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(54) WATER HEATING APPARATUS WITH PARALLEL HEAT EXCHANGERS

(57) A water heating apparatus includes a fluid inlet
conduit configured to split into a plurality of supply legs,
and a plurality of heat exchangers configured for parallel
operation. Each heat exchanger includes an outer hous-
ing, an inlet connected to a respective supply leg of the
fluid inlet conduit for receiving an inlet flow of liquid into
the outer housing, an outlet for allowing an outlet flow of
liquid to leave the outer housing, and a heat exchange

element positioned within the outer housing and config-
ured to heat a flow of liquid passing through the outer
housing from the inlet to the outlet. The water heating
apparatus further includes a burner assembly comprising
a combustion chamber housing and a burner positioned
internally within the combustion chamber housing. The
burner assembly is coupled to the plurality of heat ex-
changers for supplying heat to the flow of liquid.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] Reference is made to and this application
claims priority from and the benefit of U.S. Provisional
Application Serial No. 61/646,346, filed 13 May 2013,
entitled "WATER HEATING APPARATUS WITH PAR-
ALLEL HEAT EXCHANGERS", which application is in-
corporated herein in its entirety by reference.

FIELD OF THE INVENTION

[0002] This disclosure relates generally to a water
heating system and, more specifically, to a water heating
system that achieves high thermal output yet occupies a
small footprint and operates over a broad modulation
range.

BACKGROUND OF THE INVENTION

[0003] Hydronic boilers are used in generating heat for
residential and industrial purposes. The hydronic boiler
operates by heating water to a preset temperature and
circulating the water throughout the building, typically by
way of radiators, baseboard heaters, or through the
floors. Typically, the water is heated by a natural gas
burner. The water is in an enclosed system and circulated
throughout the structure by a pump.
[0004] Hydronic boilers typically include a pressure
vessel with internal heat exchange tubes in contact with
flowing water. In one type of water heating apparatus,
known as a fire tube boiler, hot combustion gases flow
internally through the heat exchange tubes and the water
to be heated flows around the tubes, picking up the heat.
In another type of conventional water heating apparatus,
water rapidly flows within the heat exchange tubes and
the heat source is exposed to the outside of the tubes.
[0005] The water volume of a hydronic boiler pressure
vessel is a function of the building’s thermal demand and
the output capacity of the heat exchange system. The
operating water pressure in a hydronic boiler can be as
high as 80 psi or even 160 psi. Therefore, in large-scale
or industrial hydronic boilers, the pressure vessel may
be quite large, over four feet in diameter.

SUMMARY OF THE INVENTION

[0006] In accordance with one aspect of the disclosure,
a water heating apparatus includes a fluid inlet conduit
configured to split into a plurality of supply legs, and a
plurality of heat exchangers. Each heat exchanger in-
cludes an outer housing, an inlet connected to a respec-
tive supply leg of the fluid inlet conduit for receiving an
inlet flow of liquid into the outer housing, an outlet for
allowing an outlet flow of liquid to leave the outer housing,
and a heat exchange element positioned within the outer
housing and configured to heat a flow of liquid passing

through the outer housing from the inlet to the outlet. The
water heating apparatus further includes a burner as-
sembly. The burner assembly includes a combustion
chamber housing and a burner positioned internally with-
in the combustion chamber housing. The burner assem-
bly is coupled to the plurality of heat exchangers for sup-
plying heat to the flow of liquid. The plurality of heat ex-
changers are configured for parallel operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The features described herein can be better un-
derstood with reference to the drawings described below.
The drawings are not necessarily to scale, emphasis in-
stead generally being placed upon illustrating the princi-
ples of the invention. In the drawings, like numerals are
used to indicate like parts throughout the various views.

FIG. 1 depicts a three-dimensional perspective view
of a water heating apparatus according to one em-
bodiment of the present invention;

FIG. 2 depicts a top view of an exemplary embodi-
ment of a gas flow plate and shutter in accordance
with the present invention;

FIG. 3 depicts a bottom view of the gas flow plate
and shutter of FIG. 2;

FIG. 4 depicts a sectional view of an intake conduit
taken along line A - A’ of FIG. 1;

FIG. 5 depicts a sectional view of an intake conduit
taken along line B - B’ of FIG. 1;

FIG. 6 depicts a plan view of the burner of FIG. 1;

FIG. 7 depicts an enlarged view of the burner as-
sembly of FIG. 1;

