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Description

FIELD

[0001] The present invention generally relates to the
field of thermodynamics.
[0002] Particularly, the present invention relates to
self-cleaning metal hydride heat recovery systems such
as metal hydride heat pumps.

BACKGROUND

[0003] In a typical engine, 35-40 % of the fuel energy
is released in the form of exhaust gas heat, which can
be as high as 500-600°C for high speed engines. Exhaust
driven sorption heat pumps, like absorption heat pumps,
metal hydride heat pumps, and adsorption heat pumps,
are being in use to recover heat from exhaust gases and
convert the same to provide cooling and/or heating inside
the vehicle. The outlet temperature of the exhaust gas
after heat recovery in the heat pump can be up to 200°C.
[0004] A major issue in relation to typical metal hydride
heat pumps is that ideally, a sorption bed temperature of
such a pump is in the range of about 80°C to 200°C, while
an exhaust temperature requirement is of about 100°C
to 250°C depending on heat rejection temperature and
cooling temperature requirements. Further, exhaust gas-
es have dust and soot, which settle on a heat exchanging
surface of a heat exchanger of a metal hydride heat
pump. Also, when exhaust gases are cooled to temper-
atures below 250°C, condensation of acid exhaust gas
constituents as well as deposits of exhaust gas constit-
uents occur, which leads to the clogging of the heat ex-
changer, thereby hampering its efficiency. The exhaust
gas condensate is corrosive and is produced when the
temperature drops below the dew point. This corrosive
exhaust gas condensate will eventually produce corro-
sive effects in components of the metal hydride heat
pump such as fins and tube surfaces.
[0005] Figure 1 illustrates a conventional sorption heat
pump 100 for exhaust gas heat recovery. A desorber 3
of the sorption heat pump 100 receives external heat
input for desorption of a refrigerant material from a sorb-
ent media. In a typical metal hydride heat pump, hydro-
gen is used as the refrigerant material while a metal hy-
dride alloy acts as the sorbent media. The desorber 3
receives external heat input in the form of a high temper-
ature exhaust gas. An exhaust gas inlet 1 to the desorber
3 provides exhaust gases from an engine of tempera-
tures up to 500-600°C. This exhaust gas is cooled by the
sorbent media, i.e., the metal hydride alloy. A desorber
outlet stream 4 of the exhaust gas that is released to the
atmosphere via for example a chimney is typically at
100-200°C. The exhaust gas stream passes through a
plurality of passes 5 and a number of flow reversals 6 to
achieve a better heat transfer rate. In the method as de-
scribed above, exhaust gases at a high temperature are
used directly as input. The arrangement has certain lim-

itations which are as follows.
[0006] The direct use of exhaust gases having temper-
ature as high as 500-600°C can lead to overheating of
heat transfer surfaces like tube and fins of the heat ex-
changer, whereas typical required temperatures for the
operation of the heat pump is only 100-250°C. Further,
as the metal hydride heat pump operation is cyclic in
nature and requires alternate heating and cooling of the
heat exchanger and sorption materials in each cycle,
overheating of the heat exchanging surfaces results in a
higher thermal inertia of metal hydride and the heat pump.
Higher thermal inertia is highly undesirable for the per-
formance of the metal hydride heat pump and the ad-
sorption heat pump. The increased thermal inertia reduc-
es cooling capacity and COP (co-efficient of perform-
ance) of the whole of the system.
[0007] Further, direct use of the exhaust gases results
in higher temperature difference of up to 400°C across
the heat exchanger. This results in higher variation in the
volumetric flow, hence large variation of velocity of the
exhaust gas in the heat exchanger. This reduces heat
transfer rate, thus resulting in higher size of the heat ex-
changer.
[0008] Furthermore, direct use of the exhaust gases
requires several passes to be provided to maintain ve-
locity in the heat exchanger. The exhaust flow quantity
is small compared to heat content and a size of the heat
exchanger. More the number of passes and flow revers-
als, higher the pressure drop through the heat exchanger.
Further, small quantity of exhaust gases in the heat ex-
changer having a relatively large size leads to a non-
uniform distribution of the exhaust gases over the heat
exchanger, which results in reduced performance of the
heat exchanger and the whole of the system.
[0009] In addition, there is a higher differential expan-
sion in the heat exchanger due to the use of high tem-
perature direct exhaust gases. This may sometimes re-
sult in failure of tubes, reducing the reliability of the heat
exchanger and the system itself. Also, there is possibility
of thermal creep failure as the whole operation is cyclic
and alternates between ambient to exhaust temperature.
In conventional systems, a cyclic temperature difference
will be typically up to 500°C and due to a reduced cyclic
temperature difference, thermal creep will be higher. This
will result in reduced life and lower number of cycles of
operation of the system.
[0010] Moreover, to construct a heat exchanger that
uses high temperature exhaust gases, the material
needs to be suitably chosen. This may make the heat
exchanger expensive.
[0011] Published US patent document
US20140047853 discloses a motor vehicle climate con-
trol system that implements two heat transfer fluid (HTF)
circuits - a cold HTF and a hot HTF circuit. Exhaust gas
heat recovery is used in the hot HTF circuit for recovering
heat and transferring it to an adsorption driven heat pump
system. It is to be noted here that implementation of a
circuit like this requires additional heat exchangers for a)
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transferring exhaust gas heat to a heat transfer fluid; and
b) leading away heat of adsorption via the heat transfer
fluid to the atmosphere. Use of such circuit for heat trans-
fer also requires additional pumps for circulation of fluid
and multiple valves for a changeover of the cycle. This
makes the whole system more complex, consuming
more auxiliary power and also less reliable due to a
number of moving parts. The system will also be bulky
and expensive.
[0012] Another US published patent document US
20050274493 A1 discloses a metal hydride-based ve-
hicular exhaust cooler that works at about 1000°F (appx.
600°C) exhaust heat temperature. This system uses
eight valves and a prolonged operation at a high temper-
ature, which leads to thermal inertia and reduced per-
formance. It does not address issues relating to over-
heating of heat transfer surfaces, higher thermal inertia,
and issues related to performance and efficiency.
[0013] Another postpublished document
EP3418652A1 discloses an air changeover system for a
metal hydride heat pump. The system includes a plurality
of metal hydride reactor modules separated by partitions;
a shell; and a bearing assembly. The shell contains the
reactor modules and is compartmentalized to define a
separate insulated chamber for each of the reactor mod-
ules. The bearing assembly supports the modules and
is configured to rotate the module about an axis to switch
between the absorption and the desorption mode. The
system reduces thermal inertia and pressure drop in the
heat transfer medium while flowing through the heat
pump, to enhance the performance and conserve ener-
gy. The document is silent on any provision for cleaning
dust or soot particles deposited in the system.
[0014] Published EP patent document EP0064562 dis-
closes a metal hydride reactor, containing at least one
sealed chamber; the chamber is further divided into two
compartments by a partitioning wall. The partitioning wall
is made of a material permeable to hydrogen gas; how-
ever it is impermeable to metal hydrides. Both the com-
partments contain different metal hydrides. The docu-
ment EP0064562 is silent on any provision for cleaning
dust or soot particles deposited in the system.
[0015] Another published EP patent document
EP0071271 discloses a metal hydride heat pump system
comprising a plurality of operating. Each operating units
comprising a combination of a first metal hydride having
a lower equilibrium dissociation pressure at an operating
temperature and a second metal hydride having a higher
equilibrium dissociation pressure at the operating tem-
perature in such a manner that hydrogen can flow freely
between the two metal hydrides. The equilibrium disso-
ciation pressure characteristics of one or both of the first
and second metal hydrides in a given operating unit differ
from those of one or both of the first and second metal
hydrides in at least one other operating unit. The docu-
ment EP0071271 is also silent on any provision for clean-
ing dust or soot particles deposited in the system.
[0016] Thus, there is a need to minimize the dust and

soot and increase the overall efficiency as well as better
heat transfer rate of heat regeneration module.

