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(57) Abrégée/Abstract:

A fluid material application system Is provided with an application deck for applying a fluid material that includes printing Ink,
adhesive or coating, a source of fluid material, a source of heat transfer liguid, and a heat exchanger. The heat exchanger includes
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(57) Abrege(suite)/Abstract(continued):

a tube-in-hose Ink heat exchange element having a fluid material carrying seamless tube located within a hose. The hose Is
adapted to be connected to a heat transfer fluid source so that a heat transfer fluid flows around the fluid material carrying tube to
control and maintain the temperature of the fluid material in the tube at a generally constant temperature. The elongated heat
exchange element may possess a winding type of configuration (e.g., it may be coiled or helically wound or may be laid out in a
serpentine path) to define a winding flow path for the fluid material and the heat transfer fluid, and may be located within an
enclosing structure to define an overall compact heat exchanger.
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ABSTRA DF THE L OSURF
A fluid material application system is provided with an application deck for
applying a fluid material that includes printing ink, adhesive or coatmg, a source of
fluid material, a source of heat transfer liquid, and a heat exchanger. The heat
exchanger includes a tube-in-hose ink heat exchange element having a fluid matenal
5 carrying seamless tube located within a hose. The hose is adapted to be connected to
a heat transfer fluid source so that a heat transfer fluid flows around the fluid material
carrying tube to control and maintain the temperature of the fluid material in the tube
at a generally constant temperature. The elongated heat exchange element may
possess a winding type of configuration (e.g., it may be coiled or belically wound or
10 may be laid out in a serpentine path) to define a winding flow path for the fluid
material and the heat transfer fluid, and may be located within an enclosing structure

to define an overall compact heat exchanger.
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FIELD OF THF, INVENTION

The present invention generally relates to a heat exchanger, More
particularly, the present invention pertains

t0 a heat exchanger for controlling the
temperature of fluid inks and other liquids containing emulsions, suspensions or
5 dissolved solids.
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optimum printing quality and avoid potential health and eavironmental concerns.

Thus, it has been proposed to use a heat exchanger in an attempt to control the

temperature of the fluid inks within a desjred range. However, the heat exchangers

typrcally used in this regard have been found to be susceptible of a variety of

5 problems, Plate type heat exchangers and mylti-tube heat exchangers possess many
convoluted surfaces and welded seams that readily collect ink solids Thus, when the
Operation of the printing deck is stopped so that the flow of ink through the heat
exchanger ceases, ink can collect on these surface and dry. The resulting ink solids
can be extremely difficult to remove from the heat exchangers.

10

Another type of heat exchanger that has been used in the past
sump that involves

the two walls.

is a jacketed ink
the use of a double walled sump with a heat transfer fluid between

A further type of heat exchanger that has been used in this context is one in

Which a cooling coil is located directly in the ink Sump. This type of system tends to
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In accordance with one aspect of the invention, a fluid materia] application

20 conduit connects the application deck to the fluid material source to return fluid

material from the application deck to the fluid material source.

According to another aspect of the invention, a fluid material application

System for applying one printing ink, adhesive or a coa

tung to a substrate includes a
fluid material
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wIEY DESCRIPTION OF

H IR A Yy 1IN UREN

Additional features and characteristics of the present mnvention will become
more apparent from the following detailed description considered with reference to
the accompanying drawing figures in which like elements are designated by like

reference numerals and wherein:

Fig. 1 is a schematic illustration of a fluid ink printing system that embodies
the ink heat exchanger of the present Invention,;

Fig. 2 is a top view of the ink heat exchanger according to the present
invention:

Fig. 3 is a side view of the ink heat exchanger according to the present
invention;

Fig. 4 is a cross-sectional view of the tube and hose portion of the heat
exchanger of the present Invention:

Fig. 5 is an enlarged side view of the connection for connecting the ink inlet

and outlet to the ink supply and return condunts, and for connecting the heat transfer
fluid inlet and outlet with the heat transfer fluid supply and return conduits:

Figs 6A-6H are schematic illustrations of alternative heat exchanger

configurations showing different possible locations for the ink inlet and the ink outlet:
and

