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Description

Field of the Invention

[0001] In a first aspect, the present invention relates
generally to a header for use with a heat exchanger and
a fluid circulation line of a recreational body of water. In
particular, exemplary embodiments of the presentinven-
tion relate to a header that has means for bypassing the
heat exchanger and/or means for initiating activation
thereof. In a second aspect, the present invention relates
generally to a tube-in-tube heat exchanger and methods
of use thereof. In particular, exemplary embodiments of
the invention relate to a tube-in-tube heat exchanger for
use along a fluid circulation path of a recreational body
of water. In a third aspect, the present invention relates
generally to a heat system having a tube-in-tube heat
exchanger and a header therefor.

Background of the Invention

[0002] It is known in the art to utilize a header as an
interface between a heat exchanger and a fluid circula-
tion line of a recreational body of water, such as a swim-
ming pool, spa, etc. The header typically has an inflow
side that includes (1) a circulation line inlet that is down-
stream of the send of a fluid circulation line from the swim-
ming pool, and (2) an exchanger line outlet that is up-
stream of the heat exchanger. Similarly, the header typ-
ically also has an outflow side that includes (1) an ex-
changer line inlet that is downstream of the heat exchang-
er, (2) and a circulation line outlet that is upstream of the
return of the fluid circulation line.

[0003] Although any suitable nature and number of
components can be installed along the fluid circulation
path, e.g., pumps, filters, etc., it is desirable for the water
flow rate through the heat exchanger to be optimized in
a desired range. Otherwise, for example, a slower water
flow rate through the heat exchanger can cause the heat
exchanger to overheat, while a faster water flow rate
through the heat exchanger can enhance corrosion
and/or erosion.

[0004] The water flow rate through the heat exchanger
is related to the pressure at the inflow side of the header,
and, notwithstanding the desire to optimize water flow
rate, it is not uncommon for higher pressures to build-up
at the inflow side of the header of the prior art, thereby
increasing the water flow rate through the heat exchang-
er. Suchisthe case, for example, because the exchanger
line outlet of the header typically has a diameter greater
than that of the pipes of the heat exchanger. Other po-
tential causes for a high-pressure condition at the inflow
side of the header can include, for example, a larger
pump installed on the fluid circulation line, etc. What is
needed in the art is a header for a heat exchanger that
overcomes the disadvantages and shortcomings of the
prior art.

[0005] Also, tube-in-tube assemblies for use in a heat
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exchanger are known in the art. An inner tube can be
provided for the flow of refrigerant and an outer tube en-
closing the inner tube can be provided for the flow ther-
ebetween of water. For example, United States Patent
Publication No. 2003/0209345 discloses a tube-in-tube
heat exchanger having a titanium tube for refrigerant sur-
rounded by an outer spa hose, where the heat exchanger
is helical for placement around a compressor. As another
example, United States Patent No. 5,802,864 discloses
a refrigerant-to-water heat exchanger having a refriger-
ant conduit disposed within awater conduit, where a com-
pressor is positioned within the exchanger. Among other
advantages, a tube-in-tube design increases the surface
area for which heat is exchanged between the refrigerant
and the water. However, it is contemplated that heat ex-
changers experience inefficiencies by virtue of the outer
water conduit being adjacent to the atmosphere. What
is needed in the art is a heat exchanger that overcomes
the disadvantages and shortcomings of the prior art.

Summary of the Invention

[0006] The present invention includes at least three
aspects and, without limiting the scope of any invention,
the following is noted for the purposes of clarity of the
present disclosure: (1) the first aspect of the present in-
vention relates at least to a header for a heat exchanger;
(2) the second aspect of the present invention relates at
least to a tube-in-tube heat exchanger; and (3) the third
aspect relates to a heat system having a tube-in-tube
heat exchanger and a header therefor, wherein the tube-
in-tube heat exchanger provides a primary passage for
water flow and the header provides a bypass thereof. As
used herein, the term "heat system" refers to a system
that increases (makes hotter) and/or decreases (makes
cooler) an amount of heat.

[0007] In the first aspect, the present invention over-
comes the disadvantages and shortcomings of the prior
art discussed above by providing a header having im-
proved means for bypassing a heat exchanger and/or
improved means for initiating activation thereof. In an ex-
emplary embodiment of the presentinvention, the header
includes an inflow side, an outflow side, a bypass port
therebetween, and a pressure-sensitive flapper valve
proximal the bypass port. As pressure increases at the
inflow side of the header, the flapper valve opens, and,
as the pressure decreases at the inflow side of the head-
er, the flapper valve doses. In some exemplary embod-
iments of the present invention, the header has a service
cartridge assembly that includes a frame and a flapper
valve removably secured with respect to the frame, such
that the service cartridge can be easily inserted into
and/or removed from the header to facilitate easy repair
and/or replacement of the flapper valve.

[0008] Continuing with discussion of the first aspect of
the present invention, in some exemplary embodiments
of the present invention, the header is provided with
means for sensing a desired pressure differential across



3 EP 1978 322 A2 4

the heat exchanger and initiating heat exchanger activa-
tion in response to same. For example, a first pressure
sensoris provided in fluid communication with the outflow
side of the header to sense a first pressure thereof and
a second pressure sensor is provided in fluid communi-
cationwith the inflow side of the header to sense a second
pressure thereof. A water flow rate is derived from the
differential pressure between the outflow pressure and
inflow pressure, and electro-mechanical and/or electron-
ic means can be utilized to compare the water flow rate
against a lower limit associated with the heat exchanger.
Initiation of heat exchanger activation occurs when the
measured flow rate has risen to meet and/or exceed the
lower limit.

[0009] Additional features, functions and benefits of
the disclosed header and header-related systems will be
apparent from the detailed description which follows, par-
ticularly when read in conjunction with the accompanying
figures corresponding thereto.

[0010] In the second aspect, the present invention
overcomes the disadvantages and shortcomings of the
prior art discussed above by providing a heat exchanger
that includes a tank defining a chamber therein for re-
ceiving a helical tube-in-tube assembly and/or an exter-
nal cavity for receiving a compressor, such a heat ex-
changer, for the purposes of clarity, referenced herein
as a"tube-in-tube heat exchanger." Inthe exemplary em-
bodiment, the helical tube-in-tube assembly includes a
water hose and a refrigerant tube at least partially ex-
tending through the water hose, where the refrigerant
tube and the water hose define a primary water passage
therebetween. Refrigerant flows through the refrigerant
hose and water flows through the primary water passage
for the exchange of heat with the refrigerant. It is con-
templated that the helical tube-in-tube assembly can op-
tionally be provided with centering means for centering
the refrigerant tube within the water hose. In the exem-
plary embodiment, the tube-in-tube heat exchanger in-
cludes a diverter positioned within the chamber to direct
a primary inflow of water into the primary water passage.
In the second aspect, the diverter forms a loose seal with
the tank to allow a leakage flow of water into the chamber
external to the diverter, the tank defines a convergence
area where the primary inflow of water and the leakage
flow of water converge for flow out of the tank, and heat
escaping from water flowing through the primary water
passage is transferred to the leakage flow (and/or vice
versa, as the case may be). In the second aspect, it is
contemplated that the tube-in-tube heat exchanger can
be provided with the substantially-enclosed diverter de-
scribed below in connection with the third aspect of the
present invention.

[0011] Continuing with discussion of the second as-
pect, in an exemplary embodiment of the present inven-
tion, the tube-in-tube heat exchanger includes at least
one wall, such as a cylindrical wall, for defining the ex-
ternal cavity through the tank. The compressor can be
positioned within the external cavity so as to be in fluid
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communication with the helical tube-in-tube assembly. A
base and a cover can be provided to cooperate with the
inner wall to at least partially enclose the compressor,
thereby inhibiting the escape of sound from the external
cavity. In the exemplary embodiment of the present in-
vention, the tube-in-tube heat exchanger is provided with
a seal assembly that is releasably secured to the tank so
as to permit refrigerant flow between the refrigerant tube
and a tube external of the tank, while inhibiting water flow
out of the tank at the seal assembly. The external tube
can be in fluid communication with the compressor
(and/or other components suitable for the heat cycle).
The seal assembly preferably includes a compression
nut having an annular wall opposite the tank and an in-
ternally-threaded wall extending from the annular wall
toward the tank and in engagement with external threads
thereof. The seal assembly further includes (1) a cap
positioned within the compression nut that abuts against
the annularwall, (2) a piston positioned adjacent the tank,
and (3) a grommet positioned between the cap and the
piston. The compression nut, the cap, the grommet, and
the piston define a continuous cylindrical opening
through which the refrigerant tube extends. The grommet
is compressed between the piston and the cap, thereby
being deformed radially outward to form a seal with the
refrigerant tube.

[0012] Continuing with further discussion of the sec-
ond aspect, the tube-in-tube heat exchanger includes a
plurality of legs, such as afirst leg having a first elevation
and a second leg having a second elevation greater than
the first elevation. The legs are releasably securable to
the tank. The tank includes a first post and a second post,
and the first leg has a first depression adapted to secur-
ingly receive the first post, while the second leg has a
second depression adapted to securingly receive the
second post. In this regard, the second depression is
shaped to inhibit insertion of the first post therein and the
firstdepressionis shaped toinhibitinsertion of the second
post therein. Additional features, functions and benefits
of the disclosed tube-in-tube heat exchanger and related
systems will be apparent from the detailed description
which follows, particularly when read in conjunction with
the accompanying figures corresponding thereto.
[0013] Additional features, functions and benefits of
the disclosed tube-in-tube heat exchanger and related
systems will be apparent from the detailed description
which follows, particularly when read in conjunction with
the accompanying figures.

[0014] In the third aspect of the invention, a heat sys-
tem is provided with a tube-in-tube heat exchanger and
a header, wherein each is configured for combination
with the other. For example, the tube-in-tube heat ex-
changer can be provided with a substantially enclosed
diverter for directing a flow of water through a primary
water passage of the tube-in-tube heat exchanger and
inhibiting leakage from the diverter. Continuing with the
example, the header can be provided so as to allow flow
to bypass the primary water passage of the tube-in-tube
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heat exchanger when there is a high-pressure condition
and/or a pressure drop across the tube-in-tube heat ex-
changer.

[0015] As another example of the third aspect of the
present invention, a heat system is provided for allowing
and inhibiting temperature alteration of water from a fluid
circulation line in accordance with a pressure of the water.
The heat system can be provided with a heat exchanger
and a header therefore. The heat exchanger can include
a helical tube-in-tube assembly adapted for flow there-
through of water and another fluid for heat transfer ther-
ebetween, and the tube-in-tube assembly has defined
therein a primary water passage with a first end and a
second end. The heat exchanger can further include a
tank with an annular chamber in which said helical tube-
in-tube assembly is positioned, where the tank defines
an external cavity extending axially therethrough. The
header can be provided with an inflow side in fluid com-
munication with the first end, an outflow side in fluid com-
munication with the second end, a bypass therebetween,
and a valve, such as a flapper valve. The valve, when
oriented in a closed position, inhibits fluid flow from the
inflow side to the outflow side through the bypass, and,
when oriented in an at least partially open position, per-
mits fluid flow from the inflow side to the outflow side
through the bypass.

[0016] Additional features, functions and benefits of
the disclosed heat system will be apparent from the de-
tailed description which follows, particularly when read
in conjunction with the accompanying figures.

Brief Description of the Drawings

[0017] For a more complete understanding of the
present invention, reference is made to the following de-
tailed description of exemplary embodiments considered
in conjunction with the accompanying drawings, in which:

FIG. 1 is a plan view showing a header constructed
in accordance with an exemplary embodiment of the
present invention, the header being shown in com-
bination with a fluid circulation line of a swimming
pool and a heat exchanger having an electrical con-
trol system;

FIG. 2 is an exploded perspective view of the header
of FIG. 1, the header being shown to include a man-
ifold, a service cartridge assembly and lock ring
therefor, a plurality of circulation line adapter assem-
blies, a plurality of exchanger line adapter assem-
blies, and a plurality of bolts;

FIG. 3 is a front perspective view showing the man-
ifold of FIG. 2;

FIG. 4 is a rear perspective view showing the man-
ifold of FIG. 2;

FIG. 5 is a left elevational view showing the header
of FIG. 2 with the service cartridge and lock ring
therefor having been removed;

FIG. 6 is a cross-sectional view showing the mani-
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fold, the service cartridge assembly, and the lock
ring therefor of FIG. 2, the cross-section having been
taken along section line 6-6 of FIG. 2;

FIG. 7 is a top view showing a base of one of the
exchanger line adapter assemblies of FIG. 2;

FIG. 8 is a bottom view showing the base of FIG. 7;
FIG. 9is afirst perspective view showing the service
cartridge assembly of FIG. 2, the service cartridge
assembly being shown to include a handle, a frame,
and a flapper valve;

FIG. 10 is a second perspective view showing the
service cartridge assembly of FIGS. 2 and 9;

FIG. 11 is a left side elevational view showing the
service cartridge assembly of FIGS. 2, 9, and 10;
FIG. 12 is a right side elevational view showing the
service cartridge assembly of FIGS. 2 and 9-11 with
the flapper valve being shown;

FIG. 13 is a perspective view showing the flapper
valve of FIGS. 9, 10, and 12, the flapper valve being
shown to include a torsion spring, a shaft, and a plu-
rality of flappers;

FIG. 14 is an exploded perspective view showing the
torsion spring, the shaft, and the plurality of flappers
of FIG. 13;

FIG. 15 is a front elevational view showing an exem-
plary flapper valve in a closed position;

FIG. 16 is a front elevational view showing an exem-
plary flapper valve in an open position;

FIG. 17 is a table showing valve displacement as a
function of water flow rate for the header of FIG. 1;
FIG. 18 is a table showing pressure drop as a func-
tion of water flow rate for the header of FIG. 1, where
said pressure drop was measured between a circu-
lation line inlet of the header and a circulation line
outlet of the header;

FIG. 19 is a table showing differential pressure as a
function of water flow rate for the header of FIG. 1,
where said differential pressure was measured be-
tween an exchanger line outlet of the header and an
exchanger line inlet of the header;

FIG. 20 is a top plan view of a heating unit that in-
cludes atube-in-tube heat exchanger constructed in
accordance with an exemplary embodiment of the
present invention, the heating unit being shown to
include a cabinet with a cover thereof having been
removed, the tube-in-tube heat exchanger posi-
tioned within the cabinet and forming an external
cavity, and a compressor positioned within the ex-
ternal cavity;

FIG. 21 is a perspective view of the tube-in-tube heat
exchanger of FIG. 20;

FIG. 22 is a perspective view of the tube-in-tube heat
exchanger of FIGS. 20 and 21, the tube-in-tube heat
exchanger being shown to include a tank having an
upper tank portion, a lower tank portion and a plu-
rality of seals therebetween, a tube-in-tube assem-
bly that is positioned within the tank and that has a
refrigerant tube positioned within a water hose, a plu-
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rality of seal assemblies each at an end of the refrig-
erant tube, a water inlet nipple and a diverter posi-
tioned adjacent a first end of the water hose, a water
outlet nipple positioned adjacent a second end of the
water hose, a temperature sensor in fluid communi-
cation with the water inlet nipple, a plurality of legs,
and a plurality of extension tubes for connecting the
refrigerant tube to the compressor of FIG. 20;

FIG. 23 is a cross-sectional view of the tube-in-tube
heat exchanger of FIGS. 20-22, the cross-section
having been taken along section line 23-23 of FIG.
21;

FIG. 24 is a front elevational view of the lower tank
portion of FIG. 22;

FIG. 25 is a sectional view of the lower tank portion
of FIG. 24, the section having been taken along sec-
tion line 25-25 of FIG. 24;

FIG. 26 is a top plan view of the lower tank portion
of FIG. 22;

FIG. 27 is a first sectional view of the lower tank
portion of FIG. 22, the first section having been taken
along section line 27-27 of FIG. 26;

FIG. 28 is a second sectional view of the lower tank
portion of FIG. 22, the section having been taken
along section line 28-28 of FIG. 26;

FIG. 29is abottom plan view of the lower tank portion
of FIG. 22, the lower tank portion being shown to
have a plurality of shaped posts formed integrally
therewith;

FIG. 30 is a perspective view of the diverter of FIG.
22;

FIG. 31 is a front elevational view of the upper tank
portion of FIG. 22;

FIG. 32 is a sectional view of the upper tank portion
of FIG. 31, the section having been taken along sec-
tion line 32-32 of FIG. 31;

FIG. 33 is a top plan view of the upper tank portion
of FIG. 31;

FIG. 34 is a first sectional view of the upper tank
portion of FIG. 31, the first section having been taken
along section line 34-34 of FIG. 33;

FIG. 35 is a second sectional view of the upper tank
portion of FIG. 31, the section having been taken
along section line 35-35 of FIG. 33;

FIG. 36 is a front elevational view of the outlet nipple
of FIG. 22;

FIG. 37 is a cross-sectional view of the outlet nipple
of FIGS. 22 and 36, the cross-section having been
taken along section line 37-37 of FIG. 22;

FIG. 38 is a front elevational view of the inlet nipple
of FIG. 22;

FIG. 39 is a cross-sectional view of the inlet nipple
of FIGS. 22 and 38, the cross-section having been
taken along section line 39-39 of FIG. 22;

FIG. 40 is an enlarged view of an end of the refrig-
erant tube of FIG. 22;

FIG. 41 is an exploded front perspective view of one
of the seal assemblies of FIG. 22, the seal assembly
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being shown to include an O-ring, a piston, a grom-
met, a cap, and a compression nut;

