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(57) ABSTRACT

A regenerator for a magnetic heat exchanger is provided.
The regenerator comprises a housing having a chamber, an
inlet and outlet for a working medium, and a chamber
volume V. At least one magnetocalorically active component
is arranged in the chamber between the inlet and the outlet
and has at least one inner flow channel with a hydraulic
diameter d,,,;. The volume of the chamber not occupied by
the magnetocalorically active component provides at least
one bypass flow channel, both the inlet and the outlet being
reached from the at least one bypass flow channel, and this
bypass flow channel having a hydraulic diameter D, where
D>d,, ;. The at least one inner flow channel of the magne-
tocalorically active component is in flow communication
with the bypass flow channel. The magnetocalorically active
component and the at least one bypass flow channel are
arranged parallel to one another.
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REGENERATOR FOR A MAGNETIC HEAT
EXCHANGER AND HEAT EXCHANGER

[0001] This U.S. patent application claims priority to DE
Patent Application No. 10 2022 120 022.1, filed Aug. 9,
2022, the entire contents of which is incorporated herein by
reference in its entirety.

BACKGROUND

1. Technical Field

[0002] The present invention relates to regenerator for a
magnetic heat exchanger, in particular for a magnetic heat
exchanger having a maximum operating frequency of at
least 10 Hz, and to a heat exchanger, in particular a heat
exchanger having a maximum operating frequency of at
least 10 Hz.

2. Related Art

[0003] The magnetocaloric effect describes the adiabatic
conversion of a magnetically induced change in entropy to
generate or absorb heat. This effect is used in a magnetic
heat exchanger in order to provide cooling and/or heating.
Applying a magnetic field to a magnetocalorically active
working material induces a change in entropy that results in
heat generation or absorption.

[0004] Magnetic heat exchangers may be designed on the
basis of different principles including, for example, the
active regenerator principle, also known as the AMR (Active
Magnetic Regeneration) process, or the heat pipe principle
or heat pipe process.

[0005] U.S. Pat. No. 7,076,958 B2 discloses an example of
a magnetic heat exchanger that operates according to the
active regenerator principle and comprises a pump-driven
circulation system, a heat exchange medium such as a
coolant, for example, a chamber filled with particles of a
magnetocalorically active material and a means for applying
a magnetic field to the chamber.

[0006] DE 102014 010 476 B3 discloses an example of a
magnetic heat exchanger that operates according to the heat
pipe principle and discloses an air conditioning device that
comprises at least one heat pipe, in particular a thermosi-
phon, and a magnetocaloric material under the temporary
influence of a magnetic field.

[0007] A plurality of magnetocalorically active phases that
have magnetic phase transition temperatures in a range that
is suitable for the provision of domestic and commercial air
conditioning units and cooling devices are known. One such
magnetocalorically active material, as disclosed in U.S. Pat.
No. 7,063,754, for example, has a NaZn,;-type crystal
structure and can be represented by the general formula
La(Fe, ., T M,),5H,, where M is at least one element from
the group consisting of Si and Al and T can be one or more
of the transition metal elements such as Co, Ni, Mn or Cr.
The magnetic phase transition temperature of this material
may be set by adjusting the composition.

[0008] Further improvements are desirable in order to
enable more extensive applications of magnetic heat
exchange technology. In particular, it is desirable to increase
the power density of the regenerator.

SUMMARY

[0009] A regenerator for a magnetic heat exchanger is
provided according to a first embodiment. The regenerator
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comprises a housing having a chamber, an inlet for a
working medium and an outlet for the working medium, the
chamber having a volume V, and at least one magnetocalo-
rically active component that is arranged in the chamber
between the inlet and the outlet and has at least one inner
flow channel having a hydraulic diameter d,,, ;. The volume
of the chamber not occupied by the magnetocalorically
active component provides at least one bypass flow channel.
Both the inlet and the outlet are reached from the at least one
bypass flow channel and this bypass flow channel has a
hydraulic diameter D, where D>d, ;. The at least one inner
flow channel of the magnetocalorically active component is
in flow communication with the bypass flow channel. A flow
direction of the working medium extends from the inlet to
the outlet, and the magnetocalorically active component and
the at least one bypass flow channel are arranged in parallel
to one another with respect to the direction of flow.

[0010] This regenerator is suitable for a heat exchanger
that is operated according to the heat pipe principle.

[0011] In an alternative embodiment according to the
invention, a regenerator for a magnetic heat exchanger is
provided that also comprises a housing having a chamber, an
inlet for a working medium and an outlet for the working
medium, the chamber having a volume V, and at least one
magnetocalorically active component that is arranged in the
chamber between the inlet and the outlet and that has at least
one inner flow channel having a hydraulic diameter d,_,,.
The volume of the chamber not occupied by the magneto-
calorically active component provides at least two bypass
flow channels, each having a hydraulic diameter D, where
D>d,, ;. The at least one inner flow channel of the magne-
tocalorically active component is in flow communication
with at least two of the bypass flow channels. One of the
bypass flow channels adjoins the inlet and another of the
bypass flow channels adjoins the outlet. The at least two
bypass flow channels are arranged in series with respect to
one another with respect to the direction of flow.

[0012] This regenerator is suitable for a heat exchanger
that is operates according to the active regenerator principle.
Since the at least two bypass flow channels are arranged in
series with respect to one another with respect to the
direction of flow, the bypass flow channel, which adjoins the
inlet, does not extend to the outlet, and the other bypass flow
channel, which adjoins the outlet, does not extend to the
inlet.

[0013] Both regenerators have a bypass flow channel for
the working medium with a hydraulic diameter that is
greater than the hydraulic diameter of the at least one inner
flow channel that is formed in the magnetocalorically active
component. This arrangement makes it possible to reduce
pressure losses in the working medium and to increase the
operating frequency of the heat exchanger, thereby increas-
ing the power density of the regenerator.

[0014] In some embodiments a shortest lengths of the at
least one inner flow channel is shorter than a length L of the
magnetocalorically active component measured in the direc-
tion of the mean flow direction of the working medium. This
ratio enables a further reduction in pressure losses. The
length s indicates the shortest distance over which the
working medium must flow in the inner flow channel. For
example, in the case of a monolithic magnetocalorically
active component for a heat pipe regenerator the length s is
half the diameter of the component.
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[0015] Inembodiments in which the regenerator is used in
a heat exchanger operated according to the heat pipe prin-
ciple, the magnetocalorically active component may have a
total cross-sectional area a that is smaller than an inner
cross-sectional area A of the chamber. As a result, the bypass
flow channel is formed between the magnetocalorically
active component and the chamber.

