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HEAT EXCHANGER

The present disclosure relates to a heat exchanger.

In particular the disclosure is concerned with a heat exchanger configured to be placed

into contact with an object to regulate the temperature of the object.

Background

Various medical treatments involve the cooling of a body part. In the treatment of
cancer, it is known to cool the head of a patient during chemotherapy in order to reduce

the extent and/or likelihood of hair loss.

Shown in Figure 1 is an example of a known cooling cap 10. The cooling cap 10
comprises a single tube 12 in a concentric hoop arrangement, stacked on top of itself,
to form a part spherical garment to be worn on a patient’'s head. The tube 12 has a fluid
inlet 14 and a fluid outlet 16. In use, coolant is pumped from the inlet 14 to the outlet 16

to thereby remove heat from a contact area with the patient.

The cap 10 is formed by wrapping the tube 12 around the outside of a dome shaped
former and gluing sides of the tube 12 to one another, which is time consuming.
Additionally, as the cap 10 is for contact with a human body part, the cap materials,
including adhesive, must conform to medical regulatory standards, which limits the

range of adhesives available, and also increases the cost of manufacture.

Figure 2 shows a cross section of cap 10, with the tube 12 in contact with a head 20 of
a patient. As shown in Figure 2, an over wrap layer 18 may be provided as part of the
cap 10, on the outer surface of the tubes 12. In the arrangement in Figure 2, it can be
seen that while the tube 12 makes contact with the head 20, there is a large gap 22
between the contact regions where the tubes 12 do not touch the head 20. Even when

the over layer 18 is drawn in to bring the tubes 12 tightly against the subject’s head 20,



as shown in Figure 3, gaps 22 still remain where the tubes 20 do not make contact with

the subject’s head.

Hence, while the principle of construction and operation of cap 10 is sound, it results in
a cap which is problematic and time consuming to manufacture, and a device which
leaves significant gaps 22 between tubes 12, and hence where tubes are not in contact
with the subjects head when the cap is worn. Hence not all of the area of the head are
cooled to the same extent. This may limit the effectiveness of the treatment given by

such a cap 10.

Hence a heat exchanger which is easier, and therefore quicker, to manufacture and
which provides a more even cooling effect on the object to which it is applied is highly

desirable.

Summary

According to the present invention there is provided apparatus, system and a method
as set forth in the appended claims. Other features of the invention will be apparent

from the dependent claims, and the description which follows.

Accordingly there may be provided a heat exchanger configured to be placed into
contact with an object to regulate the temperature of the object, the heat exchanger
comprising a layer of material defining a passage through which a heat transfer fluid
may flow; the material layer having : a first side for contact with the object; and a
second side which, in use, will face away from the object; wherein the first side has a
relatively high coefficient of thermal conduction; and the second side has a relatively

low coefficient of thermal conduction compared to the first side.

The first side may be relatively flexible and configured to be compliant and to conform
to the shape of the surface of the object; and the second side is relatively inflexible

compared to the first side.



The first side may comprise a relatively thin silicone based wall, and the second side

comprises a relatively thick silicone based wall compared to the first side.

The wall of the first side may comprise aluminium particles.

The second side may comprise an insulatory layer outward of the silicone wall.

At least part of the first side may have, in a non deformed state, a double arced outer

surface, with both arcs configured for contact with the object.

At least part of the second side may have, in a non deformed state, a single arcuate

outer surface.

The passageway may have a boustrophedonic route throughout the majority of the

layer, the passageway extending from a single inlet to a single outlet.

The boustrophedonic route of the passageway in each element may be from the

nominal front of the heat exchanger to the nominal back of the heat exchanger.

The layer may be divided into regions, the passageway in at least one region having a

boustrophedonic route.

The object may be a human or animal body part.

There may be provided a garment comprising a heat exchanger according to the

present disclosure.

There may be provided a cap to be worn on a human or animal head a heat exchanger

according to the present disclosure.

There may also be provided a method of manufacture of a heat exchanger according to

the present disclosure, the method comprising : providing a first former having a



surface pattern which defines the external shape of one side of the layer; providing a
second former having a surface pattern which defines the external shape of the other
side of the layer, the patterns of both formers being complementary in shape to thereby
define the route of the passageway in the layer; sandwiching a sheet of the first
material next to a sheet of the second material such that the first sheet separates the
first former from the second sheet, and the second sheet separated the second former
from the first sheet; and executing a joining process including bringing the two formers
together such that the first material sheet and second material sheet are brought into

contact to undergo a joining process.