FIG. 42 is an exploded rear perspective view of the
seal assembly of FIG. 41,

FIG. 43isacross-sectional view of the seal assembly
of FIGS. 41 and 42, the cross-section having been
taken along section line 43-43 of FIG. 42;

FIG. 44 isacross-sectional view of the seal assembly
of FIG. 43 in combination with outlet threads of the
upper tank portion of FIG. 131, the grommet of the
seal assembly being compressed between the pis-
ton and the cap by the compression nut;

FIG. 45is an elevational view of a tall one and a short
one of the legs of FIG. 22;

FIG. 46 is a perspective view of the tall leg and the
short leg of FIG. 45;

FIG. 47 is an enlarged view of a first one of the plu-
rality of shaped posts shown in FIG. 29;

FIG. 48 is an enlarged view of a second one of the
plurality of shaped posts shown in FIG. 29;

FIG. 49 is perspective view of the tube-in-tube as-
sembly of FIG. 22 with the water hose being shown
to be transparent for illustrative purposes only, the
tube-in-tube assembly including a plurality of hang-
ers for centering the refrigerant tube within the water
hose;

FIG. 50 is a cross-sectional view of the tube-in-tube
assembly of FIG. 49, the cross-section having been
taken along section line 50-50 of FIG. 49;

FIG. 51 is a perspective view of a heat system that
includes an embodiment of a tube-in-tube heat ex-
changer having a substantially enclosed diverter and
that further includes an embodiment of a header in
fluid communication with the tube-in-tube heat ex-
changer;

FIG. 52 is a cross-sectional view showing the header
of FIG. 51, the cross-section having been taken
along section line 52-52 of FIG. 51;

FIG. 53 is arear perspective view of the substantially
enclosed diverter included in the tube-in-tube heat
exchanger of FIG. 51;

FIG. 54 is a rear exploded perspective view of the
substantially enclosed diverter of FIG. 53, the sub-
stantially enclosed diverter being shown to include
a first diverter portion and a second diverter portion.
FIG. 55 is a rear perspective view of the first diverter
portion of FIG. 54;

FIG. 56 is a front elevational view of the first diverter
portion of FIG. 54;

FIG. 57 is a rear elevational view of the first diverter
portion of FIG. 54;

FIG. 58 is a left side elevational view of the first di-
verter portion of FIG. 54;

FIG. 59 is a right side elevational view of the first
diverter portion of FIG. 54;

FIG. 60 is a top plan view of the first diverter portion
of FIG. 54;

FIG. 61 is a bottom plan view of the first diverter
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portion of FIG. 54;

FIG. 62 is a rear perspective view of the second di-
verter portion of FIG. 54;

FIG. 63 is a front elevational view of the second di-
verter portion of FIG. 54;

FIG. 64 is a rear elevational view of the second di-
verter portion of FIG. 54;

FIG. 65 is a left side elevational view of the second
diverter portion of FIG. 54;

FIG. 66 is a right side elevational view of the second
diverter portion of FIG. 54;

FIG. 67 is a top plan view of the second diverter
portion of FIG. 54; and

FIG. 68 is a bottom plan view of the second diverter
portion of FIG. 54.

Detailed Description of the Exemplary Embodiments

[0018] With principal reference to FIGS. 1-19, the first
aspect of the present invention shall now be discussed
with further detail.

[0019] Referring to FIG. 1, a header 1010 is shown
constructed in accordance with an exemplary embodi-
ment of the presentinvention. The header 1010 is in fluid
communication with a fluid circulation line 1012 of a rec-
reational body of water, such as a swimming pool, spa,
etc. A pump (not shown) is typically provided along the
fluid circulation line 1012 for pumping water there-
through, and filter(s) and/or strainer(s) (not shown) are
generally provided along the fluid circulation line 1012
for filtering/straining water upstream from the header
1010.

[0020] The header 1010 is provided in fluid communi-
cationwith a heatexchanger 1014, such as the sinusoidal
fin-type heatexchanger disclosed in United States Patent
No. 6,321,833. However, any suitable heat exchanger
can be provided. An electrical control system 1016 is
provided for managing activation and/or deactivation of
the heat exchanger 1014 in accordance with sensed con-
ditions, e.g., pressure and/or temperature, within the
header 1010. Exemplary control systems may include
programmed circuit boards and/or other electronic/elec-
trical system(s). Also, itis contemplated that the electrical
control systems can be structurally integrated with the
heat exchanger 1010 and/or structural separate there-
from.

[0021] To facilitate further discussion and considera-
tion of the header 1010, exemplary water flow thereto
andtherefrom has been designated as follows: water flow
from the fluid circulation line 1012 to an inflow side 1018
of the header 1010 has been designated as flow path
Fin1; water flow from the inflow side 1018 to the heat
exchanger 1014 has been designated as flow path Fy5;
water flow from the heat exchanger 1014 to an outflow
side 1020 of the header 1010 has been designated as
flow path Fqr1; and water flow from the outflow side
1020 to the fluid circulation line 1012 has been designat-
ed as a flow path Fo 5. The header 1010 facilitates by-
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pass of the heat exchanger 1014, e.g. under high pres-
sure conditions, and, to facilitate further consideration
and discussion of same below, an exemplary bypass flow
has been designated in FIG. 1 as flow path Fg.

[0022] Referring to FIG. 2, the header 1010 includes
a manifold 1022, a plurality of circulation line adapter
assemblies 1024a, 1024b, a plurality of exchanger line
adapter assemblies 1026a, 1026b, and a service car-
tridge assembly 1028. Each of the manifold 1022, the
circulation line adapter assemblies 1024a, 1024b, the
exchanger line adapter assemblies 1026a, 1026b, and
the service cartridge assembly 1028 shall be discussed
below with further detail.

[0023] Inone embodiment of the presentinvention, the
header 1010 includes a plurality of exchanger line adapt-
er assemblies 1026 configured to channel fluid into said
exchanger line inlet 1086 from a heat exchanger 1014
and to channel fluid out of said exchanger line outlet 1042
to the heat exchanger 1014.

[0024] Referring to FIGS. 2-6, the manifold 1022 can
be provided as anintegrated one-piece structure, though,
as discussed below in connection with the third aspect
ofthe presentinvention, itis contemplated that a manifold
can be formed of a plurality of components. As disclosed
in United States Patent No. 6,026,804, the manifold 1022
is preferably formed from plastic due to economy of ma-
terials and corrosion resistance.

[0025] Inone embodiment of the presentinvention, the
header 1010 includes a lock ring 1150 configured to se-
cure said service cartridge assembly 1028 within said
manifold 1022. In another embodiment of the present
invention said frame 1140 is configured to mate with said
manifold 1022 so as to inhibit rotational motion of said
frame 1140.

[0026] At the inflow side 1018, the manifold 1022 in-
cludes a substantially cylindrical wall 1030 that extends
about a central axis, referenced herein as an inflow axis
A\ A bypass opening 1032 is formed transversely in the
substantially cylindrical wall 1030 in alignment with a mid-
point of the inflow axis Ajy. The bypass opening 1032
has a central axis, referenced herein as a bypass axis
Ag, which extends perpendicularly with respect to the
inflow axis Ay. Aninlet, referenced herein as a circulation
line inlet 1034, is formed at an end of the substantially
cylindrical wall 1030. The circulation line inlet 1034 de-
fines therein a first inflow chamber 1036 and is provided
with external threads 1038. An annular groove 1040. is
formed within the circulation line inlet 1034 at a terminus
thereof.

[0027] An outlet, referenced herein as an exchanger
line outlet 1042, is formed at an end of the substantially
cylindrical wall 1030 opposite the circulation line inlet
1034. The exchanger line outlet 1042 defines therein a
second inflow chamber 1044 and is provided with an an-
nular rim 1046 spaced from a terminus of the exchanger
line outlet 1042 opposite the circulation line inlet 1034.
[0028] Referringto FIGS. 1, 3-4, and 6, a temperature
sensor 1048 is preferably provided in fluid communica-
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tion with the second inflow chamber 1044 and in electrical
communication with the electrical control system 1016
of FIG. 1. The temperature sensor 1048 is configured to
sense a temperature of the water in the flow path Fy,
and send a corresponding temperature measurement to
the electrical control system 1016. Should the water tem-
perature along flow path Fy, be lower than desired, the
electrical control system 1016 will activate the heat ex-
changer 1014.

[0029] Referring to FIGS. 2-6, the manifold 1022 pref-
erably includes a substantially annular bypass port 1050
that extends from the substantially cylindrical wall 1030
about the bypass axis Ag. The bypass port 1050 defines
a chamber therein, which is referenced herein as a by-
pass chamber 1052, and which is in fluid communication
with first and second inflow chambers 1036, 1044 via the
bypass opening 1032. The bypass port 1050 has an inner
radius, which is designated as radius R; in FIG. 6. It is
preferable that the radius R, be substantially similar, e.g.,
about equal, to a radius of the cylindrical wall 1030 (not
designated) to increase potential flow along path Fg.
[0030] The bypass port 1050 preferably has a drain
opening (not designated) formed therein that receives a
drain plug 1054 for manual release of fluid from the by-
pass chamber 1052. Also, the bypass port 1050 prefer-
ably has an opening (not designated) formed therein for
receiving a stop plug 1056. It is contemplated that a user
of the header 1010 can replace the stop plug 1056 with
a pressure relief valve for exhausting pressurized fluid
from the bypass port 1050 that exceeds a set point of the
pressure relief valve.

[0031] Atthe outflow side 1020, the manifold 1022 in-
cludes an annular housing 1058 that is aligned with the
bypass axis Ag. The annular housing 1058 extends axi-
ally from the bypass port 1050 and, as further discussed
below, is partially concentric therewith. The annular
housing 1058 defines a chamber therein, which is refer-
enced herein as areceiving area 1060 and which is sized
and shaped to have the service cartridge assembly 1028
inserted therein. The receiving area 1060 has an inner
radius, which is designated as radius R, in FIG. 6, and
which is greater than the inner radius R, of the bypass
port 1050.

[0032] A service opening 1062 is defined by the annu-
lar housing 1058 at an end thereof opposite the bypass
port 1050, and the annular housing 1058 is provided with
external threads 1064 proximal the service opening
1062. The annular housing 1058 has formed therein a
plurality of openings, referenced herein as outflow open-
ings 1066a, 1066b, which are partially aligned along an
outflow axis Aqt perpendicular with respect to the by-
pass axis Ag and parallel with respect to the inflow axis
Ay Each one of the outflow openings 1066a, 1066b is
preferably circumferentially-spaced from each other one
of the outflow openings 1066a, 1066b by about one-hun-
dred and eighty degrees (180°).

[0033] Referringto FIGS. 5 and 6, the annular housing
1058 is, as indicated above, partially concentric with the
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bypass port 1050. In this regard, the annular housing
1058 and the bypass port 1050 form an annular channel
1068 therebetween, and the annular housing 1058 in-
cludes a tapered section 1070 that extends from the by-
pass port 1050 to enclose that side of the annular channel
1068 opposite the receiving area 1060. Circumferential-
ly-displaced ribs, which are referenced herein as mani-
fold ribs 1072a, 1072b, are positioned within the annular
channel 1068 and extend axially from the bypass port
1050 to the annular housing 1058 to assist in aligning
the service cartridge assembly 1028 when same is in-
serted in the receiving area 1060. Each one of the man-
ifold ribs 1072a, 1072b is preferably displaced by about
one-hundred and eighty degrees (180°) from each other
one of the plurality of manifold ribs 1072a, 1072b. Addi-
tional ribs can be provided in the annular channel 1068
to assist in aligning the service cartridge assembly 1028,
such as that which is shown and designated as a posi-
tioning rib 1074 in FIG. 5. Each one of the ribs 1072a,
1072b, 1074 preferably extends axially along the annular
housing 1058 into the receiving area 1060. The annular
channel 1068 and the ribs 1072a, 1072b, 1074 are sized
and shaped to mate with the service cartridge assembly
1028 and inhibit rotation thereof. As will be discussed
below with further detail, the bypass chamber 1052 of
the bypass port 1050 is in fluid communication with the
receiving area 1060 of the annular housing 1058 under
certain pressure conditions.

[0034] Referringto FIGS. 2-6, at the outflow side 1020,
the manifold 1022 includes a circulation line outlet 1076
proximal the outflow opening 1066a, wherein the circu-
lation line outlet 1076 is shown to be defined by a sub-
stantially annular wall extending from the annular hous-
ing 1058. The circulation line outlet 1076 defines therein
afirst outflow chamber 1078 and is provided with external
threads 1080. An annular groove 1082 is formed within
the circulation line outlet 1076 at a terminus thereof.
[0035] A plurality of temperature sensors 1084a,
1084b are preferably provided in fluid communication
with the first outflow chamber 1078 and in electrical com-
munication with the electrical control system 1016 of FIG.
1. (electrical connection path not shown). The tempera-
ture sensor 1084a, for example, is configured to sense
a temperature of the water in the flow path Fq 1, and
send a corresponding temperature measurement to the
electrical control system 1016. Temperature sensor
1084b is redundantly provided as a safety measure.
Should the water temperature along flow path Fq 1, be
sensed by temperature sensor 1084a and/or tempera-
ture sensor 1084b as being greater than desired, the
electrical control system 1016 will deactivate the heat
exchanger 1014 in response thereto.

[0036] The manifold 1022 furtherincludes an exchang-
er line inlet 1086 defined by a substantially annular wall
extending from the annular housing 1058 proximal the
outflow opening 1066b. The exchanger line inlet 1086
defines therein a second outflow chamber 1088 and is
provided with an annular rim 1090 spaced from the ter-
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minus of the exchanger line inlet 1086 opposite the an-
nular housing 1058. Each one of the exchanger line inlet
1086, the circulation line outlet 1076, the exchanger line
outlet 1042, and the circulation line inlet 1034 preferably
has a radius (not designated) substantially equal to that
of each other one of the exchanger line inlet 1086, the
circulation line outlet 1076, the exchanger line outlet
1042, and the circulation line inlet 1034 The exchanger
line inlet 1086 is slightly offset from the outflow axis Aq 7.
[0037] Referring to FIGS. 1 and 3, a port, referenced
herein as an outflow pressure port 1092, extends from
the exchanger line inlet 1086 to define a chamber, refer-
enced herein as an outflow sensing chamber 1094, that
is in fluid communication with the second outflow cham-
ber 1088. A pressure sensor, referenced herein as an
outflow pressure sensor 1096, extends into the outflow
pressure port 1092 to measure the pressure Pq of the
water along the flow path Fg11. Similarly, on the inflow
side 1018, a port, referenced herein as an inflow pressure
port 1098, extends from the exchanger line outlet 1042
to define achamber, referenced herein as an inflow sens-
ing chamber 1100, that is in fluid communication with the
second inflow chamber 1044. A pressure sensor, refer-
enced herein as an inflow pressure sensor 1102, extends
into the inflow pressure port 1098 to measure a pressure
PIN of the water along the flow path F ;.

[0038] The outflow pressure sensor 1096 and the in-
flow pressure sensor 1102 are utilized to have the elec-
trical control system 1016 activate and/or deactivate the
heat exchanger 1014 in accordance with a pressure dif-
ferential AP, e.g., (PIN - Pgyy). This may be accom-
plished by any suitable electro-mechanical and/or elec-
tronic means known in the art.

[0039] For example, as shown in FIG. 1, it is contem-
plated that the outflow pressure sensor 1096 sends the
pressure Pg 7 to the electrical control system 1016 and
that the inflow pressure sensor 1102 sends the pressure
PIN to the electrical control system 1016, wherein an
electronic processor compares (differences) Py and
PouT to obtain a pressure differential AP. In this regard,
it is contemplated that the electronic processor retrieves
a pressure set point Pgp from memory associated there-
with, and compares same with the pressure differential
to identify if the set point has been reached/exceeded.
The measuring and comparison can be done repetitively
over time and, in the event that a rising pressure differ-
ential AP meets and/or exceeds the pressure set point
Pgp, the electrical control system 1016 initiates activation
of the heat exchanger. At least with respect to a heat
exchanger 1014 of the first aspect of the invention, the
set point can be between about 0.1 pounds per square
inch (PSI) and about 5.0 (PSI), and can also be between
about 0.2 PSI and about 1.5 PSI. Notwithstanding, it is
contemplated that any suitable set point can be provided.
[0040] As another example, it is contemplated that
each one of the pressure sensors 1096, 1102 are com-
ponents of a mechanical pressure differential switch (not
shown) attached to the pressure ports 1092, 1098 to di-
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rectly measure a difference in pressure between the two
ports 1092, 1098. It is contemplated that each one of the
sensors 1096, 1102 can include a movable diaphragm
(not shown) responsive to the pressures of the sensing
chambers 1094, 1100, and that a tube (not shown) can
be provided to house both diaphragms A shaft (not
shown) is secured to both diaphragms, and the dia-
phragms displace proportionally to the pressure at the
respective ports 1092, 1098. The shaft is spring-loaded
in such a manner that it may be calibrated to define a
set-point for measuring a particular range of differential
pressures. The shaftis connected to an electrical switch,
such that the switch contacts are normally open, and the
contacts are configured to close if the shaft is displaced
an adequate distance relative to the set point of the
spring. If both pressures are the same (the condition in
which there is no water flow through the heat exchanger),
the connecting shaftis stationary, and the switch contacts
remain open. If the pressure at the inflow port 1098 is
higher than the pressure at the outflow port 1092 by a
predetermined amount, such as about 0.2 - 0.8 PSI in
the first aspect of the present invention, then the switch
contacts close to initiate activation of the heat exchanger
1014. If the pressure at the inflow port 1098 is less than
the pressure at the outflow port 1092, such as in a re-
versed piping scenario, then the switch contacts remain
open.

