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HEAT EXCHANGER CAP

The present disclosure relates to a heat exchanger cap.

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

conform to a human head.

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.

Such a cap 10 may be provided in a number of sizes, but inevitably a cap is going to be
“‘oversize” for a patient. Additionally, heads are (generally) not dome shaped, and
individual’'s heads do not even have the same relative proportions when compared to
one another. Hence in order to seek to achieve good levels of thermal conduction, and
hence heat transfer, between the patient and the cap 10, the cap must be drawn in
towards the patient’'s head to make contact with the patient. Figure 2 shows an outline
of the cap 10 as viewed from above. In a non-deformed state the cap 10 has a first
shape, as shown by the continuous black line. If the patient's head is narrower than
this, having for example the width of the oval shape shown by the dotted line, then

when the cap 10 is drawn in to fit to the side of a patient’s head, the front 18 and rear



WO 2016/046535 PCT/GB2015/052740

20 of the cap will be pushed away from their original position, as shown by the
discontinuous dotted line in Figure 2. Also the top of the cap will be urged away from
the top surface of the patients head. This creates a gap between the head of the patient
and the cap 10 at the front, back and/or top of the cap. Hence the patient’s head will not
be cooled adequately in those regions, and the patient will not benefit from the cooling

treatment.

Hence a heat exchanger cap which is configured such that it more consistently
conforms to a patient’s head, and which deforms to a lesser extent when fitted to the

patient, is highly desirable.

Summary

According to the present invention there is provided an apparatus and method of
manufacture 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 cap configured to conform to a
human head the cap comprising : a first element for covering one side of the head; a
second element for covering the other side of the head; and an intermediate joining
element joined to, and which spaces apart, the first element and second element; each
of the elements defining a single passageway for the passage of fluid through the cap;
each of the elements being provided with a flow interface in the region where the
elements are joined; the flow interface defining an inlet for the passage of fluid into the
passageway of one of the elements, and an outlet for the passage of fluid from the

passageway out of the same element.

The intermediate joining element may be provided with a main inlet for the passage of
fluid into the cap, and a main outlet for the passage of fluid out of the cap wherein the
main inlet defines the beginning of the single passageway and the main outlet defines

the end of the single passageway.
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The side elements may be configured to conform to the temple, parietal, and side

regions of the head.

The intermediate element may be configured to conform to the top, crown and nape of
the head.

Each of the interface regions of the first and second elements may be provided in an
abutment wall which extends along one side of the element and describes an arc
extending from a location corresponding to the temple and parietal regions to the nape
region of their respective side of the head, the intermediate element having an
abutment wall on two sides along its length, each of the intermediate element abutment
walls configured for abutment with one of the first or second element abutment walls,
the abutment walls and element geometry being configured such that, when the
abutment walls are fixed together the elements are biased towards defining a

predetermined cap geometry which is resistant to distortion.

The passageway may have a boustrophedonic route in at least one region between the

main cap inlet and main cap outlet.

The boustrophedonic route of the passageway may be aligned with the direction from

the nominal front of the cap to the nominal back of the cap.

The passageway may have a boustrophedonic route in each of the elements, and the
boustrophedonic route is aligned with the direction from the nominal front of the cap to

the nominal back of the cap.

One or more of the elements may be divided into regions, the passageway in at least

one region having a boustrophedonic route.
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The passageway may have a boustrophedonic route throughout the majority of the

elements of the cap, the route extending from the main cap inlet to the main cap outlet.

There may also be provided a method of manufacture of a heat exchanger cap
configured to conform to a human head comprising the steps of : providing a first pair of
formers which define the shape of a first element of the cap for covering the parietal,
side and temple regions on one side of the head; providing a second pair of formers
which define the shape of a second element of the cap for covering the parietal, side
and temple regions on the other side of the head; providing a third pair of formers which
define the shape of an intermediate joining element for covering the top and crown of
the head linking one former of each pair of formers together to define a surface which
corresponds to a nominal outer surface of the cap; and linking the other former of each
pair of formers together to define a surface which corresponds to a nominal inner

surface of the cap.

A plurality of pairs of intermediate joining element formers may be provided which are
interchangeable with each other and each pair of intermediate joining element formers
have a different width, such that the first and second pair of formers in combination
with the plurality of intermediate joining element formers define cap forming surfaces of
different sizes to thereby define cap shapes of different sizes the method comprising
the step of determining which of the pairs of intermediate joining element formers to
use in combination with the first and second pair of formers, dependent upon the size of

the cap to be manufactured.