[0016] In some embodiments the bypass flow channel is
surrounded by the magnetocalorically active component. In
some embodiments the bypass flow channel takes the form
of at least one gap between the housing and the magneto-
calorically active component. In some embodiments the
bypass flow channel takes the form of at least one gap
between the housing and the magnetocalorically active
component and of at least one recess in the cross section of
the magnetocalorically active component.

[0017] In some embodiments the magnetocalorically
active component comprises of a plurality of sub-units, and
the bypass flow channel takes the form of at least one gap
that is created between these sub-units. In some embodi-
ments the bypass flow channel takes the form of one or more
openings in the sub-units. In some embodiments the bypass
flow channel takes the form of both at least one gap created
between the sub-units and one or more openings in the
sub-units themselves.

[0018] In some embodiments, the sub-units are arranged
adjacent to one another and transverse to the flow direction
of the working medium in the chamber and/or on top of one
another and parallel to the flow direction of the working
medium in the chamber.

[0019] In some embodiments the regenerator has a mac-
roscopic porosity €,,,.., calculated by dividing the volume
Vbs of the bypass flow channel by the volume V of the
chamber and a microscopic porosity €,,.. calculated by
dividing the volume of the inner flow channels Vis by the
volume Vb of the magnetocalorically active component,
where 10%<e,,,..,<50% and 10%<e,,.,<50% and
19%=e,,,,,;<75%. Here, the total porosity ¢,,,,; is calculated

using the expression (Vbs+Vis)/V. This ratio enables a
further reduction in pressure loss.

[0020] In some embodiments the magnetocalorically
active component takes the form of individual magnetoca-
lorically active particles that are connected fixedly together,
the at least one inner flow channel being formed between the
particles. For example, the porosity present in the magne-
tocalorically active component may form the inner flow
channels. In these embodiments, the magnetocaloric com-
ponent is a monolithic object. A monolithic object has the
advantage of being easier to handle than a powder or
granulate. The magnetocalorically active particles may be
connected together by means of a magnetocalorically pas-
sive material. This magnetocalorically passive material may
be a solder or an adhesive. In some embodiments the
individual particles are sintered together. The mean diameter
of the particles may be less than 500 pum.

[0021] In some embodiments the magnetocalorically
active component takes the form of a plurality of magneto-
calorically active sub-units, the at least one inner flow
channel being formed between the sub-units.

[0022] In some embodiments the sub-units are plate-
shaped and stacked one on top of another and each have at
least one recess that forms the inner flow channel. In some
embodiments the sub-units are plate-shaped and formed of
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particles that are connected fixedly together, the inner flow
channel being formed by porosity or correspondingly small
through-openings.

[0023] In some embodiments the magnetocalorically
active sub-units are connected together by means of a
magnetocalorically passive material. As for the design of the
component itself, the magnetocalorically passive material
may be a solder or an adhesive. The sub-units may be
formed of sintered particles.

[0024] Insome embodiment the hydraulic diameter d,,; of
the inner flow channels is <500 pm and the hydraulic
diameter D of the bypass flow channels is >500 um. These
dimensions are suitable for achieving an operating fre-
quency of at least 10 Hz with a heat exchanger that operates
according to either the heat pipe or the active regenerator
principle.

[0025] In some embodiments the magnetocalorically
active component has a magnetocalorically active material
with a composition of La, —R (Fe, . T M) ,HC,, M
being Si and optionally Al, T being one of more the elements
from the group comprising Mn, Co, Ni, Ti, V and Cr and R
being one or more of the elements Ce, Nd, Y and Pr, where
0=a0.5, 0.05=x<0.2, 0.003=<y=<0.02, 0<z=<3 and O<b=1.5.

[0026] In practice, a magnetic heat exchanger requires a
magnetocalorically active material that has a plurality of
different magnetic phase transition temperatures in order to
provide cooling over a broader temperature range. This can
be achieved by selecting the composition appropriately
within the ranges specified above.

[0027] Also provided is a heat exchanger that has at least
one regenerator according to any one of the preceding
embodiments, a working medium, that flows through the
inner flow channel and the bypass flow channel when the
heat exchanger is in operation, and a switchable magnetic
field source for generating a magnetic field at the component
of the regenerator.

[0028] In some embodiments at least two regenerators are
provided. These regenerators have at least two different
Curie temperatures. This enables the working temperature
range to be extended. In some embodiments the at least two
regenerators are connected in series so as to provide a
cascade with increasing Curie temperatures.

[0029] In some embodiments the heat exchanger is con-
figured according to the heat pipe principle and, in addition,
has a condenser that is in flow communication with the
outlet of the housing and an evaporator that is in flow
communication with the inlet of the housing. In a further
development the heat exchanger also has at least two regen-
erators and a controllable thermal connection between these
two regenerators. The controllable thermal connection may
comprise a pressure valve or a thermo valve. In these
embodiments the magnetocalorically active component and
the bypass flow channel are arranged in parallel to one
another with respect to the direction of flow of the working
medium.

[0030] In some embodiments the heat exchanger is con-
figured according to the active magnetocaloric regenerator
principle. In these embodiments the at least two bypass flow
channels are arranged in series with respect to the mean flow
direction of the working medium.

[0031] Various embodiments are described in greater
detail below with reference to the drawings and examples.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1a shows the fluid transport in a comparison
regenerator for a heat exchanger according to the heat pipe
principle.

[0033] FIG. 16 shows the fluid transport in a comparison
regenerator for a heat exchanger according to the active
regenerator principle.

[0034] FIG. 2a shows the fluid transport in a regenerator
according to the invention for a heat exchanger according to
the heat pipe principle.

[0035] FIG. 26 shows the fluid transport in a regenerator
according to the invention for a heat exchanger according to
the active regenerator principle.

[0036] FIG. 3 shows power data for a magnetic heat pipe
stage at an operating frequency of 6 Hz with and without a
bypass flow channel.

[0037] FIG. 4 shows two perspective views of a regen-
erator with a spherical magnetocalorically active LaFeSi
granulate between two stainless steel sieves.

[0038] FIG. 5 shows a graph of specific cooling power for
the regenerator according to the third embodiment.

[0039] FIG. 6 shows a schematic view of a monolithic
regenerator made of sintered granulate and a graph of the
porosity measured at different sinter temperatures.