[0041] Referring to FIGS. 2-5, the manifold 1022 shall
now be further discussed. The manifold 1022 includes a
plurality of outwardly extending finger sets 1104 aligned
along a shared plane. Each one of the finger sets 1104
includes a first finger (not designated), a second finger
(not designated), and a passage (not designated) ex-
tending therebetween for receiving one of a plurality of
bolts 1106 to secure the header 1010 to the heat ex-
changer 1014. Each one of the bolts 1106 can be pro-
vided with spacers and/or washers.

[0042] The exemplary manifold 1022 includes eight
finger sets 1104, wherein two finger sets 1104 extend
perpendicularly from the inflow side 1018 proximal the
exchanger line outlet 1042 in a first direction, two finger
sets 1104 extend perpendicularly from the inflow side
1018 proximal the exchanger line outlet 1042 in a second
direction opposite the first direction, two finger sets 1104
extend perpendicularly from the outflow side 1020 prox-
imal the exchanger line inlet 1086 in the first direction,
and two finger sets 1104 extend perpendicularly from the
outflow side 1020 proximal the exchanger line inlet 1086
in the second direction.

[0043] Continuing with reference to FIG. 2, the circu-
lation line adapter assemblies 1024a, 1024b of the head-
er 1010 are releasably securable to the manifold 1022
at the circulation line outlet 1076 and the circulation line
inlet 1034, respectively. The circulation line adapter as-
semblies 1024a, 1024b shall now be discussed with ex-
emplary reference to the circulation line adapter assem-
bly 1024a. It shall be clear to one skilled in the art that
the below discussion of the circulation line adapter 1024a
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is equally applicable to the circulation line adapter 1024b.
[0044] The circulation line adapter assembly 1024a
has a seal 1108a, a circulation line fitting 1110a, and a
lock ring 1112a. The seal 1108a, which is preferably
formed from an elastomeric material, is positioned within
the annular groove 1082 and extends radially therefrom.
The line fitting 1110a, which is preferably formed from a
plastic material, includes an annular wall 1114a extend-
ing about the outflow axis Ag7. The line fitting 1110a
further includes a flange 1116a that extends radially from
an end of the annular wall 1114a and that abuts the seal
1108a. The inner radius (not designated) of the annular
wall 1114a is substantially equal to the inner radius (not
designated) of the circulation line outlet 1076, though the
outer radius (not designated) of the annular wall 1114a
is less than the outer radius (not designated) of the cir-
culation line outlet 1076. In this regard, the lock ring
1112a includes a radially extending section 1118a and
an internally-threaded section 1120a depending there-
from, such that the annular wall 1114a extends through
the radially extending section 1118a of the lock ring
1112a, and such that the external threads 1080 of the
circulation line outlet 1076 cooperate with the internally-
threaded section 1120a of the lock ring 1112a to secure
the line fitting 1098a against the circulation line outlet
1076.

[0045] Similarly, the circulation line adapter assembly
1024b includes a seal 1108b, a circulation line fitting
1110b, and a lock ring 1112b. The seal 1108b is posi-
tioned within the annular groove 1040 and extends radi-
ally therefrom. The line fitting 1110b includes an annular
wall 1114b extending about the inflow axis Ay and further
includes a flange 1116b abutting the seal 1108b. The
lock ring 1112b includes a radially extending section
1118b and an internally-threaded section 1120b depend-
ing therefrom, such that the annular wall 1114b extends
through the radially extending section 1118a of the lock
ring 1112b, and such that the external threads 1038 of
the circulation line inlet 1034 cooperate with the internal-
ly-threaded. section 1120b of the lock ring 1112b to se-
cure the line fitting 1110b against the circulation line inlet
1034.

[0046] Referring to FIGS. 2 and 7-8, the exchanger
line adapter assemblies 1026a, 1026b of the header
1010 are releasably securable to the manifold 1022 at
the exchanger line inlet 1086 and the exchanger line out-
let 1042, respectively. As further discussed below, the
exchanger line adapter assemblies 1026a, 1026b in-
clude O-rings 1122a, 1122b, respectively, and bases
1124a, 1124b, respectively.

[0047] The exchanger line adapter assemblies 1026a,
1026b shall now be discussed with exemplary reference
to the exchanger line adapter assembly 1026a. It shall
be clear to one skilled in the art that the below discussion
of the exchanger line adapter assembly 1026a is equally
applicable to the exchanger line adapter assembly
1026b.

[0048] The O-ring 1122a, which is preferably formed
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from an elastomeric material, such as rubber, extends
circumferentially about the exchanger line inlet 1086. The
base 1122a, which is preferably formed from plastic, in-
cludes a tiered-section 1126a having a first depression
area 1128a with a first diameter (not designated) and a
second depression area 1130a with a second diameter
less than the first diameter (not designated). A surface,
referenced herein as a seat 1132a, extends across a
terminus of the second depression area 1130a. opposite
the first depression area 1128a. A plurality of openings,
referenced herein as exchanger ports 1134a, are formed
in the seat 1132a and each one of a plurality of conduits
1136a extend from one of the plurality of exchanger ports
1134a.

[0049] The base 1124a has a plurality of boreholes
1138a formed therein for receiving bolts 1106 extending
from the manifold 1022 to securingly retain the base
1124a against the manifold 1022. When the base 1124a
is secured to the manifold 1022, the first depression area
1128a receives the annular rim 1090 and the O-ring
1122a, while the area extending therefrom to the termi-
nus of the exchanger line inlet 1086 is received by the
second depression area 1130a and abuts the seat
1132a.

[0050] Referringto FIGS. 2,6, and 9-12, an exemplary
service cartridge assembly 1028 of the header 1010 shall
now be discussed with further detail. The service car-
tridge assembly 1028, which includes a frame 1140, a
handle 1142, a plurality of O-rings 1144, and a flapper
valve 1146, is positioned within the receiving area 1060
of the annular housing 1058. The service cartridge as-
sembly 1028 defines therein a third outflow chamber
1148.

[0051] An internally-threaded lock ring 1150 cooper-
ates with the external threads 1064 proximal the service
opening 1062 to inhibitinadvertent removal of the service
cartridge assembly 1028 therethrough. When the lock
ring 1150 is disengaged from the external threads 1064
of the service opening 1062, the service cartridge as-
sembly 1028 is removable for servicing and/or replace-
ment of the service cartridge assembly 1028 and/or the
components thereof, e.g., the flapper valve 1146, etc.
[0052] The frame 1142 of the service cartridge assem-
bly 1028 includes a circular wall 1152 aligned along the
bypass axis Ag, and the handle 1142 extends from the
circular wall 1152 in a direction opposite the receiving
area 1060. The frame 1142 further includes a grooved
annulus 1154 extending perpendicularly from the circular
wall 1152 into the receiving area 1060. To effect a seal
between the service cartridge assembly 1028 and the
annular housing 1058, the outer-radius of the grooved
annulus 1154 is just less than the inner radius R, of the
annular housing 1058, and each one of the plurality of
O-rings 1144 are positioned within each one of the an-
nular grooves (not designated) of the grooved annulus
1154.

[0053] A plurality of ribs, which are referenced herein
as cartridge ribs 1156, are circumferentially displaced
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along a side of the grooved annulus 1154 opposite the
handle 1142 and extend perpendicularly from the
grooved annulus 1154. A generally cylindrical wall is pro-
vided with a slight tapering, which is referenced herein
as a tapered wall 1158. The tapered wall 1158 is at least
partially bound by the cartridge ribs 1156 and extends
from the grooved annulus 1154 to an annular lip 1160
defining a third opening in the frame 1142, referenced
has a valve opening (not designated). The tapered wall
1158 is tapered toward the grooved annulus, such that
the tapered wall 1158 has a greater outer radius proximal
the annular lip 1160 and a lesser outer radius proximal
the grooved annulus 1154.

[0054] Afirst hole 1162a is formed in the tapered wall
1158 proximal the outflow opening 1066a in the manifold
1022, such that the third outflow chamber 1148 is in fluid
communication with the first outflow chamber 1078 of the
circulation line outlet 1076. Similarly, a second hole
1162b is formed in the tapered wall 1158 proximal the
outflow opening 1066b in the manifold 1022, such that
the third outflow chamber 1148 is in fluid communication
with the second outflow chamber 1088 of the exchanger
line inlet 1086.

[0055] The tapered wall 1158 has a plurality of rectan-
gular channels 1164a, 1164b formed therein that extend
from the annular lip 1160 to the first and second holes
1162a, 1162b, respectively. The rectangular channels
1164a, 1164b are preferably circumferentially-displaced
about the tapered wall 1158 by about one hundred and
eighty degrees (180°). As will be discussed with further
detail below, the rectangular channels 1164a, 1164b as-
sistin securing the flapper valve 1146 to the frame 1140.
[0056] Referring to FIGS. 5 and 12, a notched flange
1166 extends axially from an inner circumference of the
annularlip 1160 and mates with the annular channel 1068
formed at the juncture of the housing 1058 and the by-
pass port 1050. More particularly, the notched flange
1166 includes a plurality of notches 1168a, 1168b that
extend through the annular lip 1160 and that are sized
and dimensioned to mate with the manifold ribs 1072a,
1072bto inhibit rotation of the service cartridge assembly
1028. The notches 1168a, 1168b are preferably circum-
ferentially-displaced by about one hundred and eighty
degrees (180°) to correspond with the manifold ribs
1072a, 1072b. The notched flange 1166 preferably fur-
ther includes a positioning notch 1170 mating with the
positioning rib 1074. The positioning notch 1170 and the
positioning rib 1074 cooperate to ensure that the service
cartridge assembly 1028 has been inserted into the re-
ceiving area 1060 in the desired spatial orientation.
[0057] Referring to FIG. 12, a shoulder 1172a is
formed inthe tapered wall 1158 adjacent the notch 1168a
and proximal the annular lip 1160. Similarly, a shoulder
1172b is formed in the tapered wall 1158 adjacent the
notch 1168b and proximal the annular lip 1160. Each one
of the shoulders 1172a, 1172b is preferably circumfer-
entially-displaced about the tapered wall 1158 from each
other one of the shoulders 1172a, 1172b by about one
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hundred and eighty degrees (180°). Also, each one of
the shoulders 1172a, 1172b is preferably circumferen-
tially-displaced about the tapered wall 1158 from each
one of the rectangular channels 1164a, 1164b adjacent
thereto by about ninety degrees (90°). As will be dis-
cussed with further detail below, the shoulders 1172a,
1172b assist in securing the flapper valve 1146 to the
frame 1140.

[0058] Referringto FIGS. 6, 9, 10, and 12-15, the flap-
pervalve 1146 preferably includes ashaft 1174, atorsion
spring 1176, and a plurality of hinged pieces, which are
referenced herein as flappers 1178a, 1178b. The flap-
pers 1178a, 1178b shall be discussed with exemplary
reference to the flapper 1178a. It shall be clear to one
skilled in the art, however, that discussion below of the
flapper 1178a is equally applicable to the flapper 1178b.
[0059] The flapper 1178a, which can be formed from
polypropylene, includes a semicircular portion 1180 and
a plurality of hinges 1182a, 1182b extending from the
semicircular portion 1180. Each one of the hinges has
formed in a first side thereof a first U-shaped channel
(not designated) and, in a second side opposite the first
side; a second U-shaped channel (not designated) that
is inverted with respect to the first U-shaped channel.
The shaft 1174 extends through the hinges 1182a, 1182b
and extends through a central space (not designated) of
the torsion spring 1176.

[0060] Referringto FIGS.5and 12, the shaft has afirst
end 1184a positioned within the shoulder 1172a of the
frame 1140 and a second end 1184b positioned within
the shoulder 1174b of the frame 1140. The manifold ribs
1072, 1072b of the housing 1058 extend into the notches
1168a, 1168b, which thereby secures the ends 1184a,
1184b in the shoulders 1174a, 1174b, respectively. The
shaft is preferably formed from type-316 stainless steel.
Inthisregard, the torsion spring 1176 is preferably formed
from type-316 stainless steel spring wire.

[0061] Referring to FIGS. 6 and 12-14, the flapper
1178aincludes afirst side 1186 facing the bypass cham-
ber 1052, a second side 1188 facing the third outflow
chamber 1148, a straight edge 1190 that is substantially
parallel with respect to the shaft 1174, and a curved edge
1192 that is proximal the frame 1140. The flapper 1178a
further includes a curved extension 1194 extending from
the first side 1186 at the straight edge 1190. The curved
extension 1194 of the flapper 1178a and the curved ex-
tension 1194 of the flapper 1178b cooperate to receive
the torsion spring 1176. When the flapper valve 1146 is
in a closed position, the curved extensions 1194 abut
one another at ends thereof to inhibit reverse rotation of
the flappers 1178a, 1178b. Furthermore, referring to FIG.
12, the flapper 1178a preferably includes a stop 1196
and a stop surface 1198 complementary thereto, such
that, when the flapper valve 1146 is in the closed position,
the stop 1196 of the flapper 1178a abuts the stop surface
1198 of the flapper 1178b and the stop 1196 of the flapper
1178b abuts the stop surface 1198 of the flapper 1178
to inhibit reverse rotation of the flappers 1178a, 1178b.
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[0062] Referring to FIGS. 6 and 9-14, the flapper
1178aincludes aprotrusion 1200 extending from the sec-
ond side 1188 that is aligned with an imaginary bisector
thereof. As shown, the protrusion 1200 includes a bev-
eled edge (not designated), such that the beveled edges
ofthe flappers 1178a, 1178b make contact at a fully-open
position of the flapper valve 1146. The protrusion 1200
begins proximal the straight edge 1190 and extends past
the boundary of the curved edge 1192, such that an end
of the protrusion 1200, referenced herein as the protru-
sion end 1202, is spaced apart from the semicircular por-
tion 1180. In this regard, when the flapper valve 1146 is
in the closed position, the protrusion end 1202 of the
flapper 1178a is positioned within the rectangular chan-
nel 1164a of the frame 1140 and the protrusion end 1202
of the flapper 1178a is positioned within the rectangular
channel 1164b. In this regard, in the closed position of
the flapper valve 1146, the torsion spring 1176 has a
rotational force applied to the flappers 1178a, 1178b,
such that the protrusion end 1202 of each one of the
flappers is secured within the corresponding one of the
channels 1164a, 1164b.

[0063] Referring to FIGS. 1, 6, 12, 13, and 15, which
show the flapper valve 1146 in a closed position, the flap-
per 1178a is angularly displaced from the flapper 1178b
by about one-hundred and eighty degrees (180°), there-
by obstructing fluid flow from the bypass chamber 1052
to the third outflow chamber 1148 along the flow path Fg.
[0064] However, as shown in FIG. 16, when a high-
pressure condition exists in the bypass chamber 1052,
the flapper 1178a is angularly displaced, thereby permit-
ting fluid flow from the bypass chamber 1052 to flow to
the third outflow chamber 1148 along the flow path Fg.
In the open positions, the flapper 1178b is angularly dis-
placed from the closed position by as much as an angle
6,, which is preferably about fifty degrees (50°), and the
flapper 1178a is angularly displaced from the closed po-
sition by an angle 8,, which is preferably also about fifty
degrees (50°), for a preferred maximum displacement of
two-hundred and eighty-degrees (280°). Thus, when the
angular displacement between the flapper 1178a and the
flapper 1178b is greater than one-hundred and eighty
degrees (180°), water can flow from the bypass chamber
1052 to the third outflow chamber 1148 along the flow
path Fg.

[0065] The flapper valve 1146 is releasably securable
to the frame 1140. For example, when the flapper valve
1146 is secured to the frame 1140 within the manifold
1022, the service cartridge assembly 1028 is removed
therefrom by a user, who then rotates the flapper valve
1146 into an open position, such that the protuberance
ends 1202 have moved out of the channels 1164a,
1164b, through the holes 1162a, 1162b, and into the third
inflow chamber 1148. The flapper valve 1146 is then
pulled in a direction opposite the circular wall 1152
through the valve opening defined by the annular lip 1160
of the frame 1140. Similarly, to install the flapper valve
1146, a user rotates the flapper valve 1146 into an open
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position, inserts the shaft ends 1184a, 1184b into the
shoulders 1172a, 1172b and then releases the flapper
valve 1146, allowing the protuberance ends 1202 to
move in response to the force of the torsion spring 1176
into the channels 1164a, 1164b.

[0066] Referringto FIG. 17, the total angular displace-
ment between the flappers 1178a, 1178b is a function of
the water flow rate on flow paths Fyy; and/or F,. As
water flow is increased, the flapper valve 1146 opens
proportionally to allow more water to bypass those heat
exchanger tubes proximal the exchanger line outlet 1042,
keeping the water flow rate through the heat exchanger
1010 at the optimum flow rate.