The method may further comprise the steps of providing : a plurality of sheet materials
between the pair of linked formers; and bringing together the linked formers such that
the first material sheet and second material sheet are brought into contact to undergo a

joining process.

Each former may be provided with a surface pattern which defines the cross sectional
shape of the cap; the method further comprising the step of when the linked formers are

together, at least partially evacuating the internal passageways of the former thereby
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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 form the elements

of the cap having the desired external cross sectional shape.

<Advantage>

Hence there is provided a heat exchanger cap which is structured to define a head
shape, and structured so that elements of the cap may be drawn towards the patient’s
head without significant biasing of the other elements of the cap away from the patients
head. This has the advantage that the cap will provide a closer fit, and hence conform

to a larger percentage of the patient’s head than the cap of the related art.

There is also provided a method of manufacture of a heat exchanger cap using a set
formers which can be assembled in different combinations to enable the manufacture of
different sized caps without the need for providing a whole former unit for each size of
cap. This simplifies the manufacture of different sized caps, and hence increases the
speed with which different size caps may be produced, and hence also reduces the

cost which they can be produced for.

Brief Description of the Drawings

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

accompanying drawings, in which:

Figures 1 and 2 show an example of the related art;

Figure 3 shows a heat exchanger cap of the present disclosure in combination

with a system for the control and flow of heat regulation fluid through the cap;

Figure 4 shows a view of elements of the heat exchanger cap of the present

disclosure joined together and fitted to a patient’s head,;
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Figure 5 shows a side view of a first and second element of the heat exchanger

cap;

Figure 6 shows a perspective view of elements of the cap prior to the elements

being brought together to form a cap shape;

Figure 7 shows a plan view of the cap elements shown in Figure 6;

Figure 8 shows an outline of a plan view of the heat exchanger cap of the

present disclosure in a non-deformed and deformed state;

Figure 9 shows a cross sectional part exploded view of elements of a forming

tool used to form the elements of the cap;

Figure 10 shows a different combination of elements to that shown in Figure 9;

and

Figure 11 shows the elements of the forming tool of figures 9,10 in an assembled

configuration.

Detailed Description

Figure 3 shows an example of a heat exchanger cap 30 in combination with a fluid flow
and temperature control unit 32 to form a fluid temperature control regulation
system 34. 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.
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In operation, a user operates the system 34 to regulate a patient’s head to a desired
temperature. 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 3) 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 will be now be described with

reference to figures 4 to 8.

Figure 4 shows a perspective view of cap 30 of the present disclosure. Figure 5 shows
a side view of the first or second element 60, 62 in isolation from the intermediate
element 64. Figure 6 shows a perspective view of the elements 60, 62, 64 in a partially
exploded view, and in a state which the cap will have during manufacture. Figure 7
shows a plan view of the same arrangement of Figure 6. Figure 8 shows a plan view of

the cap in an assembled state, with some detail removed for clarity.

It will be appreciated that the views presented show only one example of how the
essential features may be configured, and is not necessarily representative of what the

cap will look like in practice.

The cap 30 comprises a first element 60 for covering one side of the head, a second
element 62 for covering the other side of the head, and an intermediate joining element
64 for covering the top of the head. That is to say, the first and second (side) elements
60, 62 are configured to cover, and conform to, at least one of the temple, parietal and
side regions of the head. The intermediate element 64 is configured to cover, and

conform to, at least one of the top, crown and nape of the head.
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The intermediate joining element 64 is joined to, and spaces apart, the first element and
second element. Each of the elements 60, 62, 64 define a section of the single
passageway 52 through the cap 30 for the passage of temperature regulation fluid.
That is to say, each of the elements 60,62,64 define the single passageway 52 for the

passage of fluid throughout the entire cap.

Each of the elements 60,62,64 are provided with a flow interface 70,72 in the region
where the elements 60,62,64 are joined. Each flow interface 70,72 defines an inlet 70a,
72a for the passage of fluid into the passageway of one of the side elements 60,62 from
the intermediate element 64, and an outlet 70b,72b for the passage of fluid from the

passageway out of the same element 60,62 into the intermediate element 64.

That is to say, and as shown in Figures 6,7 the intermediate joining element 64 is joined
to the first side element 60 at a flow interface 70, and the intermediate joining element
64 is joined to the second side element 62 at a flow interface 72. Flow interface 70
comprises and inlet 70a and an outlet 70b. Flow interface 72 comprises and inlet 72a
and an outlet 72b.

