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(54) HEAT EXCHANGER

(67)  Thereis disclosed a heat exchanger comprising
afirstchannel, forcommunicating between a first channel
inlet and a first channel outlet, a second channel for com-
municating between a second channelinlet and a second
channel outlet, a third channel for communicating be-

Figure 1

tween a third channel inlet and a third channel outlet, a
first conduit interconnecting the first channel and the third
channel, and thereby defining a first group of intercon-
nected channels, the first conduit extending through the
second channel.
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Description

[0001] According to the present invention there is pro-
vided a heat exchanger.

[0002] Itis known, for example from WO2014/135844
(BAE Systems plc), to provide a heat exchanger with a
plurality of channels for a working fluid, these channels
being interleaved amongst a plurality of channels for
coolant fluid.

[0003] Itis also known to introduce baffles into chan-
nels to affect flow and heat transfer. Baffles can improve
the heat transfer efficiency of a heat exchanger, but can
tend to raise the pressure drop across the exchanger.
[0004] According to afirst aspect of the invention there
is provides a heat exchanger comprising: a first channel,
for communicating between a first channel inlet and a
first channel outlet, a second channel for communicating
between a second channel inlet and a second channel
outlet, a third channel for communicating between a third
channel inlet and a third channel outlet, a first conduit
interconnecting the first channel and the third channel,
and thereby defining a first group of interconnected chan-
nels, the first conduit extending through the second chan-
nel.

[0005] The provision of a conduit extending through
the second channel presents a further surface area which
may be exploited for heat transfer, whilst encouraging
inter channel mixing. This can tend to increase the heat
transfer efficiency between fluids in the heat exchanger.
[0006] There may be provided a plurality of first con-
duits interconnecting the first channel and the third chan-
nel, the plurality of first conduits extending through the
second channel.

[0007] As such the surface areas and inter-channel
mixing can tend to be further increased.

[0008] The plurality of first conduits may be spaced
apart at regular intervals.

[0009] As suchan even mixing between channels may
be achievable.

[0010] The plurality of first conduits are arranged in
adjacent pairs where one conduit per pair is arranged to
promote inter-channel flow from the third channel to the
first channel, and the other conduit per pair is arranged
to promote inter-channel flow from the first channel to
the third channel.

[0011] Such pairing of conduits enables the provision
of a repeating unit which can be used to build up a heat
exchanger core. It also helps to provide a functionally
flexible core where each channel group is suitable for
flow in either direction and the core is deployable in either
counter flow or co-flow configurations.

[0012] The heat exchanger may further comprise a
fourth channel, for communicating between a fourth
channel inlet and a fourth channel outlet, a second con-
duit interconnecting the second channel and the fourth
channel and thereby defining a second group of inter-
connected channels, the second conduit extending
through the third channel. Further, such a heat exchanger
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may further comprise a plurality of second conduits in-
terconnecting the second channel and the fourth chan-
nel, each of the second conduits extending through the
third channel. Still further, such a heat exchanger may
provide a plurality of second conduits arranged in adja-
cent pairs where one conduit per pair is arranged to pro-
mote inter-channel flow from the fourth channel to the
second, and the other conduit per pair is arranged to
promote inter-channel flow from the second channel to
the fourth.

[0013] Such a provision can tend to further promote
even mixing of fluids between channels, and thereby im-
prove the efficiency of the heat exchanger. Such im-
proved mixing can in turn be associated with an increase
in heat transfer.

[0014] Where first and second conduit pairs are pro-
vided, the first conduit pairs and the second conduit pairs
occupy an equivalent position in the second and third
channel respectively.

[0015] As such a more regular structure can be pro-
vided which can tend to apply more consistent mixing
and transfer.

[0016] In some examples, the first conduit is, or the
plurality of first conduits are, inclined relative to a central
axis defined by the first channel and thereby arranged to
promote inter-channel flow.

[0017] Inheatexchangers provided with a second con-
duit or a plurality of second conduits, the second conduit
or the plurality of second conduits can be inclined relative
to a central axis defined by the second channel.

[0018] Such conduit inclination can bias certain flows
and thereby can tend to mitigate the increases in pres-
sure drop across the exchanger which could otherwise
be encountered from the conduits.