OBJECTS

[0017] Some of the objects of the present invention,
which at least one embodiment satisfies, are described
herein below:
It is an object of the present disclosure to ameliorate one
or more problems of the prior art or to at least provide a
useful alternative.
[0018] It is an object of the present invention is to pro-
vide an exhaust gas heat recovery system which is effi-
cient in terms of cooling capacity and coefficient of per-
formance as compared to conventional systems.
[0019] It is an object of the present invention to provide
an exhaust gas heat recovery system having self-clean-
ing metal hydride regeneration.
[0020] It is an object of the present invention to provide
an exhaust gas heat recovery system having an im-
proved heat transfer rate.
[0021] It is an object of the present invention to provide
an exhaust gas heat recovery system that is compact
and manageable.
[0022] It is an object of the present invention to provide
an exhaust gas heat recovery system that is reliable, less
expensive and high in efficiency.
[0023] It is an object of the present invention to in-
crease the number of cycles of operation of the system
and thus the life of the system.
[0024] Other objects and advantages of the system of
the present disclosure will be more apparent from the
following description when read in conjunction with the
accompanying figures, which are not intended to limit the
scope of the present disclosure.

SUMMARY

[0025] Described herein is a regeneration system for
a metal hydride heat pump comprising a thermally insu-
lated housing partitioned into first and second thermally
insulated chambers, the first chamber enclosing a first
metal hydride reactor assembly and the second chamber
enclosing a second metal hydride reactor assembly,
each of the metal hydride reactor assemblies containing
a regenerating, high-temperature metal hydride alloy, an
ambient air inlet adapted to receive an ambient air stream
into the housing to be fed to at least one of the first and
second metal hydride reactor assemblies enclosed with-
in corresponding thermally insulated chambers, a fluid
recirculation circuit configured to recirculate an exhaust
stream as received from an exhaust source, the fluid re-
circulation circuit comprises a mixer adapted to mix a
portion of the recirculation stream and the exhaust
stream to provide a resultant stream having a tempera-
ture, intermediate of the temperature of the exhaust
stream and the temperature of the recirculation stream,
fluid stream switching means coupled to the mixer and
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adapted to switch flow of the resultant stream as received
from the mixer and the ambient air stream in a cyclic
manner in a series of half-cycles of operation, wherein
in one half-cycle of operation, the resultant stream is fed
to the first metal hydride reactor assembly in a first direc-
tion and the ambient air stream is fed to the second metal
hydride reactor assembly in a second direction opposite
to the first direction and in a subsequent half-cycle of
operation, the resultant stream is fed to the second metal
hydride reactor assembly in the first direction and the
ambient air stream is fed to the first metal hydride reactor
assembly in the second direction, flow regulating means
provided downstream of the metal hydride reactor as-
semblies, and an exhaust outlet for leading away a por-
tion of the recirculation stream from the housing.
[0026] In an embodiment, the temperature of the ex-
haust stream is in the range of 300-600°C, the temper-
ature of the recirculation stream is in the range of
100-250°C, and the temperature of the resultant stream
is in the range of 120-300°C.
[0027] In an embodiment, the fluid stream switching
means comprises a bearing assembly and a drive mech-
anism coupled thereto, the bearing assembly adapted to
rotate the metal hydride reactor assemblies mounted
thereon.
[0028] In an embodiment, the fluid stream switching
means is a fluid flow circuit comprising one 4-port 2 po-
sition valve and two 3-port 2 position valves.
[0029] In an embodiment, the fluid stream switching
means is a fluid flow circuit comprising two 4-port 2 po-
sition valves.
[0030] In an embodiment, the flow regulating means
is configured to control the flow rate of the recirculation
stream in relation to the flow rate of the exhaust stream.
[0031] In an embodiment, the system is configured
such that the flow rate of the ambient air stream is higher
than the exhaust stream.
[0032] In an embodiment, the exhaust outlet is posi-
tioned downstream of the flow regulating means.
[0033] In an embodiment, the exhaust outlet is posi-
tioned upstream of the flow regulating means.
[0034] In an embodiment, the mixer is positioned in
one of the chambers, the mixer having a first inlet con-
figured to receive the recirculation stream, a second inlet
configured to receive the exhaust stream and an outlet
adapted to deliver the resultant stream.
[0035] In an embodiment, the first inlet is configured
to receive the recirculation stream at a flow rate in the
range of 0.1 to 10 times than that of the exhaust stream.
[0036] In an embodiment, the system comprises par-
tition flexible seals mounted on the housing along a di-
ameter of each metal hydride reactor assembly to avoid
mixing of the heat transfer fluids from the thermally insu-
lated chambers.

BRIEF DESCRIPTION OF ACCOMPANYING DRAW-
INGS

[0037] The subject matter of the present disclosure will
now be explained in relation to the non-limiting accom-
panying drawings, in which:

Figure 1 illustrates a block diagram of conventional
sorption heat pump for exhaust gas heat recovery;
FIGURE 2 illustrates a block diagram of an exhaust
gas recirculation system, in accordance with an em-
bodiment of the present disclosure;
FIGURE 3 illustrates an arrangement for heat recov-
ery from exhaust gas recirculation system in a rotat-
ing type metal hydride heat pump, in accordance with
an embodiment of the present disclosure;
FIGURE 4 illustrates an arrangement for heat recov-
ery from exhaust gas recirculation system in a damp-
er type metal hydride heat pump, in accordance with
an embodiment of the present disclosure;
FIGURE 5 illustrates a graph showing a desorber
input heat duty from exhaust gases over time for a
conventional exhaust system versus that of a heat
pump having the system as described herein;
FIGURES 6A and 6B illustrate a self-cleaning ar-
rangement in a rotating reactor type metal hydride
heat pump, in accordance with an aspect of the
present disclosure; and
FIGURES 7A and 7B illustrate a self-cleaning ar-
rangement in a damper type metal hydride heat
pump, in accordance with an aspect of the present
disclosure.