The cap comprising the elements 60, 62, 64 may be provided as a combination of
joined layer materials, spaced apart in the regions which define the passageways 52,
and joined in the regions between the passageways 52. However, the elements may be
manufactured by any appropriate method, being made from any number of parts or
formed integrally as one piece. In other examples, the cap 30 may be provided as a
layer of material having a unified construction. An example of a method of manufacture

is described later.

The intermediate joining element 64 is provided with a main inlet 50 for the passage of
fluid into the cap, and a main outlet 54 for the passage of fluid out of the cap, as shown
in Figures 6,7. The main inlet 50 defines the beginning of the single passageway 52

and the main outlet defines the end of the single passageway 52.
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Although the cap is described as having a single inlet 50, and a single outlet 54, 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 that inlet may be provided and/or configured. Likewise there is
provided only one outlet region from the cap, however that outlet may be provided or

configured.

The intermediate element 64 is generally elongate and rectangular in appearance.

Each of the interface regions 70,72 of the first and second elements 60,62 are provided
in an abutment wall 74,76 which extends along one side of the elements 60,62 and
describes an arc extending from a location corresponding to the temple and parietal

regions to the nape region of their respective side of the head.

The intermediate element 64 is provided with an abutment wall 78,80 on each of its two
sides along its length. Each of the intermediate element abutment walls 78,80 are
configured for abutment with one of the first or second element abutment walls 74,76.
That is to say the first element abutment wall 74 is configured for abutment with the
intermediate element abutment wall 78, and the second element abutment wall 76 is
configured for abutment with the intermediate element abutment wall 80, as shown in

Figures 6, 7.

That is to say, the abutment walls 74,76 of the first and second elements 60, 62
describe an arc extending from a location on the element 60, 62 corresponding to the
temple and parietal regions to the nape region on their respective side of the head. The
shape and location of the abutment walls 74,76,78,80 and the geometry (i.e. shapes) of
the elements 60, 62, 64 are configured such that, when the elements 60, 62, 64 are
joined together along their abutment walls 74,76,78,80, the resultant cap closely
approximates the shape of a human head. Additionally, by virtue of the presence of a
join along their abutment walls 74,76,78,80, the elements 60, 62, 64 are biased towards
defining a predetermined cap geometry which is resistant to distortion. Put another

away, the provision of a join, where the interface regions meet, allows the majority of
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each element to move and flex without substantially affecting the element it is joined to.
The join effectively provides a flexible framework which defines a flexible head shaped
structure, with the side and top (i.e. intermediate) elements being able to flex and move
relative to the framework without influencing or causing significant movement of another

element.

The join may be provided by an adhesive or by applying heat and/or pressure to the
abutment wall is such that they are bonded to one another along their length. The
abutment walls may be spot welded to one another. Materials akin to Velcro may be
applied to the surface of the abutment walls to hold them together. Bands or straps may
additionally or alternatively be provided on the cap elements 60,62,64 to bring the

abutment walls into abutment and hold them in a fixed relationship.

Thus there may be provided a cap 30 as shown in figure 4 or figure 8 in which the first
element 60 and second element 62 are joined to the intermediate element 64. The
inlets 70a, 72a and outlets 70b, 72c of each element 60, 62, 64 are aligned such that
the outlet from one element is aligned with the inlet of another element to thereby
define the single passageway 52 throughout the cap 30. In figure 8 the detail of the
route of the passageway 52 is omitted. In the other figures the route of the single
passageway 52 through the first element 60, second element 62 and intermediate
element 64 is representational of an example of the device of the present disclosure,
although other configurations may be provided. The outer layer of the cap 30 may be
provided with a cover thereby insulating and hiding the outward external surface of the

material defining the passageway 52.

In at least one region of the cap, the passageway 52 has a boustrophedonic route
between the main cap inlet 50 and main 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 60 towards the nominal back of the cap 60. That is to say, as shown in figures 4
to 7, the passageway 52 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 direction between the front and back of the head
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at a point between the front and back of the head. As shown in the figures, the
passageway 52 has a boustrophedonic, or serpentine, route in each of the elements
60, 62, 64, the boustrophedonic route being aligned with the direction 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.

In the example shown, the passageway 52 has a boustrophedonic/serpentine route
throughout the majority of the elements making up the cap, the boustrophedonic route

extending from the main cap inlet 50 to the main cap outlet 54.

