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ABSTRACT

A water heater including a tank having a wall defining an interior for
holding water is provided. A heat exchange assembly is positioned at least partially
within the interior of the tank. The heat exchange assembly includes a metallic outer
tube positioned within the interior of the tank. The outer tube has a wall with an inner
surface and end portions positioned within the interior of the tank. The heat exchange
assembly further includes a metallic inner tube extending within the outer tube and
having end portions extending through the wall of the tank. The inner tube has a wall
with an outer suiface. A portion of the outer surface of the inner tube contacts a
portion of the inner surface of the outer tube, thereby facilitating the transfer of heat
between the inher tube and the outer tube. An elongated passageway is defined
between a portion of the outer surface of the inner tube and a portion of the inner
surface of the outer tube, thereby facilitating the flow of fluid along a length of the

outer tube and the inner tube.
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MULTI-WALL HEAT EXCHANGER FOR A WATER HEATER

FIELD OF THE INVENTION

The present invention relates to an indirect water heater, and more

particularly, a heat exchanger with a double-wall construction for use in a water tank.

BACKGROUND OF THE INVENTION

There has long been a need for compact yet efficient appliances to be
installed within living areas in single and multi-family dwellings as well as in

commercial establishments.

Combined water heating systems, i.e., those that provide both potable
water and space heating, help to satisfy the need for compact systems for supplying
hot water. However, some traditional combined water heating systems may lack

protection against the mixing of potable and non-potable water.

Attempts have been made to provide a compact yet efficient combined
water heating system that protects potable water from contamination. For example,
U.S. Patent No. 5,485,879 to Lannes discloses a combined water heating system for
domestic or commercial use capable of heating water for consumption as well as for
space heating. The '879 system comprises a double-wall construction heat exchanger
coil (a non-metallic outer wall in contact with a metallic inner wall) incorporated into a
standard, glass-lined water heater system. Monofilaments placed between the two
walls of the heat exchanger coil provide a path along which potable or non-potable
water trapped between walls can travel out of the system. While the ‘879 system
represents a significant improvement over prior systems, continued improvements are

sought.

Accordingly, there remains a need for improved heat exchange systems

for use in water heater assemblies.

SUMMARY OF THE INVENTION

In one exemplary embodiment, this invention provides a water heater
including a tank having a wall defining an interior for holding water. A heat exchange
assembly is positioned at least partially within the interior of the tank. The heat
exchange assembly includes a metallic outer tube positioned within the interior of the
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tank. The outer tube has a wall with an inner surface and end portions positioned
within the interior of the tank. The heat exchange assembly further includes a metallic
inner tube extending within the outer tube and having end portions extending through
the wall of the tank. The inner tube has a wall with an outer surface. A portion of the
outer surface of the inner tube contacts a portion of the inner surface of the outer tube,
thereby facilitating the transfer of heat between the inner tube and the outer tube. An
elongated passageway is defined between a portion of the outer surface of the inner
tube and a portion of the inner surface of the outer tube, thereby facilitating the flow of
fluid along a length of the outer tube and the inner tube.

In another exemplary embodiment, a heat exchange tube assembly is
provided. The heat exchange tube assembly includes a metallic outer tube having a
wall with an inner surface. A metallic inner tube is positioned within the outer tube.
The inner tube has a wall with an outer surface. A portion of the outer surface of the
inner tube contacts a portion of the inner surface of the outer tube, thereby facilitating
the transfer of heat between the inner tube and the outer tube. An elongated
passageway is defined between a portion of the outer surface of the inner tube and a
portion of the inner surface of the outer tube, thereby facilitating the flow of fluid along
a length of the heat exchange tube assembly. The wall of the outer tube is thicker than

the wall of the inner tube.

In yet another exemplary embodiment, a heat exchange tube assembly is
provided. The heat exchange tube assembly includes a metallic outer tube having a
wall with an inner surface. A metallic inner tube is positioned within the outer tube.
The inner tube has a wall with an outer surface. A portion of the outer surface of the
inner tube contacts a portion of the inner surface of the outer tube, thereby facilitating
the transfer of heat between the inner tube and the outer tube. An elongated
passageway is defined between a portion of the outer surface of the inner tube and a
portion of the inner surface of the outer tube, thereby facilitating the flow of fluid along
a length of the heat exchange tube assembly. The passageway is at least partially
defined by at least one spiral groove formed by the outer surface of the inner tube or

by the inner surface of the outer tube.

In still another exemplary embodiment, a method of forming a heat
exchange tube assembly is provided. The method includes the step of inserting a
metallic inner tube within a metallic outer tube. The method further includes the step
of urging a portion of an outer surface of the inner tube and a portion of an inner
surface of the outer tube into contact with one another, thereby facilitating the transfer

of heat between the inner tube and the outer tube. An elongated passageway is
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maintained between a portion of the outer surface of the inner tube and a portion of the
inner surface of the outer tube, thereby facilitating the flow of fluid along a length of
the heat exchange tube assembly.