Fig. 7 is a schematic illustration of a flyid material application system

embodying the heat exchanger of the present invention and adapted to apply fluid
materials that include adhesives and coating to a substrate.
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T1ION OF THE INVENTION

e X
Generally speaking, the present invention provides a fluid material application
system that applies a fluid to a substrate, for example paper products including
polymer coated paper products. The fluid material application system includes a heat
exchanger referred to as a tube-in-hose heat exchanger. The heat exchanger is useful
in connection with fluid ink printing systems involving, for example, flexographic
printing and rotogravure printing, The present invention is also applicable to

DAY-NIRA)

' E

applicators for applying other fluid or liquid materials (e.g., coatings and adhesives)
which contain suspensions, emulsions or dissolved solids which are susceptible to
producing dried solids in the presence of surfaces and seams upon which the liquid
can collect and in which temperature control of the materia] is necessary or desirable.

systems for applying adhesives and coatings including flexographic, gravure,
hydrophilic and rod coaters.

The tube-in-hose ink heat exchanger includes a fluid (liquid) material carrying
tube positioned within a heat transfer fluid carrying hose. The fluid material carrying
tube is connected to a fluid material supply source while the hose is connected to g
source of heat transfer fluid. The heat transfer fluid (liquid) flows around the outside
of the ink carrying tube to control and maintain the ICmperature of the fluid materijal
generally constant, thereby avoiding problems associated with changes in fluid
material viscosity or the fluid materia] being insufficiently heated.

Referring initially to Fig. 1, the heat exchanger of the present invention is
lustrated as being used in a fluid ink printing system such as flexographic printing or
rotogravure printing. As schematically shown in Fig. 1, the heat exchanger 10 is
positioned between a source or supply of fluid or liquid ink 12 and a printing deck
14. Fluid ink supplied is supplied from the ink source 12 to the heat exchanger 10 by

way of a pipe or conduit 28, with the fluid ink being pumped to the heat cxchanger 10
through operation of a pump 18. The fluid ink is then supplied from the heat
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exchanger 10 to the printing deck 14 by way of a pipe or conduit 26 whereupon the
fluid ink is applied to a printing plate which is then transferred to a substrate.
Typically, only a fraction of the fluid ink is used in the printing deck 14 and so the
residual fluid ink is returned to the ink source 12 by way of a pipe or conduit 24.

The printing systemn also includes a source of heat transfer fluid (iquid such as
water) 16. The heat transfer fluid is conveyed from the source 16 to the heat
exchanger 10 by way of a conduit or pipe 22. A pump 17 is provided in the conduit
22 to pump heat transfer fluid to the heat exchanger 10. The heat transfer fluid that

has passed through the heat exchanger 10 is conveyed back to the heat transfer fluid
source 16 by way of a pipe or conduit 20.

The details and features associated with the heat exchanger 10 of the present
invention are illustrated in Figs. 2 and 3. As seen in Fig. 2, the heat exchanger
includes a generally rectangular box 30 that houses a heat exchange element 32. The
box 30 is preferably made of stainless steel, although other materials are possible,
The interior of the box 30 can be made accessible by making one of the walls
removable. In the illustrated embodiment, the front wall 31 is removable and can be

secured in place by bolts with nuts welded to the inside of the box. The box also
SETVES as an 1nsulator for the heat exchange element 32.

The heat transfer fluid carrying hose 34 is preferably made of spiral reinforced
PVC, although other flexible materials such as rubber and other polymeric materials

are possible. For example, the hose 34 can be made of polymer material possessing

flexibility characteristics. The use of a hose made of spiral reinforced PVC, rubber

or other appropriate flexible material is beneficial in several respects. First, this
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construction makes it much easier to form the heat exchange clement into a winding
shape (e.g., a coiled or helical shape or a serpentine shape). Also, the hose serves as
an insulator. Further, the hose can function as a pressure vessel. This allows the

selection of a hose having strength characteristics designed to meet the operating
parameters relating to the heat transfer fluid.