One or more of the elements 60, 62, 64 may be divided into flow regions. For example,
with reference to any of the elements 60, 62, 64 shown in figures 4 to 7, 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 specific to a part of the head. The
passageway 52 in at least one of the regions (for example regions 92, 94) have a
boustrophedonic/serpentine route. In the example shown in the figures, the local
pattern in region 92 is defined by the forward and backward route of the passageway
52 over substantially the nominal front half of the side of the cap 30, 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 be 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 64 may comprise region where the route of the passageway
from back to front of the element is truncated such that it is also divided into flow

regions 92, 94 as shown in the Figures.

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.
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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 96 between the regions 92,94.

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.

In other examples, the cross-sectional area of the passageway 52 may vary in size and

shape along its length.

The elements are made using a former 100 which defines the geometry of the first,
second and intermediate elements 60, 62, 64. A diagrammatic cross sectional view of a

former arrangement is shown in Figures 9, 10, 11.

The former 100 is provided in three parts out of three pairs of formers 102, 106, 110.

A first pair of formers 102a, 102b is provided which define the shape of the first element
60 of the cap 30 for covering the parietal, side and temple regions on one side of the
head. The first pair of formers 102a, 102b are provided with forming surfaces 104a,
104b which define the geometry of the inner and outer surfaces of the first element 60.
As can be seen in Figure 9, the first pair of formers 102a,102b define a three-

dimensional curved shape.

A first pair of formers 106a, 106b is provided which define the shape of the second
element 62 of the cap 30 for covering the parietal, side and temple regions on the other
side of the head. The second pair of formers 106a, 106b are provided with forming

surfaces 108a, 108b which define the geometry of the inner and outer surfaces of the
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second element 62. As can be seen in Figure 9, the second pair of formers 106a,106b

define a three-dimensional curved shape.

A third pair of formers 110a, 110b is provided which define the shape of the
intermediate joining element 64 for covering the top and crown of the head. The third
pair of formers 110a, 110b are provided with forming surfaces 112a, 112b which define
the geometry of the inner and outer surfaces of the third element 64. As can be seen in

Figure 9, the third pair of formers 110a,110b define a substantially flat shape.

One former of each pair of formers are linked together to define a surface which
corresponds to a nominal outer surface of the cap 30. For example, as shown in Figure
9, the lower half of the formers, 102b, 106b, 110b are linked together to provide a
shape defining surface comprising forming surfaces 104b, 108b, 112b. The other
former of each pair of formers is also linked together to define a surface which
corresponds to a nominal inner surface of the cap 30. That is to say the upper half of
the formers, 102a, 106a, 110a are linked together to provide a shape defining surface

comprising forming surfaces 104a, 108a, 112a.

As part of the former assembly, there is provided a plurality of pairs of intermediate
joining element formers 110a, 110b which are interchangeable with each other. Each

pair of intermediate joining element formers 110a, 110b have a different width.

For example, the intermediate joining element formers 110a, 110b shown in Figure 9
has a first width. An alternative intermediate pair of joining element formers 110a’,
110b’ are shown in Figure 10 which have a second width, which is narrower (i.e. less
than) the first width.

This provides a collection of former parts in which the first and second pair of formers
102,106 in combination with the plurality of intermediate joining element formers 110,
110’, define cap forming surfaces of different sizes to thereby define cap shapes of

different sizes. Hence the method comprising the step of choosing one of the pairs of
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intermediate joining element formers 110, 110’ dependent upon the size of the cap to

be manufactured.

That is to say, the region of the former which defines the an intermediate joining
element may be interchangeable with any one of a number of intermediate elements,
each having a different width, thereby providing a method for producing caps of

different sizes.

Put another way, an intermediate element former of different sizes (namely different
widths) can be combined with first, second element formers to provide caps having

different sizes/dimensions.

The manufacture of a cap 30 may thus involve the step of selecting first and second
and intermediate element formers appropriate to the size and shape of a patients head.
For example, a first and second element former size choice may be made, which may
be joined to an intermediate element former having a first size, second size, or third

size etc. which are all different to each other.

The method of manufacture further comprises the step of sandwiching a sheet of a first
material next to a sheet of a second material such that a first sheet separates the linked
formers 102a, 106a, 110a/110a’ from the second sheet, and the second sheet
separates the linked formers 102b, 106b, 110b/110b’ from the first sheet.

The method further comprises the step of executing a joining process including bringing
the two halves of the linked formers together (as shown in Figure 11) such that the first
material sheet and second material sheet are brought into contact to undergo a joining

process.