The joining process may comprise bringing the layers together at ambient temperature

conditions.

The first sheet material and second sheet material may comprise a silicone rubber.

The method further may further comprise the step of, when the formers are together, at
least partially evacuating the internal passageways of the former thereby force the first
and second sheet materials towards the walls of the formers, thereby deforming the
sheet materials to the shape of the former to thereby provide the sheet with a desired

external cross sectional shape.

The former may define the shape of at least part of a cap to conform to a human or

animal head, or of sections of a cap to be joined to other sections to make a cap.

There is thus provided a heat exchanger with an improved heat transfer performance.
The heat exchanger may take the form of a garment or cap. There is also provided a
method of manufacture of a heat exchanger which provides a more repeatable,

consistent and faster method of manufacture than that known in the art.



Brief Description of the Drawings

Examples of the present disclosure will now be described with reference to the

accompanying drawings, in which:

Figures 1 to 3 show an example cooling cap of the related art;

Figure 4 shows temperature regulation system according to the present

disclosure, including a heat exchanger according to the present disclosure;

Figure 5 shows a perspective view of part of the heat exchanger of the present

disclosure;

Figure 6 shows an enlarged view of the underside of a region of the heat

exchanger as shown in Figure 5;

Figure 7 shows a cross-section of a region of the heat exchanger as shown in

Figures 5 and 6;

Figure 8 shows a further cross-section of a heat exchanger according to the

present disclosure;,

Figure 9 shows the cross-sectional region presented in Figure 8 in contact with a

curved body;

Figure 10 shows an alternative configuration of heat exchanger according to the

present disclosure;

Figure 11 shows a further alternative example of a heat exchanger according to

the present disclosure;



Figure 12 shows a view of a former for a side section of the heat exchanger of

the present disclosure;

Figure 13 shows two halves of a former for the manufacture of an element of the

heat exchanger of the present disclosure;

Figure 14 shows the same view as Figure 13 with the addition of pre-cursor

layers of heat exchanger material provided in the former; and

Figure 15 shows the two halves of the former shown in Figure 14 brought

together to form a region of the heat exchanger.

Detailed Description

Figure 4 shows an example of a heat exchanger 30 in combination with a fluid flow and
temperature control unit 32 (or system) to form a fluid temperature control regulation
system 34 for regulating the temperature of an object. The object may be a human or
animal body part. The heat exchanger may form part of a garment. For example, the

heat exchanger may form part of a cap to be worn on a human or animal head.

In the example shown, the heat exchanger is provided in the form of a cap for wearing
on a human head. A stand frame 36 for the support of fluid supply and return tubes 38,
40 extends from the control unit 32. The tube 38 delivers temperature regulation fluid
(that is to say, a heat transfer fluid) to the cap 30. The tube 40 receives the same
temperature regulation fluid from the cap 30. The control unit 32 is controllable by a
user via an interface panel 42, which may also present information relevant to the
operation of the system 34. The control unit 32 is provided with rollers 44 such that it is

easily transportable.

In operation, a user operates the system 34 to regulate a patient’'s head temperature to
a desired valve. In particular, the system is configured for cooling a patient, and in such

examples the temperature regulation fluid will be a coolant. In other examples the



system 34 may be configured to heat or maintain the body temperature of the patient.
Regulation of the fluid flow rate, and temperature of the temperature regulation fluid to
achieve a desired heat transfer rate, thereby bringing the patient’s temperature to the
desired level, are controlled in dependence upon the users input requirements. The
fluid is pumped via the delivery tube 38 to an inlet 50 to the cap 30. The fluid then
passes through a single passageway 52 provided in the cap 30, and exits the cap 30 at
an outlet 54 (hidden from view in figure 4) to enter the return tube 40, and hence

re-enter the system 34 to be brought back to the required temperature.

The shape, form and constituent elements of the cap, and method of manufacture of

the cap will be now be described with reference to figures 5 to 15.