DETAILED DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS

[0038] An exhaust gas heat recovery system (herein-
after referred to as the ’system’) of the present disclosure
will now be described with reference to the accompany-
ing drawings which do not limit the scope and ambit of
the present disclosure. The description provided is purely
by way of example and illustration.
[0039] The embodiments herein and the various fea-
tures and advantageous details thereof are explained
with reference to the non-limiting embodiments in the fol-
lowing description. Descriptions of well-known compo-
nents and processing techniques are omitted so as to
not unnecessarily obscure the embodiments herein. The
examples used herein are intended merely to facilitate
an understanding of ways in which the embodiments
herein may be practiced and to further enable those of
skill in the art to practice the embodiments herein. Ac-
cordingly, the examples should not be construed as lim-
iting the scope of the embodiments herein.
[0040] The description hereinafter, of the specific em-
bodiments will so fully reveal the general nature of the
embodiments herein that others can, by applying current
knowledge, readily modify and/or adapt for various ap-
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plications such specific embodiments without departing
from the generic concept, and, therefore, such adapta-
tions and modifications should and are intended to be
comprehended within the meaning and range of equiv-
alents of the disclosed embodiments. It is to be under-
stood that the phraseology or terminology employed
herein is for the purpose of description and not of limita-
tion. Therefore, while the embodiments herein have been
described in terms of preferred embodiments, those
skilled in the art will recognize that the embodiments
herein can be practiced with modification within the spirit
and scope of the embodiments as described herein.
[0041] The system and/or method as described herein
relate to exhaust gas heat recovery using recirculation
of exhaust gases. The system is a thermodynamic-me-
chanical arrangement designed to be used in various ap-
plications including waste heat based cooling, heating,
refrigeration and air-conditioning.
[0042] The system and/or method for exhaust gas heat
recovery as proposed herein are based on remixing of
exhaust gases. In accordance with an aspect of the
present disclosure, inlet high temperature exhaust gases
as received from an engine are diluted using an exhaust
outlet. A partial flow from the exhaust outlet is re-circu-
lated using a fan and is mixed with the inlet high temper-
ature exhaust gases, which results in exhaust gases hav-
ing same heat content but a reduced temperature and a
higher flow.
[0043] Recirculation flow can be decided as per tem-
perature requirement of the system, preferably in a range
of 0.1-10 times of exhaust flow. Recirculation rate will be
lower if an inlet exhaust temperature is lower or the sys-
tem requires a relatively higher temperature source. Like-
wise, recirculation rate will be higher if the inlet exhaust
temperature is higher or the system requires a relatively
lower temperature source.
[0044] FIGURE 2 illustrates a block diagram of an ex-
haust gas recirculation system 200, in accordance with
an embodiment of the present disclosure. The system
200 consists of a sorption heat pump 18 having a des-
orber 19 for desorbing a refrigerant material by taking
heat from a heat source, such as an engine. A mixer 12
is provided to mix an inlet exhaust stream 11 with a re-
circulating exhaust gas stream 16 to get a resultant ex-
haust stream 13 at an intermediate temperature of the
two. In an embodiment, the mixer includes a first inlet
configured to receive the recirculating exhaust stream, a
second inlet configured to receive the inlet exhaust
stream and an outlet adapted to deliver the resultant ex-
haust stream.
[0045] The resultant exhaust stream 13 has the same
heat content as that of the inlet exhaust stream 11 but
an increased flow rate and a lower temperature as com-
pared to the inlet exhaust stream 11. The resultant ex-
haust stream 13 is an inlet condition of exhaust gas to
the desorber 19 while a desorber outlet stream 14 is an
exhaust gas condition at a desorber outlet. The desorber
outlet stream 14 is split into two streams: stream 15 and

recirculating exhaust stream 16 (also referred as "recir-
culating exhaust gas stream 16"). While the stream 15
is led away to the atmosphere from an exhaust outlet 20,
for example, a chimney, the remaining, i.e., the recircu-
lating exhaust stream 16 is re-circulated back to the mixer
12. For the purpose, flow regulating means is provided,
which includes, for example, a recirculation fan 17. The
flow regulating means is also adapted to compress the
recirculating exhaust stream 16 to a mixer pressure.
[0046] As can easily be appreciated from the figure, a
mass flow of the resultant exhaust stream 13 is equivalent
to the sum of mass flows of the inlet exhaust stream 11
and the recirculating exhaust stream 16. Also, the mass
flow of the resultant exhaust stream 13 is equivalent to
the desorber outlet stream 14, which is in turn equivalent
to a sum of mass flows of the streams 15 and recirculating
exhaust stream 16.
[0047] Due to the mixing of recirculating exhaust gas
with the inlet exhaust gas in a mixer, a temperature of
resultant exhaust gas gets reduced. Also, the resultant
exhaust flow after the mixing gets higher as compared
to the inlet exhaust gas stream 11 as received from the
engine.
[0048] For an inlet exhaust stream 11 (also referred as
"inlet exhaust gas stream 11") provided in the range of
300-600°C, the recirculating exhaust stream 16 is meas-
ured to be at 100-250°C with a flow rate 3 times that of
the inlet exhaust stream 11. In the process, a temperature
of the resultant exhaust stream 13 gets reduced to about
120-300°C. The desorber outlet stream 14 in this case
is having temperature of about 150°C.
[0049] The proposed system and/or method of exhaust
recirculation solves the drawbacks of the conventional
systems/arrangements as, in the case of the exhaust re-
circulation as proposed herein, the temperature entering
a desorber of the sorption pump, such as a metal hydride
heat pump, is now reduced to the range of 100-250°C
as compared to 500-600°C in convention direct exhaust
gas intake. This intake temperature is much lower than
the intake temperature of the exhaust entering the metal
hydride heat pump in a conventional arrangement. This
avoids overheating of a heat transfer surface of a heat
exchanger of the metal hydride heat pump.
[0050] Further, as operation of metal hydride heat
pump is cyclic in nature, with alternate heating and cool-
ing of the heat exchanger (also referred to as the ’reactor’)
in a cycle, lower temperature of the heat transfer surface
results in reduced thermal inertia of the whole of the sys-
tem, which not only improves the performance of the sys-
tem, but also enhances cooling capacity and COP.
[0051] Further, in the present system and/or method,
a temperature difference across an inlet and an outlet of
the heat exchanger gets reduced typically in the order of
20-100°C. Hence, volumetric flow difference between the
inlet and the outlet is substantially lower compared to the
conventional system and/or method. This results in uni-
form velocities of the exhaust gas, resulting in improved
heat transfer rate.
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[0052] Furthermore, in the present system and/or
method, an exhaust gas flow at the inlet of the heat ex-
changer is higher compared to the conventional system
and/or method. Owing to this, reduced number of passes
or single pass can be implemented in the heat exchanger,
which in turn results in reduced pressure drop in the heat
exchanger. This also results in better distribution of the
exhaust gas over the heat transfer surface. Further, as
a temperature difference across the heat exchanger is
lower, chances of thermal creep/expansion are also re-
duced, thus resulting in improved reliability and a longer
life of the system.
[0053] Moreover, as the heat exchanger now operates
at a maximum temperature of about 250°C, conventional
cost effective materials like carbon steels, aluminum,
stainless steels, and copper can be used for the con-
struction of the heat exchanger.
[0054] In addition to this, the present system and/or
method allows for the implementation of a cleaning
mechanism by means of a construction of a regeneration
module of the reactor carrying the metal hydride sorbent
media to clean off exhaust gas constituents such as dust,
soot and exhaust gas condensates that are deposited on
operative surfaces of the regeneration module.
[0055] FIGURE 3 illustrates an arrangement 300 for
heat recovery from exhaust gas recirculation system 200
in a rotating type metal hydride heat pump, in accordance
with an embodiment of the present disclosure. The ar-
rangement 300 includes a first reactor assembly module
31 or A1 and a second reactor assembly module 32 or
A2, each having regeneration alloy material, such as high
temperature metal hydride, and an fluid changeover
mechanism. Changeover of various fluid streams during
a cycle change is done by rotating the reactor assembly
modules 31 and 32. For the purpose, fluid stream switch-
ing means is provided in the form of a rotating bearing
assembly 33 having a drive mechanism on which the
reactor assembly modules 31 and 32 are mounted.
[0056] The reactor assembly modules 31 and 32 are
enclosed in a housing 34 along with a mixer 37. The
housing 34 is provided for compartmentalizing and guid-
ing hot air /reject exhaust gas streams 41, 38, 42, 39, 40
and ambient air streams 43, 44.
[0057] One or more flexible seals 35 and non-flexible
seals 36 are provided to form two compartments, each
housing one reactor assembly module. The seals 35 and
36 are provided in the corresponding air changeover sys-
tem and form compartments in stationary as well as ro-
tating conditions of the reactor assembly modules 31,
32. Further, the arrangement 300 consists of flow regu-
lating means such as a recirculation fan 45 (also referred
as "fan 45") downstream of the reactor assembly mod-
ules for compressing the cooled resultant gas stream
from an outlet of the reactor assembly module 31.
[0058] The re-circulating exhaust gas has an average
temperature of about 80-250°C depending on the proc-
ess requirement and a recirculation rate. The recircula-
tion rate is defined as the ratio of a re-circulating gas