The ink carrying tube 36 is a seamless tube that is preferably made of metal
having a high heat transfer coefficient. Copper is a particularly advantageous

material from the standpoint of ease in fabrication, although stainless steel is
preferred in the context of ink applications because copper might have a tendency to

corrode. The use of a seamless tube 36 for carryimng ink is particularly advantageous
because the absence of seams and other convoluted surfaces eliminates possible

while the opposite end of the ink carrying tube 36 is connected to an ink outlet fitting
40. The ink inlet fitting 38 is adapted to be connected to the conduit 28 shown in
Fig. 1 that extends from the ink source 12 to the heat exchanger 10. The ink outlet

fiting 40 is adapted to be connected to the conduit 26 shown in Fig. 1 that extends
from the heat exchanger 10 to the printing deck 14. In the embodiment shown in
F1gs. 2 and 3, the ink outlet fitting 40 and the ink inlet fitting 38 extend through the
same side wall of the box 30.

transter fluid inlet fitting 42 while the opposite end of the heat transfer fluid carrying

hose 34 is connected 10 a heat transfer fluid outlet fitting 44. The heat transfer fluid
tnlet fitting 42 is adapted to be connected to the conduit 22 shown in Fig. 1 that

02282907 1999-09-17
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The heat transfer fluid inlet 42 is connected to the end of the hose 34 that is

arrangement helps optimize the heat transfer process.

As can be seen from Fig, 3, the ink inlet fitting 38 is positioned near the
bottom of the box 30 while the ink outlet fitting 40 is positioned near the top of the
box 30. Positioning the ink inlet fitting 38 at the bottorn of the box 30 and the ink
outlet fitting 40 at the top of the box 30 is highly beneficial in that the ink in the ink
carrying tube 36 can be easily drained from the tube 36 by turning off the pump 18
and allowing the ink to drain from the outlet end to the inlet end (i.e., from top to the
bottom) by gravity. It is, of course, possible to drain the ink by reversing the

compact overall construction.
The bottom of the box 30 is preferably provided with a bracket 46 that

remains level (j.e., horizontal). The bottommost colil is spaced from the bottom
surface of the box 30 by virtue of the configuration of the ink inlet 38 and the heat
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transfer fluid outlet 44. Thus, in the absence of the bracket 46, the coil would tend to
sag, thus making it difficult for the fluid ink to fully and completely drain from the
tube 36. The bracket 46 is preferably located at generally the six-o-clock position as
shown in Fig. 2 and possesses a height generally equal to one-half the outer diameter
of the hose 34,

As described above, the ink carrying tube 36 is a seamless tube. This thus
eliminates possible arcas in which ink solids could otherwise collect and make
cleaning the tube difficult. The connection of the ink inlet fitting 38 and the ink outlet
fitting 40 to the opposite ends of the ink carrying tube 36 is also designed with similar
considerations in mind. Fig. 5 illustrates the way in which the ink inlet fitting 38 is
connected to the end of the ink carrying tube 36 and the way in which one end of the
heat transfer fluid carrying hose 34 is connected to the heat transfer fluid outlet fitting
44. It is to be understood that the connection of the ink outlet fitting 40 to the other
end of the ink carrying tube 36 and the connection of the opposite end of the heat
transfer fluid carrying hose 34 to the heat transfer fluid inlet fitting 42 is the same as
shown in Fig. 5.

As shown in Fig. 5, the end of the heat transfer fluid carrying hose 34 is
connected to an adapter 56 by way of a hose clamp 58 which ensures a tight
connection to the end of the hose 34, The adapter 56 is in turn connected to a tee
connector 50. The end portion of the ink carrymg tube 36 passes through this tee

transfer fluid to the heat transfer fluid source 16.

A compression fitting 62 is connected to the tee connector 50. This fitting 62
is provided with a hole through which the ink carrying tube 36 passes, with the fitting
62 being sized to tightly engage the outer periphery of the ink carrying tube 36 to
provide a liquid tight seal. The end of the ink carrying tube 32 is engaged by a
compression fitting 64. A coupling 66 is connected to the compression fitting 64 for
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accommodating a quick connect fitting 68 that is to be connected to the end of the
conduit 38 shown in Fig. 1. Of course, the compression fitting 64 can also be

directly connected to the quick connect fitting 68.
In operation, fluid ink is pumped from the fluid ink source 12 to the heat

exchanger 10 by way of the pump 18. The fluid ink is pumped through the ink
carrying tube 36 from the bottom of the heat exchanger 10 towards the top of the heat
exchanger 10. The fluid ink is then conveyed to the printing deck 14 as shown in
Fig. 1 for printing onto, for example, a paper product 15 that is being unwound from
aroll 19. As the fluid ink is being pumped through the heat exchanger 10, heat
transfer fluid is supplied from the heat transfer fluid source 16 by way of the conduit
22. The heat transfer fluid flows through the heat transfer fluid carrying hose 34 in
the direction opposite the direction of flow of the fluid ink in the ink carrying tube 36