[0040] FIG. 7 shows a schematic view of a regenerator
according to the invention comprising ring-shaped open-
pored sintered components.

[0041] FIG. 8 shows a regenerator according to the inven-
tion for a heat exchanger according to the active regenerator
principle.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

[0042] FIG. 1a shows the fluid transport in a comparison
regenerator 10 for a heat exchanger according to the heat
pipe principle, and FIG. 15 shows the fluid transport in a
comparison regenerator 20 for a heat exchanger according to
the active regenerator principle.

[0043] The regenerator 10 has a housing 11 having a
chamber 12, an inlet 13 for a working medium and an outlet
14 for the working medium. The working medium may be
a gas or a liquid such as water or methanol. At least one
magnetocalorically active component 15 is arranged in the
chamber 12 between the inlet 13 and the outlet 14 such that
the working medium flows through channels in the magne-
tocalorically active component 15. The working medium is
generally transported through the magnetocaloric material
through pores or flow channels in the magnetocalorically
active component 15, thereby coming into contact with the
magnetocaloric material, whereby heat can be dissipated
from this magnetocaloric material, the heat being generated
by the periodic application of a magnetic field (not shown).
[0044] A flow direction of the working medium, the flow
direction being indicated by the arrow 16, extends from the
inlet 13 to the outlet 14. The cold end of the regenerator is
located at the inlet 13 of the housing 11 and the warm end
of the regenerator is located at the outlet 14 of the housing
11. When the heat pipe process is used, the heated fluid is
discharged via the valves acting as thermal diodes on the
side 14 of the regenerator 10 and conveyed to a condenser,
where the working medium condenses in order to release the
heat, and is sucked in at the other side 13 of the regenerator.
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In the process the flow 16 of the working medium is directed
substantially through the regenerator 10 always in one
direction.

[0045] FIG. 15 shows a regenerator 20 that operates
according to the classic active regenerator principle. The
regenerator 20 also has a housing 11 having a chamber 12,
an inlet 13 for the working medium and an outlet 14 for the
working medium as well as at least one magnetocalorically
active component 15 that is arranged in the chamber 12
between the inlet 13 and the outlet 14 such that the working
medium is forced to flow through channels in the magne-
tocalorically active component 15. In contrast to the heat
pipe principle, in the classic AMR process the direction of
the fluid transport changes twice in each cycle, as shown by
the arrow 17 in FIG. 15.

[0046] In both types of regenerator 10, 20 the working
medium, whether it is gas or liquid, has to flow over the
entire length L of the regenerator 10. The working medium
may also be referred to as a coolant or a heat transfer fluid.
[0047] Ina magnetocaloric cycle the heat generated by the
change in the magnetic field strength is carried away by the
working medium. In the process the heat has to first be
transferred to the fluid via the surface of the magnetocaloric
material. To make this heat transfer as efficient as possible,
the specific surface of the magnetocaloric material that is in
contact with the fluid is conventionally made as large as
possible. This results in regenerators that comprise for
example, a few 100 um-thick plates as shown in FIG. 15, or
granulates with particle sizes of a few 100 um, as shown in
FIG. 1a, to increase the specific surface. To keep the volume
of the magnetic field, which is generated by relatively costly
permanent magnets, as low as possible, the filling level of
the regenerator should be as high as possible. As a general
rule, these two contradictory requirements result in the cross
section of the flow channel via which the fluid is able to
carry away the heat being significantly smaller than the
internal thickness or the internal diameter of the magneto-
caloric part 15.

[0048] In the classic Active Magnetic Regeneration
(AMR) process it has been established that, in the case of a
regenerator through which a working medium flows, this
leads to undesired pressure losses that have a direct impact
on efficiency. In the case of the heat pipe process, it has been
established that though the gaseous fluid flowing back and
forth suffers only a small pressure loss, it that leads directly
to a change in the temperature of the fluid, which in turn
leads to the formation of an unwanted temperature gradient.
In both cases these pressure losses have the effect of
restricting the maximum working frequency of magnetoca-
loric heat exchangers to a few Hz and thus to low power
densities of <2 J/g.

[0049] The invention provides a particular form of regen-
erator that makes it possible to increase the working fre-
quency of magnetocaloric heat exchangers to at least 10 Hz.
This rise in working frequency increases the power density
to above 10 J/g, thereby making it possible to make systems
of this type considerably more compact and easier to con-
struct. It can also considerably reduce the quantity of per-
manent magnets required, in particular, thereby resulting in
substantial cost savings.

[0050] Based on this knowledge, as much as possible of
the heat generated in a magnetisation cycle needs to be
transferred from the magnetocalorically active material to
the heat transfer fluid if a working frequency of at least 10
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Hz is to be exploited in any sort of reasonable manner. To a
first approximation, the time-temperature curve of a body in
an environment at another temperature can be described as
follows:

AT & % m

[0051] < being the relaxation time. This approximation
applies only if the body is sufficiently small to be considered
thermally thin. A body may be deemed thermally thin as
soon as its so-called Biot number, Bi, is less than 0.1.

@

[0052] Here o is the heat transfer coefficient at the surface
of the body, s is the thickness of the body and A is the
thermo-conductivity of the body. Where Bi is <0.1, accord-
ing to Newton’s capacity model for t this then gives:

cppV 3)
aAd

[0053] c, being the specific thermal capacity, p the density,
V and A the volume and the surface of the body. The ratio
V/A describes a length characteristic of the body. For a
sphere V/A=d/6, for a cylinder V/A=d/4 and for a plate
V/A=d/2, d being the diameter or thickness.

[0054] In the first half of a magnetocaloric cycle the heat
generated by turning on the magnetic field is first released
into the fluid. To ensure that at least 95% of the heat is
transferred, a duration of at least 3t is required. The same
duration is required to remove the heat to be pumped out of
the following fluid once the magnetic field has been turned
off. Disregarding the transition times between the high-field
and low-field phases, a period length of at least 6 T is
therefore required for a full cycle.

[0055] For the classic AMR process, the heat transfer
coefficient for the flowing water generally used as the fluid
is of the order of 1000 W/m?K. A thermal conductivity of
approx. 8 W/mK typical of LaFeSi results in a diameter of
1.6 mm for the critical value below which a sphere of the
material can still be regarded as a thermally thin body. A
mean thermal capacity of 1000 J/kgK and a density of 7200
kg/m? at a desired frequency of 10 Hz results in a required
particle diameter of only 14 pm. This diameter is sufficiently
smaller than the critical diameter for the application of the
approximations of Newton’s capacity model. It has also
been shown, however that the desire for a high working
frequency due to the relatively small heat transfer coefficient
leads to very small particle diameters. In the case of plate-
type regenerators the situation is even less favourable since
the relaxation time according to equation (3) triples for a
plate of identical thickness/diameter.

