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ABSTRACT OF THE DISCLOSURE

A panel heat exchanger is disclosed. The panel heat
exchanger has a plurality of parallel tubes in a spaced
apart side-by~side relationship, the tubes being located
between two plastic sheets that envelope and conform to
the shape of the tubes so as to maintain said tubes in
the side-by-side relationship. The sheets being bonded
together between said tubes. One end of each of the
plurality of tubes is in fluid flow communication with an
inlet manifold and the other end of each of the plurality
of tubes is in fluid flow communication with an outlet
manifold. Processes for the manufacture of the panel
heat exchanger are also disclosed. The panel heat

exchanger may be used in a variety of uses, including
automotive, refrigeration and domestic uses.
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PANEL HEAT EXCHANGER FORMED FROM TUBES AND SHEETS

The present invention relates to a panel heat
exchanger, and especially to panels for a panel heat
exchanger, in which the panels are formed from both tubes
and sheets. Preferably, all of the panel is formed from
a thermoplastic polymer. In embodiments, the panel heat
heat exchanger is in the form of a baseboard heater on a
wall of a room.

Panel heat exchangers formed from thermoplastic
polymers and methods for the manufacture of such heat
exchangers are known. For instance, a number of heat
exchangers formed from thermoplastic polymers and methods
for the manufacture thereof are disclosed in PCT patent
application W091/02209 of A.J. Cesaroni, published 1991
February 21, and in the published patent applications
referred to therein. A preferred material of
construction is aliphatic polyamide.

While panel heat exchangers formed from
thermoplastic polymers have been fabricated by the
techniques described in the above published patent
applications, improvements in the construction and
methods of fabrication would be beneficial to add further
flexibility and economy to the fabrication and use of the
panel heat exchangers,

A panel heat exchanger formed from tubes and sheet
has now been found.

Accordlngly, the present invention prQV1des a panel
for a panel heat exchanger comprising:

a plurality of parallel tubes in a spaced apart side~by-
side relationship, said tubes being located between two
plastic sheets that envelope and conform to the shape|of

the tubes so as to maintain said tubes in the side-by-

side relationship, said sheets being bonded together

 between said tubes; and

an inlet manifold and an outlet manifold:

DC~9554 | -] -
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each of sald plurality of tubes being bonded at opposing
ends thereof to said manifolds such that one end of each
of said plurality of tubes is in fluid flow communication
with the inlet manifold and the other end of each of said
plurality of tubes is in fluid flow communication with
the outlet manifold.

In a preferred embodiment of the panel of the

present invention, the diameters of the tubes are in a
plane.

In another embodiment, the sheets are bonded to the
tubes.,

In a further embodiment, the tubes are linear.

In a still further embodiment, the tubes are nbn~
linear, especially sinusoidal in shape.

In addition, the present invention provides a panel
heat exchanger comprising at least two panels in a
laminar stacked relationship, each panel comprising a
plurality of parallel tubes in a spaced apart side-pby-
side relationship, said tubes being located between two
plastic sheets that envelope and conform to the shape of
the tubes so as to maintain said tubes in the side-by-
side relationship, said sheets being bonded together
between said tubes;
an iniet manifold and an outlet manifold;
each of said plurality of tubes being bonded at opposing
ends thereof to said manifolds such that one end of each

plurality of tubes is in fluid flow communication with
the outlet manifold;

the inlet manifolds and outlet manifolds of each of the

panels being aligned and sealed together in a fluid tight

manner so as to provide inlets and outlets for the panel
heat exchanger, respectively.

In addition, the present invention provides a

DC-9554 - 2 =
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process for the manufacture of a panel heat exchanger
comprising the steps of:

(a) placing a plurality of parallel tubes in a spaced
apart side-by-side relationship on a first sheet:

(b) placing a second sheet over the said plurality of
tubes;

(c) heating said sheets and plurality of tubes =o as to
cause the sheets to envelope and conform to the shape of
the tubes and to effect oonding of said sheets together
between said tubes:;

(d) bonding the ends of said tubes into inlet and outlet
manifolds so there is fluid flow communication between
sald inlet and said outlet manifold through said tubes:
and

(e) said manifolds having edges that are coplanar with
the plane of the tubes to facilitate bonding of the inlet
and outlet manifolds to a like inlet and outlet manifold
of another panel to form a stack of panels.