(1.e., from the top of the heat exchanger towards the bottom of the heat exchanger).
This flow of the heat transfer fluid over the outer surface of the ink carrying tube 36

as ink is flowing through the tube 36 causes heat exchange to occur. In the case of,
for example, water based fluid inks and solvent based fluid inks that are susceptible to
problems when heated, the heat transfer fluid would be a cooling fluid, for example in
the form of water. In the case of ultraviolet curable inks, the heat transfer fluid could
be a heated fluid to heat the ultraviolet curable ink to the desired temperature. In
either case, the heat exchanger 10 is designed to maintain the fluid ink at & constant or
generally constant temperature. It has been found that with a systérn 1n accordance
with the present invention that utilizes a heat exchange element 32 of adequate length
(e.g., about 20 feet), it is possible to control the tcmperature of the fluid ink so that,
within several degrees (e.g., approximately 3-5°), the temperature of the ink flowing
out of the heat exchanger 10 corresponds to the temperature of the heat transfer fluid

flowing into the heat exchanger 10. Thus, the desired temperature of the fluid ink
flowing out of the heat exchanger 10 can be achieved by appropriately selecting the

temperature of the heat transfer fluid flowing into the heat exchanger.

02282907 1999-09-17
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The heat exchange element 32 preferably possesses a length of at least about
20 feet, with such a length being useful for narrow web printing presses (webs of

of the press and the heat load on the ink, it also being recognized that some processes
such as rotogravure printing typically require more heat exchange than flexographic
printing. Also, the diameter or size of the ink carrying tube 36 is preferably sclected
based on the rate of flow of the ink into and out of the printing stand.

10 As noted above, the ink carrying tube 36 is preferably made of stainless steel
in the case of fluid ink applications whereas the heat transfer fluid carrying hose 34 is
preferably made of spiral reinforced PVC, although other materials such as rubber
and other polymeric materials can also be used. The various connections for the ink
carrying tube 36 are also preferably made of stainless steel while brass connections

15 are used for the connections for the heat transfer fluid carrying hose 34. Other

materials such as varfous plastics, e.g., polymers, are of course also possible for the
connections so long as the material is able to properly function in a particular

application.
The hose working pressure is preferably on the order of 125 psi, and the hose
20 témperature range is preferably on the order of ~40°F to +150°F.

Other variations on the above-described heat exchanger are also possible. For
example, 30° compression fittings 70 similar to those shown in Figs. 2 and 3 can be
provided at the ends of the ink inlets and outlets 38_ 40 as an alternative to the
straight compression fitting shown in Fig. 5. Also, while Figs. 2 and 3 illustrate only

25 the end portions of the ink inlet and ink outlet fittings being positioned exterior of the

box 30, it is possible to configure the inlet and outlet fittings so that more of the
connection mechanism extends out of the box. For €xample, the heat exchanger can

BRI AT AR I Y ALH A v 8l X A PR A P A M

CA 02282907 1999-09-17

v LS RSN EL L S Mt it 4wt "



SLFHh TR SRITIN 7 | M vl Mt TR PANGA D 232 . e 2 IOEAELE 1 e ek’ . L v e e e me e Ae ko b —

SEP-17-1999 15:07 BURNS DOANE SWECKER MATHI F.15/31

CA

10

15

20

25

FERL wlanat il D SRR Ly WMNT D L, gl ard g A e d o aafe T ey

-12-

be designed so that the entire connection up to and including the tee connector 50 is

located exterior of the box.
Figs. 6A-6H illustrate alternative ink connection orientation options to the

particular ink connection option shown in Figs. 2 and 3. The illustrations in Figs.
6A-6H are top views of the heat exchanger. The designation U represents the upper
fitting and the designation L represents the lower fitting. In each of the illustrations
i Figs. 6A~6H, the arrow pointing towards the heat e¢xchanger represents the ink
inlet and the arrow pointing away from the heat exchanger represents the ink outlet.