[0019] The heat exchanger may comprise a top plate
and plurality of base plates mounted between a pair of
side walls, wherein the first channel is defined between
the top plate, a first base plate and a portion of the side
walls, the second channel is defined between the first
base plate, the second base plate and a portion of the
side walls, the third channel is defined between the sec-
ond base plate, the third base plate and a portion of the
side walls, and The fourth channel is defined between
the third base plate, a fourth base plate and a portion of
the side walls.

[0020] The first and third channels, being in fluid com-
munication, may be arranged to transport a first fluid in
afirst flow direction, and the second and fourth channels,
being in fluid communication are arranged to transport a
second fluid in a second flow direction. The first and sec-
ond flow directions can be generally opposite to provide
a counter-flow heat exchanger.

[0021] As such a counter-flow arrangement be provid-
ed, tending to provide efficient cooling.

[0022] The heat exchanger may further comprise to-
wards a first end: afirst fluid ingress manifold connecting
the inlets of the first and third channels to a common first
fluid inlet port, a second fluid ingress manifold connecting
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the outlets of the second and fourth channels to a com-
mon second fluid outlet port; and towards a second end:
a first fluid egress manifold connecting the outlets of the
first and third channels to a common first fluid outlet port,
a second fluid egress manifold connecting the inlets of
the second and fourth channels to a common second
fluid outlet port.

[0023] According to a second aspect of the invention
there is provided a method of heat exchange comprising
providing a heat exchanger according to the first aspect,
causing a coolant fluid to flow through the firstand second
channel, causing a working fluid to flow through the third
channel.

[0024] So that the invention may be well understood,
exemplary embodiments are herein described with ref-
erence to the following figures, of which:

Figure 1 shows a schematic cross-section of a first
example heat exchanger;

Figure 2 shows a three-dimensional representation
of a first example portion of a heat exchanger core;

Figure 3 shows a three-dimensional representation
of a second example portion of a heat exchanger
core;

Figure 4 shows a schematic layout of a fourth exam-
ple portion of a heat exchanger core;

Figure 5 shows a three-dimensional representation
of a the first example heat exchanger;

Figure 6 shows a three-dimensional representation
of a second heat exchanger; and

Figure 7 shows a flow diagram for arranging a heat
exchanger.

[0025] It will be appreciated that relative terms such as
horizontal and vertical, top and bottom, above and below,
left and right, front/fore and back/aft, near and far, and
so on, are used below merely for ease of reference to
the Figures, and these terms are not limiting as such,
and any two differing directions or positions and so on
may be implemented rather than truly horizontal and ver-
tical, top and bottom, and so on.

[0026] With reference to Figures 1 and 5, a first heat
exchanger is shown generally at 100 which comprises a
first manifold 2, a core 3, and a second manifold 4.
[0027] The heat exchanger 100 is arranged for coun-
ter-flow where a first fluid, hot fluid H (which may alter-
natively be referred to as a working fluid), passes in the
opposite direction to a second fluid, cold fluid C (which
may alternatively be referred to as a coolant fluid). As
shown in Figure 1, the hot fluid H passes through the
core from right-to-left, whilst the cold fluid C passes
through the core left-to-right.
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[0028] In alternative heat exchangers contemplated,
the hot fluid H and the cold fluid C could be arranged for
co-flow (where the fluids run in the same direction, e.g.
both right-to-left) or cross-flow (where fluids run perpen-
dicular to each other).

[0029] The core 3 comprises a plurality of channels.
These channels are configured as two groups, the first
group for transporting the first fluid, the second group for
transporting the second fluid. Channels alternate by
group so that an interleaved arrangement is provided,
with channels separated by base plates. A multi-layer
stack is thus provided. The first group of channels, cor-
responding with the odd-numbered channels pass fluid
in a first direction. The second group of channels, corre-
sponding with the even-numbered channels, pass the
fluid in a second direction.

[0030] In particular, a first channel 10 is defined be-
tween a top plate 6 and a first base plate 16, and extends
between a pair of first channel ports. These ports are
configured for a right-to-left (as shown in Figure 1) flow
direction and as such represent a first inlet 12 commu-
nicating with the second manifold 4 and a first outlet 14
communicating with the first manifold 2.