FIG. 8 depicts a top plan view of the water piping
arrangement of FIG. 1; and

FIG. 9 depicts an assembly weld drawing for the
pressure vessel of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0008] Referring to FIG. 1, an exemplary embodiment
of a water heating apparatus 10 in accordance with the
invention includes an air fuel delivery system 12, a burner
assembly 14, a plurality of heat exchangers 16a, 16b,
and a combustion gas exhaust manifold 18. The water
heating apparatus 10 further includes a water inlet port
20 or cold water return connection, and a water outlet
port 22 or hot water supply connection. Obscured by the
enclosure 24 is a controller 26 to control the operation of
the water heating apparatus 10. The controller 26 is con-
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figured to control the temperature regulation, safety mon-
itoring, and diagnostic functions of the water heating ap-
paratus 10.
[0009] Briefly, operation of the water heating appara-
tus 10 will next be described. Details of particular ele-
ments will be provided below. The heat exchangers 16a,
16b provide for heat transfer between a first fluid (pref-
erably a hot gas) and a second fluid (preferably water).
Air and fuel are pre-mixed in the air fuel delivery system
12 and delivered to the burner assembly 14 by blower
28. The burner assembly 14 includes an outer contain-
ment vessel 30, a combustion chamber housing 32 dis-
posed inside the outer containment vessel, and a burner
34 positioned internally within combustion chamber
housing 32. The outer containment vessel 30 may be
formed of carbon steel, and the combustion chamber
housing 32 may be formed of stainless steel. The com-
bustible mixture is ignited in the burner 34 by igniter 36
(not shown). Mesh 38 surrounds the burner 34 to provide
a flame front and aide in stable combustion over a wide
range of operating parameters. The hot combustion ex-
haust gases collect in area 40 defined by the combustion
chamber housing 32 and the mesh 38, and are directed
to the heat exchanger 16a, 16b via expansion joints 42a,
42b. Expansion joints 42 couple combustion chamber
housing 32 to heat exchanger 16, and act to absorb
stresses due to thermal expansion and contraction of the
burner assembly 14 relative to the heat exchangers 16a,
16b. In one example, the expansion joint 42 defines an
opening to the heat exchanger 16 that is approximately
12 inches in diameter.
[0010] In the illustrated embodiment, heat exchangers
16a, 16b are substantially identical, and the description
of one heat exchanger will serve to describe both. It is
further noted that for reasons to be fully explained herein
below, the water heating apparatus 10 of the present
invention requires at least two heat exchangers, but can
include three, four, or more heat exchangers depending
upon the particular requirements of the installation.
[0011] Heat exchanger 16 may be constructed from an
upright, cylindrical outer housing 44 and two tubesheets,
an upper tubesheet 46 at the combustion gas inlet/water
flow exit, and a lower tubesheet 48 (obscured from view)
at the combustion gas exit/water flow inlet. The upper
tubesheet 46 and the lower tubesheet 48 are welded at
their periphery to the respective portion of the outer hous-
ing 44. The heat exchanger 16 further includes at least
one, but preferably a plurality, of heat exchange tubes
50. In one embodiment, the tubesheets 46, 48 are flat
disks having a plurality of holes in which the heat ex-
change tubes 50 fit. The heat exchange tubes 50 are
welded between the two tubesheets 46, 48. In one ex-
ample, the lower tubesheet 48 contains a circular pattern
of holes along its outer edge through which inlet water
may flow.
[0012] The heat exchanger 16 in the illustrated embod-
iment is of the type known as a fire tube unit. That is, the
hot combustion gases flow through the inside of the heat