In Fig. 6A, the heat exchanger 10 is much like that shown in Figs. 2 and 3
where the ink inlet and outlet fittings are provided on the same side of the box. In
Fig. 6B, the heat exchanger 100 is designed so that the ink inlet and outlet are
provided on the same side of the box once again, but the positions of the ink inlet and
the ink outlet are switched.

In the embodiment of the heat exchanger 102 shown in Fig. 6C, the ink inlet
and the ink outlet are provided on different sides of the box, specifically sides that
adjoin one another. The ink inlet and outlet fittings are located at positions on
respective sides that are spaced most remote from one anather. In Fig. 6D, the heat
exchanger 104 is similar to that shown in Fig. 6C except that the positions of the ink
inlet and the ink outlet are simply reversed with respect to those shown in Fig. 6C.

In Fig. 6E, the ink inlet and the ink outlet are provided on opposite side walls
of the box forming the heat exchanger 106. In Fig. 6F, the heat exchanger 108 is
similar to that shown in Fig. 6E, but the pos1tions of the ink inlet fitting and the ink
outlet fitting are once again reversed with respect to those shown in Fig. 6E.

Fig. 6G illustrates the ink inlet and the ink outlet disposed on adjacent sides of
the heat exchanger 110, but closely adjacent to one another at one corner of the box.

In the embodiment of the heat exchanger 112 shown in Fig. 6H, the positions of the

ink inlet fitting and the ink outlet fitting are once again switched with respect to the
positions shown in Fig. 6G.

02282907 1999-09-17
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In the embodiment described above, the tube-in-hose heat exchange element
32 13 in the form of coiled or helically wound element. However, it is possible to use
a tube-1n-hose heat exchange element vertically arranged in a serpentine arrangement.
Such an alternative would be useful if, for example, space constraints dictated
limitations on the depth of the overall unit, but not on the height or width of the
overall unit. Also, other shapes or configurations of heat exchange clements are
possible depending upon factors such a space constraints. In the different forms of
the heat exchange element (e.g., coiled or helical and serpentine), the heat exchange
element is in a non-linear winding form.

In addition, it is to be understood that the cooling hiquid conduits 20, 22 ¢can
extend 1nto the box or enclosure at a point different from where the ink carrying
conduits 26, 28 enter and exit the box or enclosure. The cooling liquid conduits
would then extend within the enclosure to connect with the tee connectors of the heat

exchanger.

part can be provided,
It is preferable that the ink inlet be located at the very bottom of the hose to

cnable proper drainage. To avoid having the water connection flange interface with
this positioning of the ink inlet, a hole can be made in the bottom of the box through
which extends the water connection flange,

The present invention thus advantageously provides a fluid ink heat exchanger

that is able to maintain the fluid ink at a constant temperature to avoid problems
assoclated with fluid ink having a viscosity different from that required for optimum

printing performance. The heat exchanger can be used to either cool the fluid ink to
offset the heating of the ink that occurs during normal operation of the printing

system, or can be used to heat the fluid ink to the necessary temperature. The heat
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exchanger is designed in way that facilitates cleaning because the ink side of the heat
exchanger is devoid of seams and convoluted surfaces that would otherwise collect
solids. Also, the ink heat exchanger is relative] ¥ compact and simple in construction.
The generally concentric orientation of the tube and the hose advantageously
facilitates efficient flow of heat transfer flujd. Further, efficient heat transfer can be
accomplished without the need for baffles or other flow modifying devices within the
heat exchange element.

In the system shown in Fig. 1, the heat exchanger 10 is positioned in series
with the printing deck 14 and the ink source 12. Thus, liquid ink is conveyed in
series from the ink source 12 to the heat exchanger 10 and then to the printing deck
14. However, it is also possible to position the heat exchanger 10 in parallel with the
printing deck 14. Insuch a parallel arrangement, fluid ink would be pumped from
the ink source 12 to the heat exchanger 10 and then back to the ink source 12.
Temperature controlled ink in the ink source 12 would then be pumped to the printing
deck 14.

