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1
HEAT EXCHANGER

BACKGROUND OF THE INVENTION

This invention relates generally to heat exchangers. More
specifically the invention relates to cooling systems in food
processing operations.

Heat exchangers employed in the food processing industry
not only must efficiently transfer heat between two sub-
stances, like all heat exchangers, but must also do so in a
manner which satisfies sanitary regulations relevant to food
processing. Such regulations include 21 C.E.R. §110.40(b)
which requires that seams on food-contact surfaces be
smooth to minimize the accumulation of food particles, dirt
and other matter. Other regulations such as 21 C.F.R. §110.40
(a) require that the materials used for such surfaces be able to
withstand normal use, as well as the usual and considerable
amount of cleaning and/or sanitizing common in such appli-
cations.

Because of these sanitary concerns, and also because of the
relative physical surface complexity of some mechanical
components used in relation to heat exchangers, such
mechanical components must usually be sealed from food
processing areas. This may require the use of conventional
polymer seals which can degrade over time, and even possi-
bly contaminate contacted food products. Embodiments of
the present invention provide solutions to these and other
problems.

BRIEF DESCRIPTION OF THE INVENTION

In one embodiment, a heat exchanger is provided. The heat
exchanger may include a first tube sheet, a second tube sheet,
a heat exchange tube, a header, and a coupling. The heat
exchange tube may be disposed at least partially between the
first tube sheet and the second tube sheet, and may also be
made of a first material. The header may be made of a second
material. The coupling may include a first end and a second
end. The first end may be made of the first material, and the
second end may be made of the second material. The first end
may be operably coupled with the heat exchange tube, and the
second end may be operably coupled with the header.

In another embodiment, a method for manufacturing a heat
exchanger is provided. The method may include providing a
first tube sheet having a first opening. The method may also
include providing a second tube sheet. The method may fur-
ther include providing a heat exchange tube made from a first
material. The method may additionally include inserting the
heat exchanger at least partially through the first opening. The
method may moreover include providing a header made from
a second material. The method may also include providing a
coupling, where the coupling includes a first end and a second
end. The first end may be made from the first material. The
second end may be made from the second material. The
method may further include operably coupling the heat
exchange tube with the first end of the coupling. The method
may additionally include operably coupling the header with
the second end of the coupling, at least partially through the
first opening.

In another embodiment, a heat exchanger is provided. The
heat exchanger may include a first means, a second means, a
third means, a fourth means, and a fifth means. The first
means may be for exchanging heat between a first finid and a
second fluid. The second means may be for supporting the
first means. The third means may be for providing the first
fluid. The fourth means may be for coupling the first means
with the third means to provide the first fluid to the first
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means. The fifth means may be for directing the second fluid
over at least the first means and the fourth means. The first
means may, merely by way of example include a heat
exchange tube. The second means may, merely by way of
example, include a tube wall and/or a support member. The
third means may, merely by way of example, include a header.
The fourth means may, merely by way of example, include a
coupling. The fifth means may, merely by way of example,
include a flow channel.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described in conjunction with the
appended figures:

FIG.1isside view of one embodiment of a heat exchanger
of the invention;

FIG.1Ais aclose-up view ofa sectioned portion of the heat
exchanger from FIG. 1; and

FIG. 1B is a close-up view of another sectioned portion of
the heat exchanger from FIG. 1.

In the appended figures, similar components and/or fea-
tures may have the same numerical reference label. Further,
various components of the same type may be distinguished by
following the reference label by a letter that distinguishes
among the similar components and/or features. If only the
first numerical reference label is used in the specification, the
description s applicable to any one of the similar components
and/or features having the same first numerical reference
label irrespective of the letter suffix.

DETAILED DESCRIPTION OF THE INVENTION

The ensuing description provides exemplary embodiments
only, and is not intended to limit the scope, applicability or
configuration of the disclosure. Rather, the ensuing descrip-
tion of the exemplary embodiments will provide those skilled
in the art with an enabling description for implementing one
or more exemplary embodiments. It being understood that
various changes may be made in the function and arrange-
ment of elements without departing from the spirit and scope
of the invention as set forth in the appended claims.