stream 39 to an inlet exhaust stream 41 (also referred
as "inlet exhaust gas stream 41"). The recirculation rate
can vary from 0.1 to 10 depending on the requirement of
the system. A lower circulation rate will result in higher
temperature resultant exhaust gas stream 40, whereas
a higher recirculation rate will result in lower temperature
resultant exhaust gas stream 40.
[0059] A part of the compressed cooled resultant gas
stream 42 (which is equal to the mass flow of the inlet
exhaust stream 41 from a fan outlet) is released to the
chimney/atmosphere. In one embodiment, an exhaust
outlet 49 to chimney/atmosphere can be from fan suction
to atmosphere instead of from fan outlet, i.e. the exhaust
outlet 49 may be positioned upstream of the fan 45 in-
stead of downstream. A balance re-circulated gas stream
39 is mixed with the inlet exhaust stream 41 at high tem-
perature in the mixer 37. The inlet exhaust gas stream
41, which is heat source at high temperature up to 500°C,
can be from an exhaust of an engine.
[0060] The inlet exhaust gas stream 41 and the re-
circulated gas stream 39 get mixed in the mixer 37 to
form a uniform mixture of the resultant exhaust gas
stream 40 having a temperature intermediate of the two.
The resultant exhaust gas stream 40 of the mixer 37 flows
over the reactor assembly module 31. The resultant ex-
haust gas stream 40 has a temperature of about 300°C
and a flow rate of up to 11 times of the inlet exhaust
stream 41. This exhaust gas temperature is suitable for
the efficient performance of the system. The heat of the
resultant exhaust gas stream 40 gets transferred to the
reactor assembly A1, where the metal hydride desorbs
the hydrogen part of the exhaust. In the process, the tem-
perature of the resultant exhaust gas gets reduced and
the cooled resultant gas stream 42 is fed to the suction
of the fan 45.
[0061] In the first half of the cycle, the resultant exhaust
gas flows over the reactor assembly module A1 while in
the second half, the resultant exhaust gas flows over the
reactor assembly module A2. A cycle changeover from
the first cycle to the second cycle and vice-a-versa is
done by the rotating bearing assembly 33 by 180° about
a central rotating axis. The rotating bearing assembly 33
uses a drive mechanism to rotate the reactor assembly
modules A1 and A2.
[0062] In operation, the mixer 37 mixes an inlet exhaust
gas stream 41 from a first inlet 46 and a re-circulated gas
stream 39 from a second inlet 47 to form the resultant
exhaust gas stream 40 which exits from a resultant outlet
48.
[0063] The reactor assembly module 31 coupled to the
resultant outlet 48 acts as a desorption unit and converts
the resultant exhaust gas stream 40 into a cooled result-
ant gas stream 42. The exhaust outlet 49 is placed in the
path of flow of the cooled resultant gas stream 42 such
that a portion of the cooled resultant gas stream 42, here-
inafter referred to as reject exhaust gas stream 38, is led
away out of the housing 34 and the remainder of the
cooled resultant gas stream 42, which is the re-circulated
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gas stream 39 as referred to earlier, continues to travel
along its path back to the mixer 37.
[0064] The resultant exhaust gas stream 40 after pass-
ing over the reactor assembly module 31, is split into the
re-circulated gas stream 39 and the reject exhaust gas
stream 38. The splitting of the cooled resultant gas
stream 42 is done by providing a controlled opening/clos-
ing of the exhaust outlet 49 for the reject exhaust gas
stream 38 provided in the housing 34. The opening or
closing of the exhaust outlet 49 provided is such that flow
through it is unidirectional and any change in the flow of
the inlet exhaust gas stream 41 results in a change in
pressure at the fan 45 suction and discharge. Via the
exhaust outlet 49, this change in pressure matches with
the reject exhaust gas stream 38 to the inlet exhaust gas
stream 41 pressure difference, and mass balance is thus
ensured.
[0065] Further, a speed of the fan 45 can be varied to
control a fan discharge flow and a recirculation rate. By
varying the recirculation rate, the temperature of the re-
sultant exhaust gas stream 40 can be controlled. In case
of a lower inlet exhaust gas temperature, the fan speed
is reduced to get a lower recirculation rate. A reduced
recirculation rate results in maintaining a constant result-
ant exhaust gas temperature.
[0066] Further, the exhaust outlet 49 can be placed
after the fan 45, i.e., at a fan outlet; or before the fan, i.e.,
at a fan suction. In the first case, flow handled by the fan
45 is the sum of the reject flow and the re-circulated flow.
This arrangement 300 allows the exhaust gas recircula-
tion system 200 to operate at lower pressures and thus
a fan suction pressure can be slightly below the atmos-
pheric pressure. In this arrangement 300, the reject ex-
haust is blown out with the maximum pressure generated
inside the system 200. In the second case, a fan flow
rate is same as the recirculation flow, which results in
reduced fan power consumption. This requires operation
of the exhaust gas recirculation system 200 to be at
above the atmospheric system. In this arrangement, the
reject exhaust is blown out of the system with the lowest
pressure in the system 200.
[0067] FIGURE 4 illustrates an arrangement 400 for
heat recovery from exhaust gas recirculation system in
a damper type metal hydride heat pump, in accordance
with an embodiment of the present disclosure.
[0068] As shown, a first reactor assembly module 51
or A1 having a regeneration alloy is coupled from a hy-
drogen gas side to a second reactor assembly module
52 or B1 having a refrigeration alloy. The two modules
51 and 52 are connected to each other through a hydro-
gen tubing 55. Further, a third reactor assembly module
53 or A2 having a regeneration alloy is coupled from hy-
drogen gas side to a fourth reactor assembly module 54
or B2 having a refrigeration alloy. These two modules 53
and 54 are connected to each through another hydrogen
tubing 56.
[0069] Further, four electromagnetic/electro-pneumat-
ic damper valves 57a, 57b, 57c, 57d, collectively referred