Figure 5 shows a perspective view of the external side of the heat exchanger 30 of the
present disclosure, fitted to a human head. It will be appreciated that the view shown is
of a feature of the cap, and is not necessarily representative on what the cap will look
like in practice. Figure 6 shows an enlarged view of the inner side of the heat

exchanger 60, namely the side which contacts the object to be cooled.

The cap 30 comprises a first element 55 for covering one side of the head, a second
element 56 for covering the other side of the head, and an intermediate joining element
57 which covers the tope of the head. Each of the elements 55, 56, 57 define a section
of the single passageway 52 through the cap 30 for the passage of the temperature

regulation fluid.

Each element may be provided as combination of joined layer materials, spaced apart
in regions which define the passageways 52, and joined in other regions between the
adjacent sections of passageway 52. However, the elements may be manufactured by
any appropriate method, being made from any number of parts or formed integrally as
one piece, to form a heat transfer layer 60. In other examples, the heat exchanger 30

may be provided as a layer 60 having unified construction.



However, common to all examples is a heat transfer layer 60 comprising the single
passageway 52. The layer 60 comprises sheets of material which define the passage

52 through which a heat transfer fluid (i.e. a coolant) may flow.

The layer 60 has a single inlet 50 and a single outlet 54, as indicated in Figure 4. The
inlet and outlet may comprise a number of apertures and sub-structures. However,
there is provided only one entrance (inlet) region to the passageway of the cap,
regardless of how or where that inlet may be provided and/or configured. Likewise there
is provided only one outlet region from the cap, however or wherever that outlet may be

provided or configured.

In the examples shown in Figures 4 to 6, the route of the passageway 52 is defined by
the walls of the material layer 60 such that the passageway 52 has a boustrophedonic
or serpentine route throughout the majority of the layer 60. The passageway 52
extends from the single inlet into the heat exchanger to the single outlet from the heat

exchanger.

The layer 60 may be divided into regions, the passageway in at least one region having

a boustrophedonic route.

In at least one region of the cap, the passageway 52 has a boustrophedonic route

between the cap inlet 50 and cap outlet 54.

The boustrophedonic route of the passageway 52 is back and forth aligned with a
direction from the nominal front of the cap 30 towards the nominal back of the cap 30.
That is to say, as shown in figures 5,6, the passageway has a serpentine route having a
turning point at the nominal front of the cap which corresponds to the front of the head
upon which it sits, and a turning point along a line aligned with the direction between

the front and back of the head at a point between the front and back of the head.

Additionally, and as shown in the figures, the passageway 52 has a boustrophedonic,

or serpentine, route in each of the elements 55, 56, 57, the boustrophedonic route



being provided from the nominal front of the cap to the nominal back of the cap, with a
turning point at approximately halfway between the front and back of the cap which
abuts another turning point which is the leading end of another backwards and forwards
run of the passageway. One or more of the elements 55, 56, 57 may be divided into
flow regions. For example, with reference to the first immediate element, or second
element 55, 56, 57 shown in figure 5 and figure 6, there may be provided a first flow
region 92 and a second flow region 94 where the passageway 52 is arranged to have a
local pattern to correspond to a pre-determined part of the head. In the example shown
in figures 5,6, the local pattern is defined by the forward and backward route of the
passageway 52 over substantial nominal front half of the side of the cap, which
corresponds to the nominal front half of the side of the head on which it will be worn.
The second region 94 defines a backwards and forwards serpentine passageway route
which covers the nominal back half of the side of the cap 30, and hence the nominal
back half of the head on which the cap 30 will worn. Put another way, the flow regions
92,94 may define a volume of the cap 30 in which the passageway 52 extends only part
of the way, and not the whole of the way, from the front to the back of the cap 30.
Likewise the intermediate element 55 may comprise region where the route of the

passageway from back to front of the element is truncated.

Regional variations in the patterns of passageway 52 (such as the regions 92, 94) may
be provided to focus temperature regulation (for example, cooling) in particular
locations on a human head which commonly have specific temperature characteristics.
For example, where regions of the human head are known to be generally warmer than
other regions, then the passageway 52 may be provided in those regions to provide a
different heat transfer rate between the cap and the head. For example, there will be a
region of different heat transfer rate (compared to the other regions of the passageway

52) along the line of the junction between the regions 92,94 as shown in Figure 5.

