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(54) Laminated heat exchanger including a heat sink and a thermoelectric device

(57) A heat exchanger assembly 201 comprises: a
hot fluid flow channel 210; a cold fluid flow channel 220;
and a heat exchanger 230 disposed between the chan-
nels. The heat exchanger comprises a heat sink 240 and

a thermoelectric device 250. In some embodiments the
fluid flow channels 210, 220 may be arranged to provide
a cross-flow of the hot and cold fluids.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a heat ex-
changer assembly.

BACKGROUND OF THE INVENTION

[0002] A Heat exchanger for cooling air, which may for
example be used for thermal management in an aircraft
(for example a Medium Altitude Long Endurance Air-
craft), has been disclosed in the Applicants earlier Inter-
national Patent Application WO2012/095646, the con-
tents of which is incorporated herein by reference.
[0003] This application discloses a heat exchanger as
shown in Figure 1. The heat exchanger 51 comprises a
laminated stack of air flow channels 90 interlaced with
heat sink layers 92. The heat exchanger 51 further com-
prises a plurality of thermoelectric devices 94 positioned
between each air flow channels 90 and heat sink layers
92. The laminated stack is surrounded by an insulation
jacket 96. The input to the insulation jacket/laminated
stack is provided by the input 56. The output of the insu-
lation jacket/laminated stack may feed into a water ex-
tractor 98. The output of the water extractor 98 is output
58.
[0004] In operation, input air 100 enters the heat ex-
changer 51 and flows (as indicated by reference numeral
102 in Figure 1) along the air flow channels 90, then exits
the airflow channels 90 as cooled output air 104. The
cooled output air 104 then flows through water extractor
98 and then exits as cooled and dried output air 106.
Heat is extracted from the air 102 flowing along the air
flow channel 90 and transferred via the thermoelectric
device 94 into the heat sink layer 92. Thus, in operation,
a first surface of the thermoelectric device 94 operates
as a cold face, and the other surface of the thermoelectric
device operates as a hot face. An electrical current is
applied across the thermoelectric device 94, thus estab-
lishing an additional temperature difference between the
hot face and the cold face. By such provision and use of
the thermoelectric device, the heat transfer is made more
efficient. Fins are provided extending outwards into the
air flow channel and heat sink layers to further render the
heat transfer process more efficient.
[0005] It will be appreciated that the heat exchanger
disclosed in International Patent Application
WO2012/095646 is specifically arranged for cooling of a
fluid (i.e. it is arranged to remove heat from a fluid passing
through the heat exchanger). However, in some applica-
tions it is desirable to provide a two way heat exchange
such that a first relatively hot fluid may be passed through
the heat exchanger so as to be cooled while a while a
second relatively cold fluid passes through the heat ex-
changer to be heated. Embodiments of the invention
seek to provide an improved heat exchanger for such
two-way heat exchange.