In another exemplary embodiment, a water heater is provided. The
water heater includes a tank having a wall defining an interior for holding water to be
heated. A heat exchange tube assembly extends in the interior of the tank. The heat
exchange tube assembly has a metallic outer tube having a wall with an inner surface,
and a metallic inner tube positioned within the outer tube. The inner tube has a wall
with an outer surface and defines an interior for containing water. An elongated
passageway is defined between the outer surface of the inner tube and the inner
surface of the outer tube, thereby facilitating the flow of fluid along a length of the heat
exchange tube assembly. A fitting extends into the interior of the tank. The fitting is
sealingly coupled to the outer tube and to the wall of the tank, thereby preventing the
mixing of fluid in the elongated passageway and water in the tank. The fitting at least
partially defines a fluid flow passageway extending between the elongated passageway
and an exterior of the tank, thereby facilitating the flow of fluid from the elongated
passageway to the exterior of the tank.

In yet another exemplary embodiment, a method of manufacturing a
water heater is provided. The method includes the step of inserting a metallic inner
tube within a metallic outer tube, thereby forming a double-walled heat exchange tube.
The method further includes the step of positioning the heat exchange tube in a tank
having a wall defining an interior for holding water, such that end portions of the outer
tube are within the interior of the tank and end portions of the inner tube extend
through the wall of the tank.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a front view of an exemplary embodiment of a water heater

assembly having a heat exchange tube assembly according to aspects of this invention;

Fig. 1B is a right side view of the water heater assembly illustrated in Fig.
1A;

Fig. 1C is a top view of the water heater assembly illustrated in Fig. 1A;

Fig. 2 is a right side detail view of a portion of the heat exchange tube
assembly illustrated in Fig. 1A showing a double-walled heat exchange tube, support

members, and a reinforcement member;
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Fig. 3A is a right side detail view of the double-walled heat exchange

tube illustrated in Fig. 2 showing an inner tube within an outer tube;

Fig. 3B is a top view of the coiled double-walled heat exchange tube
illustrated in Fig. 3A;

Fig. 3C is an end view of the double-walled heat exchange tube
illustrated in Fig. 3A;

Fig. 4 is a detailed view of the outer tube (uncoiled) illustrated in Fig. 3A;

Fig. S5A is a detailed view of an embodiment of the inner tube (uncoiled)
illustrated in Fig. 3A;

Fig. 5B is an end view of the inner tube illustrated in Fig. 5A;

Fig. 6A is a detailed view of another embodiment of the inner tube
(uncoiled) illustrated in Fig. 3A;

Fig. 6B is an end view of the inner tube illustrated in Fig. 6A;

Fig. 7A is a detailed view of yet another embodiment of the inner tube
(uncoiled) illustrated in Fig. 3A;

Fig. 7B is an end view of the inner tube illustrated in Fig. 7A;

Fig. 8A is a cross-sectional view of an embodiment of a fitting assembly

configured for use with the water heater assembly illustrated in Fig. 1B;

Fig. 8B is a cross-sectional view of a fitting component of the fitting

assembly illustrated in Fig. 8A;

Fig. 9A is a cross-sectional view of another embodiment of a fitting

assembly configured for use with the water heater assembly illustrated in Fig. 1B;

Fig. 9B is a cross-sectional view of a fitting component of the fitting
assembly illustrated in Fig. 9A;

Fig. 10A is a cross-sectional view of yet another embodiment of a fitting

assembly configured for use with the water heater assembly illustrated in Fig. 1B; and

Fig. 10B is a cross-sectional view of a fitting component of the fitting

assembly illustrated in Fig. 10B.
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DETAILED DESCRIPTION OF THE INVENTION

Although the invention is illustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope and
range of equivalents of the claims and without departing from the invention.

Referring to the figures generally, an exemplary embodiment of a water
heater 10 including a tank 12 having a wall 14 defining an interior "1” for holding water
is provided. A heat exchange assembly 16 is positioned at least partially within the
interior of the tank 12. The heat exchange assembly 16 includes a metallic outer tube
22 positioned within the interior “I” of the tank 12. The outer tube 22 has a wall 49
with an inner surface 50 and end portions positioned within the interior “1” of the tank
12. The heat exchange assembly 16 further includes a metallic inner tube 42 extending
within the outer tube 22 and having end portions extending through the wall 14 of the
tank 12. The inner tube 42 has a wall 52 with an outer surface 54. A portion of the
outer surface 54 of the inner tube 42 contacts a portion of the inner surface 50 of the
outer tube 22, thereby facilitating the transfer of heat between the inner tube 42 and
the outer tube 22. An elongated passageway is defined between a portion of the outer
surface 54 of the inner tube 42 and a portion of the inner surface 50 of the outer tu.be
22, thereby facilitating the flow of fluid along a length of the outer tube 22 and the

inher tube 42.