In the examples shown, the passageway 52 has a substantially constant cross-
sectional area along its length, from inlet 50 to outlet 54. Additionally, the passageway
52 has a substantially constant cross-sectional shape along its length, from inlet 50 to
outlet 54.
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In other examples, the cross-sectional area of the passageway 52 may vary in size and

shape along its length.

A cross-section of the layer 60 showing the walls of the material layer 60 which define
the passage 62 is shown in Figure 7. The material layer 60 has a first side 64 for
contact with the object, and a second side 66 which in use will face away from the
object. The first side 64 is configured to have a relatively high co-efficient of thermal
conduction relative to the second side 66, which is configured to have a relatively low
co-efficient of thermal conduction. Additionally, the first side 64 is configured to be
relatively flexible and configured to be compliant and to conform to the shape of the
surface of the object to which it will come into contact, in use. The second side 66 is
relatively inflexible, and hard, compared to the first side 64. The wall of the first side 64
comprises a relatively thin silicone based material. The wall of the first side 64 may
comprise particles of aluminium held in the wall, the silicone wall acting as a substrate.
The particles of aluminium increase the thermal conductivity of the silicone substrate in

which they are held.

The wall of the second side 66 is relatively thick compared to the wall of the first side
64. The wall of the second side 64 may also comprise silicone. The composition of the
material of the second side 66 may be different to the composition of the material on
the first side 64. The second side 66 may also comprise an additional insulatory layer
68, which may be outward of the silicone wall defining the second side 66.
Alternatively, the insulator layer may be inward of the silicone wall, or partly or

completely embedded in the wall of the second side 66.

The first side 64, in a non-deformed state, comprises an undulating outer surface. For
example, the first side 64, which in use will contact the object to be temperature
regulated, has a double arced outer surface, with both arcs configured for contact with
the object. That is to say, the first side 64 has a surface with a three points of inflection
such that it is a rounded “w” shape, or “w’ shaped. Some regions of the first side may

also comprise a different profile, for example a flattened profile.
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The second side 66 has, in a non-deformed state, a single arced outer surface. That is
to say the second side 66 in a non-deformed state, is substantially semi-circular in
cross-section. Some regions of the first side may additionally, or alternatively, comprise

a different profile, for example a flattened profile.

Figure 8 shows a cross-section of a region of the cap 30, which shows three adjacent
runs of the passageway 52 next to one another. Figure 8 illustrates the profile of the
first side 64 of the wall of the material layer 60 defining the passageway 52 and the
second side 66 of the material layer 60 when the layer 60 is not in contact, or only
lightly in contact, with an object. Hence Figure 8, the layer is shown in a non-deformed

state, with the undulating nature of the first side evident.

Figure 9 shows the layer 60 in contact with an object 70 in an operational state in which
fluid is flowing through the passageway 52. The object 70 may be any object in need of
temperature regulation, for example a human body part, which may be a head, or may
be some other object. The object 70 has an uneven and arcuate profile but because of
the nature of the material of which the first side 64 is comprised, the first side is
deformable to substantially take up the shape of the outer surface of the object 70.
Deformation occurs in part because the flexible material of the first side 64 will deform
when pressed up against the object 70. Deformation also occurs because the fluid
through the passageway 52 is under pressure and hence causes the first side 64 to
‘inflate” to press against the surface of the object 70. The second side 66 of the layer
60 is less flexible and hence will maintain its formed shape. Although there will be
minor gaps between the walls of the first side 64 of adjacent passageway runs 52,
these are minor in comparison to the configuration of the related art, as shown in
Figures 2, 3. Hence, in operation, a heat exchanger of the present disclosure will
conform to a larger percentage of the outer surface of an object 70, and hence provide
a larger, or substantially “uninterrupted”, interface surface over which heat may be
exchanged between the fluid passing through the passage 52 and the surface of the
object 70. Since the wall of the first side 64 is also specially configured to have a high

thermal conductivity, the heat transfer will be further enhanced.
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In examples where the fluid passing through the passages 62 is a coolant, the device of
the present disclosure is advantageous of the over the related art, as the second side
66 of the layer 60 has an insulatory layer 68. Hence the fluid passing through the
passageway 52 will be insulated from environmental heat, such that the only heat
source which has access to the fluid in the passageway 52 is the object 70 itself,

therefore improving the cooling efficiency per volumetric unit flow of the coolant.