to as damper valves 57, each having four ports and two
positions are used for the changeover of a heat transfer
fluid/air streams over the reactor modules 51, 52, 53 and
54 in pre-determined, cyclic manner.
[0070] A flap position 61a of the damper valves 57 pro-
vides for a first half-cycle, such that the reactor modules
B1 and A2 act in a desorption mode while B2 and A1 in
an absorption mode. Further, a flap position 61b of the
damper valves 57 provides for a second half cycle, such
that A1 and B2 act in a desorption mode while B1 and
A2 act in an absorption mode.
[0071] In the first half cycle of operation, the reactor
assembly A2 is in the process of desorption of hydrogen
using a resultant exhaust gas stream (A-ir) having an
intermediate temperature of about 300°C. Hydrogen re-
leased by the reactor assembly A2 is absorbed by the
reactor assembly B2 while the heat of absorption is re-
leased to the environment as an air stream (C-i). The
resultant exhaust gas stream (A-ir) flows via a first damp-
er valve 57a and an inlet ducting 62 to the reactor as-
sembly A2.
[0072] In the hydrogen desorption process by the re-
actor assembly module A2, the resultant exhaust gas
stream (A-ir) gets cooled to an average temperature of
200°C. The cooled-down resultant exhaust gas stream
(A-ir) received at an outlet of the reactor assembly A2
flows to a suction side of a re-circulating fan or blower
58 via another outlet damper valve 57b. The re-circulat-
ing fan or blower 58 is configured to handle high temper-
atures up to a range of 500°C. The re-circulating fan or
blower 58 compresses the cooled-down resultant ex-
haust gas stream (A-ir) to a pressure higher than a mixer
59 that follows the re-circulating fan or blower 58. A part
of the compressed exhaust gas (A-o), which is equal to
the mass flow of an inlet exhaust gas stream (A-i), from
an outlet of the re-circulating fan or blower 58 is released
to the atmosphere. In one embodiment, the exhaust gas
outlet to the atmosphere can be provided from a suction
side of the re-circulating fan or blower 58 instead of from
the fan outlet.
[0073] Further, the remaining flow of the exhaust gas
(A-r) is mixed with the inlet exhaust gas stream (A-i),
which is received at a high temperature of about 500°C,
in the mixer 59. The inlet exhaust gas stream (A-i), which
acts as the heat source, is provided, from example, from
an exhaust of an engine. The inlet exhaust gas stream
(A-i) and the remaining re-circulated exhaust gas stream
(A-r) get mixed in the mixer 59 to form a uniform mixture
of resultant exhaust gas (Air) having an intermediate low
temperature. The recirculation rate can vary from 0.1 to
10 depending on the requirement of the system.
[0074] In the hydrogen adsorption process in the reac-
tor assembly B2, the heat of absorption is released to
the atmosphere in the form of an ambient air stream (C-
i), as mentioned earlier. The ambient air stream (C-i) is
connected to the reactor assembly B2 via an inlet damper
valve 57d and inlet ducting 62. In the first half cycle of
operation, the reactor assembly B1 is in the process of
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desorption of hydrogen using a low temperature source
in the form of a return air stream (D-i) from the chamber
60, i.e., the enclosure to be cooled. The hydrogen re-
leased by the reactor assembly B1 is absorbed by the
reactor assembly A1 in the first half cycle and the heat
of absorption is released to the ambient air stream (B-i).
During this process, the return air stream D-i gets further
cooled to a temperature lower than a cold supply stream
(D-o) to the chamber 60.
[0075] During the second half cycle, the reactor as-
sembly A1 is in process of desorption of hydrogen using
the resultant air stream (A-ir). The desorbed hydrogen is
absorbed by the reactor assembly B1 and the heat of
absorption is led away to the atmosphere, through the
ambient air stream (C-i). Also, the reactor assembly B2
is in the process of hydrogen desorption using a low tem-
perature source in the form of return air (D-i) from the
chamber 60. The desorbed hydrogen is absorbed by the
reactor assembly A2 and the heat of absorption is led
away to an ambient air stream (B-i). During this process,
the return air stream (D-i) gets further cooled to a tem-
perature lower than a temperature of the cold supply
stream (D-o) to the chamber 60.
[0076] FIGURE 5 illustrates a graph showing a des-
orber input heat duty from exhaust gases over time for a
conventional exhaust system (referring to plots a and c)
versus that of a heat pump having the system as de-
scribed herein (referring to plots b and d). As is clear from
the plots, the exhaust recirculation type system has a
relatively low average desorber input heat duty from ex-
haust gas for a predetermined time period for desorbing
same quantity of hydrogen.
[0077] FIGURES 6A and 6B illustrate a self-cleaning
arrangement 600 in a rotating reactor type metal hydride
heat pump, in accordance with an aspect of the present
disclosure. In particular, Figure 6A shows a reactor as-
sembly position in the first half cycle of operation and
Figure 6B shows the reactor assembly position during
the second half cycle in a rotating type metal hydride heat
pump.
[0078] The self-cleaning arrangement 600 shows re-
actor assemblies 71a and 71b, each containing regen-
eration/high temperature metal hydride. The reactor as-
semblies 71a and 71b can be fin-tube type heat exchang-
er having a metal hydride filled inside the tubes and a
heat transfer medium flowing over the fins.
[0079] The self-cleaning arrangement 600 is con-
structed such that it is divided into two thermally insulated
compartments, each containing a reactor assembly, and
two different heat transfer fluids flow through each com-
partment, simultaneously, in one half cycle, in a direction
opposite to that of the other. In other words, the constit-
uents of the exhaust gas stream like dust and soot de-
posited on the surface of one reactor assembly, in one
half cycle, are blown away in a subsequent half cycle
using ambient air stream flowing through the correspond-
ing compartment in an opposite direction to that of the
exhaust gas stream.

[0080] The reactor assemblies 71a and 71b are en-
closed in a thermally insulated housing 76 and are sep-
arated from another using a thermally insulated partition
72. The reactor assemblies 71a and 71b are mounted
on a bearing assembly 75 having a drive mechanism to
rotate the reactor assemblies 71a and 71b around an
axis of rotation 73 during operation.
[0081] The housing 76 is provided to form two thermal-
ly insulated compartments, each having one reactor as-
sembly and a different heat transfer fluid. In an embodi-
ment, partition flexible seals 74 are mounted on the hous-
ing 76 along a diameter of each reactor assembly to avoid
mixing of the heat transfer fluids from the two compart-
ments during stationary and/or rotating conditions. The
partition flexible seals 74 are provided above and below
the reactor assemblies 71a and 71b. Further, peripheral
flexible seals 77 are mounted on the perimeter of housing
76 to avoid bypassing of the heat transfer fluids while
flowing over the reactor assemblies 71a and 71b during
rotating and/or stationary conditions.
[0082] Further, as shown, one heat transfer fluid 78a
is an inlet exhaust gas stream having few ppm level par-
ticulate matter/soot 80a and 83a. In addition, this inlet
exhaust gas stream contains condensates of exhaust
gas constituents such as acidic gas condensates. Fur-
ther, another heat transfer fluid 79a is an inlet ambient
air stream, which may contain ppm level dust particles
81a and 82a. Further, an exit exhaust gas stream is
shown by 78c. A direction of flow of the exhaust gas
stream over the reactor assemblies 71a and 71b during
the first and the second half cycles is shown by 78b.
Likewise, an exit ambient steam is shown by 79c. A di-
rection of flow of the ambient air stream over the reactor
assemblies 71a and 71b during the first and the second
half cycle is shown by 79b.
[0083] As will be easily appreciated, a soot particle
quantity in the exhaust gas is normally higher compared
to the ambient air. Hence, the flow rate of ambient air is
always kept more than the exhaust gas flow. This enables
cleaning of a comparatively higher quantity of soot par-
ticles that is deposited on the reactor surface during one
half-cycle in one compartment using a high flow rate of
ambient air flowing inside the other compartment, in an
opposite direction in comparison to the exhaust flow di-
rection, in the next half cycle.
[0084] The soot particles settled on an entry of the re-
actor assembly 71a in the first half cycle is shown by
reference numeral 80a (referring to Fig. 6A). These par-
ticles (shown as 80b, Fig. 6B) are pushed out by the
ambient air stream 79b, which has a flow direction op-
posite that of the exhaust gas flow direction 78b.
[0085] Likewise, the soot particles settled on an entry
of the reactor assembly 71b in the second half cycle is
shown by reference numeral 83a. These particles (shown
as 83b) are pushed out by the ambient air stream 79b,
which has a flow direction opposite that of the exhaust
gas flow direction 78b.
[0086] Reference numeral 81b shows dust particles
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pushed out by the exhaust gas flow 78c of the reactor
assembly 71a, in relation to Fig. 6A. These dust particles
(81b) were settled on the reactor assembly during a pre-
vious half cycle and are shown as 81a, in relation to Fig.
6B. Here, the dust settled on reactor assemblies is
pushed out by the exhaust gas stream having a direction
78b, which is opposite to that of the ambient air flow,
shown as 79b.
[0087] Likewise, reference numeral 82b shows dust
particles pushed out by the exhaust gas flow out 78c of
the reactor assembly 71b. The dust particles (82b) get
settled on the reactor assembly during a previous half
cycle, shown by 82b. Here, the dust settled on reactor
assemblies is pushed out by the exhaust gas stream hav-
ing a direction 78b, which is opposite to that of the am-
bient air flow 79b.
[0088] The partition flexible seals 74 provided above
and below the reactor assemblies 71a and 71b are adapt-
ed to provide contact with a reactor assembly’s surface,
such that it assists in the cleaning of the dust/soot parti-
cles settled on each reactor assembly. A loose end of
the partition flexible seals 74 remains in contact with the
reactor assemblies during rotation and helps loosen the
soot/dust particles settled on the reactor surface after
every half-cycle. The loosened particles of soot/duct are
carried out by the ambient air and/or the exhaust gas
stream respectively, as described earlier. In a similar
manner, condensates are also cleaned off from the re-
actor assemblies.
[0089] FIGURES 7A and 7B illustrate a self-cleaning
arrangement 700 in a damper type metal hydride heat
pump, in accordance with an aspect of the present dis-
closure.
[0090] In particular, Fig. 7A shows a reactor assembly
91 of a damper type metal hydride heat pump with the
exhaust gas stream acting as the heat transfer fluid con-
taining ppm level soot particles in the first half cycle, while
Fig. 7B shows the reactor assembly 91 with the ambient
air stream acting as the heat transfer fluid containing ppm
level soot particles in the second half cycle.
[0091] The reactor assembly 91 contains a regenera-
tion/high temperature metal hydride alloy. The reactor
assembly 91 includes a set of air valves 92a and 92b
adapted to switch the heat transfer fluids alternatively
after each half cycle. In relation to Fig. 7a, an inlet exhaust
gas stream 93a provided to the reactor assembly 91 via
the air valve 92a flows over the reactor assembly 91 in
the first half cycle and exits as an outlet exhaust stream
93c via an air valve 92b. The exhaust flow direction over
the reactor assembly 91 is shown by 93b. Further, in
relation to Fig. 7b, an inlet ambient air stream 94a pro-
vided to the reactor assembly 91 via the air valve 92b
flows over the reactor assembly 91 in the second half
cycle. The inlet ambient air stream 94a exits the reactor
assembly 91 as an outlet ambient air stream 94c via the
air valve 92a. The ambient air flow direction over the re-
actor assembly 91 is shown by 94b.
[0092] During the first half cycle of operation, soot par-