SUMMARY OF THE INVENTION

[0006] According to one aspect of the invention there
is provided a heat exchanger assembly comprising: a hot
fluid flow channel; a cold fluid flow channel; and a heat
exchanger disposed between the channels, wherein the
heat exchanger comprises a heat sink and a thermoe-
lectric device.
[0007] Advantageously, the thermoelectric device may
provide efficient heat transfer to the cold fluid flow and
the heat sink may provide good heat transfer from the
hot fluid.
[0008] It will be appreciated that "hot fluid" and "cold
fluid" in the context of the invention are relative terms
respectively meaning fluid, for example air, which is in-
tended to be either cooled (in the case of "hot fluid") or
heated (in the case of "cold fluid") by the heat exchanger.
[0009] The fluid flow channels may be arranged to pro-
vide a cross-flow of the hot and cold fluids. The flow paths
may for example be substantially linear and a cross-flow
arrangement may generally mean that the flow paths are
non-parallel. The flow paths may, for example, be ar-
ranged such that they intersect when viewed from a first
plane (e.g. a horizontal plane or "plan view") but may be
spaced apart when viewed from a second plane (e.g. the
vertical plane perpendicular to the first plane). In some
embodiments, for example, the fluid flow channels are
arranged such that the flow through the channels is sub-
stantially orthogonal.
[0010] The fluid flow channels may be provided with a
side wall which is substantially aligned with the inlet of
the other of said fluid flow channel to direct fluid flow into
the desired flow channel. For example, the, or each, hot
fluid flow channel may be provided with a side wall which
is substantially aligned with the inlet of the, or each, cold
fluid flow channel. Additionally or alternatively, the, or
each, cold fluid flow channel may be provided with a side
wall which is substantially aligned with the inlet of the, or
each, hot fluid flow channel. The inlets and sidewalls may
for example be aligned and may for example be coplanar.
[0011] Such an arrangement is advantageous in pro-
viding a simple arrangement for providing cross-flow in
the heat exchanger assembly. For example, the flow into
the cold or hot flow channel may be generally directed
towards its respective inlet from the heat exchanger input
and may simply impinge upon the side wall of the other
of the hot or cold flow channel so as to be redirected to
the correct inlet. This may for example, avoid the need
for complex manifold inlet arrangements to direct the flow
accurately to the, or each, flow channel.
[0012] The assembly may further comprise a second
hot fluid flow channel; and wherein the cold fluid flow
channel may be disposed between the first and second
hot fluid flow channels. A heat exchanger comprising a
heat sink and a thermoelectric device may be disposed
between both the first hot fluid channel and the cold fluid
channel and the second hot fluid channel and the cold
fluid channel. Thus, in a typical arrangement a heat ex-
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changer assembly according to an embodiment of the
invention may comprise a series of alternating hot and
cold fluid flow channels. Each cold fluid flow channel may,
for example, be disposed between a pair of hot fluid flow
channels with a heat exchanger on either side of the cold
fluid flow channel.
[0013] The flow channels and heat exchanger may be
provided in a laminated stack.
[0014] Advantageously, the heat exchanger assembly
according to embodiments of the invention is easily scal-
able with the number of flow channels selected to meet
the particular application, for example by simply increas-
ing the size of the stack. The heat exchanger assembly
may, for example, be provided as a modular system
which can be stacked into the required size.
[0015] The heat sink and thermoelectric device may
also be in a laminar arrangement. For example, the heat
sink and the thermoelectric device of the heat exchanger
are arranged in separate layers.
[0016] The thermoelectric device may comprise a plu-
rality of devices embedded or attached to a support struc-
ture. For example, the support structure may comprise
a thermally insulating layer. The support structure may
comprise a synthetic resin bonded fibreglass sheet. The,
or each, thermoelectric device may comprise a peltier
device.
[0017] The heat exchanger may further comprise at
least one temperature sensor. The, or each, temperature
sensor may, for example, be a thermocouple. The, or
each, temperature sensor may be embedded or attached
to the support structure. For example, the, or each, tem-
perature sensor may be positioned proximal to a thermo-
electric device. For example a plurality of temperature
sensors may be positioned on opposing sides of a single
thermoelectric device. Alternatively or additionally the, or
each, temperature sensor may be positioned between
adjacent thermoelectric devices. In some embodiments
at least one temperature sensor may be provided on each
face of the support structure. The, or each, temperature
sensor may be provided in a paired arrangement with a
temperature sensor on the opposing side of the support
structure.
[0018] The, or each, thermoelectric device may abut
the cold fluid flow channel. In some embodiments a ther-
moelectric device may abut both the upper and lower
extent of the cold fluid flow channel. For example, the
thermoelectric device (and/or the support structure of the
thermoelectric device) may define the upper and/or lower
extent of the cold fluid channel.
[0019] The, or each, heat sink may abut the hot fluid
flow channel. The hot fluid flow channel may comprise a
support member which defines the upper and/or lower
boundary of the channel. Typically both and upper and
lower support member may be provided. The, or each,
support member may for example provide a physical sep-
aration between the hot fluid flow channel and the heat
sink (but will, for example, provide a heat transfer path
therebetween).