Specific details are given in the following description to
provide a thorough understanding of the embodiments. How-
ever, it will be understood by one of ordinary skill in the art
that the embodiments may be practiced without these specific
details. For example, systems, processes, and other elements
in the invention may be shown as components in block dia-
gram form in order not to obscure the embodiments in unnec-
essary detail. In other instances, well-known processes, struc-
tures, and techniques may be shown without unnecessary
detail in order to avoid obscuring the embodiments.

Also, it is noted that individual embodiments may be
described as a process which is depicted as a flowchart, a flow
diagram, a data flow diagram, a structure diagram, or a block
diagram. Although a flowchart may describe the operations as
a sequential process, many of the operations can be per-
formed in parallel or concurrently. In addition, the order of the
operations may be re-arranged. A process may be terminated
when its operations are completed, but could have additional
steps not discussed or included in a figure. Furthermore, not
all operations in any particularly described process may occur
in all embodiments. A process may correspond to a method, a
function, a procedure, etc.

Furthermore, embodiments of the invention may be imple-
mented, at least in part, either manually or automatically.
Manual or automatic implementations may be executed, or at
least assisted, through the use of machines, hardware, soft-
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ware, firmware, middleware, microcode, hardware descrip-
tion languages, or any combination thereof.

In one embodiment of the invention, a heat exchanger is
provided. The heat exchanger may include a first tube sheet,
a second tube sheet, a heat exchange tube, a header, and a
coupling.

The heat exchange tube may be disposed at least partially
between the first tube sheet and the second tube sheet, and
may also be made of a first material. In an exemplary embodi-
ment, the first material may be aluminum. In other embodi-
ments, the first material may be another material. For the
purposes of example only, the first material wili be assumed to
be aluminum for the purposes of discussion throughout this
specification, with it being understood that other materials
may be employed for the first material throughout the discus-
sion herein. The tube sheets may each also be made from
either the first material, the second material, or a third mate-
rial.

In some embodiments, the heat exchange tube may be
made from multiple components. Merely by way of example,
fins may be press fit onto a tube to form the heat exchanger.
However, in an exemplary embodiment, the heat exchange
tube may be machined or otherwise manufactured, perhaps
by casting, as a single piece. This will eliminate interfaces
between the fins and the center tube portion of the heat
exchange tube, thereby increasing thermal heat transfer. The
fins may be of any shape configured to improve thermal heat
exchange between a primary fluid outside the heat exchange
tube and a heat exchange fluid within the heat exchange tube.

The header may be made of a second material. In an exem-
plary embodiment, the second material may be stainless steel.
In other embodiments, the second material may be another
material. For the purposes of example only, the second mate-
rial will be assumed to be stainless steel for the purposes of
discussion throughout this specification, with it being under-
stood that other materials may be employed for the second
material throughout the discussion herein.

In some embodiments, the header may include manifolds,
piping and other components, and may be generally under-
stood to include the piping from the coupling to the source/
return for the heat exchange fluid to be run through the heat
exchange tube. Merely by way of example, a header pipe may
be coupled with the coupling and further run/connect to a
header manifold.

The heat exchange fiuid could include any fluid known in
the art to provide excellent thermal heat transfer capabilities.
For example, in some embodiments, propylene glycol may be
the heat exchange fluid.

The coupling may include a first end and a second end. The
first end may be made of the first material, and the second end
may be made of the second material. The first end may be
operably coupled with the heat exchange tube, and the second
end may be operably coupled with the header.

In some embodiments, the coupling may include a bime-
tallic coupling. Merely by way of example, the first material
and the second material may match the materials previously
described for the heat exchange tube and the header. Thus, the
first material may include aluminum, and the second material
may include stainless steel. The heat exchange tube may be
made from aluminum, and it may be welded orjoined through
other procedures known in the art with the aluminum side of
the coupling. The header may be made from stainless steel,
and it may be welded or joined through other procedures
known in the art with the stainless steel side of the coupling.

The heat exchange tube, with couplings at one or more
ends may be disposed between the tube sheets, and possibly
being at least partially supported by each tube sheet by open-
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ings there-through. These opening may be larger than abso-
lutely necessary to accommodate the portion of the header,
and any open interface between two sides of a tube sheet may
or may not be sealed. If sealed, seals known in the art such as
polymer seals may be employed.