ticles get settled on an entry of the reactor assembly 91
(shown by 95a). The exhaust gas stream flowing through
the reactor assembly 91 carries the soot particles out of
the reactor assembly 91 (shown by 96b), which were
settled from the ambient air stream in the previous half
cycle shown by 96a. The exhaust gas stream 93b is
adapted to flow in a direction over the reactor assembly
91 opposite to that of ambient air stream 94b. This helps
removal of the dust/soot particles out of the reactor as-
sembly 91 via the air valve 92b.
[0093] During the second half cycle of operation, the
soot particles settled in a previous cycle 95a at the entry
of the reactor assembly are pushed out by the ambient
air flow, shown by 95b via the air valve 92a in the same
manner as described above.
[0094] In each of the case discussed with reference to
FIGURE 6 (collectively) and FIGURE 7 (collectively), the
configuration of the other essential features of the heat
recovery system will be similar to the ones discussed
with reference to FIGURES 2 to 4. For example, the em-
bodiments discussed in the FIGURES 6 and 7 also have
a recirculation circuit as discussed in the FIGURES 2 to
4. Further, a mixer is provided as part of the recirculation
circuit to mix a recirculation stream with an exhaust gas
stream coming from an exhaust source such as an en-
gine. In an embodiment, the mixer is positioned within
any one of the two thermally insulated compartments it-
self.
[0095] Soot particle quantity in the exhaust gas is nor-
mally higher as compared to the dust quantity in the am-
bient air. Hence, the flow rate of ambient air is kept more
than that of the exhaust gas flow. This enables cleaning
of soot particles, which are higher in quantity, from a re-
actor surface in a next half cycle by the ambient air flow
having an opposite direction when compared to the ex-
haust flow direction.
[0096] As can be appreciated by the a person skilled
in the art, the present recirculation based self-cleaning
arrangements are not limited to metal hydride heat
pumps and can also be used for exhaust heat driven
adsorption heat pump, lithium bromide-water absorption
heat pumps, and ammonia water absorption heat pumps
also.

TECHNICAL ADVANCEMENTS AND ECONOMICAL 
SIGNIFICANCE

[0097] The technical advancements offered by the
heat transfer system of the present disclosure include
the realization of:

• Improved reliability of the system.
• Compact and manageable system.
• Improved heat transfer rate.
• Efficient self-cleaning of the reactor assemblies.

[0098] Throughout this specification the word "com-
prise", or variations such as "comprises" or "comprising",
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will be understood to imply the inclusion of a stated ele-
ment, integer or step, or group of elements, integers or
steps, but not the exclusion of any other element, integer
or step, or group of elements, integers or steps.
[0099] The use of the expression "at least" or "at least
one" suggests the use of one or more elements or ingre-
dients or quantities, as the use may be in the embodiment
to achieve one or more desired objects or results.
[0100] Any discussion of documents, acts, materials,
devices, articles or the like that has been included in this
specification is solely for the purpose of providing a con-
text for the disclosure. It is not to be taken as an admission
that any or all of these matters form part of the prior art
base or were common general knowledge in the field
relevant to the disclosure as it existed anywhere before
the priority date of this application.
[0101] The numerical values mentioned for the various
physical parameters, dimensions or quantities are only
approximations and it is envisaged that the values high-
er/lower than the numerical values assigned to the pa-
rameters, dimensions or quantities fall within the scope
of the disclosure, unless there is a statement in the spec-
ification specific to the contrary.
[0102] While considerable emphasis has been placed
herein on the various components of the preferred em-
bodiment, it will be appreciated that many alterations can
be made and that many modifications can be made in
the preferred embodiment without departing from the
principles of the invention. These and other changes in
the preferred embodiment as well as other embodiments
of the invention will be apparent to those skilled in the art
from the disclosure herein, whereby it is to be distinctly
understood that the foregoing descriptive matter is to be
interpreted merely as illustrative of the invention and not
as a limitation.

Claims

1. A regeneration system for a metal hydride heat pump
(18), said system comprising:

a thermally insulated housing (34, 76) parti-
tioned into first and second thermally insulated
chambers, said first chamber enclosing a first
metal hydride reactor assembly (31, 51, 71a)
and said second chamber enclosing a second
metal hydride reactor assembly (32, 52, 71b),
each of said metal hydride reactor assemblies
containing a regenerating, high-temperature
metal hydride alloy;
characterized in that,
said system includes an ambient air inlet adapt-
ed to receive an ambient air stream (43, 44, 94a)
into said housing (34, 76) to be fed to at least
one of said first and second metal hydride reac-
tor assemblies enclosed within corresponding
thermally insulated chambers;

a fluid recirculation circuit configured to recircu-
late an exhaust stream as received from an ex-
haust source, said fluid recirculation circuit com-
prises:

a mixer (12, 37, 59) adapted to mix a portion
of said recirculation stream (16, 39) and said
exhaust stream (11, 41) to provide a result-
ant stream (13, 42) having a temperature,
intermediate of the temperature of said ex-
haust stream (11, 41) and the temperature
of said recirculation stream (16, 39);
fluid stream switching means coupled to
said mixer (12, 37, 59) and adapted to
switch flow of said resultant stream (13, 42)
as received from said mixer (12, 37, 59) and
said ambient air stream (43, 79a) in a cyclic
manner in a series of half-cycles of opera-
tion wherein in one half-cycle of operation,
said resultant stream (13, 42) is fed to said
first metal hydride reactor assembly (31, 51,
71a) in a first direction and said ambient air
stream (43, 79a) is fed to said second metal
hydride reactor assembly (32, 52, 71b) in a
second direction opposite to said first direc-
tion and in a subsequent half-cycle of oper-
ation, said resultant stream (13, 42) is fed
to said second metal hydride reactor as-
sembly (32, 52, 71b) in said first direction
and said ambient air stream is fed to said
first metal hydride reactor assembly (31, 51,
71a) in said second direction;
flow regulating means provided down-
stream of said metal hydride reactor assem-
blies; and
an exhaust outlet (49) for leading away a
portion of said recirculation stream (16, 39)
from said housing (34, 76).

