zones ZN in the vicinity of the magnetocaloric elements 2. Each couple 30 of
magnetized ZA and non magnetized ZN zones extends over a distance that 10
globally corresponds to a sinusoid of the cam profile 71, with the
magnetized zone  ZA generating the heating cycle and the non magnetized zone
ZN the cooling cycle.  



In the example represented, the magnetized zone ZA comprises at least two
permanent magnets' 32 with opposite polarities, assembled on a core 33 with
high 5 magnetic permeability so as to concentrate the magnetic flux towards
the  magnetocaloric elements 2. Evidently, any other construction or
arrangement is  possible. In the example represented and in reference to the
circular structure of the  generator, the magnetic arrangement 30 is
cylindrical, installed inside the generator 1  and put into continuous or
non continuous rotation around the central axis A by an 10 electric motor or
any equivalent actuator. In this example, the magnetic arrangement  30
comprises four pairs of magnetized ZA and non magnetized ZN zones, each
covering a 90 angular sector. Correspondingly, the cam profile 71 of the
actuating  cams 70 comprises four sinusoids that each extend over the same
angular sector. The  cam profile 71 that is illustrated on the figures only
shows two sinusoids to simplify 15 the graphical representation. The
magnetic devices 3 also comprise a field closing  device 31 positioned
opposite the magnetic arrangement 30, and in this example  outside the
generator 1, to close the magnetic flux generated by the magnetized zones
ZA through the magnetocaloric elements 2. In the case of a linear heat
generator, the  magnetic devices 3 are rectilinear and subjected to a
reciprocating translation  20 movement. In this example, the moving parts of
the heat generator I are concentric with the  central axis A and may be
driven by the same inside and central actuator or by any  equivalent means.
In the case of a heat generator with a smaller diameter, it is 25 possible
to reverse this configuration, by driving the moving parts from the outside,
with the actuating cams 70 and the magnetic arrangement 30 positioned
outside the  magnetocaloric elements 2. It is also possible to angularly
shift the movement of the  pistons 40 in relation to the movement of the
magnetic arrangement 30 in order to  



account for the thermal and hydraulic inertias. 30 11  The operation of the
heat generator 1 consists in controlling the simultaneous and  synchronous
movement of the magnetic arrangement 30 and of the actuating cams 70  to
generate the alternate movement of the heat transfer fluid inside the
thermal  module 10 between the hot 5 and cold 6 exchange chambers through
the 5 magnetocaloric elements 2, in two opposite directions at the same time
depending on  whether said elements are subjected to the magnetic field or
not. The alternate  movement of the heat transfer fluid inside a same
thermal module 10 makes it  possible to increase the temperature gradient
between the hot 5 and cold 6 exchange  chambers placed at the ends of the
said generator. These exchange chambers 5, 6 are 10 designed so that the
calories and frigories produced by the generator can be  transferred to
external circuits (heating, air-conditioning, tempering, etc.), either by
conduction or via a heat exchanger (not represented). In an alternative
embodiment  not represented, the hot exchange chamber and the cold exchange
chamber are each  connected to an external circuit that may be fitted with a
device that allows a heat 15 exchange only after reaching a predefined
temperature inside said exchange chamber  in question. This device can be a
heat sensitive or controlled stop valve. Such a  device allows the generator
to perform more quickly, since the heat exchange is only  possible once the
generator has reached a predefined steady state. 20 The heat transfer fluid
used is preferably a liquid. The heat transfer fluid will have a  chemical
composition that is adapted to the desired range of temperature so as to
achieve an optimum heat exchange. This fluid may thus be a liquid, a gas or
diphasic.  If it is a liquid, one will for example use pure water for
positive temperatures and  



water with antifreeze, for example a glycol-based product or a brine, for
negative  25 temperatures. Best embodiment of the invention: Figures 9 to 11
illustrate a heat generator 100 that comprises several thermal modules  30
10, 11, 12, 13, similar to that previously described, which are stacked to
form several 12  thermal stages, and may be identical or not. The thermal
modules 10, 11, 12, 13 are  assembled in pairs using intermediate chambers
8. In this staged configuration, the  pistons of two adjacent thermal
modules 10 to 13 may be shared, as illustrated in the  figures mentioned
above, which allows the cost of such a generator, as well as its 5 overall
size, to be simplified and reduced. Consequently, the actuating cams 70 are
also shared and positioned inside the intermediate chambers 8. These
intermediate  chambers 8 may be connected, as illustrated in the figures, or
tight. When they are  connected, these intermediate chambers 8 allow the
heat transfer fluid to be mixed  between two successive thermal stages, as
the fluid goes from one thermal module to 10 another via the openings 43
made in the jacket 42 of the pistons 40. This thermal  mixing helps increase
the temperature gradient from one stage to another and,  consequently, the
temperature gradient between the hot 5 and cold 6 exchange  chambers placed
at the ends of said generator. 15 In another alternative embodiment not
represented, these intermediate chambers 8  may be tight. In this case, the
heat transfer fluid goes from one thermal stage to  another only via the
magnetocaloric elements 2. The staged configuration as represented may of
course be extended to thermal  20 modules 10 to 13 with a linear structure.
The number of thermal modules 10 to 13 is  non limiting and is determined
according to the application in question. 