In some embodiments, one or more of the couplings
coupled with the heat exchange tube may be disposed entirely
or partially between the first tube sheet and the second tube
sheet. In other embodiments, one or more of the coupling
coupled with the heat exchange tube may be disposed entirely
or partially outside the area between the first tube sheet and
the second tube sheet.

In some embodiments, the heat exchanger and/or other
related systems may also include a flow channel surrounding
the heat exchanger. The flow channel may be made from the
first material, the second material, or a third material, and may
direct a primary fluid over the heat exchange tube so that the
primary fluid and the heat exchange fluid running through the
heat exchange tube may exchange heat. This process may be
used to either cool or heat the primary fluid. In some embodi-
ments, the flow channel may be a stationary container which
is filled and emptied around the heat exchanger. Thus, the
flow channel may allow the primary fluid to run over the heat
exchanger as it moves through a process, or the flow channel
may allow the primary fluid to sit around the heat exchanger,
with natural convection within the primary fluid moving the
primary fluid over the heat exchanger. In some embodiments,
the primary fluid may also surround the coupling(s) and/or
header(s) of the heat exchanger, causing some additional
thermal heat transfer to occur at those components as well.

In some embodiments, the heat exchange tube may be
supported at other locations besides the tube sheets. Merely
by way of example, and especially in embodiments where the
heat exchange tube is lengthy, support members may support
the heat exchange tube in locations not proximate to the ends
of the heat exchange tube. In some embodiments, the fins of
the heat exchange tube in the locations supported may have
different dimensions than other fins of the heat exchange tube.
This may allow for a better support surface to be presented to
the support member, as well as allow for tighter spacing of
multiple heat exchange tubes in embodiments where multiple
heat exchange tubes are present (for example, by “honey-
combing” multiple heat exchange tubes in close proximity
with each other).

Though the embodiments discussed above are explicitly in
reference to a single heat exchange tube heat exchanger, it is
implicit that the same structures could be used in multi heat
exchange tube heat exchangers. In these embodiments,
instead of one heat exchange tube having a single supply
header and return header at each end of the heat exchange
tube, multiple heat exchange tubes may feed in-parallel from
one or more supply headers and deposit into one or more
return headers. In some embodiments, multiple heat
exchange tubes may form a single circuit, with a first heat
exchange tube feeding from a supply header, and conse-
quently feeding one or more additional heat exchange tubes in
series before returning the heat exchange fluid to a return
header. In some embodiments, both parallel and series cir-
cuits may be employed to create the heat exchanger. When
multiple heat exchange tubes are coupled in series, piping
made from the second material (stainless steel in the example
above), may be used to couple the heat exchange tubes via the
couplings described above.

In another embodiment of the invention, a method for
manufacturing a heat exchanger is provided. The method may
include providing a first tube sheet having a first opening. The
method may also include providing a second tube sheet. The
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method may further include providing a heat exchange tube
made from a first material. As discussed above, the heat
exchange tube may be machined or otherwise fabricated from
and into a single piece to improve thermal heat transfer. The
method may moreover include providing a header made from
a second material.

The method may additionally include inserting the header
at least partially through the first opening. The method may
also include providing a coupling, where the coupling
includes a first end and a second end. The first end may be
made from the first material. The second end may be made
from the second material.

The method may further include operably coupling the
heat exchange tube with the first end of the coupling. In some
embodiments, this may include disposing the coupling
entirely between the first tube sheet and the second tube sheet.
The method may additionally include operably coupling the
header with the second end of the coupling, at least partially
through the first opening.

In some embodiments, the method may also include pro-
viding a flow channel configured to direct a fluid over the heat
exchange tube. As discussed above, the flow channel may be
a primarily transient flow channel, or a primarily stationary
fluid container. As above, the flow channel may direct the
fluid over the couplings as well as at least portions of the
header(s).

As discussed above, in some embodiments, any number of
heat exchange tubes may be employed by a given heat
exchanger system. In some embodiments, various heat
exchange tubes may operate either in series, parallel, or com-
binations of both. Supply and return headers, as well as joint
piping, made from the second material may be coupled with
the heat exchange tubes via the couplings described to com-
plete the circuits of the system.