The joining process comprises bringing the material layers together at ambient
conditions, that is to say in the absence of an elevated temperature. This can be
achieved if the first sheet material and second sheet material comprise a silicone

rubber having material properties which cause it to bond under the influence of
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pressure. Hence, it will only bond at the regions of the former which are in contact. The
forming surfaces 104a, 104b, 108a, 108b, 112a,112b are provided with shoulders and
ridges which define the pattern of the defining walls of the single passageway 52 and
abutment walls 74, 76, 78, 80, for example as shown in Figures 6,7 and as described
above. The sheet materials are not bonded in the “open” regions which define the

passageway 52.

When the formers halves are pressed together, and the regions of the sheets are
bonded, the internal passageways defined by the former surfaces 104a, 104b, 108a,
108b, 112a,112b are at least partially evacuated to thereby force (or “suck”) the first
and second sheet materials towards the walls of the formers 102a, 102b, 106a, 106b,
110a, 110b 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 joined elements 60,62,64 a passageway 52 as shown in Figures 6,7.

As can be seen from Figures 6, 7 the product of the joining process is a precursor to
the cap 30, where first and second elements 60, 62 are joined to the intermediate
element 64 only at the joining regions 70, 72. The abutment walls 74, 76, 78, 80 are

free of one another.

That is to say, the elements of the cap may be formed as one in one forming operation
where at the conclusion of the forming operation, the elements of the cap are only
joined at their flow interface region 70, 72 The abutment walls 74, 76, 78, 80 of the
caps still require to be joined to form a cap by one of any number of methods may be

adjustably joined, temporality joined or permanently joined, as described above.

It will be appreciated that the former assembly 100 shown in Figures 9 to 11 show
merely a cross-sectional view of the required former shape, the cross section being
one at aregion somewhere in the region of the junction line 96 as shown in figures 6,
7. With reference to figure 9, as one moves into or out of the page, the profile of the
former pairs 102, 106, 110 will vary to define the shape of the cap precursor as shown

in figures 6, 7.
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Although once complete the cap 30 cannot be modified in size, the manufacturing
process lends itself to providing a wider range of better fitting caps than those of the

related art.

Hence a well fitting cap of different sizes can be manufactured without re-configuration,
or re-design, of the side elements formers 102,106. The intermediate element former
110,110, of simpler design, can be easily designed and manufactured in different sizes
without need for fundamental redesign, except for a choice of number of lengths of the
passageway 52. Hence a cap of different sizes may be more readily specified and

manufactured, to meet the requirements of a number of different head sizes.

Thus manufacturing the cap 30 from a number of elements, rather than manufacturing
the cap as a single element, allows for a greater variety of sizes of cap, and hence a
cap of appropriate size and shape for a particular patient to be produced and made

available as required.

As briefly discussed previously, Figure 8 shows a plan view of the perimeter of the
cap 30 when the abutment walls 74,76,78,80 of the elements 60, 62, 64 have been
brought together, by whatever means. The continuous black line shows the boundary of

the cap 30 when not in use or when fitted to a first size of head.

The dotted line shows the outside of the boundary of the cap 30 when fitted to a
narrower head. A fabric or other layer material may be provided as a cover to the cap
30. A means for tightening may also be provided around the outside of the elements
60,62,64 to help draw the cap against the wearers head, thereby providing more

uniform contact between the inside of the cap 30 and the treatment area.

Since the first and second element 60, 62 are joined by an intermediate element 64 on
abutment walls 74,76,78,80 which extend from the nominal front of the head to the
nominal back or nape of the head, this forms a head shaped structure. The join, or

seam, where the abutment walls 74,76,78,80 meet allows the majority of each
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element 60, 62, 64 to move and flex without substantially affecting the element it is
joined to. Hence internal surfaces of the cap are less likely to become spaced apart
from the wearer’s head when the cap is worn. For example, as shown in figure 8, when
the cap 30 is fitted to a head slightly narrower in diameter than the nominal size of the
cap, as shown by the dotted line, the sides of the cap may be drawn in without
distorting or significantly moving the front and rear portions of the cap away from the
wearer's head. Likewise the top of the cap 30 is less inclined to distort upwards away

from the head.

Thus there is provided a cap, and method of manufacture of a cap, for cooling a human
head which closely approximates the shape of a human head, and is thus a better fit.
Additionally, by virtue of the elemental construction of the cap of the present disclosure,
the cap is less inclined to become spaced apart from the user’'s head when one or more
elements of the cap is urged (that is say, tightened) against the head. Thus there is

provided a comfortable and effective temperature regulation cap.