[0056] For the heat pipe process, the heat transfer coeffi-
cient for evaporating or condensing water, for example, is
approx. 20,000 to 50,000 W/m? K. At value of 20,000 W/m?>
K a critical diameter of 80 um is required to justify approxi-
mation of the thermally thin body for the material described
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above. With the material data for LaFeSi, for this diameter
this gives a maximum working frequency of approx. 35 Hz
at which practically the total amount of heat available can
still be transferred in each cycle. A regenerator with particles
having a diameter of approx. 280 um could be operated at a
frequency of 10 Hz in a heat exchanger according to the heat
pipe principle. For these larger particles, however, the
approximation of the thermally thin body no longer applies.
In this case, the relaxation time for heat exchange is deter-
mined using the thermal conduction inside the particles and
can be calculated as follows:

c,pd’ (C]
A

[0057] When using equation (4), however, it is taken into
consideration that it is based on the assumption that the heat
transfer coefficient at the surface of the particle is sufficiently
large compared to the thermal conduction coefficient. Ulti-
mately, the Biot number defined in equation (2) should be
significantly greater than 0.1. However, this does not alter
the fact that a high heat transfer coefficient is advantageous
for achieving high operating frequencies.

[0058] All in all, it should be noted that the desire for an
operating frequency of at least 10 Hz correlates with the
requirement to make the dimensions of the active regenera-
tor element as small as possible as a function of the heat
transfer coefficient. For the heat pipe process, the maximum
permissible diameter for a LaFeSi-based magnetocaloric
material is a few 100 pm, while for the classic AMR process
with a fluid heat-transfer medium the maximum diameter is
only 10 to 20 pm.

[0059] To order that the magnetic field volume is used as
efficiently as possible, the porosity of the regenerator, or the
proportion of flow channels, is conventionally kept as low as
possible. In such a case porosities of approx. 20 to 40% are
usual. In conjunction with the requirement, deduced above,
that the dimensions of the individual regenerator elements
be as small as possible, this results in the cross section of the
pores or flow channels needing to be very small in order to
achieve high operating frequencies. Ultimately, this means
that the hydraulic diameter, defined as d,, =4 A/U, for regen-
erators have to be of the order of approx. 100 pm for the heat
pipe process and below 10 um for the AMR process. Here,
A is the cross-sectional area of the individual flow channels
and U their circumference.

[0060] The loss of pressure undergone by a fluid as it flows
through a flow channel depends on the speed, the viscosity
of the fluid and, ultimately, on the hydraulic diameter. As a
general rule, however, pressure loss increases as speed and
viscosity increase and hydraulic diameter decreases. This
shows already that the heat pipe process has advantages over
the AMR process in terms of its ability to achieve high
operating frequencies. Firstly, the gaseous fluid has a sub-
stantially lower viscosity and, secondly, the available flow
channels have a significantly large hydraulic diameter due to
the high heat transfer rate.

[0061] Despite these advantages, however, it has been
shown in practice that pressure loss via a regenerator made
of loose granulate is too great to be able to reasonably apply
an operating frequency of 10 Hz, even for the heat pipe
process. It has been established that, in addition to viscosity,
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speed and hydraulic diameter, pressure loss is also depen-
dent on the length L of the regenerator.

[0062] FIG. 2a shows a schematic representation of a
regenerator 100 according to the invention for a magnetic
heat exchanger that operates according to the heat pipe
principle, and FIG. 256 shows a schematic representation of
a regenerator 100" according to the invention for a magnetic
heat exchanger that operates according to the active regen-
erator principle.

[0063] The regenerator 100 comprises a housing 11 having
a chamber 12, an inlet 13 for a working medium and an
outlet 14 for the working medium. At least one magnetoca-
lorically active component 15 is arranged in the chamber 12
between the inlet 13 and the outlet 14.

[0064] In some embodiments the magnetocalorically
active component 15 has a magnetocalorically active mate-
rial with a composition of La, ,—R (Fe, . T M), ;HC,,
M being Si and optionally Al, T being one of more the
elements from the group comprising Mn, Co, Ni, Ti, V and
Cr and being R one of more the elements Ce, Nd, Y and Pr,
where 0=a=<0.5, 0.05=x<0.2, 0.003=<y=<0.2, 0=z<3 and
O<b=1.5. However, alternative magnetocalorically active
materials may also be used.

[0065] In this embodiment the magnetocalorically active
component 15 takes the form of individual magnetocalori-
cally active particles that are fixedly connected to one
another, the at least one inner flow channel 18 being formed
between the particles. The magnetocalorically active par-
ticles may be connected to one another by means of a
magnetocalorically passive material such as a solder or an
adhesive. Alternatively, the individual particles may be
sintered to one another. The diameter of the particles may be
less than 500 pm.

[0066] The magnetocalorically active component 15 has at
least one inner flow channel 18 having a hydraulic diameter
d;,. In this embodiment the inner flow channel takes the
form of the pores formed between the particles in the
magnetocalorically active component 15. In this embodi-
ment there is provided a plurality of inner flow directions 18
that are distributed throughout the volume of the magneto-
calorically active component 15. The chamber 12 has a
volume V. Unlike the regenerator in FIG. 1, the magneto-
calorically active component 15 does not fill the entire cross
section of the chamber 12 so that the volume V' of the
chamber 12 that us not occupied by the magnetocalorically
active component 15 therefore provides at least one bypass
flow channel 19. As a result, the magnetocalorically active
component 15 has a total cross-sectional area a that is
smaller than the inner cross-sectional area A of the chamber.
[0067] Both the inlet 13 and the outlet 14 are reached from
the at least one bypass flow channel 19. The at least one
inner flow channel 18 of the magnetocalorically active
component 15 is in flow communication with the bypass
flow channel 19. The bypass flow channel 19 has a hydraulic
diameter D that is greater than the hydraulic diameter d,,,, of
the inner flow channels 18 such that D>d,,, The flow
direction of the working medium, which is indicated sche-
matically by the arrow 16, extends from the inlet 13 to the
outlet 14 of the housing 10 and in one direction only. The
magnetocalorically active component 15 and the at least one
bypass flow channel 18 are arranged parallel to one another
with respect to the direction of flow 16. As a consequence of
this arrangement, the working medium is able to flow around
the magnetocalorically active component 15 through the
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bypass flow channel 19 with only a small loss of pressure
over the length L. of the regenerator due to the large
hydraulic diameter D of the bypass flow channel 19. In
contrast, the flow path s of the working medium through the
smaller inner flow channel 18 with the smaller hydraulic
diameter d,,, is much shorter and, as a result, only relatively
low pressure losses occur.