[0067] Referring to FIGS. 18 and 19, exemplary em-
bodiments of the header 1010 provide enhanced optimi-
zation of water flow rate through the heatexchanger 1014
and minimize the differential pressure, also known as
"pressure drop”, across the heat exchanger 1014. By re-
ducing the pressure drop associated with the heat ex-
changer 1014, the header 1010 enables a higher total
water flow rate in a pool and/or spa system to be provided
with a smaller circulation pump. Furthermore, as shown
in FIG. 19 and with continuing discussion of the first as-
pect of the invention, the differential pressure appears to
have minimal deviation when the "back pressure" (pres-
sure in the bypass chamber 1052) varies from a low pres-
sure, such as about two (2) PSI, to a medium pressure,
such as about ten (10) PSI , and to a high pressure, such
as about forty (40) PSI.

[0068] With principal reference to FIGS. 20-50, the
second aspect of the present invention shall now be dis-
cussed with further detail.

[0069] ReferringtoFIG. 20, atop plan view of a heating
unit 2010 is shown. The heating unit 2010 is in fluid com-
munication with a fluid circulation line (not shown in FIG.
20) of a recreational body of water, such as a swimming
pool, spa, etc. A pump (not shown) is typically provided
along the fluid circulation line for pumping water there-
through, and filter(s) and/or strainer(s) (not shown) are
provided along the fluid circulation line for filtering/strain-
ing water upstream from the heating unit 2010. The heat-
ing unit 2010 includes an enclosed cabinet 2012, which
has a base plate 2014, a cylindrical cabinet side wall
2016, and a cover 2018 that is shown in FIG. 20 to have
been removed to reveal a cabinet space (not designated)
defined within the cabinet 2012. A tube-in-tube heat ex-
changer 2020 constructed in accordance with an exem-
plary embodiment of the present invention is shown to
be positioned within the space of the cabinet 2012 and
fastened to the base plate 2014 and, for the purposes of
clarity of disclosure, is referenced herein as the tube-in-
tube heat exchanger 2020.

[0070] Referring to FIGS. 20 and 21, the tube-in-tube
heat exchanger 2020 includes a water outlet nipple 2022
and a water inlet nipple 2024 that each extend through
the cabinet side wall 2016 to facilitate attachment thereof
to the fluid circulation line without removal of the cover
2018 being required. The tube-in-tube heat exchanger
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2020 defines an external cavity 2026 in which a com-
pressor 2028 is shown to be positioned. A plurality of
external tube extensions 2030a, 2030b can be provided
between the tube-in-tube heat exchanger 2020 and the
compressor 2028 for fluid communication therebetween
of refrigerant. Additional components of the heating unit
2010 for use in the heat cycle can be in communication
with the extensions 2030a, 2030b. As discussed with fur-
ther detail below, the tube-in-tube heat exchanger 2020
is adapted to have water flow therethrough from the water
inlet nipple 2024 to the water outlet nipple 2022, during
which time heat is transferred, such as from the refriger-
ant to the water. Also discussed below, the position of
the compressor 2028 within the external cavity 2026 re-
duces the amount of sound from the compressor 2028
that is perceptible by a user of the tube-in-tube heat ex-
changer 2020, e.g., the amplitude of compressor noise
escaping the tube-in-tube heat exchanger 2020 is mini-
mized.

[0071] Referringto FIGS. 21-23, the tube-in-tube heat
exchanger 2020 includes a, tank 2032 that defines an
annular chamber 2034 extending about a central axis AT
and that further defines the external cavity 2026 along
the central axis AT. The tank 2032 includes an upper
tank portion 2036, a lower tank portion 2038 electromag-
netically welded thereto, and a plurality of ribbon seals
2040a, 2040b positioned between the upper tank portion
2036 and the lower tank portion 2038. A plurality of legs
2042a-c are provided for supporting the tank 2032. In
those embodiments of the invention in which the tube-
in-tube heat exchanger 2020 is provided with the heating
unit 2010, the legs 2042a-c can be used in combination
with screws 2044a-c for removably securing the tank
2032 to the base plate 2014 of the heating unit 2010.
[0072] Thetube-in-tube heat exchanger 2020 includes
a tube-in-tube assembly 2046 that has a spiral shape
and that is positioned within the annular chamber 2034
of the tank 2032 to extend helically about the axis AT.
The external cavity 2026 extends in an axial direction
and through the tube-in-tube-assembly 2046. The tube-
in-tube assembly 2046 includes a water hose 2048 and
a refrigerant tube 2050 extending therethrough. The re-
frigerant tube 2050 is preferably formed from titanium
and is adapted for having refrigerant flow therethrough.
The water hose 2048 terminates at ends thereof that are
referenced herein as water hose ends 2052a, 2052b. The
refrigerant tube 2050 extends out past the water hose
ends 2052a, 2052b and terminates outside the water
hose 2048 at ends that are referenced herein as refrig-
erant tube ends 2054a, 2054b. Lock rings 2056a, 2056b
secure the refrigerant tube ends 2054a, 2054b, respec-
tively, to the external tube extensions 2030a, 2030b, re-
spectively, for fluid communication of the refrigerant be-
tween the refrigerant tube 2050 and the compressor
2028.

[0073] A primary water passage 2058 is defined by an
annular space formed between the water hose 2048 and
the refrigerant tube 2050. The primary water passage
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2058 is in fluid communication with the water outlet nipple
2022 and the water inlet nipple 2024, which are provided
with O-rings referenced herein as ring seals 2060a,
2060b. The water inlet nipple 2024 and the water outlet
nipple 2022 are adapted for fluid communication with the
fluid circulation line of the recreational body of water, e.g.,
swimming pool, spa, etc., to receive water to be heated
in the primary water passage 2058 by the refrigerant tube
2050 and to provide water that has been heated by the
refrigerant tube 2050, respectively. The water inlet nipple
2024 is provided with a temperature sensor 2062, a
mounting strap 2064 therefor, a drain plug 2066, and a
drain plug seal 2068. Also, a water diverter 2070 is po-
sitioned within the annular chamber 2034 adjacent the
water inlet nipple 2024. The water diverter 2070 is sized
and shaped to direct principal water flow to the primary
water passage 2058 (and, in the second aspect of the
present invention, is loosely fitted against the tank 2032
to facilitate a secondary "leakage flow" of water outside
of the primary water passage 2058 for upward flow
through the annular chamber 2034). It is preferable that
the direction of principal water flow through the primary
water passage 2058 be counter to the direction of refrig-
erant flow through the refrigerant tube 2050. A plurality
of seal assemblies 2072a, 2072b are provided for sealing
the refrigerant tube ends 2054a, 2054b, such that water
is inhibited from escaping the tank 2032 at the seal as-
semblies 2072a, 2072b. Each one of the seal assemblies
2072a, 2072b includes an O-ring 2074, a piston 2076, a
grommet 2078, a cap 2080, and a compression nut 2082,
which shall each be discussed in further detail below with
principal reference to FIGS. 41-44.

[0074] Referring to FIGS. 24-29 and 31-35, the tank
2032 includes a lower tank portion 2038 and an upper
tank portion 2036 electromagnetically welded therewith.
As shall be further discussed below with further detail,
both the lower tank portion 2038 and the upper tank por-
tion 2036 include an inner wall portion (designated below
as portions 2084, 2122) that cooperate to define an inner
wall of the tank 2032 through which the external cavity
2026 extends. Also, both the lower tank portion 2038 and
the upper tank portion 2036 include an outer wall portion
(designated below as portions 2086, 2124) that cooper-
ate to define an outer wall of the tank 2032. Said inner
wall can be a cylindrical wall.

[0075] Referringto FIGS. 24-29, the lower tank portion
2038 of the tank 2032 shall now be discussed with further
detail. The lower tank portion 2038 includes at least one
inner wall portion 2084 extending about the axis AT to
define a portion of the external cavity 2026 and at least
one outer wall portion 2086 extending about the axis AT,
such that the inner wall portion 2084 and the outer wall
portion 2086 define therebetween a portion of the annular
chamber 2034. The lower tank portion 2038 further in-
cludes a bottom wall 2088 extending from the inner wall
portion 2084 to the outer wall portion 2086 to at least
partially enclose the annular chamber 2034.

[0076] The inner wall portion 2084 of the lower tank
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portion 2038 terminates at an end opposite the bottom
wall 2088 with a first annular finger set 2090 having a
first pair of annular fingers that define afirstannular space
therebetween. Similarly, the outer wall portion 2086 of
the lower tank portion 2038 terminates at an end opposite
the bottom wall 2088 with a second annular finger set
2092 having a second pair of annular fingers that define
a second annular space therebetween. The first and sec-
ond annular finger sets 2090, 2092 mate with the upper
tank portion 2036 to securingly align the lower tank por-
tion 2038 thereto during electromagnetic welding of the
tank portions 2036, 2038 to one another.

[0077] With principal reference to FIG. 27, the outer
wall portion 2086 has a first elevation E; and the inner
wall portion 2084 has a second elevation E, greater than
the first elevation E;. Also, an imaginary geometric plane
aligned with the annular finger set 2092 has been des-
ignated in FIG. 27 as plane Hg for the purpose of showing
that the distance between the plane Hg and the bottom
wall 2088 is preferably multiform. For example, in the
exemplary embodiment of the present invention, there is
afirst distance H, between the plane Hg and the bottom
wall 2088 and a second distance H, between the plane
Ho and the bottom wall 2088 that is greater than the first
distance H;. More particularly, the bottom wall 2088 is
preferably inclined such that the distance from the finger
set 2092 to the bottom wall 2088 increases between from
the distance H, to the distance H,.

[0078] Continuing with reference to FIGS. 24-29, the
lower tank portion 2038 includes a drain opening 2094,
an alignment tab 2096, and a plurality of shaped posts
2098a-c. The drain opening 2094 extends from the outer
wall portion 2086 of the lower tank portion 2038 and is
preferably plugged with a removable drain plug (not
shown). The alignment tab 2096 is positioned along the
outer wall portion 2086 of the lower tank portion 2038
proximal the finger set 2092 for securingly aligning the
upper tank portion 2036 with the lower tank portion 2038
during attachment of the upper tank portion 2036 thereto,
such as by electromagnetic welding. The shaped posts
2098a-c are provided for engaging the legs 2042a-c and
shall be discussed with further detail below in connection
with the legs 2042a-c.

[0079] The lower tank portion 2038 has formed therein
a plurality of passages, including a water inlet passage
2100 and arefrigerant tube outlet 2102. Each of the water
inlet passage 2100 and the refrigerant tube outlet 2102
extend from the outer wall portion 2086 proximal the bot-
tom wall 2088. The refrigerant tube outlet 2102 has ex-
ternal threads 2104 for engagement with the seal assem-
bly 2072b. The water inlet passage 2100 preferably ex-
tends about ninety degrees with respect to the refrigerant
tube outlet 2102. The water inlet passage 2100 has an
annular groove 2106 formed at an end thereof for receiv-
ing the ring seal 2060b and is further discussed below in
connection with the water inlet nipple 2024.

[0080] Referring to FIGS. 22-23, 25, 28, and 30, the
annular chamber 2034 includes an area proximal the wa-
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terinlet passage 2100 thatis referenced herein as awater
diversion area 2108. In the second aspect of the present
invention, the water diversion area 2108 is a space de-
fined by the diverter 2070 of FIGS. 22, 23, and 30. As
further discussed below, in the second aspect of the
present invention, the diverter 2070 forms a loose seal
with the outer wall portion 2086 to channel a principal
flow of water from the water inlet passage 2100 into the
primary water passage 2058 while allowing a desired
amount of leakage flow of water into that area of the an-
nular chamber 2034 outside the water diversion area
2108.

[0081] As shown in FIG. 30, in the second aspect of
the invention, the diverter 2070 can be configured to sit
atop the bottom wall 2088 of the lower tank portion 2038
within the annular chamber 2034. The diverter 2070 in-
cludes a first retaining wall 2110 having an opening 2112
formed therethrough. The water hose 2048, whichis pref-
erably corrugated, extends through the opening 2112,
such thatthe water hose end 2052a s securingly retained
by the first retaining wall 2110. The refrigerant tube 2050
extends through the water diversion area 2108, and the
diverter 2070 includes a second retaining wall 2114 de-
fining an opening 2116 through which the refrigerant tube
end 2054b extends. In the second aspect of the present
invention, the diverter 2070 further includes a plurality of
walls 2118a-c that extend between the first and second
retaining walls 2110, 2114 and cooperate with the first
and second retaining walls 2110, 2114 and the outer wall
portion 2086 to at least partially enclose the diversion
area 2108. In the second aspect of the present invention,
the walls 2110, 2114, 2118a, 2118b, and 2118c can form
a loose seal with the bottom wall 2088 and/or the outer
wall portion 2086, such that water flowing into the diver-
sion area 2070 from the water inlet passage 2100 is prin-
cipally channeled into the primary water passage 2058
at the water hose end 2052a. At the same time, in the
second aspect of the invention, the loose seal allows a
secondary, leakage flow of water flow into that portion of
the annular chamber 2034 outside of the diverter 2070,
such that the annular chamber 2034 fills with water to
the top of the upper tank portion 2036 of the tank 2032.
As discussed further below, in the second aspect of the
invention, it is contemplated that leakage flow from the
diverter 2070 into the annular chamber 2034 generally
can be utilized to bypass the primary water passage 2058
when the pressure and/or water flow rate is undesirably
high. Also, the water outside the water hose 2048 in the
annular chamber 2034 absorbs that heat escaping
through the wall of the hose 2048 from that water in the
primary water passage 2058. In the second aspect of the
invention, the diverter 2070 includes a hook 2120 for se-
curing the diverter 2070 at an eyehole (not shown) formed
in the lower tank portion 2038 to inhibit the diverter 2070
from floating to the top of the annular chamber 2034
and/or other motion causes by the water within the an-
nular chamber 2034.

[0082] Thoughthe secondaspectoftheinvention,e.g.,
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the tube-in-tube heat exchanger 2020, is described in
connection with the diverter 2070 of FIG. 30, it is noted
that the tube-in-tube heat exchanger 2020 can utilize any
diverter, including, but not limited to, the diverter 4234 of
FIGS. 51-68 described below in connection with the third
aspect of the present invention.

[0083] ReferringtoFIGS. 31-35, the upper tank portion
2036 shall now be discussed with further detail. The up-
per tank portion 2036 includes at least one inner wall
portion 2122 extending about the axis At to define a por-
tion of the external cavity 2026 extending along the axis
AT. The upper tank portion 2036 further includes at least
one outer wall portion 2124 extending about the axis AT,
such that the inner wall portion 2122 and the outer wall
portion 2124 define therebetween a portion of the annular
chamber 2034 therebetween. Also, the upper tank por-
tion 2036 has a top wall 2126 that is opposite the bottom
wall 2088 of the lower tank portion 2038 and that extends
from the inner wall portion 2122 of the upper tank portion
2036 to the outer wall portion 2124 of the upper tank
portion 2036 to at least partially enclose the annular
chamber 2034. As shown, each one of the inner and outer
wall portions 2122, 2124 of the upper tank portion 2036
(and the inner and outer wall portions 2084, 2086 of the
lower tank portion 2038) can have a cylindrical shape.
[0084] ReferringtoFIGS. 22 and 31-35, the upper tank
portion 2036 is securingly aligned with the lower tank
portion 2038. More particularly, the inner wall portion
2122 of the upper tank portion 2036 terminates at an end
opposite the top wall 2126 of the upper tank portion 2036
with a first annular flange 2128. The first annular flange
2128 of the upper tank portion 2036 mates with the first
annular finger set 2090 of the lower tank portion 2038,
and the ribbon seal 2040b is positioned between the first
annular flange 2128 and the first annular finger set 2090.
Also, the outer wall portion 2124 of the upper tank portion
2036 terminates at an end opposite the top wall 2126 of
the upper tank portion 2036 with a second annular flange
2130. The second annular flange 2130 of the upper tank
portion 2036 mates with the second annular finger set
2092 of the lower tank portion 2038, and the ribbon seal
2040a is positioned between the second annular flange
2130 and the second annular finger set 2092. The upper
tank portion 2036 is provided with an alignment tab 2132
that engages the alignment tab 2096 of the lower tank
portion 2038 to secure the upper tank portion 2036 there-
to.

[0085] The uppertank portion 2036 has formed therein
a plurality of passages, including a water outlet passage
2134 and a refrigerant tube inlet 2136. Each of the water
outlet passage 2134 and the refrigerant tube inlet 2136
extend from the outer wall portion 2124 of the upper tank
portion 2036 and proximal the top wall 2126 thereof. The
refrigerant tube inlet 2136 has external threads 2138 for
engagement with the seal assembly 2072a as further dis-
cussed below with reference to FIG. 44. The water outlet
passage 2134 has an annular groove 2140 formed at an
end thereof for receiving the ring seal 2060a and is further
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discussed below in connection with the water outlet nip-
ple 2022. The alignment tabs 2096, 2132 cooperate with
one another to securingly align the upper and lower tank
portions 2036, 2038, such that the water outlet passage
2134 of the upper tank portion 2036 extends parallel with
respect to the water inlet passage 2100 of the lower tank
portion 2038.

[0086] Referring to FIGS. 22, 32, and 34, the annular
chamber 2034 includes an area proximal the water outlet
passage 2134 that, for the purposes of those embodi-
ments of second aspect of the present invention having
the diverter 2070, is referenced herein as a water con-
vergence area 2142. As best shown in FIG. 22, an "open
area,"e.g., the water convergence area 2142, is provided
where the refrigerant tube end 2054a extends past the
water hose end 2052b. In the second aspect of the in-
vention, water from the primary water passage 2058, as
well as leakage flow rising through the annular chamber
2034 from the loose seal formed at the diverter 2070,
converge at and/or proximal the water convergence area
2142 for flow out through the water outlet passage 2134.
[0087] In embodiments of the invention having a di-
verter, such as the substantially-enclosed diverter 4234
of FIGS. 51-68 described below, the "open area" dis-
cussed above enables the flow of water from the water
hose end 2052b of the primary water passage 2058 to
fill those areas of annular chamber 2034 of the tank 2032
external of the tube-in-tube assembly 2046.