In another embodiment of the invention, a heat exchanger
is provided. The heat exchanger may include a first means, a
second means, a third means, a fourth means, and a fifth
means. The first means may be for exchanging heat between
a first fluid and a second fluid. The second means may be for
supporting the first means. The third means may be for pro-
viding the first fluid. The fourth means may be for coupling
the first means with the third means to provide the first fluid to
the first means. The fifth means may be for directing the
second fluid over at least the first means and the fourth means.

The first means may, merely by way of example include a
heat exchange tube, any of the other components described
herein, and/or any components known or developed in the art
for the appropriate function.

The second means may, merely by way of example, include
a tube wall and/or a support member, any of the other com-
ponents described herein, and/or any components known or
developed in the art for the appropriate function.

The third means may, merely by way of example, include a
header, any of the other components described herein, and/or
any components known or developed in the art for the appro-
priate function.

The fourth means may, merely by way of example, include
a coupling, any of the other components described herein,
and/or any components known or developed in the art for the
appropriate function.

The fifth means may, merely by way of example, include a
flow channel, any of the other components described herein,
and/or any components known or developed in the art for the
appropriate function.

Turning now to FIG. 1, a one possible example heat
exchanger 100 of the invention is shown. Heat exchanger 100
includes three heat exchange tubes 105, six couplings 110,
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one supply header 115, and two return headers 120. A con-
nector pipe 125 is also present, as well as tube sheets 130. A
flow channel is also formed by flow channel walls 135.

In the first circuit of heat exchanger 100, supply 115 pro-
vides heat exchange fluid to heat exchange tube 105A via
coupling 110A. After exchanging thermal energy with the
primary fluid flowing through the flow channel, the heat
exchange fluid may exit heat exchange tube 110A and enter
return header 120A via coupling 110D. The flow of the heat
exchange fluid is shown by arrow 101A.

In the second circuit of heat exchanger 100, supply 115
provides heat exchange fluid to heat exchange tube 105B via
coupling 110B. After exchanging thermal energy with the
primary fluid flowing through the flow channel, the heat
exchange fluid may exit heat exchange tube 110B and enter
heat exchange tube 105C via connector pipe 125 and cou-
plings 110E, 110F. After exchanging thermal energy at heat
exchange tube 105C with the primary fluid flowing through
the flow channel, the heat exchange fluid may exit heat
exchange tube 110C and enter return header 120B via cou-
pling 110C. The flow of the heat exchange fluid is shown by
arrows 101B, 101C.

As discussed above, in some embodiments, all heat
exchange pipes may be in parallel to each other (for example,
an embodiment with multiple copies of the first circuit dis-
cussed above in regards to FIG. 1). In other embodiments,
there may be multiple series circuits in parallel with each
other (for example, an embodiment with multiple copies of
the second circuit discussed above in regards to FIG. 1). Inyet
other embodiments, multiple configurations may exist in the
same heat exchanger.

Also shown in FIG. 1A is a close up view of a sectioned
portion of heat exchange tube 105A (detail ‘A’ from FIG. 1).
FIG. 1A shows how heat exchange tube 105A may be made
from a single piece, possibly via machining, thereby integrat-
ing the fins 140 with the heat exchange fluid conduit 145, and
increasing thermal heat transfer from other designs.

FIG. 1B shows a close up of another sectioned portion of
heat exchange tube 105A (detail ‘B’ from FIG. 1). FIG. 1B
shows how meat exchange tube 105A may be supported near
its center by a support member 155. By adjusting the dimen-
sions of fins 140B from their normal dimensions (as with fins
140A), through-spaces 150 may allow for support member
155 to pass through through-spaces 150 and support heat
exchange tube 105A, as well as other heat exchange tubes
parallel with or “honeycombed” nearby.

In FIG. 1B for example, the lower through-space 150
allows support member 155 to pass through and support heat
exchange tube 105A. Other heat exchange tubes at the same
elevation may likewise be supported by support member 155.
Support member 155 is in turn supported by another
mechanical structure such as a support column (not shown for
clarity on FIG. 1).