In another exemplary embodiment, a heat exchange tube assembly 16 is
provided. The heat exchange tube assembly 16 includes a metallic outer tube 22
having a wall 49 with an inner surface 50. A metallic inner tube 42 is positioned within
the outer tube 22. The inner tube 42 has a wall 52 with an outer surface 54. The wall
49 of the outer tube 22 is thicker than the wall 52 of the inner tube 42,

In yet another exemplary embodiment, the heat exchange tube assembly
16 includes a metallic outer tube 22 having a wall 49 with an inner surface 50. An
elongated passageway is defined between a portion of the outer surface 54 of the inner
tube 42 and a portion of the inner surface 50 of the outer tube 22, thereby facilitating
the flow of fluid along a length of the heat exchange tube assembly 16. The

passageway is at least partially defined by at least one spiral groove 48C formed by the
outer surface 54C of the inner tube 42C or by the inner surface 50 of the outer tube 22.

In still another exemplary embodiment, a method of forming a heat
exchange tube assembly 16 is provided. The method includes the step of inserting a
metallic inner tube 42 within a metallic outer tube 22. The method further includes the
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step of urging a portion of an outer surface 54 of the inner tube 42 and a portion of an
inner surface 50 of the outer tube 22 into contact with one another, thereby facilitating
the transfer of heat between the inner tube 42 and the outer tube 22. An elongated
passageway is maintained between a portion of the outer surface 54 of the inner tube
42 and a portion of the inner surface 50 of the outer tube 22, thereby facilitating the
flow of fluid along a length of the heat exchange tube assembly 16.

In another exemplary embodiment, a water heater 10 is provided. The
water heater 10 includes a tank 12 having a wall 14 defining an interior 1" for holding
water to be heated. A heat exchange tube assembly 16 extends in the interior “1” of
the tank 12. The heat exchange tube assembly 16 has a metallic outer tube 22 having
a wall 49 with an inner surface 50, and a metallic inner tube 42 positioned within the
outer tube 22. The inner tube 42 has a wall 52 with an outer surface 54 and defines an
interior for containing fluid. An elongated passageway is defined between the outer
surface 54 of the inner tube 42 and the inner surface 50 of the outer tube 22, thereby
facilitating the flow of fluid along a length of the heat exchange tube assembly 16. A
fitting 20 extends into the interior "I” of the tank 12. The fitting 20 is sealingly coupled
to the outer tube 22 and to the wall 14 of the tank 12, thereby providing a sealed
passageway for any breached fluid contained between the inner tube 42 and outer tube
22 to be vented to the tank 12 exterior for heat exchanger breach recognition. The
fitting 20 at least partially defines a fluid flow passageway extending between the
elongated passageway and the exterior of the tank 12, thereby facilitating the flow of
fluid from the elongated passageway to the exterior of the tank 12.

In yet another exemplary embodiment, a method of manufacturing a
water heater 10 is provided. The method includes the step of inserting a metallic inner
tube 42 within a metallic outer tube 22, thereby forming a double-walled heat
exchange tube 18. The method further includes the step of positioning the double-
walled heat exchange tube 18 in a tank 12 having a wall 14 defining an interior “1” for
holding water, such that end portions of the outer tube 22 are within the interior “1” of
the tank 12 and end portions of the inner tube 42 extend through the wali 14 of the
tank 12.

Referring now to Figs. 1A - 1C, a water heater assembly embodying
exemplary aspects of this invention is generally designated by the numeral *10.” Figs.
1A - 1C depict a commercial or residential water heater. However, the descriptions
herein apply to commercial water heaters and residential or domestic water heaters, as

well as other heat transfer systems.
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The water heater assembly 10 includes a tank 12 having a wall 14
defining an interior “1” for holding water. The tank 12 has a cover portion, such as
head assembly 24, and a base 26. A heat exchange tube assembly 16 is positioned
within the interior “1” of the tank 12. The heat exchange tube assembly 16 includes a
metallic outer tube 22 and a metallic inner tube (not shown) extending within the outer
tube 22 and extending through the wall 14 of the tank 12. A fitting 20 is connected to
each end of the heat exchange tube assembly 16 and to the tank wall 14 of the water
heater assembly 10. The fittings 20, along with other features of the heat exchange
tube assembly 16 to be identified subsequently, are configured to reduce movement of
the heat exchange tube assembly 16 with respect to the water heater tank 12, as
described in greater detail in U.S. Patent Application No. 10/677,038 entitled INDIRECT
WATER HEATER AND METHOD OF MANUFACTURING SAME (Attorney Docket No. BWC-
105US) incorporated herein by reference.

The head assembly 24 and the base 26 are welded to the top and bottom
(respectively) of the wall 14 of the water tank 12 with flues 30 welded into the head
and base to form water tight seals for the containment of water within the water tank
12. The head assembly 24 is configured to include a cold water supply 32 and a hot
water outlet 34. Furthermore, the water tank 12 is equipped with multiple sacrificial
anodes 36 to protect the tank 12 from corrosion.

A heat source such as gas or 0il is combusted beneath the base 26 of the
tank 12 within a combustion chamber 28. Flues 30 extend from the base 26 through
the head assembly 24 to exhaust combustion gases from the combustion chamber 28.
The heat exchange tube assembly 16 surrounds the flues 30, as illustrated in Fig. 1C,
terminating at the fittings 20 located at the tank wall 14. To simplify the depiction,
only one of the two flues 30 is represented in Fig. 1B. '

Fig. 2 is a detailed view illustrating additional features of the heat
exchange tube assembly 16, namely support members 38 and reinforcement member
40, configured to reduce movement of the heat exchange tube assembly 16 with
respect to the water heater tank 12. The support members 38 also maximize the heat
transfer surface area by preventing contact between adjacent coils, and improve water
circulation by fixing specific spacing between adjacent coils. Such features are
described in greater detail in U.S. Patent Application No. 10/677,038 (Attorney Docket
No. BWC-105US).