[0088] Referring to FIGS. 22 and 36-39, the water out-
let nipple 2022 and the water inlet nipple 2024 shall now
be discussed with further detail. As shown in FIGS. 22
and 36-37, the water outlet nipple 2022 includes a gen-
erally cylindrical wall 2144a with a tank attachment end
2146aand aline attachment end 2148a opposite the tank
attachment end 2146a. The tank attachment end 2146a
includes an annular flange 2150a that mates with the
annular groove 2140 of the water outlet passage 2134
of the upper tank portion 2036. As shown in FIG. 22, the
ring seal 2060b is positioned between the annular groove
2140 and the annular flange 2150a. The line attachment
end 2148a has an annular groove 2152a formed therein
and external threads 2154a for coupling the water outlet
nipple 2022 to that portion of the fluid circulation line (not
shown) of the recreational body of water that is down-
stream of the tube-in-tube heat exchanger 2020. The line
attachment end 2148a can be provided with any addi-
tional and/or alternative structure suitable for coupling
the water outlet nipple 2022 to the fluid circulation line.
[0089] Referring to FIGS. 22 and 38-39, the water inlet
nipple 2024 is similar in some respect to the water outlet
nipple 2022. For the example, the water outlet nipple
2024 includes a generally cylindrical wall 2144b with a
tank attachment end 2146b and a line attachment end
2148b opposite thereto. The tank attachment end 2146b
includes an annular flange 2150b that mates with the
annular groove 2106 of the water inlet passage 2100 of
the lower tank portion 2038, and the ring seal 2060a is
positioned between the annular groove 2106 and the an-
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nular flange 2150b. The line attachment end 2148b has
an annular groove 2152b formed therein and external
threads 2154b for coupling the water inlet nipple 2024 to
that portion of the fluid circulation line (not shown) of the
recreational body of water that is upstream of the tube-
in-tube heat exchanger 2020. The line attachment end
2148b can be provided with any additional and/or alter-
native structure suitable for coupling the water inlet nipple
2024 to the fluid circulation line.

[0090] Continuing with reference to FIGS. 22, 38, and
39, the water inlet nipple 2024 can advantageously be
provided with other features. For example, the exemplary
water inlet nipple 2024 has a first passage 2156 formed
therein for receiving the temperature sensor 2062, such
that the first passage 2156 is in fluid communication with
water flowing through the cylindrical wall 2144b for sens-
ing the temperature of such water. A plurality of annular
bosses 2158 are formed on the outer surface of the cy-
lindrical wall 2144b for securingly aligning the mounting
strap 2064 that is used to removably secure the temper-
ature sensor 2062 to the water inlet nipple 2024. As an-
other example, the exemplary water inlet nipple 2024 has
a second passage 2160 formed therein for receiving the
drain plug 2066, such that the second passage 2160 is
in fluid communication with water flowing through the cy-
lindrical wall 2144b for drainage thereof. In this regard,
a depression 2162 having a radius greater than that of
the second passage 2160 is provided in alignment there-
with for receiving the drain plug seal 2068.

[0091] Referring to FIGS. 22 and 40-44, the seal as-
semblies 2072a, 2072b shall now be discussed with fur-
ther detail. As shown in FIGS. 22 and 40, the refrigerant
tube 2050 includes the refrigerant tube ends 2054a,
2054b and a refrigerant tube body 2164 extending ther-
ebetween. The refrigerant tube body 2164 preferably has
a spiraled outer surface for inducing turbulent flow of wa-
terin the primary water passage 2058, thereby facilitating
more efficientheat transfer. However, the refrigerant tube
ends 2054a, 2054hb preferably have substantially cylin-
drical outer surfaces to be received by the seal assem-
blies 2072a, 2072b, respectively. Further discussion of
the seal assemblies 2072a, 2072b (and the refrigerant
tube ends 20544a, 2054b) shall now be made with respect
to the seal assembly 2072a (and the refrigerant tube end
2054a), and it shall be understood that such discussion
is similarly applicable with respect to the seal assembly
2072b (and the refrigerant tube end 2054b).

[0092] Referring to FIGS. 40-44, the seal assembly
2072a includes the O-ring 2074, the piston 2076, the
grommet 2078, the cap 2080, and the compression nut
2082. The seal assembly 2072a further includes a con-
tinuous cylindrical opening 2166 extending through the
O-ring 2074, the piston 2076, the grommet 2078, the cap
2080, and the compression nut 2082 along a central axis,
referenced herein as axis Ag,. The continuous cylindrical
opening 2166 has a radius just greater than that of the
refrigerant tube end 20544, such that the refrigerant tube
end 2054a extends through and out of the continuous
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opening 2166 (see FIG. 44). The seal assembly 2072a
is operable between a relaxed state and a compressed
state, in which the cap 2080 cooperates with the piston
2076 to compress the grommet 2078 when the compres-
sion nut 2082 has engaged the external threads 2138 of
the refrigerant tube inlet 2136.

[0093] The compression, nut 2082 includes an open
end 2168 and a cylindrical, internally-threaded wall 2170
for respectively receiving the refrigerant tube inlet 2136
into an internal chamber 2172 of the nut 2082 and mating
with the external threads 2138 thereof. The compression
nut 2082 furtherincludes a flat annular wall 2174 opposite
the open end 2168 extending radially inward from the
internally-threaded wall 2170 of the compression nut
2082. An opening 2176 extends through the flat annular
wall 2174 along the axis Aga. In some embodiments of
the present invention, the O-ring 2074, the piston 2076,
the grommet 2078, and the cap 2080 are each received
into the internal chamber 2172 of the nut 2082.

[0094] The piston 2076 is positioned proximal the re-
frigerant tube inlet 2136 (or, in the case of the seal as-
sembly 2072b, the refrigerant tube outlet 2102) and is
received by the compression nut 2082. The piston 2076
includes an annular piston wall 2178 that defines that
portion of the continuous opening 2166 extending
through the piston 2076 and further includes a tapered
section 2180 that tapers in a direction toward the refrig-
eranttube inlet 2136 (or, in the case of the seal assembly
2072b, the refrigerant tube outlet 2102). The annular pis-
ton wall 2178 has a first portion 2182 with a first inner
radius that is just greater than that the refrigerant tube
ends 2054a, 2054b and a second portion 2184 with a
second inner radius that is greater than the first inner
radius, such that the second portion 2184 is widened to
receive the grommet 2078 for seating thereof at the ta-
pered section 2180. An annular rim 2186 extends radially
outward from the tapered section 2180 and terminates
at a position adjacent the internally-threaded wall 2170.
[0095] The piston 2076 includes an annularly grooved
flange 2188 that extends from the rim 2186 concentrically
with respect to the first portion 2182 of the annular piston
wall 2178. The annularly grooved flange 2188 receives
in a groove 2190 thereof the O-ring 2074, such that the
0O-ring 2074 is spaced apart from the internally-threaded
wall 2170 of the compression nut 2082. The grooved
flange 2188 and the first portion 2182 of the annular pis-
ton wall 2178 define a first annular space 2192 therebe-
tween, which is further discussed below.

[0096] The piston 2076 further includes a lipped flange
2194 having a flange 2196 that extends from the rim 2186
substantially concentrical with respect to the second por-
tion 2184 of the annular piston wall 2178 and that, to-
gether with the second portion 2184 of the piston wall
2178, defines a second annular space 2198.

[0097] Itis desirable for the walls of the piston 2076 to
be of substantially equal thickness to minimize warping,
including, for example, the flange 2196, the second por-
tion 2184 of the piston wall 2178, the grooved flange
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2188, and the first portion 2182 of the piston wall 2178.
In this regard, the first and second annular spaces 2192,
2198 are sized and dimensioned for such purposes.
[0098] The flange 2196 terminates at an end opposite
the rim 2186 with a piston lip 2200 that extends radially
toward the internally-threaded wall 2170 of the compres-
sion nut 2082, such that the lipped flange 2194 and the
annularly-grooved flange 2188 of the piston 2076 coop-
erate with the internally-threaded wall 2170 of the com-
pression nut 2082 to define an annular space, herein
referenced as a receiving area 2202, for receiving the
external threads 2138 of the refrigerant tube inlet 2136
(or, in the case of the seal assembly 2072b, the external
threads 2104 of the refrigerant tube outlet 2102).
[0099] Continuing with reference to FIGS. 40-44, the
grommet 2078 is formed of a resiliently deformable ma-
terial, such as rubber. The grommet 2078 includes a sub-
stantially cylindrical grommet body 2204 defining therein
a portion of the continuous opening 2166 having a radius
just greater than each of the refrigerant tube ends 2054a,
2054b. The grommet 2078 further includes a beveled
portion 2206 extending from the body 2204 and also de-
fining therein a portion of the continuous opening 2166
having a radius just greater than each of the refrigerant
tube ends 2054a, 2054b. The grommet 2078 is received
by the piston 2076, such that the beveled portion 2206
of the grommet 2078 is positioned within a space (not
designated) defined by the tapered section 2180 of the
annular pistonwall 2178, and such thatthe grommet body
2204 is positioned within a space (not designated) de-
fined by the second portion 2184 of the annular piston
wall 2178. In some embodiments of the invention, the
grommet can include a second beveled portion (not
shown) at an end of the grommet 2078 opposite the bev-
eled portion 2206.

[0100] The cap 2080 is received by the piston 2076
and is positioned between the grommet 2078 and the
compression nut 2082. The cap 2080 includes an annular
wall, which is referenced herein as a cap body 2208, and
which defines therein a portion of the continuous opening
2166 of the seal assembly 2072. The cap body 2208 is
received within the second portion 2184 of the annular
piston wall 2178 in abutment with the grommet 2078. The
cap 2080 furtherincludes alip, which is referenced herein
as a cap lip 2210, and which extends radially from the
cap body 2208 at an end thereof opposite the grommet
2078 and proximal the flat annular wall 2174 of the com-
pression nut 2082. The radius of the cap lip 2210 is great-
er than the radius of the opening 2176 that extends
through the flat annular wall 2174, such that the cap lip
2210 abuts the flat annular wall 2174.

[0101] As indicated above, each one of the seal as-
semblies 2072a, 2072b has a relaxed state when disen-
gaged from a corresponding one of the external threads
2104, 2138 and a compressed state when engaged with
the corresponding one of the external threads 2104,
2138. In this regard, with continuing discussion of the
seal assemblies 2072a, 2072b by way of exemplary ref-
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erence to the seal assembly 2072a, an embodiment of
the seal assembly 2072a having the relaxed state is
shown in FIG. 43 and an embodiment of the seal assem-
bly 2072a having the compressed state is shown in FIG.
44,

[0102] Referring to FIG. 43, it is shown that when the
seal assembly 2072a is in the relaxed state (e.g., when
it is disengaged from the external threads 2138), the
grommet 2078 maintains its natural shape described
above. Moreover, the cap 2080 is sized, shaped, and
dimensioned, such that the cap lip 2210 defines an open
channel 2212 with the piston lip 2200.

[0103] Referring to FIG. 44, it is shown that when the
seal assembly 2072a is in the compressed state, e.g.,
when it is engaged from the external threads 2138, the
refrigerant tube end 2054a extends through the contin-
uous opening 2166 and the grommet 2078 is com-
pressed to form a tight seal with the refrigerant tube end
2054a, while the compression nut 2082 engages the ex-
ternal threads 2138. In having positioned the external
threads 2138 within the receiving area 2202 to engage
the internally-threaded wall 2170 of the compression nut
2082, the external threads 2138 force the piston lip 2200
to close the channel.2212 and into abutment with the cap
2210, such that the cap 2210 is secured between the
piston lip 2200 and the flat annular wall 2174 of the com-
pression nut 2082. The grommet 2078 is compressed
between the piston 2076 and the cap 2080, thereby being
deformed radially outward to form a seal with the refrig-
erant tube end 2054a.

[0104] Further sealing is provided by the O-ring 2074,
such that when the external threads 2138 are positioned
within the receiving area 2202, the O-ring 2074 com-
presses forming a tight seal. Refrigerant can flow through
the seal assemblies 2072a, 2072b, while the flow of water
therethrough is inhibited.

[0105] Referring to FIGS. 22, 27 and 45-46, the legs
2042a-c shall be discussed with further detail. Because
leg 2042a is similar to leg 2042b, it shall be understood
that the discussions and drawings of leg 2042a are sim-
ilarly applicable with respect to the leg 2042b. Each one
of the legs 2042a-c is formed of a unitary structure that
includes a base 2214, a fastening tab 2216, and a hole
2218 that extends through the fastening tab 2216 for re-
ceiving a corresponding one of the screws 2044a-c. In
this regard; the legs 2042a-c can be secured to the base
plate 2014 of heating unit 2010.

[0106] The base 2214 of the leg 2042c has a first leg
elevation E, 4, and each base 2214 of the legs 2042a,
2042b has a second leg elevation E , thatis greater than
the first leg elevation E_ ;. In this regard, the legs 2042a-
¢ can support the tank 2032 despite the bottom wall 2088
of the lower tank portion 2038 being multiform. For ex-
ample, each one of the legs 2042a-b can be positioned
along the bottom wall 2088 where the lower tank portion
2038 has a first distance H4, while the leg 2042c can be
positioned along the bottom wall 2088 where the lower
tank portion 2038 has a second distance H,. In such ex-
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ample, that amount by which the second leg elevation
E, , is greater than the first leg elevation E, , is substan-
tially equal to that amount by which the second distance
H, is greater than the first distance H, (e.g., E ,-E ; =
H, - Hy).

[0107] Referring to FIGS. 29 and 45-48, the leg 2042c
has a first shaped depression 2220 formed in an end of
the corresponding base 2214 opposite the fastening tab
2216. Each one of the legs 2042a-b has a second shaped
depression 2222 formed in an end of the corresponding
base 2214 opposite the fastening tab 2216. In this regard,
the first shaped depression 2220 is adapted to securingly
receive the shaped post 2098c, and each one of the sec-
ond shaped depressions 2222 is adapted to securingly
receive the shaped posts 2098a, 2098b. More particu-
larly, the male shape of the shaped post 2098c is com-
plementary to the female shape of first shaped depres-
sion 2220, and the male shape of the shaped posts
2098a-b is complementary to the female shape of the
second shaped depression 2222. The male shape of the
shaped post 2098c is different than the male shape of
each of the shaped posts 2098a-b, and the female shape
of first shaped depression 2220 is different than the fe-
male shape of each of the second shaped depressions
2222. Such differences inhibit a user from inadvertently
securing one of the legs 2042a-c out of position during
assembly of the tube-in-tube heat exchanger 2020.
[0108] Referring to FIGS. 20-23, an exemplary use of
the tube-in-tube heat exchanger 2020 shall now be dis-
cussed with further detail. To secure the tube-in-tube
heat exchanger 2020 to the heating unit 2010, for exam-
ple, the tube-in-tube heat exchanger 2020 is secured to
the base plate 2014 inside the cabinet 2012. The com-
pressor 2028 is positioned within the external cavity 2026
of the tube-in-tube heat exchanger 2020 and may be se-
cured to the base plate 2014. The tube-in-tube heat ex-
changer 2020 is provided in fluid communication with the
compressor 2028 by securing the external tube exten-
sions 2030a, 2030b to the refrigerant tube ends 20544,
2054b, respectively, as well to the refrigerant inlet and
outlet (not shown) of the compressor 2028. Additional
components suitable for use in the heat cycle may be
provided in communication with the extensions 2030a,
2030b.

[0109] The cover 2018 is secured to the cabinet 2012
opposite the base plate 2014. In this regard, the tube-in-
tube heatexchanger 2020 and the cover 2018, both alone
and in combination, reduce the amount of sound ema-
nating from the compressor 2028 to a user thereof. For
flow of water, the water inlet nipple 2024 and the water
outlet nipple 2022 are respectively secured to the up-
stream and downstream sides of the fluid circulation line
for the recreational body of water.

[0110] When activated, there is preferably a counter-
flow as between the refrigerant and the water to enhance
heat transfer. In this regard, the tube-in-tube heat ex-
changer 2020 receives refrigerant proximal the top wall
2126 of the tube-in-tube heat exchanger 2020, such that
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the refrigerant is received at the refrigerant tube inlet
2136, which travels into the refrigerant tube end 2054a,
through the refrigerant tube 2050 to the refrigerant tube
end 2054b, and out of the refrigerant tube outlet 2102
proximal the bottom wall 2088 of the annular tank 2032.
Similarly, the tube-in-tube heat exchanger 2020 receives
water proximal the bottom wall 2088 of the tube-in-tube
heat exchanger 2020, such that the water is received at
the water inlet passage 2100 via the water inlet nipple
2024, which travels into the diverter 2070 (or another
suitable diverter, such asthe diverter 4234 of FIGS. 51-68
described below). In the second aspect of the present
invention having the diverter 2070, a primary water flow
flows through the primary water passage 2058 to the con-
vergence area 2142, a leakage flow flows up through the
annular chamber 2034 to the convergence area 2142,
and the water of the leakage flow and the water of the
primary flow converge and flow out of the water outlet
nipple 2022 via the water outlet passage 2134. In an em-
bodiment of the second aspect of the present invention
having the substantially-enclosed diverter 4234 of FIGS.
51-68 described below, a primary water flow flows
through the primary water passage 2058 to the open ar-
ea, where water can fill the annular chamber 2034 and
flow our through the water outlet nipple 2022.