In a preferred embodiment of the method, the tubes
are linear.

In another embodiment, the process is a continuous
process in which the first sheet, tubes and second sheet
are heated to cause the sheets to envelope and conform to
the shape of the tubes and to effect bonding of said
sheets together between the tubes.

In a further embodiment, steps (a) - (c) are
controlled so that the ends of said tubes extend to or
beyond each end of said sheets.

The present invention relates to panels for ranel
heat exchangers. The panel heat exchangers are formed
from a plurality of such panels by bonding the panels
together in a laminar manner. The invention will be
described with'particular reference to the drawings in
which:

Fig. 1 is a schematic exploded representation of tubes

DC-9554 - 3 -
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and sheets of a panel;
Flg. 2 is a schematic representation of a section of a
panel;
Fig. 3A and 3B are schematic representations of manifolds
of a panel;
Fig. 4A and 4B are schematic representations of
alternative embodiments of manifolds of a panel;
Fig. 5 is a schematic representation of a plurality of
panels in laminar arrangement in the form of a panel heat
exchanger; and
Fig. 6A and 6B are plan views of tubes and sheet with
manifold in which the tubes are linear and sinusoidal,
respectively.

Referring to Fig. 1, a panel (generally indicateqd by
11) is shown in exploded view prior to the conforming of
the sheets to the shape of the tubes. Panel 11 is formed
from an upper sheet 12, a lower sheet 13 and a plurality
of tubes 14. Tubes 14 are located between upper sheet 12
and lower sheet 13, and are shown as being in a side~by-

‘side spaced apart relationship.

Fig. 2 shows a panel 21 with sheets conforming to
the shape of the tubes. Tubes 24 are located between

‘upper sheet 22 and lower sheet 23, with both sheets

enveloping tubes 24 and conforming to the shape thereof.
Upper sheet 22 is bonded to lower sheet 23 at bonds 25

located between tubes 24. Tubes 24 are in a side~by~-side

relationship, and maintained in that relationship by

upper sheet 22 and lower sheet 23 being bonded together
at bonds 25 between tubes 24.

Fig. 3A shows a panel end 31 having an inlet
manifold 32 and an outlet manifold 33. TInlet manifold 32
is separated from outlet manifold 33 by barrier 34.
Tubes_35'are in fluid flow communication with inlet
manifold 32 through orifices 36. Similarly, tubes 37 are
in fluid flow communication with outlet manifold 33

DC~9554 - 4 -
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through orifices 38. Upper sheet 39 is shown as covering
and conforming to the shape of tubes 35 and 37: the lower
sheet that conforms to the tubes and is bonded to upper
sheet 39 is not shown.

Fig. 3B is similar to Fig. 3A, except that there is
only one manifold i.e. the barrier 34 in Fig. 3A has been
omitted. Fig. 3B shows a panel end 41 having a manifold
42. Tubes 43 are in fluid flow communication with
manifold 42 through orifices 44. Upper sheet 45 is shown
as covering and conforming to the shape of tubes 43; the
lower sheet that conforms to the tubes and is bonded to
upper sheet 45 is not shown.

Flg. 4A shows end section 51 that is of similar

design to panel end 31 shown in Fig. 3A. However, two of
end sections 51 in face to face relationship would be

required to form panel end 31. Fig. 4A shows a end
section 51 having an inlet manifold 52 and an outlet
manifold 53. Inlet manifold 52 is separated from outlet
manifold 53 by barrier 54. End section 51 has grooves 55
and 56 in a location corresponding to the location of
tubes 35 and 37 in Fig. 3A. Grooves 55 and 56 are of

and 36.

Fig. 4B shows a cross-section of end section 51
along A-A of Fig. 4A. End section member 61 is shown as
having grooves 62 of substantially semi-circular cross
Section, but being adapted so as to accept tubes.