[0020] The heat sink may comprise an open mesh, cell,
or fin structure which defines the heat sink space and
which may support a high specific heat capacity material.
The high specific heat capacity material may be a phase
change material, for example paraffin wax.
[0021] The, or each, fluid flow channels may comprise
(and may be defined by) an open mesh, cell or fin struc-
ture. For example, the fluid flow channels may comprise
a plurality of fins or an open foamed material. The open
mesh or cell structure may be formed from a material
having a high thermal conductivity to assist heat transfer
from the fluid. The fluid flow channels may be formed
from aluminium (for example open mesh, cell or fin struc-
ture formed from aluminium). The fluid flow channels
may, for example, comprise open cell metal foam.
[0022] Whilst the invention has been described above,
it extends to any inventive combination of features set
out above or in the following description or drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The invention may be performed in various
ways and specific embodiments will now be described,
by way of example only, and with reference to the ac-
companying drawings, in which:

Figure 1 is a schematic view of a prior art heat ex-
changer for cooling air;
Figure 2 is a schematic cross-section of a heat ex-
changer in accordance with an embodiment of the
invention;
Figure 3 is a schematic 3 dimensional view of the
heat exchanger of figure 2; and
Figure 4 is an example of a thermoelectric device
layer suitable for use in embodiments of the inven-
tion.

DETAILED DESCRIPTION OF AN EMBODIMENT

[0024] A heat exchanger assembly 201 according to
an embodiment of the invention comprises a laminated
stack of air flow channels 210, 220. The air flow channels,
which are filled with open-cell aluminium foam, are ar-
ranged so as to provide alternating hot flow channels 210
and cold flow channels 220. Disposed between each ad-
jacent hot flow channel 210 and cold flow channel 220
there is provided a heat exchanger 230.
[0025] The heat exchangers 230a 230b, 230c and
230d are substantially planar and each comprise a lay-
ered arrangement of a heat sink 240a, 240b, 240c and
240d and a thermoelectric device 250a, 250b, 250c and
250d.
[0026] Each heat sink 240 comprises open-cell alumin-
ium foam which is combined with a material of high spe-
cific heat capacity and latent heat. The material is typi-
cally a heat storage wax which is able to take in and store
heat efficiently e.g. without a large rise in temperature,
due to high specific heat capacity and/or to latent heat,
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selectable at a suitable melting point (or put more gen-
erally, employing materials of e.g. high specific heat ca-
pacity / latent heat selected to have desired phase chang-
ing point temperatures, e.g. melting point). Any suitable
heat- storage wax may be used, for example paraffin
wax. The open-cell aluminium foam and the heat-storage
material (e.g. wax) are combined in any suitable manner.
The terminology "combined with" as used here should
be understood to mean physically mixed, integrated, dis-
persed or the like - i.e. the open-cell aluminium foam
occupies, in a three-dimensional mesh or cell-like forma-
tion, a certain amount of space within the overall space
defined by the heat sink shape, and the wax fills some
or all of the remaining space, i.e. fills or partly occupies
some or all of the voids within the aluminium foam struc-
ture.
[0027] As shown in figure 4, each thermoelectric de-
vice 250 comprises an array of peltier devices 252 on a
support structure 264. Optionally the peltier 252 devices
could be provided with fins extending into the heat sink
240 and/or flow channel 220 to provide an increased sur-
face area. The support structure comprises synthetic res-
in bonded fibreglass sheet. Some, or each, of the ther-
moelectric devices 250 may further comprise at least one
thermocouple 256. In the example of figure 4 two ther-
mocouples 256 are provided on either side of the central
thermoelectric device 250. Two further thermocouples
(not shown) are also provided on the opposing face of
the support structure 264 (for example aligned with the
position of the thermocouples 256 on the first face). The
thermocouple may be used for monitoring the perform-
ance of the heat exchanger and may, for example be
used in a closed loop control system.
[0028] The arrangement of the stack of the heat ex-
changer assembly 201, as best seen in figure 2, will now
be described in more detail. A first hot flow channel 210a
is provided and has a thermally conductive support mem-
ber 214, for example an aluminium plate, defining its up-
per and lower extents (with foamed aluminium therebe-
tween). A first heat exchanger 230a is provided on top
of the first hot fluid flow channel 210a and is arranged
such that the open face of the heat sink 240a abuts the
first hot fluid flow channel 210a (the closed face being
connected to the thermoelectric device 250a of the heat
exchanger 230a). The thermoelectric device 250a of the
first heat exchanger 230a is spaced apart from the first
hot fluid flow channel 210a by the heat sink 240a. A first
cold fluid flow channel 220a is provided on top of the first
heat exchanger 230a and is arranged such that its lower
surface abuts the open face of the thermoelectric device
250a. A second heat exchanger 230b is provided on top
of the first cold fluid flow channel 220a and is arranged
such that the open face of the thermoelectric device 250b
abuts the first cold fluid flow channel 220a (the closed
face being connected to the heat sink 240b of the heat
exchanger 230b). Accordingly, the heat sink 240b of the
second heat exchanger 230b is spaced apart from the
first cold fluid flow channel 220a by the thermoelectric