[0111] The tube-in-tube assembly 2046 enhances the
efficient transfer of heat from refrigerant in the refrigerant
tube 2050 to water flowing through the primary water
passage 2058. Moreover, in the second aspect of the
invention, by positioning the tube-in-tube assembly 2046
within an annular chamber 2034 that allows for an upward
leakage flow of water (or by otherwise filling the annular
chamber 2034), the transfer of heat is made further effi-
cient, by having heat that might otherwise be lost to the
atmosphere from the water hose 2048, transferred to the
water inthe annular chamber 2034 (including the leakage
flow, for example) for convergence with the primary flow
at the convergence area 2142.

[0112] Heat transfer is further enhanced by virtue of
the chamber 2034 having an internal negative geomet-
rical shape that is annular, which minimizes the amount
of water external the hose 2048 that is not in direct sur-
face-to-surface contact with the hose 2048. Additional
features may be included for enhancing heat transfer.
For example, itis contemplated that the water hose 2048
can be corrugated and/or the refrigerant tube body 2164
can have a spiraled outer surface, either or both for in-
ducing turbulent flow within the primary water passage
2058, thereby enhancing heat transfer.

[0113] Referringto FIGS. 49-50, itis contemplated that
some embodiments of the invention might be provided
with a tube-in-tube assembly 2046 having centering
means for centering the refrigerant tube 2050 within the
water hose 2048. In this regard, the water hose 2048 is
shown to be transparent in FIGS. 49-50 to facilitate con-
sideration and discussion of such centering means. The
centering means is optional, and the tube-in-tube assem-
bly 2046 is not defined so as to require inclusion of the



33 EP 1978 322 A2 34

centering means.

[0114] Such centering means can include, for exam-
ple, a plurality of hanger sets 2224, each one of the hang-
er sets 2224 spaced from each other one of the hanger
sets 2224 along the length of the tube-in-tube assembly
2046. Each one of the hanger sets 2224 includes a plu-
rality of rigid, radially-spaced hangers, such as an op-
posing pair of hangers 2226a, 2226b. Each one of the
hangers 2226a, 2226b includes a corresponding one of
a plurality of hook portions 2228a, 2228b; a correspond-
ing one of a plurality of arm portions 2230a, 2230b, and
a corresponding one of a plurality of arcuate anchor por-
tions 2232a, 2232b. The hook portions 2228a, 2228 are
secured to the refrigerant tube 50, and each one of the
hook portions 2228a, 2228b is radially and evenly dis-
placed from each other one of the hook portions 2228a,
2228b. Each one of the arm portions 2230a, 2230b ex-
tends from a corresponding one of the hook portions
2228a, 2228b to a corresponding one of the arcuate an-
chor portions 2232a, 2232b through a corresponding slit
(not shown) formed in the water hose 2048. The curva-
ture of the arcuate anchor portions 2232a, 2232b pref-
erably follows the curvature of the water hose 2048, and
the length of the arm portions 2230a, 2230b is selected
such that the anchor portions 2232a, 2232b pull the re-
frigerant tube 2050 with equal force and within the pri-
mary water passage 2058, such that the refrigerant tube
2050 is centered within the water hose 2048. Water es-
caping through the slits from the primary water passage
2058 to that area external thereof in the annular chamber
2034 joins the upward leakage flow.

[0115] Additional and/or alternative centering means
are contemplated. For example, it is contemplated that
the ribs forming corrugations in the water hose 2048
and/or the spiraled outer surface of the refrigerant tube
body 2164 can be sized and shaped so as to center the
refrigerant tube 2050 within the water hose 2050, while
stilldefining a primary water passage 2058 therebetween
for flow of water.

[0116] With principal reference to FIGS. 51-68, the
third aspect of the present invention shall now be dis-
cussed with further detail. In discussing the third aspect
of the present invention, additional reference is made to
FIGS. 1-16 and 20-50 and the descriptions above corre-
sponding thereto.

[0117] Referringto FIG. 51, a heat system is shown to
include an embodiment of a header 3010 in combination
with an embodiment of a tube-in-tube heat exchanger
4020. Each of the header 3010 and the tube-in-tube heat
exchanger 4020 shall be further discussed below, and
elements of the header 3010 and the tube-in-tube heat
exchanger shown in FIG. 51 which correspond substan-
tially to the elements described above with reference to
FIGS. 1-16 and 20-50 have been designated by corre-
sponding reference numerals increased by two thou-
sand. The third aspect of the invention shown in FIGS.
51-68is constructed and used in manners consistent with
the foregoing descriptions of the header 1010, the tube-
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in-tube heat exchanger 2020, etc. in connection with
FIGS. 1-16 and 21-50 unless it is stated otherwise. Ac-
cordingly, it shall be understood that the heat system,
including the header 3010 and/or tube-in-tube heat ex-
changer, can be provided with the features described
above in connection with FIGS. 1-16 and 21-50.

[0118] Continuing with reference to FIG. 51, the tube-
in-tube heat exchanger 4020 includes a diverter for in-
hibiting leakage therefrom, which is referenced herein as
a substantially-enclosed diverter 4234 and which is
shown in FIGS. 53-68, and the bypass function can be
provided by the header 3010. Exemplary water flow to
and from the tube-in-tube heat exchanger 4020 and/or
the header 3010 has been designated as follows: water
flow from a fluid circulation line (such as the fluid circu-
lation line 1012 of FIG. 1) to an inflow side 3018 of the
header 3010 has been designated as flow path FW,y;
water flow from the inflow side 3018 to a water inlet nipple
4024 of the tube-in-tube heat exchanger 4020 has been
designated as flow path FW y,; water flow from a water
outlet nipple 4022 of the tube-in-tube heat exchanger
4020 to an outflow side 3020 of the header 3010 has
been designated as flow path FWq14; and water flow
from the outflow side 3020 to the fluid circulation line
(such as the fluid circulation line 1012 of FIG. 1) has been
designated as a flow path FWqr,. The header 3010
facilitates bypass of the tube-in-tube heat exchanger
4020, e.g., under a high pressure condition, and an ex-
emplary bypass flow has been designated in FIG. 51 as
flow path FWp.

[0119] Referring to FIGS. 22, 51, and 51-68 the tube-
in-tube heat exchanger 4020 is constructed similar to the
tube-in-tube heat exchanger 2020, and the diverter 4234
can be utilized. The tube-in-tube heat exchanger 4020
includes the lower tank portion 2038, and the substan-
tially enclosed diverter 4234 is positioned at a location
that is referenced in the second aspect of the invention
asthe"diversionarea" 2108 and thatis proximal the water
inlet nipple 4024. The water diverter 4234 is sized and
shaped to direct principal water flow to the primary water
passage 2058, and, in the third aspect of the present
invention, the water diverter 4234 forms a friction fit
against the tank 2032 and inhibits leakage flow of water
into the annular chamber 2034 outside of the primary
water passage 2058.

[0120] Referring to FIGS. 22, 51, and 53-54, the sub-
stantially-enclosed diverter 4234 includes a first diverter
portion 4236 and a second diverter portion 4238 that de-
fine a diverter chamber 4240 therein and that further de-
fine a gap 4242 through which the refrigerant tube end
2054b extends. The first diverter portion 4236 and the
second diverter potion 4238 define an interface means
4244 for joining the diverter 4234 to the tube-in-tube as-
sembly 2046 for fluid communication therewith.

[0121] Referring to FIGS. 22, 51, and 53-61, the first
diverter portion 4236 includes a first curved wall 4246
that has an inlet 4248 for receiving water from the header
inflow side 3018 via the water inlet nipple 4024 and the
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water inlet passage 2100. The first diverter portion 4236
has a first inner surface 4250 and a first outer surface
4252 that is opposite the first inner surface 4250 and that
forms a friction fit with the outer wall portion 2086 of the
lower tank portion 2038 proximal the water inlet passage
2100. A first depression 4254 is formed in the first outer
surface 4252 for the purposes described below.

[0122] The first curved wall 4246 defines a first body
portion 4256 and a first tapered portion 4258 extending
from the first body portion 4256. The first curved wall
4246 includes portions, which are referenced herein as
first peripheral portions 4260, and which extend in a di-
rection toward the second diverter portion 4238 and away
from the outer wall portion 2086. The first peripheral por-
tions 4260 partially enclose sides of the first tapered por-
tion 4258 and the first body portion 4256, and define an
opening, referenced herein as a first tapered opening
4262, and another opening, referenced herein as a first
extension opening 4264. In this regard, the first tapered
portion 4258, which tapers (gets smaller) in a direction
away from the first body portion 4256, terminates at a
first semi-annular end and at least partially circumscribes
the first tapered opening 4262. A first semi-annular ex-
tension 4266 extends from the first peripheral portions
4260 so as to at least partially circumscribe the first ex-
tension opening 4264. For purposes that will be de-
scribed further below, a flange 4269 extends from the
first semi-annular extension 4266 and the first peripheral
portions 4260 in a direction away from the outer wall por-
tion 2086 and toward the second diverter portion 4238.
Also for purposes that will be described further flow, lips
4268a, 4268b are respectively provided on the first ta-
pered portion 4258 and the first semi-annular extension
4266.

[0123] A plurality of hollow bosses 4270 extend from
the first inner surface 4250 toward the second diverter
portion 4238. As discussed with further detail below, the
hollow bosses 4270 are configured to securingly receive
aplurality of pins 4296 extending from the second diverter
portion 4238 to align the first and second diverter portions
4236, 4238. A first plurality of ribs 4272a-c extends from
the first outer surface 4252 to enhance the friction fit with
the outer wall portion 2086 of the lower tank portion 2038,
thereby further inhibiting inadvertent movement of the
diverter box 4234 relative to the lower tank portion 2038.
[0124] Referring to FIGS. 22, 51, 53-54, and 62-68,
the second diverter portion 4238 includes a second
curved wall 4274 and has a second inner surface 4276
and a second outer surface 4278 that is opposite the
second inner surface. 4276 and that forms a friction fit
with the inner wall portion 2084 of the lower tank portion
2038 proximal the water inlet passage 2100. A second
depression 4280 is formed in the second outer surface
4278. When the diverter 4234 is assembled, the second
depression 4280 and the first depression 4254 cooperate
toreceive an O-ring, an elastomeric band, and/or another
structure for securing together the diverter portions 4236,
4238.
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[0125] The second curved wall 4274 defines a second
body portion 4282 and a second tapered portion 4284
extending from the second body portion 4282. The sec-
ond curved wall 4274 includes portions, which are refer-
enced herein as second peripheral portions 4286, and
which extend in a direction toward the first diverter portion
4236 and away from the inner wall portion 2084. The
second peripheral portions 4286 partially enclose sides
of the second tapered portion 4284 and the second body
portion 4282, and define an opening, referenced herein
as asecondtapered opening 4288, and another opening,
referenced herein as a second extension opening 4290.
In this regard, the second tapered portion 4284, which
tapers (gets smaller) in a direction away from the second
body portion 4282, terminates at a second semi-annular
end and at least partially circumscribes the second ta-
pered opening 4288. The semi-annular ends of the first
and second tapered portions 4258, 4284 form the gap
4242 through which the refrigerant tube end 2054b pass-
es. The radius of the gap 4242 is just greater than that
of the refrigerant tube end 2054b for sealing purposes.
A second semi-annular extension 4292 extends from the
second sidewall portion 4286 and at least partially cir-
cumscribes the second extension opening 4290. The first
and second extensions 4266, 4292 form the interface
means 4244, which has a radius just less than the water
hose end 2052a, and the interface means 4244 is insert-
ed in the water hose end 2052a to form a friction fit to
facilitate secure fluid communication therebetween. Lips
4294a, 4294b are respectively provided on the second
tapered portion 4284 and the second semi-annular ex-
tension 4292 in alignment with the lips 4268a, 4268b,
respectively so as to form an annular shoulder on each
end of the diverter 4234. O-rings, elastomeric bands, etc.
(not shown) can be provided around each end of the di-
verter 4234 to secure the first diverter portion 4236 to the
second diverter portion 4238, and the shoulders inhibit
such O-rings from sliding off the diverter 4234.

[0126] To align the first and second diverter portions
4236, 4238 with one another, a plurality of pins 4296
extend from the second inner surface 4276, and each
one of the pins 4296 is received within a corresponding
one of hollow bosses 4270 aligned therewith. A second
plurality of ribs 4298a, 4298b extend from the second
outer surface 4278 to enhance the friction fit with the
inner wall portion 2084 of the lower tank portion 2038,
thereby further inhibiting inadvertent movement of the
diverter box 4234 relative to the lower tank portion 2038.
Similarly, a groove 4299 is defined within the second
semi-annular extension 4292 that receives a portion of
the flange 4269 formed in the first diverter portion 4238
for further aligning the first and second diverter portions
4236, 4238. Other portions of the flange 4269 can fit with-
in the edge of the second plurality of sidewall portions
4286 for further alignment.

[0127] In use, the diverter 4234 directs the inflow of
water from the inlet 4248 to the primary water passage
2058 formed between the water hose 2048 and the re-
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frigerant tube 2050. The diverter 4234 inhibits leakage
therefrom to the annular chamber 2034 of the tank 2032,
thereby inhibiting flow from the diverter 4234 to alocation
that, with respect to the second aspect of the invention,
is referenced above as the convergence area 2142. It is
contemplated, though, that water will flow from such lo-
cation to fill the annular chamber 2034 during operation
of the tube-in-tube heat exchanger 4020.

[0128] With principal reference to FIGS. 51-52, the
header 3010 shall now be discussed with further detail.
As indicated above, the header 3010 is similar in con-
struction to the header 1010 described above in connec-
tion with FIGS. 1-16. The header 3010 includes a man-
ifold 3022, a service cartridge assembly 3028 therefor,
and a connection means, such as a plurality of internally
threaded lock rings 3204, 3206, for releasably securing
the manifold 3022 to the water inlet nipple 4024 and the
water outlet nipple 4022 at respective external threads
4154b, 4154a thereof.

[0129] The manifold 3022 and the service cartridge as-
sembly 3028 therefor are similar in construction to the
manifold 1022 and service cartridge assembly 1028 of
FIG. 6, for example. The manifold 3022 can be formed
of a plurality of segments, including an inflow unit 3208
atthe inflow side 3018, an outflow unit 3210 at the outflow
side 3020, and a cylindrical pipe 3212 forming the bypass
port 3050 between the inflow unit 3208 and the outflow
unit 3210. Each of the inflow unit 3208 and the outflow
unit 3210 can have a hollow "T" configuration.

[0130] The inflow unit 3208 is provided with a first in-
flow chamber 3036, an annular bypass opening 3032,
and asecond inflow chamber 3044. The firstinflow cham-
ber 3036 can be provided with external threads 3214
(and/or otherwise configured) for attachment of the cir-
culation line adapter assembly 1024b, thereby securing
the inflow unit 3208 of the manifold 3022 to the fluid cir-
culation line 1012. The bypass opening 3032 can be pro-
vided with a radius just greater than that of the cylindrical
pipe 3212, and mates with the cylindrical pipe 3212 by
receiving same. Any fastening means can be used for
securing the cylindrical pipe 3212 to the bypass opening
3032, such as glue, screws, etc.

[0131] The second inflow chamber 3044 can be pro-
vided with an annular shoulder, referenced herein as a
first inflow shoulder 3216, and a first annular extension
3218 is provided with a radius just less than that of the
second inflow chamber 3044. The first annular extension
3218 abuts the first inflow shoulder 3216 and is fastened
to the inflow unit 3208 by glue and/or other suitable fas-
tening means. A second inflow shoulder 3220 is provided
at an end of the first annular extension 3218 that is op-
posite the firstinflow shoulder 326 and proximal the water
inlet nipple 4024 of the tube-in-tube heat exchanger
4020: The internally threaded lock ring 3204 engages
the external threads 4154b of the water inlet nipple 4024
to urge the secondinflow shoulder 3220 against the water
inlet nipple 4024, thereby securing the inflow unit 3208
and the header 3010 generally against and in fluid com-
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munication with the tube-in-tube heat exchanger 4020.

[0132] The outflow unit 3210 is provided with a first
outflow chamber 3078, a bypass inlet 3222, second out-
flow chamber 3088, and a third outflow chamber 3148.
The first outflow chamber 3078 can be provided with ex-
ternal threads 3224 for attachment of the circulation line
adapter assembly 1024a to secure the outflow unit 3210
of the manifold 3022 for flow from the outflow unit 3210
of the manifold 3022 to the fluid circulation line 1012. The
bypassinlet 3222 can be provided with aradius justgreat-
er than that of the cylindrical pipe 3212 and mates with
the cylindrical pipe 3212 by receiving same. Any fasten-
ing means can be used for securing the cylindrical pipe
3212 to the bypass inlet 3222, such as glue, screws, etc.
[0133] The second outflow chamber 3088 can be pro-
vided with an annular shoulder, referenced herein as a
first outflow shoulder 3226, and a second annular exten-
sion 3228 is provided with a radius just less than that of
the second outflow chamber 3088. The second annular
extension 3228 abuts the first outflow shoulder 3226 and
is fastened to the outflow unit 3210 by glue and/or other
suitable fastening means. A second outflow shoulder
3230 is provided at an end of the second annular exten-
sion 3228 that is opposite the first outflow shoulder 2226
and proximal the water outlet nipple 4022 of the tube-in-
tube heat exchanger 4020. The internally threaded lock
ring 3206 engages the external threads 4154a of the wa-
ter outlet nipple 4022 to urge the second outflow shoulder
3230 against the water outlet nipple 4022, thereby se-
curing the outflow unit 3210 and the header 3010 gen-
erally against and in fluid communication with the tube-
in-tube heat exchanger 4020.