[0031] A second channel 20 is defined between the
first base plate 16 and a second base plate 26, and ex-
tends between a pair of second channel ports. These
ports are configured for a left-to-right (as shown in Figure
1) flow direction and as such represent a second inlet 22
communicating with the first manifold 2 and a second
outlet 24 communicating with the second manifold 4.
[0032] A third channel 30 is defined between the sec-
ond base plate 26 and a third base plate 36, and extends
between a pair of third channel ports. These ports are
configured for a right-to-left (as shown in Figure 1) flow
direction and as such represent a third inlet 32 commu-
nicating with the second manifold 4 and a third outlet 34
communicating with the first manifold 2.

[0033] A fourth channel 40 is defined between the third
base plate 36 and the fourth base plate 46, and extends
between a pair of fourth channel ports. These ports are
configured for to a left-to-right (as shown in Figure 1) flow
direction and as such represent a fourth inlet 42 commu-
nicating with the first manifold 2 and a fourth outlet 44
communicating with the second manifold 4.

[0034] Further, there is equivalently provided: a fifth,
sixth and seventh channel (50, 60 and 70 respectively);
afifth and sixth base plate (not numbered so as to reduce
visual clutter in the figure), and a bottom plate 7, and their
respective inlets and outlets (not numbered).

[0035] With additional reference to Figure 5, the chan-
nels are further defined by side walls 5.

[0036] Thus a first group of channels, the odd chan-
nels, comprises the first, third, fourth, fifth and seventh
channels. These odd channels can pass a common fluid
in a common direction, in this example they pass hot fluid
H right to left. In other examples they could pass fluid left
to right.

[0037] Asecondgroup ofchannels, the even channels,



5 EP 3 537 086 A1 6

comprises the second, fourth and sixth channels. These
even channels can pass a common fluid in a common
direction, in this example they pass a cold fluid C from
left to right. In other examples they could pass fluid right
to left.

[0038] Thus in the core 3 there are four channels in
the first group and three channels in the second group.
Providing an unequal number of channels in an inter-
leaved stack tends to result in channels from a particular
group being at the outermost (top and bottom) layers of
the stack. In the core 3, channels 10 and 70 provide such
outermost layers. In the Figure 1 configuration, by pass-
ing hot fluid through the first group, hot fluid channels
pass through these peripheral layers.

[0039] In alternatively configured cores, such as
shown in Figures 5 and 6, the cold fluid may be passed
through a first group of channels providing the peripheral
layers of the stack, whilst the hot fluid is passed through
a second group of channels interleaved with the first
group. Such alternative arrangements can tend to less
heat being lost to the surroundings, tending to raise the
efficiency of the exchanger.

[0040] Inadditiontothe channels, the core 3 comprises
a plurality of conduits which interconnect channels from
the same group.

[0041] As such, a plurality of first conduits 8 provides
inter-channel connections between odd-numbered
channels. As such a fluid can flow between the intercon-
nected channels. Each conduit 8 extends through an
even channel but does not fully occlude that even chan-
nel.

[0042] For example, a plurality of conduits 8 are pro-
vided, each of which interconnects the first channel 10
and the third channel 30, passing through the second
channel 20.

[0043] Some conduits 8 are substantially perpendicu-
lar to the channels. Some conduits are inclined to the
channels.

[0044] In the first example, the odd conduits extend
only between neighbouring odd channels; however in al-
ternative examples, some odd conduits could extend be-
tween other odd channel combinations. For example, an
odd conduit could connect a first channel 10 and a fifth
channel 50, passing through the second 20, third 30, and
fourth 40 channels.

[0045] A plurality of second conduits 9 provides inter-
channel connections between even-numbered chan-
nels. As such a fluid can flow between the interconnected
channels. Each of the second conduits 9 extends through
at least one odd channel but does not fully occlude it or
them.