exchange tubes 50, while the water to be heated flows
in heat exchange relationship around the exterior of the
heat exchange tubes 50. In this manner, the hot gas flows
in a downward direction through the heat exchange tubes
50, and the water flows upward such that it increases in
temperature establishing a temperature gradient in the
direction of flow of water. The combustion gases, having
given up a large portion of their thermal energy, are di-
rected out the bottom of each heat exchangers 16a, 16b
to a central plenum or combustion exhaust manifold 18.
The combustion exhaust manifold 18 is coupled to an
exhaust pipe (not shown) that directs the gases to the
outside environment of the facility.
[0013] Accordingly, the disclosed configuration allows
water to travel in physical isolation from, but in heat ex-
change relation with, the hot gases passing through the
combustion chamber and the heat exchange tubes 50.
As the water flows upwards in true counterflow to the hot
gases, heat is transferred to the water, causing a tem-
perature gradient in the direction of the water flow. Con-
versely, as the gases flow downwards, they are cooled
in traversing the heat exchange tubes 50.
[0014] The true counterflow movement of the water
and gases provides for excellent efficiency of operation.
As the gases are cooled below their dew point, they con-
dense, providing additional heat to the flow of water by
way of energy release of condensation. Efficiency levels
greater than 90 percent, not possible without the con-
densing operation, are thus achieved. Moreover, the con-
densing operation is advantageous because the move-
ment of condensate droplets or film through the heat ex-
change tubes 50 helps to sweep out any carbon particles
that may accumulate in the tubes, thereby maintaining
optimal heat transfer.
[0015] The modulation of the water heating system
over a broad range is also advantageous to the efficiency
of its operation. Since the water heating system modu-
lates over a broad range, the onset of condensation oc-
curs at varying positions along the length of the heat ex-
change tubes 50. Thus, any corrosion that occurs is dis-
tributed over the heat exchange tubes instead of accu-
mulating in one area.
[0016] In one embodiment of the present invention, the
heat exchange tubes 50 are straight tubes, 44 inches
long, and formed from 5/8 inch diameter stainless steel
tube. Each heat exchanger 16a, 16b includes 322 such
tubes. The heat exchange tubes 50 may include spiral
grooves or the like on the tube exterior surface. The
grooves increase the velocity and turbulence of the water
flowing over the tubes 50, which improves the heat trans-
fer from the hot gases to the water. The spiral groove
also reduces the stresses caused by tube thermal ex-
pansion and contraction. Although the tubes are con-
strained at each end (e.g., brazed or welded at the upper
tubesheet 46 and lower tubesheet 48), the spiral geom-
etry allows significant expansion and contraction without
overstressing the braze joints. The spiral angle, depth,
and pitch of the grooves provide far superior heat ex-
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change characteristics as compared to straight-wall tube.
For example, the heat exchange tubes 50 disclosed here-
in provide 4.5 times the heat transfer capability over con-
ventional tubes.
[0017] The heated flow of water exiting the upper por-
tion of the heat exchanger 16 enters a water jacket 52
defined by the area between the outer containment ves-
sel 30 and the combustion chamber housing 32. In one
embodiment of the invention, a baffle 54 (FIG. 9) is in-
cluded in the water jacket 52 to optimize operation of the
heat exchanger. The baffle 54 is welded at the expansion
joint 42 just below the upper tubesheet 46, and it serves
as a flow diverter which optimizes water flow distribution
in the heat exchanger. In the illustrated embodiment, the
baffle 54 is a flat, circular disk with a central opening. In
another embodiment (not shown), the baffle may be a
disk with a central, downward indentation with openings
at its edges. After picking up additional heat in the water
jacket 52 from the burner assembly 14, the water exits
the water heating apparatus 10 via water outlet port 22.
[0018] The air fuel delivery system 12 includes an air
filter 56 to remove airborne particulates from the air intake
stream. The air filter 56 couples to an intake conduit 58
that connects to blower 28. The intake air stream is mixed
with fuel in an air fuel valve assembly 60. A gas train 62
connects to the air fuel valve assembly 60 to provide
gaseous fuel to the valve. The fuel can include a plurality
of suitable gases, for example compressed natural gas
(CNG). The chemical composition of the CNG can vary
and many suitable compositions are contemplated here-
in. In one embodiment, the CNG comprises methane,
ethane, propane, butane, pentane, nitrogen (N2), and
carbon dioxide (CO2).
[0019] Referring to FIGS. 1-3, in one embodiment the
air fuel valve assembly 60 is a rotary valve having a sta-
tionary gas flow plate 64 and a rotatable shutter 66. A
valve housing 68 mounted to the intake conduit 58 in-
cludes a rotatable shaft 70 (not visible) that is actuated
by the controller 26. The central axis of the shutter 66 is
connected to the shaft 70; thus the shutter 66 rotates
through the same angular movement as the shaft 70. In
one example, the shutter is formed of an engineered plas-
tic such as polyoxymethylene (i.e., Delrin AF-100 sold
by DuPont).
[0020] The gas flow plate 64 is fixedly attached to the
intake conduit 58 by mounting holes 72. The gas flow
plate 64 includes area openings 74 for metering fuel flow.
The shutter 66 is positioned such that rotation thereof
results in blockage of the area openings 74, thereby me-
tering the flow. In one example, the valve shaft rotation
provides for a change in area openings 74 that is linearly
responsive to a control signal from the temperature con-
troller 26. Preferably, the flows of air and gas to the burner
assembly 14 are at a substantially constant ratio produc-
ing an air/fuel mixture in the burner with excess oxygen
of 5 percent. This ratio has been found to produce the
best mixture for combustion. In one embodiment, the gas
flow plate 64 is formed of aluminum and the external sur-