[0068] In the embodiment shown in FIG. 2a the bypass
flow channel 19 is formed between the magnetocalorically
active component 15 and the inner walls 20 of the chamber.
The bypass flow channel 19 may, however, also take the
form of at least one gap between the housing, or the inner
walls 20 of the chamber 12, and the magnetocalorically
active component 15 and/or of at least one recess in the cross
section of magnetocalorically active component 15.

[0069] In most cases, however, the inner flow channels 18
run not parallel but at an angle to the flow direction 16 of the
working medium. In some embodiments at least one of the
inner flow channels 18 may on average run perpendicular to
the flow direction 16 of the working medium.

[0070] The distance s thus indicates the theoretically
shortest path by which the working medium has to flow
through the magnetocalorically active component 15. The
geometrical form of the regenerator 100 should be designed
such that the distances over which the working medium is
required to flow through the region with the small hydraulic
diameter, i.e. the inner flow channels 18, is less than the total
length of the regenerator L, as shown in FIG. 2. In this
arrangement, this short distance s, in the direction of which
the working medium flows, is preferably aligned such that
the working medium is able to flow back and forth via a
bypass flow channel 19 with a greater hydraulic diameter D.
[0071] The regenerator 100 may have a macroscopic
porosity €,,,.,, that is calculated by dividing the volume Vbs
of the bypass flow channels 19 by the volume V of the
chamber 12, and a microscopic porosity €,,,.,, that is cal-
culated by dividing the volume Vis of the inner flow
channels 18 by the volume Vb of the magnetocalorically
active component 15, where 10%<e,,,.,<50% and
10%<€,,;.,,<50% and 19%s=e, ,,,<75% and the total poros-
ity is calculated using the equation €, ,,,~(Vbs+Vis)/V.
[0072] In some embodiments the hydraulic diameter d,, ;.
of the inner flow channels is <500 pm and the hydraulic
diameter D of the bypass flow channels is >500 um. These
values are suitable for producing a heat exchanger with an
operating frequency of at least 10 Hz. The regenerator 100
can be used in a magnetic heat exchanger according to the
heat pipe principle since the regenerator 100 has a mean flow
direction that extends from the inlet 13 to the outlet 14 in one
direction only.

[0073] In this arrangement the total pressure loss is made
up of the sum of the pressure loss over the short distance s
with a small, microscopic hydraulic diameter d,,, i.e. the
inner flow channels 18, and the pressure loss over the
macroscopic length [ of the regenerators 100 with the
substantially greater hydraulic diameter D of the macro-
scopic bypass flow channels 18. Since the hydraulic diam-
eter D in the macroscopic bypass flow channels 19 is
substantially greater than the hydraulic diameter d,,, in the
microscopic flow channels 18 inside the component 15, the
total flow resistance of the regenerators 100 according to the
invention with at least one bypass flow channel 19 is
significantly lower than the regenerators that have been used
to date, as shown in FIG. 1, which have no bypass flow
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channel since the magnetocalorically active component 15
fills the entire cross section of the chamber 12. Conse-
quently, in the comparison regenerator 10 the working
medium has to flow through the magnetocalorically active
component 15 over the entire length L.

[0074] FIG. 2b shows a regenerator 100' according to the
active regenerator principle that also has bypass flow chan-
nels 19 in the chamber 12 and inner flow channels 18 that are
formed inside the magnetocalorically active component 15.
In this embodiment the volume V' of the chamber 12 that is
not occupied by the magnetocalorically active component 15
provides at least two bypass flow channels 19, 19, both of
which have a hydraulic diameter D, where D>d, .. The at
least one inner flow channel 18 of the magnetocalorically
active component15 is in flow communication with at least
two of the bypass flow channels 19, 19'. One of the bypass
flow channels 19 adjoins the inlet 13 and does not extend to
the outlet 14, and another of the bypass flow channels 19
adjoins the outlet 14 and does not extend to the inlet 13. The
at least two bypass flow channels 19, 19' are thus arranged
in series with respect to one another in respect of the flow
direction 17.

[0075] The magnetocalorically active component 15 has a
V-shaped cross section that is formed of two parts 22,23. The
open end 25 has a width corresponding to the width of the
chamber 12. As a result, a first end 24 of the magnetocaloric
component 15 is connected to the inner walls of the chamber
12 at the inlet 13. The bypass flow channel 19 is thus formed
between the two parts 22, 23 of the magnetocalorically
active component 15 that is itself formed approximately in
the centre of the cross section of the chamber 12 and adjoins
the inlet 13. At the second end 25 of the magnetocalorically
active component 15, the two parts 22, 23 are connected to
one another to form a point. Due to the V-shape, this creates
a cavity between the outer side of the magnetocalorically
active component 15 and the inner walls of the chamber 12
that forms the second bypass flow channel 19' that adjoins
and is in flow communication with the outlet 14. The bypass
flow channel 19 is thus separated from the second bypass
flow channel 19' by the magnetocalorically active compo-
nent 15 and connected to it only by the inner flow channels
18 of the two parts 22,23 of the magnetocalorically active
component 15. The bypass flow channels 19, 19' are thus
connected to one another in series with respect to the
direction of flow 17 of the working medium and connected
in series to the magnetocaloric component 15. The working
medium flows in two opposing directions, as shown by the
double arrow.

[0076] The magnetocalorically active component 15 may,
for example, take the form of a plurality of stacked plates
made of a magnetocalorically active material. The inner flow
channels 18 are formed by the distances between adjacent
plates. In this embodiment the length s of the inner flow
channels 18 is approx. the width of the individual part 22,
23. The length L. of the components 22 and 23 is greater than
the length s.

[0077] To order that the proposed regenerator geometries
100, 100" can also be used safely for industrial applications
at operating frequencies of 10 Hz and above, it is also
advantageous for the regenerators to have adequate
mechanical stability. According to the invention, this is
achieved by sticking or sintering the individual magnetoca-
lorically active particles or component parts to one another.
Here, sintering has the advantage that it requires no addi-
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tional thermal ballast in the form of an adhesive, which may
also impede the heat transfer from the magnetocalorically
active material to the fluid.