Fig. 5 shows a panel heat exchanger 71 that has an

inlet manifold 72 and an outlet manifold 73. Inlet

manifold 72 and outlet manifold 73 are joined together by
a plurality of panels 74. Each of panels 74 are of the
construction described above, with a plurality of tubes
75 conformed in sheets 76 and extending from inlet
manifold 72 to outlet manifold 73. Outlet manifold 73 is
shown as being partially cutaway, to reveal orifices 77

DC~9554 -0 =
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of tubes 76.

While the tubes have been shown in the above
drawings as being both linear and parallel to each other,
it is to be understood that this is a preferred
embodiment and that other arrangements of tubes in a
side-by-side relationship may be used. For example, the
tubes may be non-linear i.e. curved. In particular, the
tubes may be in a side-by-side relationship with each
tube being sinusoidal rather than linear. Such an
embodiment is illustrated in Fig. 6A and 6B. Fig. 6A
shows a plan view of parallel tubes 80 enveloped in sheet
81 and extending between inlet manifold 82 and outlet
manifold 83. 1In contrast, Fig. 6B shows a plan view of
sinusoidal tubes 84 enveloped in sheet 85 and extending
between inlet manifold 86 and outlet manifold 87.

A number of fabrication techniques may be used to
fabricate the panels described herein. For instance, a
plurality of tubes 14 may be placed between upper sheet
12 and lower sheet 13. Tubes 14 may be discrete tubes of
the desired length or tubes 14 may be in the form of
continuous lengths of tubing that are laid down in the
required manner and subsequent to being conformed into

~place between the upper and lower sheets, cut to the

desired length. Sheets 12 and 13 may be conformed to the
shape of the tubes 14 and bonded together between tubes
14 by use of a heated press e.g. a heated press with
platens having grooves to facilitate location of the

‘tubing in its side~by side relationship. Heat and
pressure may be used to bond the upper and lower sheets

together, optionally with use of an adhesive to

facilitate bonding. Preferably, the sheets are also

bonded to the tubing, as this helps maintain the tubing
in position. During the bonding step, it is important to
maintain the integrity of the tubing. This may require

suitable selection of the material of the tubing and

- DC-9554 - 6 -
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sheet and/or use of adhesives so that bonding of the
sheets may be effected without, for example, collapsing
the tubing. An inert gas pressure may be applied to the
inside of the tubing to assist in maintaining the
integrity of the tubing. The tubing and sheets may be
fabricated from the same material or from different
materials, depending in particular on the environmments
and other conditions of operation with respect to the
tubing and the sheet.

The panels may also be fabricated using continuous
processes. In an example of such a process, the first
and second sheet are continuously fed between a pair of
rolls, especially rolls having grooves in the surface
thereof corresponding to the location of the tubes: such
grooves would assist in preventing collapsing of the
tubes during fabrication of the panel. The tubes are fed
to the rolls between the sheets. The rolls are heated to
effect bonding of the sheets and enveloping of the sheet
around the tubes. The continuous combination of sheets
and tubes thus obtained can then be cut into suitable
lengths.

The combination of sheet and tubing may then be
bonded to the manifold. To do so, the combination of
sheet and tubing should be characterized by having the
tubing extend to the edge of the sheet or beyond the
sheet for a distance sufficient to pérmit insertion of
the tubing into an inlet or outlet manifold, depending in
part on the method of bonding of tubes and sheet to the
manifold. The manifold may be characterized by having
orifices in the wall thereof into which the tubing may be
inserted and bonded. Alternatively, end sections of the
type shown in Fig. 4A may be used in which event the ends

~of the tubing are laid in the grooves; a second similar

end section is then placed over the tubing to complete
the manifold, and heated in a press to effect bonding and

DC-9554 - 7 =
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formation of the manifold.

The design of the manifolds is selected depending on
the construction of the heat exchanger and the desired
flow pattern through the heat exchanger. For instance,
1f the flow pattern was to be directly from one end to
the other, two manifolds of the type shown in Fig. 3B
would be used, one as inlet manifold and one as outlet
manifold. Alternatively, a manifold of the type shown in
Fig. 3A could be used on one end and a manifold of the
type shown in Fig. 3B could be used on the other end: in
operation, fluid would flow from inlet manifold 32,
through tubes 35 to manifold 42 and return through tubes
37 to outlet manifold 38. In this latter mode of
operation, the inlet and outlet manifolds are on the same
end of the panel, with the manifold on the opposite end
of the panel being merely to reverse the direction of
flow through the panel. It is to be understood that
shims could be used to cover the entire inlet or outlet
portions of the manifolds, thereby altering flow
patterns, so as to maintain a desired residence time of
the fluid in the panel heat exchanger by restrictions to
the path of the fluid.