As mentioned above, the tube-in-hose heat exchanger of the present invention
can also be used in contexts other than printing systems involving fluid ink. The heat
exchanger is particularly well suited for being used to maintain a constant temperature
in other types of liquids containing suspensions, emulsions or dissolved solids which

. are susceptible to producing dried solids in the preésence of surfaces and seams upon

which the liquid can collect (e.g., adhesives and coatings).

Fig. 7 illustrates an application system for applying adhesive or a coating onto
4 paper material. The system shown in Fig. 7 is the same as that shown in Fig. 1,
€xcept that instead of a fluid ink supply source and a printer deck, the system shown
in Fig, 7 includes either an adhesive supply source 12' and an adhesive deck 14 Or a
coating supply source 12' and a coating deck 14''. In all other respects, the system
18 configured and operated in the same general manner as that described above so that
an adhesive or coating is supplied from the adhesive supply source 12' or coating

TRLE TRRND = ok s b L I e LR 45 S v 2 vl haoyidptcpsng

CA 02282907 1999-09-17

mwmmggg“m»



oEP-17-1999 15:088 BURNS DDANE SWECKER MATHI P.18-31

10

15

20

25

-15-

supply source 12'' to the heat exchanger 10 for purposes of temperature control and
is then directed to the adhesive deck 14' or coating deck 14'' at which the adhesive or
coating is applied to, for example, a paper product 15 being unwound from a roll 19
The heat exchanger used in the various application systems mentioned above is
quite advantageous in that it can be made relatively lightweight and compact, thus
allowing it to be fit into available space nearby the application deck (ink applicator,
coating applicator or adhesive applicator), The etficiency of the liquid-to-liquid heat

clements in the fluid material application System such as the sump, the application
deck and the pump. Cleanup is also greatly facilitated by virtue of the single
seamless tube on the ink side. A relatively low volume of heat transfer liquid is
required in the heat exchanger unit and this enables immediate usage of a warm
flushing solution on the ink side once the heat transfer liquid flow is stopped. The
heat exchanger is also relatively simple in design and construction and can be rather
easily fabricated from readily available materials without the need for complicated
and expensive elements such as extensive welding or pressure vessel certification.
The principles, preferred embodiments and operation modes of the present

imvention have been described in the foregoing specification. However, the invention
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by others without departing from the spirit of the present invention. Accordingly, it
1s expressly intended that all such variations and changes fall withi

ithin the spirit and
scope of the present invention and are embraced thereby.
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WHAT IS CLAIMED IS:

1. A fluid material application system for applying one of printing ink,
adhesive and a coating to a paper product comprising:

a fluid material source containing fluid material that is one of fluid ink,

adhesive and a coating;
a heat transfer fluid source containing heat transfer fluid;
a heat exchanger that includes a heat exchange element comprised of a hose

tor carrying the heat transfer fluid and a tube for carrying the fluid material, said tube
being positioned within the hose, said heat exchange element possessing a winding

O 00 1] O W p DN e

configuration with adjacent portions of the heat exchange element resting on top of

10 one another so that the adjacent portions are supported in a vertical fashion;

11 an application deck for applying the fluid material to a paper product;

12 a fluid material supply conduit connecting the fluid material source to an inlet
13 of the tube to carry the fluid material from the fluid material source to the heat

14 exchanger,
15 a fluid material introduction conduit connecting an outlet of the tube to the

16 application deck to carry fluid material from the heat exchanger to the application

17 deck;
18 a heat transfer fluid supply conduit connecting the heat transfer fluid source to

19 an 1inlet of the hose to carry heat transfer fluid to the heat exchange element;
20 a heat transfer fluid return conduit connecting an outlet of the hose to the heat
21 transfer fluid source to carry heat transfer fluid from the heat exchange element to the

22 heat transfer fluid source; and
23 a fluid material return conduit connecting the application deck to the fluid
24 materal source to return fluid material from the application deck to the fluid material

25 source.
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2. The fluid material application system of Claim 1, wherein the heat

exchange element is positioned within 2 box.

3.  The fluid material application system of Claim 1, wherein said hose is a
flexible hose and said tube 1s a seamless metal tube.

4,  The fluid material application system of Claim 1, including a pump
connected to the fluid material introduction conduit to pump fluid ink from the fluid

material source to the heat exchange element,

5.  The fluid material application system of Claim 1, wherein said outlet of
the tube and said inlet of the hose are positioned at one end of said heat exchange
element, and said inlet of the tube and said outlet of the hose are positioned at an
opposite end of said heat exchange element so that the fluid material and the heat

transfer fluid flow in opposite directions within the heat exchange element.