[0046] The first manifold 2 comprises, given the coun-
ter-flow configuration, an odd channel egress manifold
collocated with an even channel ingress manifold. The
odd channel egress manifold connects the odd outlets
to a common odd outlet C, ;. The even channel ingress
manifold connects the eveninlets toacommon eveninlet,
Hi,- As such, a first fluid can pass from the odd channels
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to the common odd outlet. As such a second fluid can
pass from the common even inlet to the even channels.
[0047] The second manifold 4 comprises, in reciprocity
with the first manifold 2, an even channel egress manifold
collocated with an odd channel ingress manifold. The
even channel egress manifold connects the even outlets
to a common even outlet. The odd channel ingress man-
ifold connects the odd inlets to a common odd inlet Cy,.
As such, a first fluid can pass from the even channels to
the common even outlet H, ;. As such a second fluid can
be transported from the common odd inlet C;, to the odd
channels.

[0048] With reference to Figure 2, there is shown a
three-dimensional portion 200 of a heat exchanger core
which could be used in the heat exchanger 100. The por-
tion 200 is shown in the context of three mutually orthog-
onal reference axes, x, y, and z. As shown on the page,
the y-dimension corresponds to height (up/down), the x-
dimension corresponds to width (fore/aft, or alternatively
right/left) and the z-dimension corresponds to depth
(near/far).

[0049] The portion 200 corresponds to a portion of the
third, fourth and fifth channels of the core 3.

[0050] The portion 200 is comprised by a set of repeat-
ing units R (shown as the shaded components in the top
left of Figure 2).

[0051] A repeating unit R comprises a base plate sec-
tion 216 which has a rectangular planar form, which is
parallel with the zx plane.

[0052] Formed in the base plate section 216 is a pair
of openings 218a and 218b and a pair of linear conduits
208a, 208b. The openings and conduits are arranged
such that their footprints in the plate 216 define a rectan-
gle, with conduit footprints positioned diagonally opposite
on another.

[0053] The conduits 208a and b extend in or parallel
to the yx plane out from the plate 216 and are inclined to
the plate 216 by approximately 45 degrees. More partic-
ularly the near conduit 208a extends from a foremost and
nearmost footprint in a backwards direction (-45 de-
grees), and the far conduit208b extends from an aftwards
and farmost footprint in a forwards direction (+45 de-
grees).

[0054] As such, given that the base plate 216 defines
an axis P which extends perpendicularly through the cen-
troid of the plate 216, the openings 218a 218b and the
conduits 208a 280b are arranged such that they exhibit
rotational symmetry, order 2, about the base plate axis P.
[0055] The extension of the conduits is such that the
near conduit 208a meets the near opening of the plate
226 below, whilst the far conduit meets the far opening
of the plate 226 below.

[0056] Whilst only a section 200 of a core 3 has been
described, it will be appreciated that any size of core 3
could be populated with repeating units R by forming mul-
tiple repeating units in the x, y, and z directions. In effect
this would form a number of continuous base plates in-
terconnected by a plurality of conduit pairs.
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[0057] With all conduits of the portion 200 extending
parallel to the same plane, the yx plane, such cores would
be suitable for co-flow and counter-flow arrangements.
[0058] With reference to Figure 3, there is shown a
portion 300 for a heat exchanger core which would be
suitable for a cross-flow arrangement.

[0059] The portion 300 shown comprises three chan-
nels 320, 340 and 360 interleaved in that order. The chan-
nels 320 and 360 are for passing a first fluid, H, in the x-
direction (that is to say from aft to fore) and the channel
340 is for transporting a second fluid, C, in the z-direction
(i.e. from near to far).

[0060] Each of a plurality of conduits 308 extends be-
tween the H channels 320 and 360, and through the C
channel 340, in or parallel to the yx plane. Thus the chan-
nels 320 and 360 are in fluid communication.

[0061] Each of a plurality of conduits 309 extends be-
tween the C channel 340 and the next upwards C chan-
nel, passing through the H channel 320, in or parallel to
the yz plane.

[0062] The portion 300 for the heat exchanger core
can be seen as a combination of the repeating unit R
discussed in connection with portion 200 and Figure 2,
with a further repeating unit. As shown in Figure 3, two
R-type units are presentin one layer, and these are sand-
wiched between further layers, each further layer having
two further repeating units. As such the R-type layers
alternate with further-type layers.

[0063] Each further repeating unit is the mirror image
of the unit R, reflected in an yz plane, and rotated by 90
degrees, about its plate axis P.

[0064] With reference to Figure 4, there is a shown
schematically a further example of a portion, indicated
generally at 400, of a heat exchanger core.