[0078] The addition of additional macroscopic bypass
flow channels necessarily increases the total porosity of the
regenerator 100, 100', thereby reducing the filling level of
the active magnetocaloric material. However, this disadvan-
tage is easily compensated for by an increase in operating
frequency such that both the gravimetric and the volumetric
power density of the regenerator 100, 100' according to the
invention are significantly higher than those of the compari-
son regenerator 10, 20.

COMPARATIVE EXAMPLE

[0079] FIG. 3a shows a comparison regenerator 110, FIG.
35 shows a regenerator according to the invention according
to a first embodiment and FIG. 3¢ shows power data for the
comparison regenerator 110 and the regenerator 120 accord-
ing to a first embodiment according to the invention.

[0080] In the comparison regenerator 110, 25 g of a
spherical granulate 111 comprising a LaFeSi alloy with a
mean particle size of approx. 500 um were placed into a
cylindrical housing 112 (diameter 20 mm) in order to obtain
a magnetocaloric component 15. No bypass flow channel is
provided other than the loose granulate. This arrangement
was subjected to a magnetic heat pipe process at an oper-
ating frequency of 6 Hz so that the regenerator 110 conveyed
the heated working medium via the valves 113, operating as
thermal diodes, upstream of the outlet 14 of the regenerators
110 and to a condenser 114 (not shown in detail) at which the
working medium was condensed to release the heat, and to
an evaporator 115 (also not shown) upstream of the inlet 13
of the regenerator 110.

[0081] As shown in FIG. 3¢, a maximum temperature
difference of approx. 0.8 K and a maximum specific cooling
power of approx. 0.4 W/g was achieved. In this arrangement
the inner hydraulic diameter d,,, of approx. 200 um is
constant along the total length L of the regenerator of 23
mmy; this leads to pressure losses. These pressure losses
mean that this arrangement cannot be operated at a fre-
quency of 6 Hz.

First Embodiment According to the Invention

[0082] FIG. 3b shows a regenerator 120 according to a
first embodiment according to the invention in which 5 g of
identical magnetocaloric material 121 has been arranged in
a reticular (net-shaped) inner housing 122 in the same
machine in order to form the magnetocalorically active
component 15. In addition to the magnetocaloric material
121, there are also two opposing cylindrical bypass flow
channels 19 with equivalent hydraulic diameters D of
approx. 6 mm. At an operating frequency von 6 Hz, this
arrangement according to the invention resulted in a maxi-
mum temperature difference of approx. 2.2 K and a very
good specific power of approx. 6 W/g, as shown in FIG. 3c.
In this arrangement the small inner hydraulic diameter d,,,,
01200 um acts only over the length [ of 4 mm, which in this
case corresponds to the distance s shown in FIG. 2. In this
arrangement the regenerator has a volume of 1256 mm? at a
diameter of 20 mm such that the edge length of a cube of the
same volume is approx. 10.8 mm, i.e. significantly greater
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than the distance s. The resulting total flow resistance is so
small that the arrangements can still be operated at 6 Hz
without difficulty.

Second Embodiment According to the Invention

[0083] FIG. 4 shows two views of a regenerator 130
according to a second embodiment according to the inven-
tion, having a magnetocalorically active component 15
made of spherical LaFeSi granulate 131 arranged between
two stainless steel sieves 132.

[0084] This magnetocalorically active component 15
extends between the internal walls 133 of a housing 134 (not
shown) and over almost the entire length of the housing 134,
thereby forming two bypass flow channels 19 on opposite
sides of the component 15 between the internal walls 133
and the stainless steel sieves 132. The spherical granulate
131 is fixed between two stainless steel sieves 132 so as to
result in a distance s of approx. only 1 mm corresponding to
half the distance between the stainless steel sieves 132 for
the effective length of the inner flow channels 18 formed by
the porosity between the granulates 131. In this arrangement
the hydraulic diameter D of the two bypass flow channels
19, 19' is approx. 9 mm at a length L. of approx. 33 mm. The
total flow resistance of this arrangement is again signifi-
cantly less than in the previous example.

[0085] This regenerator 130 was tested in the same
machine as the two previous examples. FIG. 5 shows the
specific cooling power for the regenerator 130 according to
the second embodiment and shows that with this regenerator
130 it is possible to achieve operating frequencies of up to
20 Hz with an exceptionally high specific cooling power of
approx. 12 W/g.

Third Embodiment According to the Invention

[0086] In a third embodiment according to the invention a
fine powder was first produced from a LaFeSi alloy with a
grain size of <10 um. This fine powder was then compressed
isostatically at a pressure of 2500 kg/cm® and sintered to a
block with a density of approx. 7200 kg/m 3 at a temperature
of approx. 1100° C. This block was pulverised to a coarse
powder, which was then sieved to a particle size 0f 80 to 160
um. This coarse powder was then poured into a silicon
mould with a cross section of approx. 20x20 mm and a
length of approx. 80 mm and compressed isostatically at a
pressure of 2500 kg/cm?.

[0087] A plurality of these green compacts were made
from the coarse granulate using this method and then
sintered for 4 h at temperatures of 1050 to 1130° C. FIG. 6a
shows a schematic representation of a sintered body 140 of
this type with a length L. of approx. 60 mm and a cross
section of approx. 16x16 mm. The porosity of the sintered
blanks was determined using a saturation process.

[0088] FIG. 65 shows a graph of the porosity measured for
different sinter temperatures. The porosity is almost constant
at approx. 30% up to a sinter temperature of 1110° C. Not
until a sinter temperature of 1130° C. is reached does it drop
significantly to approx. 24%. At a sinter temperature of
1050° C. the coarse powder particles are not yet sintered
together sufficiently firmly and can still be rubbed off by
hand. For sinter temperatures from 1070° C., on the other
hand, the sintered blanks are resistant to abrasion and can
used as porous regenerators.
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[0089] Here, the internal hydraulic diameter d,,, is
approx. 80 um and the distance s, which in this case
corresponds to half the thickness of the component 140, is
approx. 8 mm. In this case, the hydraulic diameter of the
bypass flow channel is the result of the gap between a
housing and the component 140 itself. If the square com-
ponent 140 in inserted into a cylindrical housing with an
internal diameter of approx. 23 mm, the approx. 60mm-long
bypass flow channel has a hydraulic diameter of D=approx.
4.7 mm.