6.  The fluid material application system of Claim 1, including a pump
connected to the heat transfer fluid supply conduit to pump heat transfer fluid from

the heat transfer fluid source to the heat exchange element.

7.  The fluid material application system of Claim 1, wherein said heat
éxchange element is positioned within an enclosure having a plurality of walls, said
fhud material supply conduit being connected to the outlet of the tube by a material

fluid outlet fitting and said fluid material introduction conduit being connected to the
inlet of the tube by a fluid material inlet fitting.
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8. The fluid matenial application system of Claim 7, wherein said fluid matenal inlet

fitting and said fluid matenal outlet fitting extend through the same wall of the enclosure.

9. The fluid material application system of Claim 7, wherein said fluid material inlet
fitting and said fluid matenal outlet fitting extend through different walls of the

enclosure.

10.  The fluid matenal application system of Claim 7, wherein said fluid material inlet
fitting and said fluid material outlet fitting extend through opposite walls of the

enclosure.

11. A flmd matenal application system for applying one of printing ink, adhesive and
a coating to a substrate comprising:

a fluid matenial source containing fluid material that is one of printing ink,
adhesive and a coating;

a heat transfer fluid source;

an application deck for applying the fluid material to a substrate, said fluid
material source being connected to said application deck;

a heat exchange element comprised of a tube positioned within a hose, the tube
and the hose both having a central axis, the central axis of the tube being
generally parallel to the central axis of the hose, the tube being connected
to the fluid material source to carry the fluid material through the heat
exchange element and the hose being connected to the heat transfer fluid

source to carry heat transfer fluid through the heat exchange element.
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] 12. The fluid material application system of Claim 11, wherein said heat
2 exchange element comprised of said tube and said hose is wound so that the heat

3 exchange element possesses a compact arrangement.

1 13. The fluid material application system of Claim 11, wherein said heat

2 exchange element comprised of said tube and said hose 1s helically wound in a coiled
3 manner within an enclosure, with adjacent coils resting on top of one another so that
4 the coils are supported 1n a vertical fashion.

] 14. The fluid material application system of Claim 11, wherein the fluid

2 material source is connected to an inlet of the tube by a first conduit and an outlet of

3 the tube 1s connected to the application deck by a second conduit,

1 15. The fluid material application system of Claim 14, wherein the heat

2 transfer fluid source is connected to an inlet of the hose by a third conduit and an

3 outlet of the hose 1s connected to the heat transfer fluid source by a fourth conduit to
4 return heat transfer fluid from the heat exchange element to the heat transfer fluid

5 source.

] 16. The fluid material application system of Claim 14, including a conduit

2 connecting the application deck to the fluid material source to return fluid material
3 from the application deck to the fluid material source.

1 17, ‘The fluid material application system of Claim 14, including a pump
2 connected to the first conduit to pump the fluid material from the fluid material source

3 to the heat exchange element.
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18.  The fluid material application system of Claim 11, wherein said hose 1s a tlexible

hose and said tube 1s a seamless metal tube.

19.  The fluid matenal application system of Claim 11, wherein an outlet ot said tube
1s connected to the application deck and an inlet of the hose 1s connected to the heat
transfer fluid source, said outlet of the tube and said inlet of the hose being positioned at
one end of said heat exchange element, said tube having an inlet connected to said fluid
material source and said hose having an outlet connected to the heat transfer fluid source,
sald inlet of the tube and said outlet of the hose being positioned at an opposite end of
sald heat exchange element so that the fluid material and the heat transfer fluid flow in

opposite directions within the heat exchange element.

20.  The fluud matenal application system of Claim 11, wherein said fluid material
source 1s connected to said heat exchange element and said heat exchange element is
connected to said application deck so that the fluid material 1s directed from the fluid
material source to the heat exchange element and from the heat exchange element to the

application deck.