Figs. 3A - 3C illustrate further details of the double-walled heat exchange
tube 18 of heat exchange tube assembly 16. More specifically, Fig. 3A illustrates inner
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tube 42B (generally referred to as item 42) within outer tube 22. The double-walled
heat exchange tube 18 is coiled 44 between end portions 46. As described previously,
a fitting 20 is connected to each end portion 46 of the heat exchange tube assembly 16
and to the tank wall 14 of the water heater assembly 10.

Generally, an elongated passageway is defined between the inner tube
42 and the outer tube 22, thereby facilitating the flow of fluid along a length of the
tubes 42 and 22. The elongated passageway may be defined by at least one groove
48B (generally referred to as item 48) formed by the inner tube 42. Furthermore, the
elongated passageway may be defined by a gap "G” between the inner tube 42 and the
outer tube 22. Such a gap “G” is formed by differences in the cross-sectional shapes of
the inner surface 50 of the outer tube 22 and the outer surface 54 of the inner tube 42.
Details of the functions of the elongated passageway embodiments will be described
subsequently with reference to Figs. 4 - 10B.

Fig. 4 is a detailed view of the outer tube 22 in an uncoiled state. The
outer tube 22 has a wall 49 with an inner surface 50.

Figs. 5A - 7B illustrate various embodiments of the inner tube 42 in an
uncoiled state according to aspects of this invention. Similar to the outer tube 22, each
embodiment of the inner tube 42 has a wall (generally referred to as item 52) with an
outer surface (generally referred to as item 54).

More specifically, Figs. 5A and 5B illustrate an inner tube 42A with a
single straight groove 48A formed by the outer surface 54A. Figs. 6A and 6B illustrate
an inner tube 42B with two straight grooves 48B formed by the outer surface 54B.
Figs. 7A and 7B illustrate an inner tube 42C with a spiral groove 48C formed by the
outer surface 54C.

While various configurations of a groove can be utilized if a groove is
selected to help form an elongated passageway between the inner and outer tubes, it
has been discovered that several benefits are conferred by the selection of a spiral
groove or a groove that is otherwise configured such that it does not extend in a
straight path along the straightened tube. For example, if a spiral groove is selected,
such a groove may be predictably formed by rotating a tube as it is passed through a
die. Also, such a groove would evenly distribute the space formed by the groove
between the inner and outer tubes, thereby distributing the segments of the heat
exchange tube that may have reduced heat transfer capabilities. Finally, such a groove
may also improve the strength or workability of the tube by distributing the space
defined by the groove evenly about the outer circumference of the inner tube or the
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inner circumference of the outer tube. Again, straight, spiral, or otherwise configured
grooves can be selected (if one or more grooves are utilized to help define the
elongated passageway) depending upon design considerations and preferences for a
particular application.

The present invention is not limited to the groove configurations
illustrated in the figures. A double-walled heat exchange tube 18 may contain more
than two grooves 48. The cross-sectional shape of the groove(s) 48 may be semi-
circular, rectangular, V-shaped, or any other shape capable of defining an elongated
passageway between a portion of the outer surface 54 of the inner tube 42 and a
portion of the inner surface 50 of the outer tube 22, thereby facilitating the flow of fluid
along a length of the outer tube 22 and the inner tube 42. Furthermore, the location of
the groove 48 is not limited to the outer surface 54 of the inner tube 42, as it may be
formed on the inner surface 50 of the outer tube 22. There are a variety of possible
configurations, as long as the outer surface 54 of the inner tube 42 contacts a portion
of the inner surface 50 of the outer tube 22, thereby facilitating the transfer of heat

between the inner tube 42 and the outer tube 22.

The groove or grooves 48 are alternatively supplemented or replaced by
the gap “"G” to provide an elongated passageway. In other words, a gap “"G” may be
maintained or formed between the tubes 42 and 22 to facilitate the flow of trapped
liquid. Such a gap “"G"” can cooperate with or alternatively replace one or more grooves
48.

The outer tube 22 may be compressed radially inward for contact
between the inner surface 50 of the outer tube 22 and the outer surface 54 of the inner
tube 42. Alternatively, the inner tube 42 may be expanded radially outwardly for
contact between the outer surface 54 of the inner tube 42 and the inner surface 50 of
the outer tube 22. Regardless of how the inner tube 42 and outer tube 22 are formed
together, it is preferable that an elongated passageway, defined by a groove 48 and/or
a gap “G,” remains between the tubes to permit the venting of fluid within the interior
surface 50 of the outer tube 22 and the exterior surface 54 of the inner tube 42.