device 250b. A second hot fluid flow channel 210b is
provided on top of the second heat exchanger 230b and
abuts the open face of the heat sink 240b. Further layers
are build up in the same fashion, in this particular example
a third heat exchanger 230c is followed by a second cold
fluid flow channel 230b, a fourth heat exchanger 230d
and a third hot fluid flow channel 210c. In all layers of the
heat exchanger assembly 201, the thermoelectric cool-
ing device 250 abuts a cold fluid flow channel 220 and
the heat sink 240 abuts a hot fluid flow channel 210.
[0029] In preferred embodiments the heat exchanger
assembly 201 is arranged such that there is a cross flow
of hot and cold fluid through the assembly. As shown in
figure 3, the hot fluid flow channels 210a, 210b and 210c
are arranged to be orthogonal to the cold fluid flow chan-
nels 220a and 220b. This arrangement allows for a simple
flow arrangement into and out of the heat exchanger as-
sembly (for example it may avoid the need to separately
duct the flow to the inlet for each fluid flow channel as
would be the case if the flows were running in the same
direction). The hot fluid flow channels 210a, 210b and
210c are each provided with side walls 212 which face
the cold flow and are typically coplanar with the inlets of
the cold fluid flow channels 220a and 220b. Thus, cold
fluid which is directed towards the appropriate side of the
heat exchanger assembly 201 will either enter the cold
fluid flow channels 220a, 220b or will impinge upon the
side walls 212 of the hot fluid flow channels before being
redirected so as to flow into the cold fluid flow channels
220a, 220b. Likewise, the cold fluid flow channels 220a
and 220b are each provided with side walls 222 which
face the hot flow and are coplanar with the inlets of the
hot fluid flow channels 210a, 210b and 210c. Thus, hot
fluid which is directed towards the appropriate side of the
heat exchanger assembly 201 will either enter the hot
fluid flow channels 210a, 210b and 210c or will impinge
upon the side walls 222 of the cold fluid flow channels
before being redirected so as to flow into the hot fluid
flow channels 210a, 210b and 210c. An appropriate ther-
mal jacket will typically be provided around the heat ex-
changer assembly 201 and will be arranged with inlets
and outlets which direct flow to and from the sides of the
heat exchanger (i.e. in the directions shown by the arrows
in Figure 3).
[0030] In operation the hot fluid (typically air) will flow
through the heat exchanger assembly 201 from a first
direction and will enter the hot fluid flow channels 210.
Heat will transfer from the fluid into the heat exchangers
230 via the heat sinks 240 abutting each channel (as
shown by the arrows in figure 2). At the same time cold
fluid will flow through the assembly 201 through a second
direction, which is orthogonal to the first direction, and
will enter the cold fluid flow channels 220. Heat will trans-
fer to the fluid from the heat exchangers 230 via the ther-
moelectric devices 250 abutting each channel (as shown
by the arrows in figure 2). An electrical current is applied
to the thermoelectric devices 250 so as to establish an
additional temperature difference between the faces of
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the thermoelectric devices (which are respectively facing
the heat sink 240 of the heat exchanger 230 and the cold
fluid flow channel 220). The provision and use of the ther-
moelectric devices increases the efficiency of the heat
transfer across the heat exchanger. Thus fluid flowing
out of the hot fluid flow channels 210 has a decreased
temperature and fluid flowing out of the cold fluid flow
channels 220 has an increased temperature.
[0031] Although the invention has been described
above with reference to one or more preferred embodi-
ments, it will be appreciated that various changes or mod-
ifications may be made without departing from the scope
of the invention as defined in the appended claims.