[0065] The portion 400 is comprised from a number of
repeating units Q, each of which, as with repeating units
R, tessellates with otherrepeating units. The units Q com-
prise a hexagonal base plate 416, in which is provided
six regularly spaced footprints, arranged symmetrical
about the axis defined by the plate 416. Three of the
footprints correspond with openings 418a-c, three of the
footprints correspond with conduits 408a-c which extend
upwardly from the base plate in the yx plane. Two of the
conduits, the nearest 408a and farthest 408c extend af-
twards. The other conduit, middle/aftmost conduit 408b,
extends forwards.

[0066] Figure 6 shows a monolithic multi-channel heat
exchanger 600 where three first fluid channels 620, 640
and 660 are interleaved with 2 second fluid channels 630
and 650. A first integrated manifold 602 communicates
with the channels at a first side of the exchanger 600. A
second integrated manifold 604 communicates with the
channels at a second side of the exchanger 600.
[0067] Thefirstmanifold 602 comprises a firstcommon
port 602a for working fluid H and a second common port
602b for coolant C.

[0068] The first common port 602a is generally cylin-
drical and communicates with three branches (one of
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which 622 is visible) each of which meets a respective
taper section (624) which tapers out to meet a respective
channel (620).

[0069] The second common port 602b is generally cy-
lindrical and communicates with two branches 621, 623
each of which meets a respective taper section 625, 627
which tapers out to meet a respective channel 630, 650.
[0070] For illustrative purposes, heat exchanger 600
is shown in cut-away, at a point in the core equivalent to
the cross section WW shown in Figure 2.

[0071] Inthe heat exchanger 600, for a given plate, the
separation between each opening and the outer diameter
of the relevant neighbouring conduit is negligible. In other
words and with respect to Figure 2, the separation S is
zero. Such a provision tends to promote smooth flow from
the channel into the conduit.

[0072] For either the heat exchanger 100 or 600, in
operation, a first, or cold fluid C, is put under pressure
and thereby caused to flow into the common cold fluid
inlet of first manifold, then through the first manifold, then
into and through the even channels and then into the
second manifold, and then out of the second manifold at
the common cold outlet.

[0073] Whilst flowing through the first manifold, the
cold fluid splits into separate flows, each one associated
with a particular even channel. As the fluid flows through
a given even channel, it may be further diverted by the
conduits 9, which bleed off some of the fluid into neigh-
bouring even channels. Meanwhile, some of the fluid
flowing through neighbouring even channels will be bled
off into the given even channel.

[0074] Whilst flowing within the given even channel,
the fluid will flow around the odd conduits 8 which extend
through the given channel.

[0075] An equivalentflow occurs as the second, or hot
fluid, is introduced to heat exchanger at the second man-
ifold, whereupon it flows into and through the odd chan-
nels, and into first manifold where it leaves the heat ex-

changer.

[0076] No mixing of the first and second fluids is per-
mitted.

[0077] The base plates and conduits are formed from

a thermally conductive material. Thus there is provided
a surface area at the boundaries between hot and cold
fluids which enable the transfer of thermal energy from
the hot fluid to the cold fluid.

[0078] The inclination of the conduits 9, 8 promotes
bleeding off and inter-channel fluid mixing. In particular,
the conduits that extend from a given channel in the op-
posite general direction to the flow (e.g. at -45 degrees),
will tend to bleed fluid into the given channel from neigh-
bouring same-fluid channels. Further, conduits extend-
ing from a given channel in the same general direction
to the flow (e.g. at +45 degrees) will tend to bleed fluid
out of the given channel into neighbouring same-fluid
channels.

[0079] The interconnecting conduits 8 and 9 are gen-
erally inclined at 45 degrees and as such are biased to
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promote the inter-channel flow. Such an angle can be
achieved using an additive layer manufacturing process,
providing a sufficiently robust structure without requiring
supports or buttressing. In alternative examples, a range
ofangles may be suitable for this inclination. For example
inclinations in the range of 30 to 60 degrees or 40 to 50
degrees may be suitable, with additional supporting
structures provided as appropriate.