The wall 52 of the inner tube 42 is typically thicker than the wall 49 of
the outer tube 22. Both the inner tube 42 and the outer tube 22 are metallic. Such
metallic construction of both the inner tube 42 and the outer tube 22 provides
increased heat transfer by increasing conductive heat transfer.

While a thicker outer tube wall may be preferred, the inner tube wall may
be thicker than the outer tube wall. It has been discovered, however, that a thicker
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outer tube wall can be beneficial for oxidation resistance. Such benefit arises for at
least two reasons.

First, the fluid flowing through the inner tube 42 is often oxygen depleted
and therefore can result in reduced oxidation of the inner tube 42 as compared to the
oxidation of the outer tube 22 caused by the water (relatively oxygen rich) in the tank
12. Accordingly, the outer tube 22 is likely to oxidize or corrode at a higher rate as
compared to the inner tube 42.

Second, the pressure of the water in the tank 12 is likely to be greater
than that of the water circulating within the inner tube 42. Accordingly, water in the
tank 12 is more likely to pass inwardly through a leak in the outer wall 49 as compared
to the likelihood of water in the inner tube 42 passing outwardly through a leak in the
inner wall 52.

For these and perhaps other reasons, it is beneficial to size the inner and
outer tubes, 42 and 22 respectively, such that the outer tube 22 is thicker.
Alternatively, whether because of the selection of particular materials for the tubes or
other factors, the inner tube 42 can have the same or greater thickness as compared to
the outer tube 22.

Referring now to Figs. 8A -10B, various fitting configurations are
iflustrated. The fittings are generally referred to as item 20. More specifically with
reference to Fig. 8A, a fitting assembly 20A extends into the interior “1” of the tank 12.
The fitting assembly 20A is sealingly coupled to the outer tube 22 and to the wall 14 of
the tank 12, thereby preventing the mixing of fluid in the elongated passageway and
the water in the tank 12. The fitting assembly 20A at least partially defines a fluid flow
passageway 56A extending between the elongated passageway and an exterior of the
tank 12, thereby facilitating the flow of fluid from the elongated passageway to the
exterior of the tank 12.

The fitting assembly 20A is welded to the outer tube 22 at weld “W0,”
the tank wall 14 at weld "WT,” and the inner tube 42 at weld "WI.” The fluid flow
passageway 56A includes an annular passageway 58A defined by a through hole
surface 60A of the fitting assembly 20A and the outer surface 54 of the inner tube 42.
The fluid flow passageway 56A further includes at least one aperture 62A located
outside the tank 12 and oriented at an angle relative to an axis of the inner tube 42.
The angle of the embodiment illustrated in Fig. 8A is oriented substantially
perpendicular relative to the axis of the inner tube 42.
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Fig. 8B illustrates further details of the fitting assembly 20A. Male
threads 64 are configured to engage female threads 66 of a fitting 68 external to the
water heater wall 14, as illustrated in Fig. 8A. Fitting assembly 20A further includes an
annular shoulder surface 70A, a bore 72A configured to receive one of the end portions
46 of the outer tube 22, and an interior annular shoulder 74A. These features are
configured to reduce movement of the heat exchange tube assembly 16 with respect to
the water heater tank 12, as described in greater detail in U.S. Patent Application No.
10/677,038 (Attorney Docket No. BWC-105US). Through hole 60A, along with the
outer surface 54 of the inner tube 42, defines the annular passageway 58A as described
previously. Furthermore, tapered transition 76A provides strain relief to preserve the
integrity of the fitting assembly 20A and the heat exchange assembly under axial and
radial forces.

The grooves 48 described previously with reference to Figs. 5A - 7B
provide an improved path, i.e., an elongated passageway, along which potable or non-
potable fluid trapped between the inner tube 42 and the outer tube 22 can travel out of
the system. Alternatively, an elongated passageway may be defined by a gap “"G”
(illustrated in Fig. 3C) between the inner tube 42 and the outer tube 22. In other
words, grooves 48, gap “G,” or a combination of both provides an improved leak path
between the inner tube 42 and outer tube 22 and over a substantial length of the heat
exchange tube assembly 16. Breached potable or non-potable fluid travels along the
elongated passageway to the annular passageway 58A of the fluid flow passageway
56A formed by fitting assembly 20A. The radially extending apertures 62A act as relief
holes. More specifically, the radially extending apertures 62A (having openings located
outside the tank wall 14) provide a path for the escape of potable or non-potable fluid
that travels along the elongated passageway formed by the grooves 48 or the gap “"G.”
Any fluid that leaks between the inner tube 42 and the outer tube 22 will travel out of
the system via the elongated passageway and discharge outside the tank wall 14,
thereby avoiding contamination of the potable water contained within the interior “I1” of
the water heater tank 12.

Figs. 9A and 9B illustrate another embodiment of the fitting assembly,
here referred to as 20B. The configuration and operation of the fitting assembly of this
embodiment are essentially the same as those of fitting assembly 20A described
previously with reference to Figs. 8A and 8B, with some notable differences. Unlike
fitting assembly 20A, which includes male threads 64 configured to engage female
threads 66 of a fitting 68 external to the tank 12 (as illustrated in Fig. 8A), fitting
assembly 20B itself includes a coupling 78B with female threads 80B configured to
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engage male threads of a fitting external to the tank 12. In other words, fitting
assembly 20B includes two components that are connected to each other to form the
fitting assembly 20B via the engagement of male threads 82 and female threads 84
(represented in Fig. 9B), further secured by fitting weld "WF.” The female threads 80B
engage the fitting assembly 20B to male threads of a fitting (not shown) external to the
tank 12.