Possibilities for industrial application: 25 All the parts that form the
heat generator 1, 100 according to the invention can be  mass produced using
reproducible industrial processes. All these parts, except the
magnetocaloric elements 2 and the magnetic devices 3, can be made from
thermally  insulating materials, moulded, injected or similar. The thermal
modules 10 to 13 and  the exchange chambers 5, 6 can be assembled using any
suitable sealing means and 30 any appropriate fastening means that is known.
The manufacture of the heat 13  generator 1, 100 using compact and stackable
thermal modules 10 to 13, which can  be standardized, makes it possible to
satisfy a wide range of applications, both  industrial and domestic,
cost-effectively, with limited space requirements, and with a  level of
performance that is currently unrivalled in terms'of calorific value for
this  5 type of generator. The present invention is not limited to the
examples of embodiment described but  extends to any obvious modification
and variation for a person skilled in the art  without departing from the
scope of protection, as defined by the annexed claims. 14  Claims 1. Heat
generator (1, 100) comprising magnetocaloric elements (2), magnetic devices
(3) arranged so as to alternately subject said magnetocaloric elements (2)
to a  5 variation in magnetic field and alternately create in each
magnetocaloric element (2) a heating cycle and a cooling cycle, at least one
heat transfer fluid arranged to collect  the calories and/or the frigories
produced by said magnetocaloric elements (2) during  the heating and cooling
cycles, at least one hot exchange chamber (5) and one cold  exchange chamber
(6) respectively placed at the hot and cold ends of said generator 



10 (1, 100), and means of circulation (4) for the heat transfer fluid
between said  magnetocaloric elements (2) and said exchange chambers (5, 6),
said generator  comprising at least one thermal module (10-13) comprising at
least one set of N  magnetocaloric elements (2) arranged adjacently, with
the generator characterized in  that said means of circulation (4) are
synchronized with the variation in magnetic 15 field and are arranged to
alternately circulate said heat transfer fluid inside said  thermal module
(10-13) in two opposite directions at the same time, between the hot  (5)
and cold (6) exchange chambers through said magnetocaloric elements (2), in
a  reciprocating movement, so that a first fraction of the heat transfer
fluid circulates  towards the hot exchange chamber (5) through said
magnetocaloric elements (2) 20 subjected to a heating cycle, and that a
second fraction of the heat transfer fluid  circulates towards the cold
exchange chamber (6) through said magnetocaloric  elements (2) subjected to
a cooling cycle, and inversely, and in that said means of  circulation (4)
comprise at least one set of N pistons (40) positioned opposite the said
magnetocaloric elements (2) and subjected to a reciprocating translation
movement 25 by a driving mechanism (7) that comprises at least one actuating
cam (70) driven by  an actuator. 2. Generator according to claim 1,
characterized in that said actuating cam (70)  comprises a cam profile (71)
with roughly sinusoidal shape, the amplitude of which  30 determines the
stroke of said pistons (40) and the sinusoidal phase of which globally 15
corresponds to a heating cycle and a cooling cycle of said magnetocaloric
elements  (2). 3. Generator according to any of the previous claims,
characterized in that said means  5 of circulation (4) comprise two sets of
N pistons (40) positioned on each side of said  



magnetocaloric elements (2). 4. Generator according to any of the previous
claims, characterized in that said  magnetocaloric elements (2) comprise
emerging fluid passages, which are formed of  10 pores, channels, grooves or
a combination of these elements. 5. Generator according to claim 1,
characterized in that said magnetic devices (3)  comprise at least one
magnetic arrangement (30) formed of alternate magnetized  zones (ZA) and non
magnetized zones (ZN) in the vicinity of said magnetocaloric 15 elements
(2), said magnetic arrangement (30) being coupled with an actuator so as to
be mobile in relation to said magnetocaloric elements (2). 6. Generator
according to claim 5, characterized in that said magnetic devices (3)
comprise a field closing device (31) positioned opposite said magnetic
arrangement  20 (30) to close the magnetic flux generated by the said
magnetized zones (ZA) through  said magnetocaloric elements (2). 7.
Generator according to claims 2 and 5, characterized in that each couple
formed by  a magnetized zone (ZA) and a non magnetized zone (ZN) extends
over a distance  25 that globally corresponds to a sinusoid of said cam
profile (71). 8. Generator according to claim 5, characterized in that each
magnetized zone (ZA)  comprises at least two permanent magnets (32) with
opposite polarities, assembled  on a core (33) with high magnetic
permeability so as to concentrate the magnetic flux  30 of said magnets
towards the magnetocaloric elements (2). 16  9. Generator according to claim
5, characterized in that said thermal module (10-13)  has a circular
structure in which the magnetocaloric elements (2) are arranged in a  circle
around a central axis (A) and in that the actuating cam (70) and the
magnetic 5 arrangement (30) are concentric with this central axis (A) and
put into rotation  



around said axis (A). ]0. Generator according to claim 5, characterized in
that said thermal module has a  linear structure in which the magnetocaloric
elements are aligned and in that the  10 actuating cam and the magnetic
arrangement are driven into reciprocating translation  along said elements.
11. Generator according to any of the previous claims, characterized in that
it  comprises X number of thermal modules (10-13) stacked to form a
generator with X  15 thermal stages and in that said thermal modules (10-13)
may be assembled in pairs  using the intermediate chambers (8). 12.
Generator according to claim 11, characterized in that said intermediate
chambers  (8) communicate with said pistons (40) and form heat transfer
fluid mixing chambers  20 between two consecutive thermal modules (10-13).
13. Generator according to claim 11, characterized in that said intermediate
chambers  (8) do not communicate with the said pistons (40), as the heat
transfer fluid passes  from one thermal module (10-13) to another via said
magnetocaloric elements (2). 25 14. Generator according to claim 11,
characterized in that the pistons (40) of two  consecutive thermal modules
(10-13) are shared. 15. Generator according to any of the previous claims,
characterized in that the hot  30 exchange chamber and the cold exchange
chamber are each connected to an external 17  circuit fitted with a device
that allows a heat exchange only after reaching a  predefined temperature
inside said exchange chamber in question. 