Fourth Embodiment According to the Invention

[0090] In the fourth embodiment according to the inven-
tion a LaFeSi alloy is cast into flakes with a thickness of
approx. 300 pum using the strip casting process. The alloy is
then homogenised at 1050° C. for 4 h so that a-Fe precipi-
tated out during solidification is dissolved again. In the next
step, the alloy is then crushed mechanically to form a coarse
powder and sieved to a particle size of 150 to 300 um. This
coarse powder is then pressed at a pressing force of 1500
kg/cm? in a ring tool to form small rings D6xD2x10 mm.
The rings are then sintered at a temperature of approx. 1100°
C. for 4 h to form moulded bodies with an open internal
porosity of approx. 30% and an internal hydraulic diameter
of approx. 150 um. After sintering the sintered blanks are
then homogenised again at a temperature of 1050° C. for 6
h to allow the a.-Fe formed during sintering together with the
fluid phase to convert back to the magnetocalorically active
1:13 phase. Finally, the sintered blanks are cooled from 500°
C. to room temperature in a hydrogen atmosphere over 24 h
in order to set the Curie temperature to a value close to room
temperature.

[0091] FIG. 7 shows a schematic representation of a
regenerator 150 in which these rings 151 are assembled in a
cylindrical housing 152 to form a magnetocalorically active
component 15. The rings 151 form sub-units of the magne-
tocalorically active component 15. A plurality of rings 151
is arranged one next to another in a layer 153 and a plurality
of similar layers are stacked one on top of another such that
the rings form a plurality of multi-part pipes 154 that run
parallel to one another in flow direction 16. Bypass flow
channels 19 are provided through the openings in the centre
of each of the rings 151 that form the pipes and through the
cavities 155 that are formed between the inner walls of the
housing 152 and the outer walls of the rings 151. The inner
flow channels 18 are formed by the porosity of the rings 151.

[0092] In this arrangement the total length L of the regen-
erator 150 is approx. 40 mm and the distance s, which in this
case corresponds to half of the wall thickness of the rings
151, is only 1 mm. Since, at D=2, the hydraulic diameter of
the bypass flow channels 19 mm is orders of magnitude
greater than that of the inner flow channels 18, the total flow
resistance of this regenerator is almost 40 times less than that
of a regenerator that is completely filled with granulate such
as the regenerator 10 in the comparative example. In this
embodiment the additional bypass flow channels 19 result in
a macroscopic porosity of €,,,..,=approx. 30%. Together
with the inner porosity of €,,,.,,~approx. 30% this results in
a total porosity of e,,,,~approx. 50%. At 50% the filling
level of this type of regenerator 150 is significantly lower
than that of a regenerator 10 completely filled with granu-
late, which stands at approx. 70%, the lower flow resistance
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permits an operating frequency that is factors higher, which
more than compensate for the disadvantage of the lower
filling level.

[0093] The embodiments described previously are primar-
ily suitable for the heat pipe process in which the gaseous
fluid flows spontaneously into or out of the porose structure
in one direction due to the pressure differences caused by the
temperature differences. FIG. 8 shows a regenerator 160
according to the invention according to a fifth embodiment
that can be used for the classic active regenerator process.

Fifth Embodiment According to the Invention

[0094] FIG. 8 shows a regenerator 160 according to the
invention according to a fifth embodiment in which the
magnetocalorically active component 15 extends over the
entire cross section of the chamber 12 of the housing 11.
This forms two bypass flow channels 19, 19' on opposing
sides of the component 15 inside the housing 10 that are
arranged in series with respect to the direction of flow 17, i.e.
the working medium flows first through the inlet and the
bypass flow channel 19, through the inner flow channels of
the component 15 and then through the second bypass flow
channel 19' and the outlet 14.

[0095] In the fifth embodiment according to the invention
a LaFeSi alloy is atomised out of the molten mass by means
of an argon beam to form spherical particles with a particle
size of approx. 30 to 300 um. This granulate, which has a
mean particle size of approx. 125 pm, is first mixed with 3%
w/w polypropylene carbonate (PPC) as a binder. The binder
is dissolved in methyl ethyl ketone (MEK) in order to obtain
a pourable slurry. The slurry is then cast onto a plastic film
using a casting tray. In the process, the plastic film moves
under the casting tray at a speed of approx. 1 m/min, creating
a foil approx. 1 mm due to a gap set by means of a doctor
blade. In the next step the MEK is dried, and a flexible film
is created. This film is then cut into approx. 20 mm-wide
strips and the strips are folded into a meander shape, as
shown in FIG. 8. These meander-shaped brown compacts
are then placed on their edges on a sintering plate made of
Fe. The binder is them removed in a hydrogen atmosphere
at a temperature of approx. 350° C. and the resulting green
compact is sintered at a temperature of approx. 1100° C. for
4 h and homogenised at 1050° C. for 6 h. Finally, the
sintered blanks are cooled to room temperature again in a
hydrogen atmosphere at 500° C. over 24 h in order to bring
the Curie temperature into the range of room temperature.
[0096] The meander-shaped plate 161 obtained in this
manner is used as a magnetocalorically active component
15. It is mounted in a housing 11 such that the ends and sides
of the regenerator 160 fit tightly against the housing 11. The
regenerator has wedge-shaped bypass flow channels 19, 19'
with a mean hydraulic diameter D of approx. 1 mm. The
bypass flow channels 19, 19' are formed on opposing sides
of'the plate 161 and, unlike the arrangement of embodiments
1 to 3 according to the invention, are thus arranged in series
with respect to the mean flow direction 17 and the magne-
tocaloric component 15. The inner hydraulic diameter
formed by the porosity of the plate 161, on the other hand,
is only approx. 80 pum. The macroscopic length of the
regenerator 160 is approx. 10 mm, while the distance s, here
the thickness of the sintered plate 161, is only 1 mm. Due to
the particular arrangement of the macroscopic bypass flow
channels 19, 19', the regenerator 160 according to the fifth
embodiment according to the invention has only approxi-
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mately one tenth of the flow resistance of a regenerator
completely filled with a comparable granulate, uch as the
regenerator 10 in the comparative example. In this particular
case, the spherical form of the underlying particles results in
a further reduction in the flow resistance compared to
regenerators made of broken granulate.
1. A regenerator for a magnetic heat exchanger, compris-
ing:
a housing having a chamber, an inlet for a working
medium and an outlet for the working medium, the
chamber having a volume V,
at least one magnetocalorically active component that is
arranged in the chamber between the inlet and the
outlet and that has at least one inner flow channel with
a hydraulic diameter d,;,
wherein the volume of the chamber that is not occupied
by the magnetocalorically active component pro-
vides at least one bypass flow channel, wherein both
the inlet and the outlet are reached from the at least
one bypass flow channel, and this bypass flow chan-
nel has a hydraulic diameter D, where D>d, , and
wherein the at least one inner flow channel of the
magnetocalorically active component is in flow com-
munication with the bypass flow channel,