[0134] The third outflow chamber 3148 is configured
to have pass therethrough flow from the second outflow
chamber 3088 to the first outflow chamber 3078. The
service cartridge assembly 3028 is inserted via a service
opening (not designated) formed in the outflow unit 3210
opposite the bypass inlet 3222, and a lock ring 3150 is
provided for securing the service cartridge assembly
3028 in place. Similar to the first aspect of the invention,
when the flapper valve 3146 of the service cartridge as-
sembly 3028 is in a closed position, the flappers obstruct
fluid flow from passing through the bypass inlet 3222 to
the third outflow chamber 3148 along the flow path FWg.
However, when a high-pressure condition exists in the
bypass pipe 3212 and/or there is a pressure-drop across
the tube-in-tube heat exchanger 4020, the flappers open,
at least partially, thereby permitting fluid flow from the
bypass pipe 3212 to flow to the third outflow chamber
3148 along the flow path FWg.

[0135] It shall be understand that the features of the
first and second aspects of the present invention can be
included in the header 3010 and/or the tube-in-tube heat
exchanger 4020 when suitable. For example, the header
3010 and the tube-in-tube heat exchanger 4020 can be
provided with sensors for gauging temperature and/or
pressure as described above, seal assemblies, and/or
other features described above in connection with the
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first and second aspects of the invention.

[0136] It shall be further understood that the embodi-
ments of the present invention described herein are
merely exemplary and that a person skilled in the art may
make many variations and modifications without depart-
ing from the spirit and scope of the invention. All such
variations and modifications, including those discussed
above, are intended to be included within the scope of
the invention as defined in the appended claims.

Claims

1. Aheader (1010) for a heat exchanger (1014), com-
prising an inflow side (1018) having a circulation line
inlet (1034) and an exchanger line outlet (1042); an
outflow side (1020) having an exchanger line inlet
(1086) and a circulation line outlet. (1076); a bypass
chamber (1052) configured for fluid communication
with said inflow side (1018) and said outflow side
(1020); and a flapper valve (1146) positioned prox-
imal said bypass chamber (1052); said flapper valve
(1146), when oriented in a closed position, inhibiting
fluid flow from said inflow side (1018) to said outflow
side (1020) through said bypass chamber (1052),
and, when oriented in an at least partially open po-
sition, permitting fluid flow from said inflow side
(1018) to said outflow side (1020) through said by-
pass chamber (1052).

2. The header (1010) of Claim 1, wherein said flapper
valve (1146) includes a first flapper (1178a), a sec-
ond flapper (1178b), and means (1176) applying a
rotational force to said first and second flappers
(1178) into said closed position of said flapper valve
(1146), each of said firstand second flappers (1178),
when said flapper valve (1146) is in said closed po-
sition, being angularly displaced from another of said
first and second flappers (1178) by a first angular
amount, and each of said first and second flappers
(1178), when said flapper valve (1146) is in said at
least partially open position, being angularly dis-
placed from another of said first and second flappers
by a second angular amount greater than said first
angular amount.

3. Theheader (1010) of Claim 1 or 2, wherein said flap-
per valve (1146) is configured to be in said at least
partially open positionin response to a pressure drop
across said exchanger line outlet (1042) and said
exchanger line inlet (1086).

4. The header (1010) of any of Claims 1 to 3, including
a manifold (1022) at least partially defining said in-
flow side (1018), said outflow side (1020), and said
bypass chamber (1052).

5. The header (1010) of Claim 4, including a plurality
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10.

of circulation line adapters (1024) configured to
channel fluid into said circulation line inlet (1034)
from a fluid circulation line and to channel fluid out
of said circulation line outlet (1076) to the fluid circu-
lation line.

The header (1010) of Claim 4 or 5, including a service
cartridge assembly (1028) configured to be remov-
ably positioned within said manifold (1022) at said
outflow side (1020), said service cartridge assembly
(1028) having a frame (1140) defining a chamber
(1148) therein, and said frame (1140) having formed
therein a first hole (1162b) proximal said exchanger
lineinlet (1086), asecond hole (1162a) proximal said
circulation line outlet (1076), and a third hole proxi-
mal said bypass chamber (1052), and said flapper
valve (1146) releasably secured to said frame (1140)
at said third hole.

The header (1010) of Claim 6, wherein said frame
(1140) includes an annular lip (1160) defining therein
said third hole, wherein said frame (1140) defines
therein a plurality of shoulders (1172a, 1172b) prox-
imal said annular lip (1160) opposite said chamber
(1148) of said frame (1140) and a plurality of chan-
nels (1164a, 1164b) proximal said annular lip (1160)
adjacent said chamber (1148) of said frame (1140),
said flapper valve (1146) including a plurality of pro-
tuberances (1200) received by said channels
(1164a, 1164b) and a plurality of ends (1202) re-
ceived by said shoulders (1172a, 1172b) to releas-
ably secure said flapper valve (1146) to said frame
(1140).

A header (1010) for a heat exchanger (1014), com-
prising an inflow side (1018) having a circulation line
inlet (1034) and an exchanger line outlet (1042); an
outflow side (1020) having an exchanger line inlet
(1086) and a circulation line outlet (1076); an inflow
pressure sensor (1102) in fluid communication with
said inflow side (1018); an outflow pressure sensor
(1096) in fluid communication with said outflow side
(1020); means for obtaining a differential measure-
ment from said inflow pressure sensor (1102) and
said outflow pressure sensor (1096); and means for
initiating activation of the heat exchanger (1014)
when said differential measurement meets a set
point.

The header (1010) of Claim 8, wherein said means
includes a mechanical pressure differential switch.

The header (1010) of Claim 8 or 9, including a bypass
chamber (1052) configured for fluid communication
with said inflow side (1018) and said outflow side
(1020), and a flapper valve (1146) positioned prox-
imal said bypass chamber (1052); said flapper valve
(1146), when oriented in a closed position, inhibiting
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fluid flow from said inflow side (1018) to said outflow
side (1020) through said bypass chamber (1052),
and, when oriented in an at least partially open po-
sition, permitting fluid flow from said inflow side
(1018) to said outflow side (1020) through said by-
pass chamber (1052).

A service cartridge assembly (1028) for a header
(1010) of a heat exchanger (1014), comprising a
frame (1140) defining achamber (1148) therein, said
frame (1140) having formed therein a first hole
(1162b) adjacent said chamber (1148) for allowing
fluid flow therethrough into said chamber (1148) from
an exchanger line inlet (1086), a second hole
(1162a) adjacent said chamber (1148) for allowing
fluid flow therethrough from said chamber (1148) to
a circulation line outlet (1076), and a third hole ad-
jacent said chamber (1148); and a flapper valve
(1146) releasably securable to said frame (1140)
proximal said third opening, said flapper valve
(1146), when releasably secured to said frame
(1140) proximal said third opening, being movable
between a closed position, in which said flapper
valve (1146) obstructs fluid flow through said third
openinginto said chamber (1148) from an inflow side
(1018), and an at least partially open position, in
which said flapper valve (1146) allows fluid flow
through said third opening into said chamber (1148)
from the inflow side (1018).

The service cartridge assembly (1028) of Claim 11,
said frame (1140) including an annular lip (1160) de-
fining therein said third hole, wherein said frame
(1140) defines therein a plurality of shoulders (1172)
proximal said annular lip (1160) opposite said cham-
ber (1148) and a plurality of channels (1164) proxi-
mal said annular lip (1160) adjacent said chamber
(1148), said flapper valve (1146) including a plurality
of protuberances (1200) received by said channels
(1164) and a plurality of ends (1202) received by
said shoulders (1172) to releasably secure said flap-
per valve (1146) to said frame (1140).

The service cartridge assembly (1028) of Claim 11
or 12, including a wall (1158) extending from said
annular lip (1160) and defining said first and second
holes (1162), a grooved annulus (1154) extending
from said wall (1158), and a wall (1152) having a
handle (1142) and extending from said grooved an-
nulus (1154).

The service cartridge assembly (1028) of any of
Claims 11 to 13, wherein said flapper valve (1146)
includes a first flapper (1178a), a second flapper
(1178b), and means (1176) applying a rotational
force to said first and second flappers (1178) into
said closed position of said flapper valve (1146),
each of said first and second flappers (1178), when
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said flapper valve (1146) is in said closed position,
being angularly displaced from another of said first
and second flappers (1178) by a first angular
amount, and each of said first and second flappers
(1178), when said flapper valve (1146) is in said at
least partially open position, being angularly dis-
placed from another of said first and second flappers
(1178) by a second angular amount greater than said
first angular amount.

The service cartridge assembly (1028) of any of
Claims 11 to 14, wherein said flapper valve (1146)
includes a shaft (1174), and wherein each of said
first and second flappers (1178) includes a substan-
tially semi-circular portion (1180) and a hinge (1182)
securing said substantially semi-circular portion
(1180) about said shaft (1174).

The service cartridge assembly (1028) of any of
Claims 11 to 15 in combination with a manifold
(1022), wherein said manifold (1022) defines a
chamber therein for receiving said frame (1140), and
wherein said frame (1140) is configured to mate with
said manifold (1022) so as to inhibit rotational motion
of said frame (1140).

The combination of Claim 16 in further combination
with alockring (1150) configured to secure said serv-
ice cartridge assembly (1028) within said chamber
for receiving said frame (1140).

A heat exchanger for altering the temperature of wa-
ter from a fluid circulation line of a recreational body
of water, comprising: a helical tube-in-tube assembly
(2046) adapted for flow therethrough of a plurality of
fluids for heat transfer therebetween; and a tank
(2032) defining therein an annular chamber (2034)
in which said helical tube-in-tube assembly (2046)
is positioned.

The heat exchanger of Claim 18, wherein said tank
(2032) includes at least one inner wall (2084) defin-
ing an external cavity (2026) extending through said
tank (2032).

The heat exchanger of Claims 18 or 19 in combina-
tion with a compressor (2028) positioned within said
external cavity (2026), said compressor (2028) being
in fluid communication with said helical tube-in-tube
assembly (2046) for sending thereto and receiving
therefrom one of said plurality of fluids.

The combination of Claim 20 in further combination
with a base (2014) and a cover (2018), said base
(2014) and said cover (2018) cooperating with said
at least one inner wall (2084) to at least partially en-
close said compressor (2028), thereby inhibiting the
escape of sound from said external cavity (2026).
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The heatexchanger of any of Claims 18to 21, where-
in said helical tube-in-tube assembly (2046) includes
a water hose (2048) and a refrigerant tube (2050) at
least partially extending through said water hose
(2048), said refrigerant tube (2050) and said water
hose (2048) defining a primary water passage (2058)
therebetween adapted for flow of water there-
through.

The heat exchanger of Claim 22, further including a
seal assembly (2072) releasably secured to said
tank (2032) so as to permit refrigerant flow between
said refrigerant tube (2050) and a tube (2030) exter-
nal of said tank(2032) and so as to inhibit water flow
out of said tank (2032) at said seal assembly (2072).

The heat exchanger of Claim 23, wherein said seal
assembly (2072) includes:

acompression nut (2082) having an annular wall
(2174) opposite said tank (2032) and an inter-
nally-threaded wall (2170) extending from said
annular wall (2174) to said tank (2032) in en-
gagement with external threads (2138) thereof;
acap (2080) positioned within said compression
nut (2082) and abutting against said annular wall
(2174); a piston (2076) positioned adjacent said
tank (2032); and a grommet (2078) positioned
between said cap (2080) and said piston (2076);
said compression nut (2082), said cap (2080),
said grommet (2078), and said piston (2076) de-
fining a continuous cylindrical opening through
which said refrigerant tube (2050) extends.

The heat exchanger of Claim 24, wherein said grom-
met (2078) is compressed between said piston
(2076) and said cap (2080), thereby being deformed
radially outward to form a seal with said refrigerant
tube (2050).

The heat exchanger of any of claims 22 to 25, further
including a diverter (2070) positioned within said an-
nular chamber (2034) to direct a primary inflow of
water into said primary water passage (2058).

The heat exchanger of Claim 26, wherein said di-
verter (2070) forms aloose seal with said tank (2032)
to allow a leakage flow of water into said annular
chamber (2034) external to said diverter (2070).

The heat exchanger of Claim 27, wherein said tank
(2032) defines a convergence area (2142) where
said primary inflow of water and said leakage flow
of water converge for flow out of said tank (2032).

A heat exchanger for altering the temperature of wa-
ter flowing through a fluid circulation line of a recre-
ational body of water, comprising: a helical tube-in-
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tube assembly (2046) adapted for flow therethrough
of a plurality of fluids for heat transfer therebetween;
and a tank (2032) in which said helical tube-in-tube
assembly (2046) is positioned, said tank (2032) de-
fining an external cavity (2026) extending axially
therethrough.

The heat exchanger of Claim 29 in combination with
a compressor (2028) positioned within said external
cavity (2026), said compressor (2028) being in fluid
communication with said helical tube-in-tube assem-
bly (2046) for sending thereto and receiving there-
from one of said plurality of fluids.

The combination of Claim 30 in further combination
with a base (2014) and a cover (2018), said base
(2014) and said cover (2018) cooperating with said
at least one inner wall (2084) to at least partially en-
close said compressor (2028), thereby inhibiting the
escape of sound from said external cavity (2026).

The heatexchanger of any of Claims 29to 31, where-
in said helical tube-in-tube assembly (2046) includes
a water hose (2048) and a refrigerant tube (2050) at
least partially extending through said water hose
(2048), said refrigerant tube (2050) and said water
hose (2048) defining a primary water passage (2058)
therebetween adapted for flow of water there-
through.

The heat exchanger of Claim 32, further including a
seal assembly (2072) releasably secured to said
tank (2032) so as to permit refrigerant flow between
said refrigerant tube (2050) and a tube external of
said tank (2032) and so as to inhibit water flow out
of said tank (2032) at said seal assembly (2072).

The heat exchanger of Claim 33, wherein said seal
assembly (2072) includes:

acompression nut (2082) having an annular wall
(2174) opposite said tank (2032) and an inter-
nally-threaded wall (2170) extending from said
annular wall (2170) to said tank (2032) in en-
gagement with external threads (2138) thereof;
acap (2080) positioned within said compression
nut (2082) and abutting against said annular wall
(2174); a piston (2076) positioned adjacent said
tank (2032); and a grommet (2078) positioned
between said cap (2080) and said piston (2076);
said compression nut (2082), said cap (2080),
said grommet (2078), and said piston (2076) de-
fining a continuous cylindrical opening (2166)
through which said refrigerant tube (2050) ex-
tends.

The heat exchanger of Claim 34, wherein said grom-
met (2078) is compressed between said piston
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(2076) and said cap (2080), thereby being deformed
radially outward to form a seal with said refrigerant
tube (2050).

The heat exchanger of any of Claims 32 to 25, further
including a diverter (2070) positioned within a cham-
ber (2034) defined by said tank (2032) to direct a
primary inflow of water into said primary water pas-
sage (2058).

The heat exchanger of Claim 36, wherein said di-
verter (2070) forms aloose seal with said tank (2032)
to allow a leakage flow of water into said chamber
external of said diverter (2070).

The heat exchanger of Claims 36 or 37, wherein said
tank (2032) defines a convergence area (2142)
where said primary inflow of water and said leakage
flow of water converge for flow out of said tank
(2032).

A heat exchanger for altering the temperature of wa-
ter from a fluid circulation line of a recreational body
of water, comprising: a helical tube-in-tube assembly
(2046) adapted for flow therethrough of a plurality of
fluids for heat transfer therebetween, said helical
tube-in-tube assembly (2046) including a water hose
(2048) and a refrigerant tube (2050) at least partially
extending through said water hose (2048), and said
refrigerant tube (2050) and said water hose (2048)
defining a primary water passage (2058) therebe-
tween adapted for flow of water therethrough; a tank
(2032) defining therein a chamber (2034) in which
said helical tube-in-tube assembly (2046) is posi-
tioned; and a seal assembly (2072) releasably se-
cured to said tank (2032) so as to permit refrigerant
flow between said refrigerant tube (2050) and a tube
(2030) external of said tank (2032) and so as to inhibit
water flow out of said tank (2032) at said seal as-
sembly (2072).

The heat exchanger of Claim 39, wherein said seal
assembly (2072) includes:

acompression nut(2082) having an annular wall
(2174) opposite said tank (2032) and an inter-
nally-threaded wall (2170) extending from said
annular wall (2174) to said tank (2032) in en-
gagement with external threads (2138) thereof;
acap (2080) positioned within said compression
nut (2082) and abutting against said annular wall
(2174); a piston (2076) positioned adjacent said
tank (2032); and a grommet (2078) positioned
between said cap (2080) and said piston (2076);
said compression nut (2082), said cap (2080),
said grommet (2078), and said piston (2076) de-
fining a continuous cylindrical opening (2166)
through which said refrigerant tube (2050) ex-
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The heat exchanger of Claim 40, wherein said grom-
met (2078) is compressed between said piston
(2076) and said cap (2080), thereby being deformed
radially outward to form a seal with said refrigerant
tube (2050).