Similar to fitting assembly 20A, the radially extending apertures 62B of
fitting assembly 20B act as relief holes for any fluid that leaks between the inner tube
42 and the outer tube 22. Also, an annular passageway 58B receives fluid from the
elongated passageway between the heat exchange tubes 42 and 22. Apertures 62B
and annular passageway 58B together form a fluid flow passageway 56B.

Referring now to Figs. 10A and 10B, a further embodiment of the fitting
assembly is illustrated, here referred to as 20C. The configuration and operation of the
fitting assembly of this embodiment are essentially the same as those of fitting
assembly 20A described previously with reference to Figs. 8A and 8B, with some
notable differences. Unlike fitting assembly 20A, which includes male threads 64
configured to engage female threads 66 of a fitting 68 external to the tank 12 (as
illustrated in Fig. 8A), fitting assembly 20C itself includes a coupling 78C with female
threads 80C configured to engage male threads of a fitting (not shown) external to the
water heater 10. In other words, fitting assembly 20C includes two components that
are connected to the double-walled heat exchange tube 18 to form the fitting assembly
20C. Fitting assembly 20C is welded to the outer tube 22 at weld "WO"” and the tank
wall 14 at weld "WT,"” while the coupling component 78C of the fitting assembly 20C is
welded to the inner tube 42 at weld "WI.” The female threads 80C engage the fitting
20C to male threads of a fitting (not shown) external to the tank 12.

Fitting assembly 20C is further distinguished from fitting assemblies 20A
and 20B in that fitting assembly 20C does not include radially extending apertures (62A
and 62B of fittings assemblies 20A and 20B respectively) to act as relief holes for any
water that leaks between the inner tube 42 and the outer tube 22. Instead, any fluid
that leaks between the inner tube 42 and the outer tube 22 will travel out of the
system via the elongated passageway between the inner tube 42 and the outer tube 22
and discharge outside the tank 12 directly from an annular passageway 58C. This
alternative configuration also avoids contamination of the potable water contained
within the interior “1” of the water heater tank 12.
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As is illustrated in Figs. 8A - 10B, each of the fittings 20A, 208, and 20C
is configured to position the end portions of the outer tube 22 such that they terminate
within the interior "1” of the water heater tank 12 (i.e., inwardly from the interior
surface of the wall 14 of the tank 12). In each of the exemplary embodiments shown in
Figs. 8A - 10B, this is accomplished by providing a surface on the fitting that limits the
position of the end portions of the outer tube 22 relative to the wall 14 of the tank 12.
More specifically, each of the fitting assemblies 20A, 20B, and 20C provides an interior
annular shoulder 74A, 74B, and 74C, respectively, which determines the location of the
end portion of the outer tube 22. Each of the fitting assemblies 20A, 20B, and 20C also
provides an annular shoulder surface 70A, 70B, and 70C, respectively, which
determines the relative position of the fitting assembly 20A, 20B, and 20C with respect
to the tank wall 14. By virtue of the relative position between the interior annular
shoulder 74A, 74B, and 74C and the annular shoulder surface 70A, 70B, and 70C,
respectively, the end portions of the outer tube 22 are maintained within the interior of
the tank 12.

It has been discovered that, by positioning the ends of the outer tube 22
within the interior "I" of the tank 12, at least one benefit is achieved. Specifically,
termination of the end portions of the outer tube 22 within the tank 12 makes it
possible to reduce the space required on the exterior of the tank 12 for the fluid flow
passageway 56A, 56B, and 56C. In other words, by forming the starting point of the
fluid flow passageway 56A, 56B, and 56C within the tank’s interior “I,” less structure is
needed on the exterior of the wall 14 of the tank 12 for the completion of the fluid flow
passageway 56A, 56B, and 56C (whether by means of apertures 62A and 62B or by
means of the space between the fitting coupling 78C and the remainder of fitting 20C).

In order to help achieve the benefit of space savings, it is also noted that
each of the fitting embodiments illustrated in Figs. 8A - 10B extends into the interior “1”
of the tank 12. Specifically, the tapered transition 76A, 76B, and 76C of each of fitting
assemblies 20A, 20B, and 20C, respectively, extends into the interior “I” of the tank 12.
Accordingly, the coupling (such as at weld *“WO") between the fitting 20A, 20B, and
20C and the outer tube 22 can be positioned within the interior “I1” of the tank 12.

Such an extension of at least a portion of the fitting 20A, 20B, and 20C
into the interior "I” of the tank 12 also improves the structural integrity of the final
assembly. More specifically, by placing at least a portion of the fitting 20A, 20B, and
20C within the tank 12, additional support is provided for the end portions of the tubing
assembly 16 to resist any damage caused by relative movement between the coiled
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heat exchange tube 44 and the wall 14 of the tank 12 (e.g., during shipment,
installation, and use).