Although the examples shown in Figures 4, 5, 6 are heat exchangers configured to be
placed into contact with a human head, other examples of the heat exchanger of the
present disclosure may be configured to be placed into contact with another part of the

body, or another object, to regulate the control of temperature of the object.

As shown in Figure 10, the heat exchanger may also be provided in the form of a tube
or sleeve 90 where the passage 52 has a similar serpentine/boustrophedonic route
from one end of the sleeve to the other. Hence in use, the object to be cooled is
located within the hollow passage of the tube 90. Such applications might be cooling or

maintaining temperature in a flow duct, or a human or animal body part.

Alternatively, as shown in Figure 11, the heat exchanger of the present disclosure may
also be provided as a sheet 92 for an object 94 to sit upon and/or to be covered by, as
shown in Figure 11. Likewise the passages 52, as the previous examples, may be
provided in a boustrophedonic route along the lengths of the sheet 92. In the example
shown, the object 94 may be the body of a human, which is undergoing a medical
procedure requiring them to be kept at a regulated constant, elevated or reduced
temperature. Hence the object 94 may be laid on a table 96 wrapped or covered in the

heat exchanger 92.

In the examples of Figure 10 and Figure 11, the heat exchanger is connected to a
temperature regulation system 34 as described with reference to Figure 4. Hence each
of the heat exchangers of Figure 10 and 11 will have an inlet and an outlet tube feeding

to the temperature regulation system 34.
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A method of manufacture the heat exchanger 30 will now be described with reference
to Figures 12 to 15.

Figure 12 shows a side view of a former used to shape the side element of the heat
exchanger 30 for use with a human head as shown in Figures 4,5,6. In this example it
can be seen that the former comprises a single channel in a serpentine configuration to
provide the route as described in relation to the heat exchanger layer 60. Figure 13
shows two halves of a former assembly 150, or at least a region of a former assembly
150, comprising a first half 152 being formed to define the first side 64 of the material
layer 60 of the heat exchanger, and a second half 154 being formed to define the
second side 66 of the material layer 60. As can be seen from the cross-section in
Figure 13, the shape of the former is substantially identical to that of the walls which

define the passage 52.

That is to say, the method of manufacture of the heat exchanger 30 comprises
providing a first former element 152 which defines the external shape of one side of the
layer 60, and providing a second former 154 having a surface which defines the
external shape of the other side of the layer 60. The patterns of both formers are
complementary in shape to thereby define the route of the passageway 52 and the

layer 60.

As shown in Figure 14, the method further comprises the step of sandwiching a sheet
of the first material 64 next to a sheet of the second material 66 such that the first sheet
64 separates the first former 152 from the second sheet 66, and the second sheet 66

separates the second former 154 from the first sheet 64.

As shown in Figure 15, the method further comprises the step of executing a joining
process including bringing the two formers 152, 154 together such that the first material
sheet 64 and second material sheet 66 are brought into contact to undergo a joining

process.
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The joining process comprises bringing the material layers 64, 66 together at ambient
conditions, that is to say in the absence of an elevated temperature. This can be
achieved as the first sheet material 64 and second sheet material 66 comprise a
silicone rubber having material properties which cause it to bond under the influence of
pressure. Hence, it will only bond at the regions of the former which are in contact
(namely shoulders 156 shown in Figure 13), and not bond in the “open” regions which

define the passageway 52.

When the formers 152, 154 are together, and the regions of the sheets 64,66 are
bonded at shoulder regions 156, the internal passageways defined by the formers
152,154 are at least partially evacuated to thereby force (or “suck”) the first and second
sheet materials 64,66 towards the walls of the formers 152, 154, thereby deforming the
sheet materials to the shape of the former and thereby provide the sheets with the
desired external cross-sectional shape to produce the layer 60 having a passageway
52.

As previously described, the former may define the shape of at least part of a cap to
conform for a human or animal head, or of sections of a cap to be joined to other

sections to make a cap.

The insulatory layer 68 may be included with the sheet material layer 66 in the forming

process, or added later as a separate manufacturing step.

Other layers may be added on the external surface of the layer 60. A liner may also be
provided on the first side of the layer which in use would be provided between the

object and the material layer 60.