2. The system as claimed in claim 1, wherein said tem-
perature of said exhaust stream (11, 41) is in the
range of 300-600°C, said temperature of said recir-
culation stream (16, 39) is in the range of 100-250°C,
and said temperature of said resultant stream (13,
42) is in the range of 120-300°C.

3. The system as claimed in claim 1, wherein said fluid
stream switching means comprises a bearing as-
sembly (33, 75) and a drive mechanism coupled
thereto, said bearing assembly adapted to rotate the
metal hydride reactor assemblies mounted thereon.

4. The system as claimed in claim 1, wherein said fluid
stream switching means is a fluid flow circuit com-
prising one 4-port 2 position valve and two 3-port 2
position valves.

5. The system as claimed in claim 1, wherein said fluid
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stream switching means is a fluid flow circuit com-
prising two 4-port 2 position valves (92a, 92b).

6. The system as claimed in claim 1, wherein said flow
regulating means is configured to control the flow
rate of said recirculation stream (16, 39) in relation
to the flow rate of said exhaust stream (11, 41).

7. The system as claimed in claim 1, which is configured
such that the flow rate of said ambient air stream
(43, 44) is higher than said exhaust stream (11, 41).

8. The system as claimed in claim 1, wherein said ex-
haust outlet (49) is positioned downstream of said
flow regulating means.

9. The system as claimed in claim 1, wherein said ex-
haust outlet (49) is positioned upstream of said flow
regulating means.

10. The system as claimed in claim 1, wherein said mixer
(12, 37, 59) is positioned in one of said chambers,
said mixer (12, 37, 59) having a first inlet (46) con-
figured to receive said recirculation stream (16, 39),
a second inlet (47) configured to receive said ex-
haust stream and an outlet (49) adapted to deliver
said resultant stream (13, 42).

11. The system as claimed in claim 10, wherein said first
inlet (46) is configured to receive said recirculation
stream (16, 39) at a flow rate in the range of 0.1 to
10 times than that of said exhaust stream (11, 41).

12. The system as claimed in claim 1 comprising parti-
tion flexible seals (35) mounted on said housing (34,
76) along a diameter of each metal hydride reactor
assembly to avoid mixing of the heat transfer fluids
from said thermally insulated chambers.

Patentansprüche

1. Regenerationssystem für eine Metallhydridpumpe
(18), wobei das System Folgendes umfasst:

ein thermisch isoliertes Gehäuse (34, 76), das
in eine erste und eine zweite thermisch isolierte
Kammer unterteilt ist, wobei die erste Kammer
eine erste Metallhydrid-Reaktorbaugruppe (31,
51, 71a) umschließt und die zweite Kammer ei-
ne zweite Metallhydrid-Reaktorbaugruppe (32,
52, 71b) umschließt, wobei jede der Metallhyd-
rid-Reaktorbaugruppen eine regenerierende
Hochtemperatur-Metallhydridlegierung enthält;
dadurch gekennzeichnet, dass
das System einen Umgebungslufteinlass bein-
haltet, der so eingerichtet ist, dass er einen Um-
gebungsluftstrom (43, 44, 94a) in dem Gehäuse

(34, 76) aufnimmt, der mindestens einer der ers-
ten und zweiten Metallhydrid-Reaktorbaugrup-
pen zugeführt werden soll, die innerhalb der ent-
sprechenden thermisch isolierten Kammern
eingeschlossen sind;
einen Flüssigkeits-Umwälzkreislauf, der so an-
geordnet ist, dass er einen Abgasstrom, der von
einer Abgasquelle aufgenommen wird, zurück-
führt, wobei der Flüssigkeits-Umwälzkreislauf
Folgendes umfasst:

einen Mischer (12, 37, 59), der so einge-
richtet ist, dass er einen Anteil des Umwälz-
stroms (16, 39) und den Abgasstrom (11,
41) vermischt, um einen daraus resultieren-
den Strom (13, 42) bereitzustellen, der eine
Temperatur aufweist, die zwischen der
Temperatur des Abgasstroms (11, 41) und
der Temperatur des Umwälzstroms (16, 39)
liegt;
Flüssigstrom-Schalteinrichtungen, die mit
dem Mischer (12, 37, 59) gekoppelt und so
eingerichtet sind, dass sie den Fluss des
daraus resultierenden Stroms (13, 42), der
von dem Mischer (12, 37, 59) empfangen
wird, und den Umgebungsluftstrom (43,
79a) zyklisch in einer Reihe von halben Be-
triebszyklen umschalten, wobei in einem
halben Betriebszyklus der resultierende
Strom (13, 42) der ersten Metallhydrid-Re-
aktorbaugruppe (31, 51, 71a) in einer ersten
Richtung zugeführt wird, und der Umge-
bungsluftstrom (43, 79a) wird der zweiten
Metallhydrid-Reaktorbaugruppe (32, 52,
71b) in einer zweiten Richtung, die der ers-
ten Richtung entgegengesetzt verläuft, zu-
geführt, und in einem nachfolgenden hal-
ben Betriebszyklus wird der resultierende
Strom (13, 42) der zweiten Metallhydrid-Re-
aktorbaugruppe (32, 52, 71b) in der ersten
Richtung zugeführt und der Umgebungs-
luftstrom wird der ersten Metallhydrid-Re-
aktorbaugruppe (31, 51, 71a) in der zweiten
Richtung zugeführt;
Durchflussregeleinrichtungen, die den Me-
tallhydrid-Reaktorbaugruppen nachge-
schaltet vorgesehen sind; und
ein Abgasauslass (49), um einen Teil des
Umwälzstroms (16, 39) aus dem Gehäuse
(34, 76) abzuführen.

2. System nach Anspruch 1, wobei die Temperatur des
Abgasstroms (11, 41) im Bereich von 300 - 600 °C
liegt, die Temperatur des Umwälzstroms (16, 39) im
Bereich von 100 - 250 °C liegt und die Temperatur
des daraus resultierenden Stroms (13, 42) im Be-
reich von 120 - 300 °C liegt.
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3. System nach Anspruch 1, wobei die Flüssigstrom-
Schalteinrichtung eine Lagerbaugruppe (33, 75) und
einen daran gekoppelten Antriebsmechanismus
umfasst, wobei die Lagerbaugruppe so eingerichtet
ist, dass sie die darauf montierten Metallhydrid-Re-
aktorbaugruppen dreht.

4. System nach Anspruch 1, wobei die Flüssigstrom-
Schalteinrichtung ein Flüssigkeitsstrom-Kreislauf
ist, der ein Ventil mit 4 Anschlüssen und 2 Positionen
sowie zwei Ventile mit 3 Anschlüssen und 2 Positi-
onen umfasst.

5. System nach Anspruch 1, wobei die Flüssigstrom-
Schalteinrichtung ein Flüssigkeitsstrom-Kreislauf
ist, der zwei Ventile mit 4 Anschlüssen und 2 Posi-
tionen (92a, 92b) umfasst.

6. System nach Anspruch 1, wobei die Durchflussre-
geleinrichtung so angeordnet ist, dass sie die Durch-
flussrate des Umwälzstroms (16, 39) im Verhältnis
zur Durchflussrate des Abgasstroms (11, 41) steu-
ert.