An exemplary method of forming a heat exchange tube assembly 16
includes inserting a metallic inner tube 42 within a metallic outer tube 22. A portion of
an outer surface 54 of the inner tube 42 and a portion of an inner surface 50 of the
outer tube 22 are urged into contact with one another, thereby facilitating the transfer
of heat between the inner tube 42 and the outer tube 22. An elongated passageway is
maintained between a portion of the outer surface 54 of the inner tube 42 and a portion
of the inner surface 50 of the outer tube 22, thereby facilitating the flow of fluid along
the length of the heat exchange tube assembly 16. The urging step may include
compressing the outer tube 22. Such compressing may include passing the outer tube
22 through a die. More specifically, the pre-assembly of the inner 42 and outer 22
tubes may be passed through a die having an opening smaller than the area of the
cross-section of the outer tube 22, thereby forcing the outer tube 22 radially inwardly
into at least partial contact with the inner tube 42.

Alternatively, the urging step may include expanding the inner tube 42.
Such expanding may include pressurizing an interior of the inner tube 42, which may
be accomplished by positioning pressurized liquid in the interior of the inner tube 42.
More specifically, once the inner tube 42 is positioned within the outer tube 22, the
inner tube 42 can be pressurized to expand it into at least partial contact with the outer
tube 22. The expanding step may alternatively include forcing a mandrill through an
interior of the inner tube 42. By forcing a mandrel through the inner tube 42 after it
has been inserted into the outer tube 22, the inner tube 42 can be expanded into at
least partial contact with the outer tube 22.

By urging a portion of an outer sutrface 54 of the inner tube 42 and a
portion of the inner surface 50 of the outer tube 22 into contact with one another, at
least one benefit can be achieved. Specifically, urging the tubes 42 and 22 into contact
with one another provides an increase in the heat transfer, by conduction, between the
inner tube 42 and outer tube 22. And as discussed previously, the maintenance of an
elongated passageway between a portion of the outer surface 54 of the inner tube 42
and a portion of the inner surface 50 of the outer tube 22 makes it possible for fluid to
flow along at least a portion of the length of the double-walled heat exchange tube 18,
preferably along the entire length of the heat exchange tube 18.

In use, according to one exemplary embodiment of the invention, water
from a space heating system or another source enters the water heater through the
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bottom fitting 20. The water then travels upwardly through the coiled tube 44 of the
heat exchange tube assembly 16 aided by convection currents and/or a circulator as it
is heated by exposure to hot potable water within the water storage tank 12. In other
words, heat is transferred from potable water within the water storage tank 12 to a
potentially non-potable fluid circulated through the coiled tube 44 of the heat exchange
tube assembly 16. The fluid then exits through the top fitting 20 and travels to the
space heating system or another destination. This fluid can be continuously circulated
through the system as needed. The circulating fluid can optionally enter through the
top fitting 20 and exit through the bottom fitting 20. The positions of the fittings 20
can be selected depending on design constraints.

While preferred embodiments of the invention have been shown and
described herein, it will be understood that such embodiments are provided by way of
example only. Numerous variations, changes and substitutions will occur to those
skilled in the art without departing from the spirit of the invention. Accordingly, it is
intended that the appended claims cover all such variations as fall within the spirit and
scope of the invention.
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What is Claimed:
1, A water heater comprising:
a tank having a wall defining an interior for holding water; and

a heat exchange assembly positioned at least partially within said interior
of said tank, said heat exchange assembly having

a metallic outer tube positioned within said interior of said tank,
said outer tube having a wall with an inner surface and end portions positioned within
said interior of said tank; and

a metallic inner tube extending within said outer tube and having
end portions extending through said wall of said tank, said inner tube having a wall
with an outer surface;

wherein a portion of said outer surface of said inner tube contacts a
portion of said inner surface of said outer tube, thereby facilitating the transfer of heat
between said inner tube and said outer tube; and

wherein an elongated passageway is defined between a portion of said
outer surface of said inner tube and a portion of said inner surface of said outer tube,
thereby facilitating the flow of fluid along a length of said outer tube and said inner
tube.

2. The water heater of claim 1, wherein said outer tube is
compressed radially inwardly for contact between said inner surface of said outer tube
and said outer surface of said inner tube.

3. The water heater of claim 1, wherein said inner tube is expanded
radially outwardly for contact between said outer surface of said inner tube and said
inner surface of said outer tube.

4. The water heater of claim 1, wherein said wall of said inner tube is
thicker than said wall of said outer tube.

5. The water heater of claim 1, wherein said passageway is at least
partially defined by at least one groove formed by said outer surface of said inner tube
or by said inner surface of said outer tube.

6. The water heater of claim 5, wherein said groove is spiral.

7. The water heater of claim 5, wherein said groove is formed by
said outer surface of said inner tube.
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8. The water heater of claim 5, wherein said groove is formed by
said inner surface of said outer tube.
9. The water heater of claim 1, wherein said passageway is defined

by a gap between said outer surface of said inner tube and said inner surface of said
outer tube.