[0080] In other alternative examples of the heat ex-
changer, the conduits could extend perpendicularly from
the base plate and thereby achieve promote inter-chan-
nelfluid mixing; such an arrangement may lead to a great-
er pressure drop across the core as compared with the
inclined conduits.

[0081] Alternatively, conduits could be fitted with a one-
way valve to promote certain flow characteristics.
[0082] Forcross-flow heatexchangerexamples,itmay
not be straightforward to collocate the first fluid ingress
manifold and the second fluid egress manifold (and vice
versa) at a single integrated manifold 2 (or 4). Thus in
cross-flow configurations, there could be four separate
manifolds.

[0083] The heat exchangers provided for can be
formed from a heat-conducting material having the struc-
tural integrity to retain complex forms. Metals for example
would be suitable.

[0084] The heat exchangers provided for can be man-
ufactured using additive layer manufacturing techniques
(also known as additive manufacturing, or 3D printing).
For example, a selective laser melting (SLM) process
may be used to form the heat exchanger. SLM uses a
high power-density laser to melt and fuse metallic pow-
ders together.

[0085] Thus, in accord with these properties, the heat
exchanger may be formed from any of a number of suit-
able materials which would be apparent to the skilled
person, including but not limited to an Inconel alloy, tita-
nium or an alloy thereof, aluminium or an alloy thereof,
or a stainless steel.

[0086] With reference to Figure 7, a method of forming
a heat exchanger structure is shown as involving a first
step 702 of defining a repeating unit, a second step 704
of defining an operational characteristic set for a heat
exchanger structure, a third step 706 of determining the
parameters of the repeating units which satisfy the op-
erational characteristic set, and at a fourth step 708, form-
ing the structure according to the parameters.

[0087] Atstep 702, defining the repeating unitincludes
providing the definition of the repeating unit R having a
set of variable parameters including but not limited to:
base plate size, base plate thickness, base plate shape,
conduit upward extension (i.e. channel height), open-
ing/conduit bore, conduit wall thickness, conduit inclina-
tion, footprint location, and in-channel orientation (i.e.
which plane the conduits align with for a channel, deter-
mining counter flow or co flow).

[0088] At step 704, the operational characteristic set
may define a number of constraints including but not lim-
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ited to: a desired thermal transfer rate, a working fluid
combination (e.g. air and air, oil and fuel, air and glycol),
agiven space into which the exchanger shouldfit, a chan-
nel height, and an allowable pressure drop across the
heat exchanger.

[0089] At step 706, the determination of the parame-
ters of the unit R could be carried out, in light of the op-
erational characteristics from step 704, using a number
of fluid dynamic simulations ofthe heat exchanger. These
simulations could be carried out iteratively, for example
in combination with a genetic algorithm, to arrive at a
solution. The output of such determinations would be a
datafile defining a suitable heat exchanger, the definition
including the parameters for the unit R, and the number
of R units along each of the three orthogonal axes (for
example referring back to figure 6, it can be seen that
there are four units along the fore to aft axis, and five
along the bottom to top axis, with the near to far number
being hidden from view).

[0090] At step 708, the heat exchanger could be
formed by issuing the data file to an additive layer man-
ufacturing station.

[0091] In certain examples a manifold, corresponding
to the heat exchanger core, could be generated by the
process. A data file defining such a manifold could there-
by be issued to an additive manufacturing station, along-
side the heat exchanger data file, to enable the entire
heat exchanger to be formed.

[0092] Ingeneral,the examples given sofarhave been
in the form of multi-layer heat exchangers. In other ex-
amples, the heat exchanger may comprise channels in
the form of a tubular cluster. Within this cluster, a first
group of tubes (odd tubes) would carry a first fluid, and
a second group of tubes (even tubes) would carry a sec-
ond fluid. A first set of conduits would provide intercon-
nections between the odd tubes, with interconnecting
conduits passing through an even tube. A second set of
conduits would interconnect the even tubes, with inter-
connecting conduits passing through an odd tube. As a
further alternative, such tubular clusters could comprise
linear tubes arranged in parallel. Such tubular clusters
could comprise nested spirals of tubes.

[0093] Ingeneral, the example cores given so far have
been in the form of planar or substantially planar layers
and channels, formed by planar base plates stacked in
parallel. In alternative examples, the core may be pro-
vided by a plurality of curved channels which may be of
a predetermined shape or curvature so as to be confor-
mal with a further device. The further device could be a
substantially cylindrical engine. Within such cores, chan-
nels could be substantially conformal with one another,
so as to maintain an inter-plate separation.