Although in the examples above, the layer 60 is described as being silicone rubber
based, other materials may be used in addition or as an alternative to silicone rubber.
Likewise, methods of bonding the layers 64,66 together other than one described

above may be used, for example thermal bonding and/or use of an adhesive.
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There is thus provided a heat exchanger and a method of manufacture of a heat
exchanger which provide a significant advantage over that of the related art. Not only
does the heat exchanger itself improve contact with an object to be temperature
controlled by virtue of the geometry and material choice of the layer 60, the method of
manufacture of the heat exchanger is an improvement of the manufacture of equivalent

known heat exchangers in that it is more repeatable and faster to create each device.

Attention is directed to all papers and documents which are filed concurrently with or
previous to this specification in connection with this application and which are open to
public inspection with this specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features disclosed in this specification (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method or process so disclosed,
may be combined in any combination, except combinations where at least some of

such features and/or steps are mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims,
abstract and drawings) may be replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated otherwise. Thus, unless
expressly stated otherwise, each feature disclosed is one example only of a generic

series of equivalent or similar features.

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 accompanying claims, abstract and drawings), or to
any novel one, or any novel combination, of the steps of any method or process so

disclosed.
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CLAIMS

A heat exchanger configured to be placed into contact with an object to regulate

the temperature of the object,

the heat exchanger comprising a layer of material defining a passage through

which a heat transfer fluid may flow;

the material layer having :

a first side for contact with the object; and

a second side which, in use, will face away from the object;

wherein

the first side has a relatively high coefficient of thermal conduction; and

the second side has a relatively low coefficient of thermal conduction compared

to the first side.

A heat exchanger as claimed in claim 1 wherein

the first side is relatively flexible and configured to be compliant and to conform

to the shape of the surface of the object; and

the second side is relatively inflexible compared to the first side.

A heat exchanger as claimed in claim 1 or 2 wherein the first side comprises a

relatively thin silicone based wall; and



10

11

-17 -

the second side comprises a relatively thick silicone based wall compared to the

first side.

A heat exchanger as claimed in claim 3 wherein the wall of the first side

comprises aluminium particles.

A heat exchanger as claimed in claim 3 or claim 4 wherein the second side

comprises an insulatory layer outward of the silicone wall.

A heat exchanger as claimed in any one of the preceding claims

wherein at least part of the first side has, in a non deformed state, a double

arced outer surface, with both arcs configured for contact with the object.

A heat exchanger as claimed in any one of the preceding claims wherein at least
part of the second side has, in a non deformed state, a single arcuate outer

surface.

A heat exchanger as claimed in any one of the preceding claims wherein the
passageway has a boustrophedonic route throughout the majority of the layer,

the passageway extending from a single inlet to a single outlet.

A heat exchanger as claimed in claim 8 wherein the boustrophedonic route of
the passageway in each element is from the nominal front of the heat exchanger

to the nominal back of the heat exchanger.

A heat exchanger as claimed in claim 9 wherein the layer is divided into regions,

the passageway in at least one region having a boustrophedonic route.

A heat exchanger as claimed in any one of the preceding claims wherein the

object is a human or animal body part.



12

13

14

15

16

-18 -

A garment comprising a heat exchanger as claimed in any one of claims 1 to 11.

A cap to be worn on a human or animal head a heat exchanger as claimed in

any one of claims 1 to 11.

A method of manufacture of a heat exchanger as claimed in any one of claims 1

to 11, the method comprising :

providing a first former having a surface pattern which defines the external

shape of one side of the layer;

providing a second former having a surface pattern which defines the

external shape of the other side of the layer,

the patterns of both formers being complementary in shape to thereby

define the route of the passageway in the layer;

sandwiching a sheet of the first material next to a sheet of the second
material such that the first sheet separates the first former from the
second sheet, and the second sheet separated the second former from

the first sheet; and

executing a joining process including bringing the two formers together
such that the first material sheet and second material sheet are brought
into contact to undergo a joining process.

A method as claimed in claim 14 wherein :

the joining process comprises bringing the layers together at ambient

temperature conditions.

A method as claimed in claim 14 or claim 15 wherein :
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the first sheet material and second sheet material comprise a silicone rubber.