10. The water heater of claim 9, wherein said gap is formed by
differences in the cross-sectional shapes of said inner surface of said outer tube and
said outer surface of said inner tube.

11, A heat exchange tube assembly comprising:
a metallic outer tube having a wall with an inner surface; and

a metallic inner tube positioned within said outer tube, said inner tube
having a wall with an outer surface;

wherein a portion of said outer surface of said inner tube contacts a
portion of said inner surface of said outer tube, thereby facilitating the transfer of heat
between said inner tube and said outer tube;

wherein an elongated passageway is defined between a portion of said
outer surface of said inner tube and a portion of said inner surface of said outer tube,
thereby facilitating the flow of fluid along a length of said heat exchange tube

assembly; and

wherein said wall of said outer tube is thicker than said wall of said inner
tube.

12. A heat exchange tube assembly comprising:
a metallic outer tube having a wall with an inner surface; and

a metallic inner tube positioned within said outer tube, said inner tube
having a wall with an outer surface;

wherein a portion of said outer surface of said inner tube contacts a
portion of said inner surface of said outer tube, thereby facilitating the transfer of heat
between said inner tube and said outer tube;

wherein an elongated passageway is defined between a portion of said
outer surface of said inner tube and a portion of said inner surface of said outer tube,
thereby facilitating the flow of fluid along a length of said heat exchange tube
assembly; and
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wherein said passageway is at least partially defined by at least one
spiral groove formed by said outer surface of said inner tube or by said inner surface of

said outer tube.

13. A method of forming a heat exchange tube assembly comprising
the steps of:

inserting a metallic inner tube within a metallic outer tube;

urging a portion of an outer surface of the inner tube and a portion of an
inner surface of the outer tube into contact with one another, thereby facilitating the
transfer of heat between the inner tube and the outer tube; and

maintaining an elongated passageway between a portion of the outer
surface of the inner tube and a portion of the inner surface of the outer tube, thereby
facilitating the flow of fluid along a length of the heat exchange tube assembly.

14. The method of claim 13, wherein said urging step comprises the

step of compressing the outer tube.

15. The method of claim 14, wherein said compressing step
comprises passing the outer tube through a die.

16. The method of claim 13, wherein said urging step comprises the
step of expanding the inner tube.

17. The method of claim 16, wherein said expanding step comprises
pressurizing an interior of the inner tube.

18. The method of claim 17, wherein said pressurizing step comprises
positioning pressurized liquid in the interior of the inner tube.

19. The method of claim 16, wherein said expanding step comprises
forcing a mandrel through an interior of the inner tube.

20. The method of claim 13, wherein said maintaining step comprises
forming a groove on the outer surface of the inner tube or the inner surface of the outer
tube.

21. The method of claim 20, wherein said maintaining step comprises
defining or retaining a helical groove on the outer surface of the inner tube or the inner
surface of the outer tube.

22. The method of claim 20, wherein said maintaining step comprises
defining or retaining a groove on the outer surface of the inner tube.
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23. The method of claim 20, wherein said maintaining step comprises
retaining a groove on the inner surface of the outer tube.

24. The method of claim 13, wherein said maintaining step comprises

retaining a gap between the outer surface of the inner tube and the inner surface of the

outer tube.

25. A water heater comprising:

a tank having a wall defining an interior for holding water to be heated;
and

a heat exchange tube assembly extending in said interior of said tank
and having:

a metallic outer tube having a wall with an inner surface;

a metallic inner tube positioned within said outer tube, said inner tube
having a wall with an outer surface and defining an interior for containing fluid, wherein
an elongated passageway is defined between said outer surface of said inner tube and
said inner surface of said outer tube, thereby facilitating the flow of fluid along a length
of said heat exchange tube assembly; and

a fitting extending into the interior of said tank, said fitting being
sealingly coupled to said outer tube and to said wall of said tank, thereby preventing
the mixing of fluid in said elongated passageway and water in said tank, said fitting at
least partially defining a fluid flow passageway extending between said elongated
passageway and an exterior of said tank, thereby facilitating the flow of fluid from said
elongated passageway to said exterior of said tank.

26. The water heater of claim 25, wherein said fitting is welded to
said outer tube.

27. The water heater of claim 25, wherein said fitting is welded to
said tank.

28. The water heater of claim 25, wherein said fitting is welded to
said inner tube.

29.  The water heater of claim 25, wherein said fluid flow passageway
comprises an annular passage defined by a space between an inner surface of said
fitting and said outer surface of said inner tube.
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30. The water heater of claim 25, wherein said fluid flow passageway
comprises at least one aperture oriented at an angle relative to an axis of said inner
tube.

31. The water heater of claim 30, wherein said aperture is oriented
substantially perpendicular relative to said axis of said inner tube.

32. A method of manufacturing a water heater comprising the steps

of:

inserting a metallic inner tube within a metallic outer tube, thereby
forming a double-walled heat exchange tube; and

positioning the heat exchange tube in a tank having a wall defining an
interior for holding water, such that end portions of the outer tube are within the
interior of the tank and end portions of the inner tube extend through the wall of the
tank.
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