wherein a flow direction of the working medium
extends from the inlet to the outlet, and the magne-
tocalorically active component and the at least one
bypass flow channel are arranged in parallel with one
another with respect to the direction of flow.
2. A regenerator for a magnetic heat exchanger, compris-
ing:
a housing having a chamber, an inlet for a working
medium and an outlet for the working medium, the
chamber having a volume V,
at least one magnetocalorically active component that is
arranged in the chamber between the inlet and the
outlet and has at least one inner flow channel with a
hydraulic diameter d,, ;,
wherein the volume of the chamber that is not occupied
by the magnetocalorically active component pro-
vides at least two bypass flow channels that each
have a hydraulic diameter D, where D>d,,,,, wherein
the at least one inner flow channel of the magneto-
calorically active component is in flow communica-
tion with at least two of the bypass flow channels,

wherein at least one bypass flow channel adjoins the
inlet and at least one other bypass flow channel
adjoins the outlet, and the at least two bypass flow
channels are arranged in series with one another with
respect to the direction of flow.

3. A regenerator according to claim 1, wherein a shortest
length s of the at least one inner flow channel is shorter than
a length L of the magnetocalorically active component
measured in the direction of the mean flow direction of the
working medium.

4. A regenerator according to claim 1, wherein the mag-
netocalorically active component comprises a total cross-
sectional area a that is smaller than an inner cross-sectional
area A of the chamber so that the bypass flow channel is
formed between the magnetocalorically active component
and the chamber.

5. A regenerator according to claim 1, wherein the bypass
flow channel is surrounded by the magnetocalorically active
component.
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6. A regenerator according to claim 1, wherein the bypass
flow channel comprises the form of at least one gap between
the housing and the magnetocalorically active component
and/or at least one recess in the cross section of the mag-
netocalorically active component.

7. A regenerator according to claim 1, wherein the mag-
netocalorically active component comprises a plurality of
sub-units, and the bypass flow channel comprises the form
of at least one gap created between the sub-units.

8. A regenerator according to claim 7, wherein the sub-
units are arranged adjacent to one another and transverse to
the flow direction of the working medium in the chamber
and/or are arranged one on top of another and parallel to the
flow direction of the working medium in the chamber.

9. A regenerator according to claim 1, further comprising
a macroscopic porosity €, that is calculated by dividing
the volume Vbs of the bypass flow channel by the volume
V of the chamber and a microscopic porosity €, that is
calculated by dividing volume Vis of the inner flow channels
divided by the volume Vb of the magnetocalorically active
component, where 10%-<e,,,,.,,<50% and 10%<e,,,,,<50%
and 19%s=e, ,,<75%, wherein the total porosity ctotal is
calculated using the formula ¢, ,,~(Vbs +Vis)/V.

10. A regenerator according to claim 1, wherein the
magnetocalorically active component is formed by indi-
vidual magnetocalorically active particles that are connected
fixedly together, wherein the at least one inner flow channel
is formed between the particles.

11. A regenerator according to claim 10, wherein the
magnetocalorically active particles are connected fixedly
together by means of a magnetocalorically passive material.

12. A regenerator according to claim 11, wherein the
magnetocalorically passive material is a solder or an adhe-
sive.

13. A regenerator according to claim 10, wherein the
individual particles are sintered together.

14. A regenerator according to claim 10, wherein the
mean diameter of the particles is <500 pm.

15. A regenerator according to claim 1, wherein the
magnetocalorically active component has the form of a
plurality of magnetocalorically active sub-units, and the at
least one inner flow channel is formed between these sub-
units.

16. A regenerator according to claim 15, wherein the
sub-units are plate-shaped and stacked one on top of another
and each has at least one recess that forms the inner flow
channel.

17. A regenerator according to claim 15, wherein the
magnetocalorically active sub-units are connected fixedly
together by a magnetocalorically passive material.
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18. A regenerator according to claim 17, wherein the
magnetocalorically passive material is a solder or an adhe-
sive.

19. A regenerator according to claim 15, wherein the
sub-units have the form of sintered particles.

20. A regenerator according to claim 1, wherein the
hydraulic diameter &ya of the inner flow channels is <500
um and the hydraulic diameter D of the bypass flow channels
is >500 pm.

21. A regenerator according to claim 1, wherein the
magnetocalorically active component comprises a magne-
tocalorically active material with a composition of La, ,—
R, (Fe, ., T M),;H,C,, M is Si and optionally Al, T is one
or more of the elements from the group comprising Mn, Co,
Ni, Ti, V and Cr and R is one of more the elements Ce, Nd,
Y and Pr, where 0=a<0.5, 0.05=x<0.2, 0.003<y=<0.2, 0<z<3
and O=b=1.5.

22. A heat exchanger, comprising at least one regenerator
according to claim 1,
a working medium that flows through the inner flow
channel and the bypass flow channel when the heat
exchanger is in operation,

a switchable magnetic field source for generating a mag-

netic field at the component of the regenerator.

23. A heat exchanger according to claim 22, wherein at
least two regenerators are provided, and these regenerators
have at least two different Curie temperatures.

24. A heat exchanger according to claim 23, wherein the
at least two regenerators are connected in series in such a
manner as to provide a cascade with increasing Curie
temperatures.

25. A heat exchanger according to claim 22, wherein the
heat exchanger is configured according to the heat pipe
principle and, in addition has a condenser that is in flow
communication with the outlet of the housing and an evapo-
rator that is in flow communication with the inlet of the
housing.

26. A heat exchanger according to claim 25, further
comprising an adjustable thermal connection between two
regenerators.

27. A heat exchanger according to claim 26, wherein the
adjustable thermal connection comprises a pressure valve or
a thermo valve.

28. A heat exchanger according to claim 22, wherein the
heat exchanger is configured according to the active mag-
netocaloric regenerator principle.
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