- In operation, fluid would enter the inlet manifold
e}g; inlet manifold 72, pass through tubes (74) to outlet
manifcld 73. The panel heat exchanger would normally

~have the manifolds of a construction such that fluid
- passed seVeral times from one side of the panel heat

exchanger to the other e.g. in a zig-zag manner, to
increase the efficiency and effectiveness of the
operation of the panel heat exchanger.

’ The sheets may be formed from a variety of polymer
compositions. The composition selected will depend
primarily on the end use intended for the heat exchanger,
espécially the temperature of use and the environment of

use, including the fluid that will be passed through the

. DC-9554 - -8 -
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heat exchanger and the fluid e.g. air, external to the
heat exchanger. In the case of use on a vehicle, the
fluid may be air that at times contains salt or other
corrosive or abrasive matter, or the fluid may be ligquid
e.g. radiator fluid. While it is preferred to use the
same or similar polymer compositions for both sheet and
tubing, the sheets and tubes may be fabricated from
different polymers, the requirement being that acceptable
bonding may be achieved,

A preferred polymer of construction is polyamide.
Examples of polyamides are the polyamides formed by the
condensation polymerization of an aliphatic dicarboxylic
acid having 6~12 carbon atoms with an aliphatic primary
diamine having 6-12 carbon atoms. Alternatively, the
polyamide may be formed by condensation polymerization of
an aliphatic lactam or alpha,omega aminocarboxylic acid
having 6~12 carbon atoms. In additicn, the polyamide may
be formed by copolymerization of mixtures of such
dicarboxylic acids, diamines, lactams and aminocarboxylic
acids. Examples of dicarboxylic acids are
l,6-hexanedioic acid (adipic acid), 1,7-heptanedioic acid
(pimelic acid), 1,8-octanedioic acid (suberic acid),
1,9-nonanedioic acid (azelaic acid), 1,1l0-decanedioic
aclid (sebacic acid) and 1,12-dodecanedioic acid.

Examples of diamines are 1,6-hexamethylene diamine, 2-
methyl pentamethylene diamine, 1,8-octamethylene diamine,
1,10~-decamethylene diamine and 1,12-dodecamethylene
diamine. An example of a lactam is caprolactam.

Examples of alpha,omega aminocarboxylic acids are amino
octanoic acid, amino decanoic acid and amino dodecanoic
acid. Preferred examples of the polyamides are
polyhexamethylene adipamide and polycaprolactam, which
are also known as nylon 66 and nylon 6, respectively.

The panels and sheet of the present invention have
been described with particular reference to the use of

DC~9554 ' -9 -
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polyamides as the polymer used in the fabrication
thereof. It is to be understood, however, that other
polymers may be used, the principal consideration being
the environment of use of the panel heat exchanger e.q.
the properties of the fluid passing through and over the
panel heat exchanger, the temperature and pressure of use
and the like. Examples of other thermoplastic polymers
that may be used are polyethylene, polypropylene,
fluorocarbon polymers, polyesters, thermoplastic and
thermoset elastomers e.g. polyetherester elastomers,
neoprene, chlorosulphonated polyethylene, and
ethylene/propylene/diene (EPDM) elastomers, polyvinyl
chloride and polyurethane. It is to be understood that
the tubing could be metallic tubing, although plastic
tubing is preferred.

In preferred embodiments of the present invention,
the combined thickness of sheet and tubing used in the
fabrication of the panel heat exchanger i.e. the
thickness as measured from inside the tube to the
exterior of the panel, is less than 0.7 mm, and
especlially in the range of 0.07-0.50 mm, particularly
0.12-0.30 mm. The thickness of the tubing per se will,
however, depend to a significant extent on the proposed
end use and especially the properties required for that
end use. The sheet may be significantly thinner than the
tubing as the physical demands on the sheet tend to be
substantially less than on the tubing.