Through-space 150 on the top side of heat exchange tube
105A may allow for another support member to pass through
and support nearby heat exchange tubes. If the through-space
150 on the top side of heat exchange 105A were not provided,
a “honeycomb” of heat exchangers could not be as densely
packed. Therefore, if all heat exchange tubes in a given heat
exchanger are manufactured with the same through-spaces, a
densely packed “honeycomb” of heat exchange tubes may be
provided to improve thermal heat exchange than less dense
packages.

The invention has now been described in detail for the
purposes of clarity and understanding. However, it will be
appreciated that certain changes and modifications may be
practiced within the scope of the appended claims.
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What is claimed is:

1. A heat exchanger, wherein the heat exchanger com-
prises:

a first tube sheet;

a second tube sheet;

a heat exchange tube, wherein:

the heat exchange tube is disposed at least partially
between the first tube sheet and the second tube sheet;
and

the heat exchange tube is comprised of a first material;

a header, wherein the header is comprised of a second

material; and

a coupling, wherein:

the coupling comprises a first end and a second end;

the coupling comprises a bimetallic coupling;

the first end is comprised of the first material;

the second end is comprised of the second material;

the first end is operably coupled with the heat exchange
tube; and

the second end is operably coupled with the header.

2. The heat exchanger of claim 1, wherein:

the first material comprises aluminum; and

the second material comprises stainless steel.

3. The heat exchanger of claim 1, wherein the coupling is
disposed entirely between the first tube sheet and the second
tube sheet.

4. The heat exchanger of claim 1, wherein the first tube
sheet defines an opening, and wherein the header penetrates
the first tube sheet through the opening.

5. The heat exchanger of claim 4, wherein an interface
between the first tube sheet and the header at the opening is
not sealed.

6. The heat exchanger of claim 1, wherein the heat
exchanger further comprises a flow channel, wherein the flow
channel directs a fluid over the heat exchange tube.

7. The heat exchanger of claim 6, wherein the flow channel
further directs the fluid over the coupling.

8. The heat exchanger of claim 6, wherein the flow channel
further directs the fluid over at least a portion of the header.

9. The heat exchanger of claim 1, wherein the heat
exchange tube consists of a single piece having a plurality of
fins.

10. The heat exchanger of claim 1, wherein:

the heat exchange tube comprises a plurality of fins,

wherein the plurality of fins comprises a first set of fins
and a second set of fins, wherein:
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each of the first set of fins is characterized by a first set of
dimensions; and
each ofthe second set of fins is characterized by a second
set of dimensions, wherein the second set of dimen-
sions is different from the first set of dimensions; and
the heat exchanger further comprises a support member
supporting the heat exchange tube by the second set of
fins

11. A method for manufacturing a heat exchanger, wherein
the method comprises:

providing a first tube sheet having a first opening;

providing a second tube sheet;

providing a heat exchange tube comprised of a first mate-

rial;

providing a header comprised of a second material;

inserting the header at least partially through the first open-

mg;

providing a coupling, wherein:

the coupling comprises a first end and a second end;

the coupling comprises a bimetallic coupling;

the first end is comprised of the first material; and

the second end is comprised of the second material;
coupling, operably, the heat exchange tube with the first

end of the coupling; and

coupling, operably, the header with the second end of the

coupling, at least partially through the first opening.

12. The method for manufacturing a heat exchanger of
claim 11, wherein the coupling, operably, the heat exchange
tube with the first end of the coupling comprises disposing the
coupling entirely between the first tube sheet and the second
tube sheet.

13. The method for manufacturing a heat exchanger of
claim 11, wherein the method further comprises providing a
flow channel configured to direct a fluid over the heat
exchange tube.

14. The method for manufacturing a heat exchanger of
claim 12, wherein the flow channel is further configured to
direct the fluid over the coupling.

15. The method for manufacturing a heat exchanger of
claim 12, wherein the flow channel is further configured to
direct the fluid over at least a portion of the header.

16. The method for manufacturing a heat exchanger of
claim 11, wherein providing the heat exchange tube consists
of a single piece having a plurality of fins.
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