7. System nach Anspruch 1, das so angeordnet ist,
dass die Durchflussrate des Umgebungsluftstroms
(43, 44) höher als die des Abgasstroms (11, 41) ist.

8. System nach Anspruch 1, wobei der Abgasauslass
(49) der Durchflussregeleinrichtung nachgelagert
positioniert ist.

9. System nach Anspruch 1, wobei der Abgasauslass
(49) der Durchflussregeleinrichtung vorgelagert po-
sitioniert ist.

10. System nach Anspruch 1, wobei der Mischer (12,
37, 59) in einer der Kammern positioniert ist, der
Mischer (12, 37, 59) einen ersten Einlass (46), der
so angeordnet ist, dass er den Umwälzstrom (16,
39) aufnimmt, einen zweiten Einlass (47), der so an-
geordnet ist, dass er den Abgasstrom aufnimmt, und
einen Auslass (49) aufweist, der so eingerichtet ist,
dass er den resultierenden Strom (13, 42) abgibt.

11. System nach Anspruch 10, wobei der erste Einlass
(46) so angeordnet ist, dass er den Umwälzstrom
(16, 39) bei einer Durchflussrate im Bereich des 0,1-
bis 10-Fachen der des Abgasstroms (11, 41) auf-
nimmt.

12. System nach Anspruch 1, flexible Trenndichtungen
(35) umfassend, die auf dem Gehäuse (34, 76) ent-
lang eines Durchmessers jeder Metallhydrid-Reak-
torbaugruppe montiert sind, um das Vermischen der
Wärmeübertragungsflüssigkeiten aus den ther-
misch isolierten Kammern zu verhindern.

Revendications

1. Système de régénération pour une pompe thermi-
que à hydrure métallique (18), ledit système com-
prenant:

un boîtier thermiquement isolant (34, 76) parti-
tionné en une première et une deuxième cham-
bres isolantes, ladite première chambre renfer-
mant un premier assemblage de réacteur à hy-
drure métallique (31, 51, 71a) et ladite deuxième
chambre renfermant un deuxième assemblage
de réacteur à hydrure métallique (32, 52, 71b),
chacun des assemblages de réacteur à hydrure
métallique contenant un alliage à hydrure mé-
tallique régénérant à haute température;
caractérisé en ce que,
ledit système comprend une entrée d’air am-
biant adaptée pour recevoir un courant d’air am-
biant (43, 44, 94a) dans ledit boîtier (34, 76) des-
tiné à alimenter au moins un desdits premier et
deuxième assemblages de réacteur à hydrure
métallique renfermé dans les chambres thermi-
quement isolantes;
un circuit de recirculation de fluide configuré
pour recirculer un flux d’échappement tel que
reçu d’une source d’échappement, ledit circuit
de recirculation de liquide comprend:

un mélangeur (12, 37, 59) adapté pour mé-
langer une partie dudit courant de recircu-
lation (16, 39) et ledit flux d’échappement
(11, 41) dans le but de fournir un courant
résultant (13, 42) ayant une température,
comprise entre la température dudit flux
d’échappement (11, 41) et la température
dudit courant de recirculation (16,39);
un moyen de commutation du courant de
liquide couplé audit mélangeur (12, 37, 59)
et adapté pour basculer le courant dudit
courant résultant (13, 42) tel que reçu dudit
mélangeur (12, 37, 59) et dudit courant d’air
ambiant (43, 79a) de manière cyclique dans
une série de demi-cycles de fonctionne-
ment où, dans un demi-cycle de fonction-
nement, ledit courant résultant (13, 42) ali-
mente ledit assemblage de réacteur à hy-
drure métallique (31, 51, 71a) dans une pre-
mière direction et ledit courant d’air ambiant
(43, 79a) alimente ledit deuxième assem-
blage de réacteur à hydrure métallique (32,
52, 71b) dans une deuxième direction op-
posée à ladite première direction et dans un
demi-cycle de fonctionnement subséquent,
ledit courant résultant (13, 42) alimente le
deuxième assemblage de réacteur à hydru-
re métallique (32, 52, 71b) dans ladite pre-
mière direction et ledit courant d’air ambiant
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alimente ledit premier assemblage de réac-
teur à hydrure métallique (31, 51, 71a) dans
ladite deuxième direction;
des moyens de régulation du débit prévus
en aval dudit assemblage de réacteur à hy-
drure métallique et ;
une sortie d’échappement (49) pour éva-
cuer une partie dudit courant de recircula-
tion (16, 39) dudit boîtier (34, 76).

2. Système selon la revendication 1 dans lequel ladite
température dudit flux d’échappement (11, 41) varie
entre 300-600°C, ladite température dudit courant
de recirculation (16, 39) varie entre 100-250°C, et
ladite température dudit courant résultant (13, 42)
varie entre 120-300°C.

3. Système selon la revendication 1, dans lequel lesdits
moyens de commutation du courant de fluide com-
prennent un assemblage de roulement (33, 75) et
un mécanisme d’entraînement qui y est couplé, ledit
assemblage de roulement étant adapté pour faire
tourner les assemblages de réacteur à hydrure mé-
tallique qui y sont montés.

4. Système selon la revendication 1, dans lequel ledit
moyen de commutation du courant de fluide est un
circuit de passage du fluide comprenant une vanne
à 4 voies à 2 positions et deux vannes à 3 voies à 2
positions.

5. Système selon la revendication 1, dans lequel ledit
moyen de commutation du courant de fluide est un
circuit de passage du fluide comprenant des vannes
à 4 voies à 2 positions (92a, 92b).

6. Système selon la revendication 1, dans lequel ledit
moyen de régulation de débit est configuré pour con-
trôler le débit dudit courant de recirculation (16, 39)
par rapport au débit dudit flux d’échappement (11,
41).

7. Système selon la revendication 1, configuré de telle
sorte que le débit dudit courant d’air ambiant (43,
44) est supérieur audit flux d’échappement (11, 41).

8. Système selon la revendication 1, dans lequel ladite
sortie d’échappement (49) est positionnée en aval
dudit moyen de régulation du débit.

9. Système selon la revendication 1, dans lequel ladite
sortie d’échappement (49) est positionnée en amont
dudit moyen de régulation du débit.

10. Système selon la revendication 1, dans lequel ledit
mélangeur (12, 37, 59) est positionné dans une des-
dites chambres, ledit mélangeur (12, 37, 59) ayant
une première entrée (46) configurée pour recevoir

ledit courant de recirculation (16, 39), une deuxième
entrée (47) configurée pour recevoir ledit flux
d’échappement et une sortie (49) adaptée pour
émettre ledit courant résultant (13, 42).

11. Système selon la revendication 10, dans lequel la-
dite première entrée (46) est configurée pour rece-
voir ledit courant de recirculation (16, 39) à un débit
compris entre 0,1 et 10 fois celui dudit flux d’échap-
pement (11, 41).

12. Le système selon la revendication 1 comprenant des
joints souples de séparation (35) montés sur ledit
boîtier (34, 76) le long d’un diamètre de chaque as-
semblage de réacteur à hydrure métallique pour évi-
ter le mélange des fluides de transfert thermiques
provenant desdites chambres thermiquement iso-
lantes.

23 24 



EP 3 329 192 B1

14



EP 3 329 192 B1

15



EP 3 329 192 B1

16



EP 3 329 192 B1

17



EP 3 329 192 B1

18



EP 3 329 192 B1

19



EP 3 329 192 B1

20



EP 3 329 192 B1

21

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 20140047853 A [0011]
• US 20050274493 A1 [0012]
• EP 3418652 A1 [0013]

• EP 0064562 A [0014]
• EP 0071271 A [0015]


	bibliography
	description
	claims
	drawings
	cited references