The polymer compositions used in the fabrication of
the panel heat exchangers may contain stabilizers,
pigments, fillers, including glass fibres, and the like,
as will be appreciated by those skilled in the art.

The polymer composition of the tubing and of the
sheet may be the same or different, depending on the

intended use of the panel heat exchangers. All seals in

the panel heat exchanger need to be fluid tight seals to

DC~9554 - 10 -
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prevent leakage of fluid from the heat exchanger.
The panel heat exchangers and the process of

manufacture provide a versatile and relatively simple
method of fabricating heat exchangers. Simple moulds and

fabrication techniques may be used, including continuous
processes using rolls.

The heat exchangers may be used in a variety of end-
uses, depending on the polymer(s) from which the heat
exchanger has been fabricated and the intended
environment of use of the heat exchanger. In
embodiments, the panel heat exchangers may be used in
automotive end uses e.g. as part of the water and oil
cooling systems. The panel heat exchangers may also be
used in less demanding end uses e.g. in refrigeration and
in comfort heat exchangers, in domestic end-use,
including for the heating of rooms, floors and the like.
In the latter embodiments, the panel heat exchangers
could be in the form of baseboard heaters in rooms or
parts of the walls or ceilings, or embedded in the floor
or under the floor covering e.g. under the carpet.

In a particular embodiment, the tubes are side-by-
side but sinusoidal in shape. An example of use of a
panel heat exchanger having tubes in a sinusoidal
arrangement is in the form of a baseboard heater. In
such use, the panel heat exchanger would normally have
just one layer of tubes i.e. the panels would not be
stacked. A fluid, usually water, is passed through the
length of the panel heat exchanger which could be many

~feet in length e.g. run the length of one or more walls

around a room. Appropriate manifolds would be required
as inlets and outlets to the panel heat exchanger. The
fluid, presumably heated water, would be fed to and from
the respective manifolds. It might be convenient to
locate both the inlet and outlet at the same end of the
panel heat exchanger and to utilize the manifold at the

DC-9554 - 11 -
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opposite end to reverse the flow of fluid, as has been
discussed above. The sinusoidal arrangement of the tubes
is believed to be able to better counteract expansion of
tubing due to heating or, if the tubes are polyamide and
the fluid is water, expansion and creep of the tubes due
to the presence of the water.

The present invention is illustrated by the
following examples.

Example I

As an illustation of the invention, a panel of the
type described above and in the form of a baseboard
heater for a room was fabricated from polyhexamethylene
adipamide compositions. The panel was approximately 2
metres in length and 20 c¢m in width, and had 20 tubes.
Both the tubing and the sheet had a thickness of 0.25 mm.

The sheet was coated with a composition of benzyl
alcohol, phenol and polyamide as a bonding agent to
facilitate bonding the tubing and sheet. The use of such
compositions in the bonding of polyamides is described in
European patent application 0 287 271 of A.J. Cesaroni,
published 1988 October 19.

A first sheet was laid on a platen of a press, the
platens'used in the press having grooves corresponding to
the tubes in the panel. The tubes were then laid on the
first sheet and the second sheet was laid on top. The
combination of tubes and sheet was then subjected to heat
and pressure between platens in the press so as to effect
bonding. Because of equipment limitations, the procedure
was repeated a number of times to obtain the panel of the
length given above.

DC-9554 ~ 12 =
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CLAIMS:

1. A panel for a panel heat exchanger comprising:
a plurality of parallel tubes in a spaced apart side~by-
side relationship, said tubes being located between two
plastic sheets that envelope and conform to the shape of
the tubes so as to maintain said tubes in the side-by-
side relationship, said sheets being bonded together
between said tubes; and
an inlet manifold and an outlet manifold;
each of said plurality of tubes being bonded at opposing
ends thereof to said manifolds such that one end of each
of said plurality of tubes is in fluid flow communication
with the inlet manifold and the other end of each of =aid
plurality of tubes is in fluid flow communication with
the outlet manifold.