A method as claimed in any one of claims 14 to 16 wherein :

the method further comprises the step of, when the formers are together, at least
partially evacuating the internal passageways of the former thereby force the first
and second sheet materials towards the walls of the formers, thereby deforming
the sheet materials to the shape of the former to

thereby provide the sheet with a desired external cross sectional shape.

A method as claimed in any one of claims 14 to 17 wherein :

the former defines the shape of at least part of a cap to conform to a human or

animal head, or of sections of a cap to be joined to other sections to make a cap.

A heat exchanger substantially as hereinbefore described and/or as shown in

Figures 4 to 15.

A method of manufacture of a heat exchanger substantially as hereinbefore

described and/or as shown in Figures 4 to 15.
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AMENDMENTS TO CLAIMS HAVE BEEN FILED AS FOLLOWS

CLAIMS

A heat exchanger configured to be placed into contact with an object to regulate

the temperature of the object,

the heat exchanger comprising a layer of material defining a passage through

which a heat transfer fluid may flow;

the material layer having :

a first side for contact with the object; and

a second side which, in use, will face away from the object;

wherein

the first side has a relatively high coefficient of thermal conduction; and

the second side has a relatively low coefficient of thermal conduction compared

to the first side.

A heat exchanger as claimed in claim 1 wherein

the first side is relatively flexible and configured to be compliant and to conform

to the shape of the surface of the object; and

the second side is relatively inflexible compared to the first side.

A heat exchanger as claimed in claim 1 or 2 wherein the first side comprises a

relatively thin silicone based wall; and
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the second side comprises a relatively thick silicone based wall compared to the

first side.

A heat exchanger as claimed in claim 3 wherein the wall of the first side

comprises aluminium particles.

A heat exchanger as claimed in claim 3 or claim 4 wherein the second side

comprises an insulatory layer outward of the silicone wall.

A heat exchanger as claimed in any one of the preceding claims

wherein at least part of the first side has, in a non deformed state, a double

arced outer surface, with both arcs configured for contact with the object.

A heat exchanger as claimed in any one of the preceding claims wherein at least
part of the second side has, in a non deformed state, a single arcuate outer

surface.
A heat exchanger as claimed in any one of the preceding claims wherein the
passageway has a boustrophedonic route throughout the majority of the layer,

the passageway extending from a single inlet to a single outlet

wherein the boustrophedonic route of the passageway is from the nominal front

of the heat exchanger to the nominal back of the heat exchanger

having a turning point at the nominal front and back of the heat exchanger, and

the material layer comprises adjacent runs of the passageway next to one

another
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such that, in use, the first side of the material layer provides a substantially

uninterrupted interface surface with the surface of the object.

A heat exchanger as claimed in claim 8 wherein the layer is divided into regions,

the passageway in at least one region having a boustrophedonic route.

A heat exchanger as claimed in any one of the preceding claims wherein the

object is a human or animal body part.

A garment comprising a heat exchanger as claimed in any one of claims 1 to 10.

A cap to be worn on a human or animal head a heat exchanger as claimed in

any one of claims 1 to 10.

A method of manufacture of a heat exchanger as claimed in any one of claims 1

to 10, the method comprising :

providing a first former having a surface pattern which defines the external

shape of one side of the layer;

providing a second former having a surface pattern which defines the

external shape of the other side of the layer,

the patterns of both formers being complementary in shape to thereby

define the route of the passageway in the layer;

sandwiching a sheet of the first material next to a sheet of the second
material such that the first sheet separates the first former from the
second sheet, and the second sheet separated the second former from

the first sheet; and
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executing a joining process including bringing the two formers together
such that the first material sheet and second material sheet are brought
into contact to undergo a joining process.

A method as claimed in claim 13 wherein :

the joining process comprises bringing the layers together at ambient

temperature conditions.

A method as claimed in claim 13 or claim 14 wherein :

the first sheet material and second sheet material comprise a silicone rubber.

A method as claimed in any one of claims 13 to 15 wherein :

the method further comprises the step of, when the formers are together, at least
partially evacuating the internal passageways of the former thereby force the first
and second sheet materials towards the walls of the formers, thereby deforming
the sheet materials to the shape of the former to

thereby provide the sheet with a desired external cross sectional shape.

A method as claimed in any one of claims 13 to 16 wherein :

the former defines the shape of at least part of a cap to conform to a human or

animal head, or of sections of a cap to be joined to other sections to make a cap.
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