[0094] All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, ex-
cept combinations where at least some of such features
and/or steps are mutually exclusive.
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[0095] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.

[0096] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or
process so disclosed.

Claims
1. A heat exchanger comprising:

A first channel, for communicating between a
first channel inlet and a first channel outlet;

A second channel for communicating between
a second channel inlet and a second channel
outlet;

A third channel for communicating between a
third channel inlet and a third channel outlet; and
A first conduit interconnecting the first channel
and the third channel, and thereby defining a
first group of interconnected channels, the first
conduit extending through the second channel.

2. A heat exchanger according to claim 1 wherein the
first conduit is inclined relative to a central axis de-
fined by the first channel and thereby arranged to
promote inter-channel flow.

3. Aheat exchanger according to claim 1 or 2 compris-
ing a plurality of first conduits interconnecting the
first channel and the third channel, the plurality of
first conduits extending through the second channel.

4. A heat exchanger according to claim 3 wherein the
plurality of first conduits are spaced apart at regular
intervals.

5. Aheat exchanger according to claim 3 or 4 wherein
the plurality of first conduits are arranged in adjacent
pairs where one conduit per pair is arranged to pro-
mote inter-channel flow from the third channel to the
first channel, and the other conduit per pair is ar-
ranged to promote inter-channel flow from the first
channel to the third channel.

6. A heat exchanger according to any of the previous
claims further comprising:

A fourth channel, for communicating between a
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10.

1.

12.

13.

fourth channel inlet and a fourth channel outlet,
A second conduit interconnecting the second
channel and the fourth channel and thereby de-
fining a second group of interconnected chan-
nels, the second conduit extending through the
third channel.

A heat exchanger according to claim 6 wherein the
second conduit is inclined relative to a central axis
defined by the second channel.

A heat exchanger according to claim 6 or 7 compris-
ing a plurality of second conduits interconnecting the
second channel and the fourth channel, each of the
second conduits extending through the third chan-
nel.

A heat exchanger according to claim 8 wherein the
plurality of second conduits are arranged in adjacent
pairs where one conduit per pair is arranged to pro-
mote inter-channel flow from the fourth channel to
the second, and the other conduit per pairis arranged
to promote inter-channel flow from the second chan-
nel to the fourth.

A heatexchanger according to claim 9 when depend-
ent on claim 5 wherein the first conduit pairs and the
second conduit pairs occupy an equivalent position
in the second and third channel respectively.

A heat exchanger according to any of claims 6 to 10
comprising a top plate and plurality of base plates
mounted between a pair of side walls, wherein

The first channel is defined between the top
plate, a first base plate and a portion of the side
walls

The second channel is defined between the first
base plate, the second base plate and a portion
of the side walls,

The third channelis defined between the second
base plate, the third base plate and a portion of
the side walls, and

The fourth channel is defined between the third
base plate, a fourth base plate and a portion of
the side walls.

A heat exchanger according to claim 11 wherein the
firstand third channels, beingin fluid communication,
are arranged to transport a first fluid in a first flow
direction, and the second and fourth channels, being
in fluid communication are arranged to transport a
second fluid in a second flow direction.

A heat exchanger according to claim 12 wherein the
first and second flow directions can be generally op-
posite to provide a counter-flow heat exchanger.
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14. A heatexchangeraccording to claim 13 further com-
prising, towards a first end:

Afirstfluid ingress manifold connecting the inlets
of the first and third channels to a common first 5
fluid inlet port, and
A second fluid ingress manifold connecting the
outlets of the second and fourth channels to a
common second fluid outlet port;

10

And towards a second end:

A first fluid egress manifold connecting the out-
lets of the first and third channels to a common
first fluid outlet port, and 15
A second fluid egress manifold connecting the
inlets of the second and fourth channels to a
common second fluid outlet port.

15. A method of heat exchange comprising 20
Providing a heat exchanger according to any of
the preceding claims, Causing a coolant fluid to
flow through the first and second channels

Causing a working fluid to flow through the third 25
channel.
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