2. The panel heat exchanger of Claim 1 in which
the diameters of the tubes are in a plane.

3. The panel heat exchanger of Claim 1 or Claim 2
in which the sheets are bonded to the tubes.

4. The panel heat exchanger of any one of Clains
1-3 in which the tubes are linear.

5., The panel heat exchanger of any one of Clains
1-3 in which the tubes are non-linear.

6. The panel heat exchanger of Claim 5 in which
the tubes are sinusoidal.

7. The panel heat exchanger of any one of Clains
1-6 in which the plastic is polyamide.

8. A panel heat exchanger comprising at least two
panels in a laminar stacked relationship, each panel
comprising a plurality of parallel tubes in a spaced
apart side-by-side relationship, said tubes being located
between two plastic sheets that envelope and conform to
the shape of the tubes so as to maintain said tubes in
the side-by-side relationship, said sheets being bonded
together between said tubes;

DC~9554 - 13 -
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an inlet manifold and an outlet manifold:

each of sald plurality of tubes being bonded at opposing
ends thereof to said manifolds such that one end of each
of said plurality of tubes is in fluid flow communication
with the inlet manifold and the other end of each of said

plurality of tubes is in fluid flow communication with
the outlet manifold:;

the inlet manifolds and outlet manifolds of each of the
panels being aligned and sealed together in a fluid tight
manner so as to provide inlets and outlets for the panel
heat exchanger, respectively.

9. A process for the manufacture of a panel heat
exXchanger comprising the steps of:
(a) placing a plurality of parallel tubes in a spaced
apart side-by-side relationship on a first sheet:
(b) placing a second sheet over the said plurality of
tubes;
(c) heating said sheets and plurality of tubes so as to
cause the sheets to envelope and conform to the shape of
the tubes and to effect bonding of said sheets together
between said tubes;
(d) bonding the ends of said tubes into inlet and outlet
manifolds so there is fluid flow communication between
said inlet and said outlet manifold through said tubes;
and
(e) said manifolds having edges that are coplanar with
the plane of the tubes to facilitate bonding of the inlet
and outlet manifolds to a like inlet and outlet manifold
of another panel to form a stack of panels.

10. The process of Claim 9 in which the tubes are
linear.

11. The process of Claim 9 in which the tubes are
non-linear.

12. The process of Claim 11 in which the tubes are
sinusoidal.

DC-9554 ~ 14 -
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13. The process of any one of claims 9-12 1in which
the process is a continous process in which the first
sheet, tubes and second sheet and heated to cause the

e

sheets to envelope and conform to the shape of the tubes

and to effect bonding of said sheets together between the

tubes.

14. The process of any one of claims 9-13 in which
steps (a) - (c) are controlled so that the ends of said

tubes extend to or beyond each end of said sheets.

15. A panel heat exchanger consisting essentially at

least two panels in a laminar stacked relationship, each

i

panel comprising a plurality of parallel tubes 1n a spaced

apart side-by-side relationship, said tubes being located
between two plastic sheets that envelope and conform to the
shape of the tubes so as to maintain said tubes in the side-
by-side relationship, said sheets beilng bonded together
between said tubes; wherein the distance measured from the
inner surface of a tube to the outer surface of one of the

plastic sheets enveloping said tube is less than 0.7 mm; and

each of said plurality of tubes being bonded at
opposing ends thereof to inlet and outlet manifolds
such that one end of each of said plurality of tubes 1is
in fluid flow communication with an inlet manifold and
the other end of each of said plurality of tubes 1is 1in
fluid flow communication with an outlet manifold; the
inlet manifolds and outlet manifolds of each of the
panels being aligned and sealed together in a fluid

tight manner so as to provide inlets and outlets for

the panel heat exchanger, respectively.

16. The panel heat exchanger of claim15 in which the

diameters of the tubes are in a plane.

17. The panel heat exchanger of claim16 in which the

sheets are bonded to the tubes.
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18. The panel heat exchanger

tubes are linear.

19. The panel heat exchanger

tubes are non-linear.

20. The panel heat exchanger

tubes are sinusoidal.

21. The panel heat exchanger

plastic is polyamilde.
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