Aheat system for allowing and inhibiting temperature
alteration of water from a fluid circulation line in ac-
cordance with varying pressure, comprising: a heat
exchanger (4020) having (i) a helical tube-in-tube
assembly (2046) adapted for flow therethrough of
water and afluid for heat transfer therebetween, said
tube-in-tube assembly (2046) having defined therein
a primary water passage (2058) with a first end
(2052a)and a second end (2052b), and (ii) a tank
(2032) with an annular chamber (2034) in which said
helical tube-in-tube assembly (2046) is positioned;
and a header (3010) having (i) an inflow side (3018)
in fluid communication with said first end (2052a),
(i) an outflow side (3020) in fluid communication with
said second end (2052b), (iii) a bypass configured
for fluid communication with said inflow side (3018)
and said outflow side (3020), and (iv) a flapper valve
(3146), when oriented in a closed position, inhibiting
fluid flow from said inflow side (3018) to said outflow
side (3020) through said bypass, and, when oriented
in an at least partially open position, permitting fluid
flow from said inflow side (3018) to said outflow side
(3020) through said bypass.

The heat system of Claim 42, wherein said tank
(2032) defines an external cavity extending axially
therethrough, and further including a compressor
(2028) positioned within said external cavity (2026),
said compressor (2028) being in fluid communica-
tion with said helical tube-in-tube assembly (2046)
for sending thereto and receiving therefrom said flu-
id.

The heat system of Claims 42 or 43, further including
a base (2014) and a (2018), said base (2014) and
said cover (2018) cooperating with at least one inner
wall (2084) of said tank (2032) to at least partially
enclose said compressor (2028), thereby inhibiting
the escape of sound from said external cavity (2026).

The heat system of any of Claims 42 to 44, wherein
said helical tube-in-tube assembly (2046) includes
a water hose (2048) and a refrigerant tube (2050) at
least partially extending through said water hose
(2048), said refrigerant tube (2050) and said water
hose (2048) defining said primary water passage
(2058) therebetween for flow of water therethrough.

The heat system of Claim 45, further including a seal
assembly (2072) releasably secured to said tank
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(2032) so as to permit refrigerant flow between said
refrigerant tube (2050) and a tube (2030) external of
said tank (2032) and so as to inhibit water flow out
of said tank (2032) at said seal assembly (2072).

The heat system of Claims 45 or 46, further including
a substantially-enclosed diverter (4234) positioned
within said annular chamber (2034) to direct a pri-
mary inflow of water into said primary water passage
(2058) and inhibit leakage from said diverter (4234)
into said annular chamber (2034).

The heat system of Claim 47, wherein said substan-
tially enclosed diverter (2070, 4234) is formed of a
plurality of portions (4236, 4238) securingly aligned
together to define a gap (4242) through which said
refrigerant tube (2050) at least partially extends.

The heat system of any of Claims 42 to 48, wherein
said flapper valve (3146) includes a first flapper
(1178a), a second flapper (1178b), and means
(1176) applying a rotational force to said first and
second flappers (1178) into said closed position of
said flapper valve (3146), each of said first and sec-
ond flappers (1178), when said flapper valve (3146)
is in said closed position, being angularly displaced
from another of said first and second flappers (1178)
by a first angular amount, and each of said first and
second flappers (1178), when said flapper valve
(3146) isin said at least partially open position, being
angularly displaced from another of said first and
second flappers (1178) by a second angular amount
greater than said first angular amount.

The heat system of any of Claims 42 to 49, wherein
said flapper valve (3146) is configured to be in said
at least partially open position in response to a pres-
sure drop across said heat exchanger (4020).

The heat system of any of Claims 42 to 50, wherein
said header (3010) includes a manifold (3022) at
least partially defining said inflow side (3018), said
outflow side (3020), and said bypass.

The heat system of Claims 50 or 51, wherein said
manifold (3022) includes an inflow unit (3208) defin-
ing said inflow side (3018), an outflow unit (3210)
defining said outflow side (3020), and a pipe (3212)
defining said bypass.

The heat system of Claims 51 or 52, wherein each
of said inflow unit (3208) and said outflow unit (3210)
have a T configuration.

Aheat system for allowing and inhibiting temperature
alteration of water from a fluid circulation line in ac-
cordance with varying pressure, comprising: a heat
exchanger (4020) having (i) a helical tube-in-tube
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assembly (2046) adapted for flow therethrough of a
plurality of fluids for heat transfer therebetween, and
(i) atank (2032) defining an annular chamber (2034)
in which said helical tube-in-tube assembly (2046)
is positioned; and a header (3010) having (i) an inflow
side (3018) in fluid communication with an inlet
(4024) of said heat exchanger (4020), (ii) an outflow
side (3020) in fluid communication with an outlet
(4022) of said heat exchanger (4020); and (iii)) a
valve, when oriented in a closed position, inhibiting
bypass flow from said inflow side (3018) to said out-
flow side (3020), and, when oriented in an at least
partially open position, permitting bypass flow from
said inflow side to said outflow side (3020).

The heat system of Claim 54, wherein said tank
(2032) defines an external cavity (2026) extending
axially therethrough, and further including a com-
pressor (2028) positioned within said external cavity
(2026), said compressor (2028) being in fluid com-
munication with said helical tube-in-tube assembly
(2046) for sending thereto and receiving therefrom
one of said plurality of fluids.

The heat system of Claim 55, further including a base
(2014) and acover (2018), said base’(2014) and said
cover (2018) cooperating with at least one inner wall
(2084) of said tank (2032) to at least partially enclose
said compressor (2028), thereby inhibiting the es-
cape of sound from said external cavity (2026).

The heat system of any of Claims 54 to 56, wherein
said helical tube-in-tube assembly (2046) includes
a water hose (2048) and a refrigerant tube (2050) at
least partially extending through said water hose
(2048), said refrigerant tube (2050) and said water
hose (2048) defining a primary water passage (2058)
therebetween adapted for flow of water there-
through.

The heat system of Claim 57, further including a seal
assembly (2072) releasably secured to said tank
(2032) so as to permit refrigerant flow between said
refrigerant tube (2050) and a tube (2030) external of
said tank (2032) and so as to inhibit water flow out
of said tank (2032) at said seal assembly (2072).

The heat system of Claim 57 or 58, further including
a substantially-enclosed diverter (4234) positioned
within said annular chamber (2034) to direct a pri-
mary inflow of water into said primary water passage
(2058) and inhibit leakage from said diverter (4234)
into said annular chamber (2034).

The heat system of any of Claims 54 to 59, wherein
said valve is configured to be in said at least partially
open position in response to a pressure drop across
said heat exchanger (4020).
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61. The heat system of any of Claims 54 to 60, wherein
said valve is a flapper valve (3146) configured to be
in said at least partially open position in response to
a pressure drop across said heat exchanger (4020).

10

15

20

25

30

35

40

45

50

55

26

50



EP 1978 322 A2

A— : A 1012
‘ /10?2 . [~
| ' '
_~1020 i
: 1018~
FouT? i ~~ FiNt
B I H
OO~ = |
10921006 1098/1192 | 1048
i — INige el
1 \/ E \_/
Four BRI ‘ Fing
o] (o]
o o Y
= }\1016
_/ £ “‘\
1014 | \o
o o
\\ l ,I
o
(o] o (o]
(o] | I (o]

FIG. 1

27



EP 1978 322 A2

28



EP 1978 322 A2

Z_<
ovol
— Zv0l
b0l - vOLL
80l Q 00L1
8601
\
fy.
e \
og0L —"] -
veoL ==
AN ———
0vol _
Z_<
9501
S0l

€ 'Ol4
ﬁ/rkgo< 20l
o)
0601 _ 980}
2501 Y041 8801
0501 -
¥601
= /1-2601
\\ vOLL
0901
) $901
.~
8501
///
v g
= — v
0401 = 2901
8201 !
Bv801 9,01
arg0l | NP

zg0L | —1NOy 080l

29



EP 1978 322 A2

9801
8801

p'old

14013"

30



EP 1978 322 A2

31



EP 1978 322 A2

12401
/

9 'Old

owovwwor
) /

~C¢¥0l »\.Nmor 8901(0911

0L0L 7/ AV

\

T N
aglil ALl m
VLY o,09901 N
| _ |-|@me--||/
Bg.i) SECM eog01| opi)
1S | i /
7 9911 N
eygll
040L/0911
B0L g m//mt:
|
I

% 0601} r 7 0SlLL
= GO0 7

32



EP 1978 322 A2

1138a )Y (( 1138a
—1128a
1124a 11343
\ /» -

—1130a

1134a—

11362

1126a—11

1138a—~

FIG. 8

33



EP 1978 322 A2

1142
1028 '
A e
1154
1144
1154
1144 —
) x&
[ N - \- 1154
1156 /
11561 N —1158

> \
/ 1140
e
1162b—1"] 1156
1162a— \'
ol
1164a— \ =
1200502 i ﬁ/
1164b 1160 1166

34



EP 1978 322 A2

- 1142
< — 152
L LJ 1154
1144
1144
1156 1ee
178b | |-1156
. 158
u% \1140
1176 1188
= 1174
N~ 1146 [
117 |
8a | 1176
1200 =
1164a
100p 1166

FIG. 10

35



EP 1978 322 A2

1152

i140 1028

FIG. 11

1166 1186

36






EP 1978 322 A2

FIG. 14



EP 1978 322 A2

-
11783*“//

1146

180°

//w1178b

FIG. 15

180°

FIG. 16

39



Valve Displacement (deg)

Pressure Drop (PSI)

EP 1978 322 A2

Valve Displacement vs. Water Flow Rate

300

280

260

240

220

200

180

0

20

T T 1 T I T
40 60 80 100 120 140 160

Water Flow Rate (gal/min)
FIG. 17

Pressure-Drop vs. Water Flow Rate

l l T
40 60 80 100 120 140 160

Water Flow Rate (gal/min)
FIG. 18

40



Differential Pressure (PSl)

4.00-d --- Medium Back Pressure
3.50-}

3.00
2.50
2.00
1.50
1.00

0.50-

0.00

EP 1978 322 A2

Pressure Drop Across
Pressure Ports

—— Low Back Pressure

------- High Back Pressure /

| | | : | | | |
0O 20 40 60 80 100 120 140 160
Water Flow Rate (gal/min)
FIG. 19

41









EP 1978 322 A2

2030a

2072a AT
; 20§%;,___,A\___\ -
|
/é@;§grjj
(’20800 2074
oog2 2076
2036
20348 5650, 2058
40|
2142
2046
2052a— | 20
=T 20420
20442-" 20&;@7
FIG. 22 "\ 2044b

44

2020
2026 '3
2060a
37 2022
37
o
A
2034
2052b
2048
2054b )
2030b—"
2050 |




EP 1978 322 A2

2072a
2056a 2030a

2036~ 1 % L2048
2032 2026 - 2058

2050

/

L

2034

2034

L

2042¢c 2042a

45



EP 1978 322 A2

2038-
X 2090
2092 / 2096
\2084 /Lﬁ
- a— —
\ /]
2086-1"

2098b

2088

46



EP 1978 322 A2

2096 2094 2100 /

FIG. 26 28
2090 2090
B ' w2034
2002 : %) ) 2092
R S 1 — " 5------%H
U H O
, 'K
5, PO | 0 H,
Er 4 | 2084~ J|  [?0%6| M2
bose~l| |l 2084 J — S +
il 2088
2026
FIG. 27

47



EP 1978 322 A2

48

2090~
2092 ]

? 1™\-2084

2034~ /
s‘b
s -~

2086~ - 2026

2106 /
' 2106
2100 2108 2088




EP 1978 322 A2

2070
Y 2118b

FIG. 30

2126 2134
)

™2124
\
{ [\ \
Ly |
7 7
2130 2132 -

FIG. 31

49



EP 1978 322 A2

50



EP 1978 322 A2

2142
2134 2026 2126

jzt

2124~ f| 2122 11
N 2122~j] | ~2124

J & 74,

. | 4 AV /. N\
2130/ 2128 ) 1f28 \ 2130
2034 2034

FIG. 34

L A\

/. AN y4 N\

2130~ [ ) ! Y \2130
2034 2128 2128 2034

FIG. 35

51



EP 1978 322 A2

2022 2144 .2154a
| - i
\J
A — \—WWW—
21508 2146a . 21482 54544
FIG. 36
2150a 2144a 2154821523
/
N N

Nl M.
\
2150a 2>163 2148a / 2152a

2154a
FIG. 37

52



EP 1978 322 A2

2154b
2158 2158 2024\ 21/44b \
. , i
) /(::' 7 2162 ——— -'\-WWLEL
5 2146b 2148b ,.L,
FIG. 38
o150 2158 91562158 o144b 2154b 21/52b
/
N R NN N
2160
T N \$\W
2150b 2146b 2152b
2158 2158 2162  2154b

FIG. 39

53



EP 1978 322 A2

2050~
/1
2054a o 2164
FIG. 40
2072a—_ 2082
N 2170 2080
2210/ 5078 2074
2168)~2208 /
ASA-—moo . 2166V 22005 PT
2ar2-—{Jl] - A
--Aga
2174 21
66 2204 2166

FIG. 41

54



EP 1978 322 A2

FIG. 42
2200 2196
2170 \2194 / 2178
942184 ) 2178
2212—R
221o~\§§ 2188
2080~ 2189
7208 2182
2166— RN
N 2206
SATrme LS | 2206) L 2078 A
2176~ 22\04 ~~~~~ >
2m8~12%g ' N
\
S~
2174\§ ﬁ 2192
§\< 2076
> N 2074

J
2082 2202 2190
G.43

55



EP 1978 322 A2

2170 2 hoe |
2210 ) 2210021}94}21}96 / 2186
2188
2080~
22085 2180
2182
m\\\\\\\\\\\\\\) AT \\I\\\\\\\\\(\\K \\\
20543 DALY AN \\\\\\\\ s\\\-\\\\\\\\\\\\
, 2166 2078 <%,
r/\‘—\_\\/\\\\\\\\\ \\\\\\\\\
2‘76’/35le 2192
2204— YA~
2206—,-% / \\\\ 2076
2174, N\
2198—]
g 2136

]
2138 2190 {
2074

FIG. 44

56



EP 1978 322 A2

SY "Old

vide

9iec

\\\0N¢ON

r

213

14344

i1

i3]

0cee

57



FIG. 46



EP 1978 322 A2

59

FIG. 48

FIG. 47



EP 1978 322 A2

,.4.&“1.51;]....:
i )'V\.“\A'-.\VWI"‘I.. :

Y \',\\\ﬂ/m”//‘/

= A YR g\
X< «@‘ﬁ
4

w/ﬁ“

“q

60

FIG. 50



EP 1978 322 A2

FIG. 51

61



EP 1978 322 A2

3028
3010~ 3150
3206
3224
3930 3148
3228
B 3146 3078
3088 22227
3266 %
N [
3210«/’35 5
¥ 3222 3020
__________________________________ : 72—
g g
g g
g 1 T\3022
A "
32124/’; g
g g
g g
: §§,»3032 018
3216 [ N s
3218 o 3044 D
-
3220 T™~3036
3204—"

LN
FIG. 52 3208

62






EP 1978 322 A2

64



EP 1978 322 A2

FIG. 55




EP 1978 322 A2

9G "Old

09¢cYy 09¢v
09zr =
V4
1,
8vey
// il
Bg9cY
W\
- A . 992V
ocley, . E ‘\}//
862t —9vcl
092V
A e o092y
pozy N\ A\ / W? ,
, 09¢t ‘ 09Z¢
Bclcy TA*TA 4 qzley 11404 4

66



EP 1978 322 A2

LS "Old

vozZy 09¢Y

/

/

8vcy

Ofe

67



EP 1978 322 A2

8S 'Old
69¢Y Ova mmmv

N
4
|/

0.2y
\\ 0Lzy

692V
0LcY
0 0 0
v =7 N\
02y 69¢y  0Lcy

692y

0L¢v

W e9zv
0.2¥

) LAY

e89cY

0Gey

68



L—8veY

952y

—2qcy

BZlLCy qiley

- gecy



EP 1978 322 A2

992

70



4252

AR
4269

EP 1978 322 A2

FIG. 61



EP 1978 322 A2

4 TA4

P oszy

14144

ey6ey

72



EP 1978 322 A2

282¥
962 \ \\\\.qNNvoowv
57 7 BS)| @
N\-6621
-
0621
. 6621
avezh
‘,I
| \\
\\ —N-reer
Nam— N—9/21
Al 2 o2 |
082 Z 7z ~
962t 962 062t

73



EP 1978 322 A2

98Zh~_

nvmm¢#N

[4TA4

82V ¥9 "Old
9827 | _-oszy iy

[

982h~_

ld

| \
(- (T 'S N\
N\ _r AVN —F A 08zY
o8y 282y
asézy eg6ey

&,
@ ev6cy

98¢y

y8cy

i

98¢y

74



EP 1978 322 A2

YA T4 4

q86cZv

N
BY6ZY
\\ z8zh
~—g/zp
viZh
~—gczy

75



EP 1978 322 A2

962t @m\Nv om‘wv

Z

76



EP 1978 322 A2

L9 'Old

77



EP 1978 322 A2

89 "Old

78



EP 1978 322 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

. US 20030209345 A [0005] . US 6321833 B [0020]
. US 5802864 A [0005] . US 6026804 A [0024]

79



	bibliography
	description
	claims
	drawings