While the cap has been discussed in terms of a device to be employed during
chemotherapy, it may also be employed as a cooling device for drivers (e.g. racing car
drivers) and pilots of military aircraft and the like, where a helmet is worn by a user and
it is desirable that the users head be kept to a comfortable temperature in order to help
maintain their concentration. It may also be used to prevent sweat developing which
can get into the users eyes causing discomfort and/or temporary loss of vision which in

high speed applications could be especially effective in reducing risk of accident.

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,
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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

1 A heat exchanger cap configured to conform to a human head

the cap comprising :

a first element for covering one side of the head;

a second element for covering the other side of the head; and

an intermediate joining element joined to, and which spaces apart,

the first element and second element;

each of the elements defining a single passageway for the passage of

fluid through the cap;

each of the elements being provided with a flow interface in the region

where the elements are joined;

the flow interface defining an inlet for the passage of fluid into the
passageway of one of the elements, and an outlet for the passage of fluid
from the passageway out of the same element.

A heat exchanger cap as claimed in claim 1 wherein :

the intermediate joining element is provided with a main inlet for the passage of

fluid into the cap, and a main outlet for the passage of fluid out of the cap

wherein the main inlet defines the beginning of the single passageway and the

main outlet defines the end of the single passageway.
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A heat exchanger cap as claimed in any one of the preceding claims wherein the
side elements are configured to conform to the temple, parietal, and side regions
of the head.

A heat exchanger cap as claimed in any one of the preceding claims wherein the
intermediate element is configured to conform to the top, crown and nape of the
head.

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

each of the interface regions of the first and second elements are provided in an
abutment wall which extends along one side of the element and describes an arc
extending from a location corresponding to the temple and parietal regions to the

nape region of their respective side of the head,
the intermediate element having an abutment wall on two sides along its length,
each of the intermediate element abutment walls configured for abutment with

one of the first or second element abutment walls,

the abutment walls and element geometry being configured such that, when the

abutment walls are fixed together

the elements are biased towards defining a predetermined cap geometry which

is resistant to distortion.

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

the passageway has a boustrophedonic route in at least one region between the

main cap inlet and main cap outlet.
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A heat exchanger cap as claimed in claim 6 wherein the boustrophedonic route
of the passageway is aligned with the direction from the nominal front of the cap

to the nominal back of the cap.

A heat exchanger cap as claimed in claim 6 or claim 7 wherein the passageway
has a boustrophedonic route in each of the elements, and the boustrophedonic
route is aligned with the direction from the nominal front of the cap to the nominal

back of the cap.

A heat exchanger cap as claimed in any one of claims 6 to 8 wherein one or
more of the elements is divided into regions, the passageway in at least one

region having a boustrophedonic route.

A heat exchanger cap as claimed in any one of the preceding claims wherein the
passageway has a boustrophedonic route throughout the majority of the
elements of the cap, the route extending from the main cap inlet to the main cap

outlet.

A method of manufacture of a heat exchanger cap configured to conform to a

human head as claimed in any one of claims 1 to 10 comprising the steps of :

providing a first pair of formers which define the shape of the first element
of the cap for covering the parietal, side and temple regions on one side
of the head:;

providing a second pair of formers which define the shape of the second
element of the cap for covering the parietal, side and temple regions on
the other side of the head;

providing a third pair of formers which define the shape of the

intermediate joining element for covering the top and crown of the head
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linking one former of each pair of formers together to define a surface

which corresponds to a nominal outer surface of the cap; and

linking the other former of each pair of formers together to define a

surface which corresponds to a nominal inner surface of the cap.

12 A method of manufacture as claimed in claim 11 wherein

a plurality of pairs of intermediate joining element formers are provided

which are interchangeable with each other and each pair of intermediate

joining element formers have a different width,

such that the first and second pair of formers in combination with the
plurality of intermediate joining element formers define cap forming

surfaces of different sizes to thereby define cap shapes of different sizes
the method comprising the step of

determining which of the pairs of intermediate joining element formers to
use in combination with the first and second pair of formers, dependent

upon the size of the cap to be manufactured.

13. A method of manufacture as claimed in claim 11 or 12 wherein the method

further comprises the steps of providing :
a plurality of sheet materials between the pair of linked formers; and
bringing together the linked formers such that the first material sheet and

second material sheet are brought into contact to undergo a joining

process.
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A method of manufacture of a heat exchanger as claimed in claim 13, wherein
each former is provided with a surface pattern which defines the cross sectional

shape of the cap;

the method further comprising the step of

when the linked 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 form the elements of the cap having the desired external cross sectional

shape.
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