21. A fluid matenal application system for applying one of printing ink, adhesive and
a coating to a substrate comprising:

an application deck;

a flmd matenial source containing fluid material that is one of printing ink,
adhesive and a coating, said fluid material source being connected to said
application deck;

a heat transfer tluid source;

said application deck comprising one of a printing plate and a coating roller and
being capable of flexographic, gravure, hydrophilic or rod coater
apphication of the fluid matenal to a substrate; and

a heat exchange element comprised of a tube positioned within a hose, the tube

and the hose both having a central axis, the central axis of the tube being
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generally parallel to the central axis of the hose, the tube being connected
to the fluid maternial source to carry the fluid material through the heat
exchange element and the hose being connected to the heat transfer fluid

source to carry heat transfer fluid through the heat exchange element.

22.  The fluid material application system of claim 21, wherein said heat exchange
element comprised of said tube and said hose i1s wound so that the heat exchange element

possesses a compact arrangement.

23.  The fluid material application system of claim 21, wherein said heat exchange
element comprised of said tube and said hose is helically wound in a coiled manner
within an enclosure, with adjacent coils resting on top of one another so that the coils are

supported 1n a vertical fashion.

24.  The fluid matenial application system of claim 21, wherein the fluid material
source 1s connected to an inlet of the tube by a first conduit and an outlet of the tube is

connected to the application deck by a second conduit.

25.  The fluid material application system of claim 24, wherein the heat transfer fluid
source 1s connected to an inlet of the hose by a third conduit and an outlet of the hose is
connected to the heat transfer fluid source by a fourth conduit to return heat transfer fluid

from the heat exchange element to the heat transfer fluid source.

26.  The fluid material application system of claim 24, including a pump connected to
the first conduit to pump the fluid material from the fluid material source to the heat

exchange element.

27.  The flud matenial application system of claim 21, wherein said hose is a flexible

hose and said tube 1s a secamless metal tube.

28.  The flmd material application system of claim 21, wherein an outlet of said tube

1s connected to the application deck and an inlet of the hose is connected to the heat
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transfer fluid source, said outlet of the tube and said inlet of the hose being positioned at
one end of said heat exchange element, said tube having an inlet connected to said fluid
material source and said hose having an outlet connected to the heat transfer fluid source,
said inlet of the tube and said outlet of the hose being positioned at an opposite end of
sald heat exchange element so that the fluid material and the heat transfer fluid flow in

opposite directions within the heat exchange element.

29.  The fluid matenal application system of claim 21, wherein said fluid material
source 1s connected to said heat exchange element and said heat exchange element is
connected to said application deck so that the fluid matenial is directed from the fluid
material source to the heat exchange element and from the heat exchange element to the

application deck.

30. A flmd matenal application system for applying one of printing ink, adhesive and
a coating to a substrate comprising:

a flmmd matenial source containing fluid material that is one of printing ink,
adhesive and a coating, said fluiud material source being connected to an
application deck for applying the fluid material to a substrate;

a heat transfer fluid source; and

a heat exchange element comprised of a tube positioned within a hose, the tube
and the hose both having a central axis, the central axis of the tube being
generally parallel to the central axis of the hose, the tube being connected
to the fluid material source to carry the fluid material through the heat
exchange element and the hose being connected to the heat transfer fluid
source to carry heat transfer fluid through the heat exchange element,
wherein the fluid matenal source 1s connected to an inlet of the tube by a
first conduit and an outlet of the tube i1s connected to the application deck
by a second conduit and the application deck is connected to the fluid
material source by a return fluid matenial conduit to return fluid material

from the application deck to the fluid material source.

21618335.2



CA 02282907 2007-03-14

1/6

19




CA 02282907 2007-03-14

2/6




CA 02282907 2007-03-14

3/6

70

p——-———yy ey oy g 7 2.2 4
A0 . .U, . . . . . . . . . . V. V. . -
N . . . . .. . . . A, .,

A S S AR SR A

N

46

FIG. 3



CA 02282907 2007-03-14

4/6

34 36 45 44

e 38
\
‘k‘““‘\‘“ N W
N / AL L 2N "‘ .
(|

68

34 36 58 56 50 62 64 66

FIG. 5



CA 02282907 2007-03-14

9/b




CA 02282907 2007-03-14

b/6

19

15
26

40 122

14',14"
. l ~—— 76
U o

e

"._—__I 28

10 38 20

T 18
24 . 12", 12"




40 |22

10 38 20

12




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - abstract drawing