Claims

1. A heat exchanger assembly (201) comprising:

a hot fluid flow channel (210);
a cold fluid flow channel (220); and
a heat exchanger (230) disposed between the
channels, wherein
the heat exchanger (230) comprises a heat sink
(240) and a thermoelectric device (250).

2. A heat exchanger assembly (201) as claimed in
claim 1, wherein the fluid flow channels (210, 220)
are arranged to provide a cross-flow of the hot and
cold fluids.

3. A heat exchanger assembly (201) as claimed in
claim 2, wherein the fluid flow channels (210, 220)
are arranged such that the flow through the channels
is substantially orthogonal.

4. A heat exchanger assembly (201) as claimed in
claim 2 or 3, wherein the fluid flow channels (210,
220) are each provided with a side wall (212, 222)
which is substantially aligned with the inlet of the
other of said fluid flow channel (210, 220) to direct
fluid flow into the desired flow channel.

5. A heat exchanger assembly (201) as claimed in any
preceding claim, further comprising:

a second hot fluid flow channel (210b); and
wherein
the cold fluid flow channel (220) is disposed be-
tween the first (210a) and second (210b) hot flu-
id flow channels; and
a heat exchanger (230) comprising a heat sink
(240) and a thermoelectric device (250) is dis-
posed between both the first hot fluid channel
(210a) and the cold fluid channel (220) and the
second hot fluid channel (210b) and the cold flu-
id channel (220).

6. A heat exchanger assembly (201) as claimed in any
preceding claim, wherein the flow channels (210,
220) and heat exchanger (230) are provided in a
laminated stack.

7. A heat exchanger assembly (201) as claimed in any
preceding claim, wherein the heat sink (240) and the
thermoelectric device (250) of the heat exchanger
are arranged in separate layers.

8. A heat exchanger assembly (201) as claimed in
claim 7, wherein the thermoelectric device (250)
comprises a plurality of devices (252) embedded in
or attached to a support structure (264).

9. A heat exchanger assembly (201) as claimed in
claim 8, wherein the support structure (264) com-
prises a thermally insulating layer, such as synthetic
resin bonded fibreglass sheet.

10. A heat exchanger assembly (201) as claimed in any
preceding claim, wherein the heat exchanger (230)
further comprises at least one temperature sensor
(256).

11. A heat exchanger assembly (201) as claimed in any
preceding claim, wherein the, or each, thermoelec-
tric device (250) abuts a cold fluid flow (220) channel.

12. A heat exchanger assembly (201) as claimed in any
preceding claim, wherein the, or each, heat sink
(240) abuts a hot fluid flow channel (210).

13. A heat exchanger assembly (201) as claimed in any
preceding claim, wherein the heat sink (240) com-
prises an open mesh or cell structure which defines
the heat sink space and supports a material of high
specific heat capacity and/or latent heat.

14. A heat exchanger assembly (201) as claimed in any
preceding claim, wherein the fluid flow channels
(210, 220) are defined by an open mesh, cell or fin
structure.

15. A heat exchanger assembly (201) as claimed in any
preceding claim, wherein the, or each, thermoelec-
tric device (250) comprises at least one peltier de-
vice.
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