faces hard anodized to improve wear resistance.
[0021] Several features have been incorporated into
the design of the air fuel valve assembly 60 to achieve
the large turndown ratio. In one example, one face of the
shutter 66 includes a cylindrical protrusion 76 for regis-
tration with a corresponding cylindrical recess 78 in the
gas flow plate 64. The relative dimensions can be ma-
chined with great accuracy, thereby maintaining excel-
lent concentricity between the two parts. In another ex-
ample, the gas flow plate 64 includes a registration slot
80 extending radially from one side of the central axis.
The registration slot 80 corresponds to a like slot 82 in
the shutter 66. In one example, the slots 80, 82 can be
offset from the centerline. A registration pin (not shown)
can engage both the registration slot 80 in the gas flow
plate 64 and the corresponding slot 82 in the shutter 66.
The inventors have determined that, unlike prior art de-
signs that include a pair of opposing registration slots
extending radially from the central axis, a single radially
slot significantly decreases the potential for relative
movement between the gas flow plate 64 and the shutter
66. In this manner, the shutter 66 can be controlled with
higher precision.
[0022] In another example, the gas flow plate 64 may
include an auxiliary port 84 for turndown adjustment con-
trol. Although the features described above contribute to
a very high turndown ratio, i.e., up to 20:1, there may be
unit-to-unit variation in the water heating apparatus 10.
The turndown adjustment control allows a small amount
of fuel to be metered through the auxiliary port 84 in the
gas flow plate 64 regardless of the shutter 66 position,
so the performance characteristics of all water heating
units will be substantially the same.
[0023] Referring now to FIGS. 1 and 4, the air fuel valve
assembly 60 further includes a butterfly valve 86 in the
air intake conduit 58 to meter the amount of air drawn
into the blower 28. The butterfly valve 86 can be con-
nected to the shaft 70 in the valve housing 68 to allow
for separate but relatively proportional flow to the burner
assembly 14. The butterfly valve 86 includes a rubber
sealing ring 88 around the outer circumference thereof
to prevent leakage between the rotatable valve flapper
and the inner wall of the intake conduit 58.
[0024] Referring now to FIGS. 1 and 5, due to the com-
pact configuration of the water heating apparatus 10, the
intake conduit 58 includes a sharp bend 90 between the
air fuel valve assembly 60 and the blower 28. The geom-
etry through bend 90 tends to maldistribute the flow within
the conduit, which results in poor mixing of the fuel and
air and an uneven pressure distribution across the inlet
of the blower 28, which adversely affects performance.
The intake conduit 58 therefore includes curved flow
guide vanes 92 in the bend 90 to provide a more uniform
flow distribution. However, with the addition of the flow
guide vanes 92, the inventors observed a large increase
in carbon monoxide (CO) levels in the combustion ex-
haust manifold 18, indicating poor mixing of the fuel and
air. Believing the rise in CO levels was attributable to the
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thermodynamic phenomenon of flow reattaching to a wall
upon expansion through an orifice, the inventors added
a trip plate 94 between a set of two vanes 92 in order
create turbulence. Carbon monoxide levels were subse-
quently reduced. In one embodiment, the trip plate 94
may be positioned between two vanes 92 at the outer
flow diameter, and protrude into the radial profile of the
flow between 3 percent and 30 percent of the radial pro-
file. In another embodiment, the trip plate 94 may be po-
sitioned between two or more sets of vanes 92.
[0025] Referring now to FIGS. 1 and 6, the burner 34
is shown in greater detail. As stated above, the burner
34 is provided inside the combustion chamber housing
32 to facilitate the combustion of gas that enters the com-
bustion chamber. The burner 34 can include a variety of
suitable configurations. In one embodiment, the burner
34 comprises a cylindrical short flame low nitrogen oxide
(NOx) mesh burner, as illustrated in FIG. 1. In the em-
bodiment having a cylindrical mesh burner, the burner
34 has a tubular configuration and is formed of a single
sheet. During operation, a flame is positioned on the ex-
terior of the burner 34. The burner 34 can have an inner
sleeve 35 defining a plurality of apertures 96 along the
sidewalls thereof, as depicted in FIG. 6 (shown without
mesh). In this embodiment, the combustible gas mixture
can exit the burner 34 through the plurality of holes 96
or through the end of the burner (i.e., left side of FIG. 1).
Once the gas exits through either the plurality of holes
or the end of the burner, the gas interacts with the flame
of the burner and combusts to produce products of com-
bustion. The combustion of gases using a low nitrogen
oxide (NOx) mesh burner is completed in a short distance
to the burner exterior. In one example, the burner can
maintain a temperature of approximately 2000°F to
2600°F (1093°C to 1427°C) for a 6 million BTU/hr. boiler.
The controller 26 can control the temperature of the burn-
er and the size of the flame. The burner can be formed
of a plurality of suitable materials, including, but not lim-
ited to stainless steel, ceramic, and inter-metallic mate-
rials.
[0026] Another improvement to the water heating ap-
paratus 10 stemmed from the realization that the pattern
of apertures 96 in the burner 34 can greatly affect acous-
tic resonances and therefore the decibel level of the water
heating apparatus 10 while in operation. Prior art at-
tempts at breaking up acoustic resonances in the burner
section include drilling holes in the inlet, adding a center
tube in the burner, or adding a divider in the center of the
burner. Although these attempts may be useful in some
applications, they add complexity and cost.
[0027] In one embodiment of the present invention, the
pattern of apertures 96 comprises cylindrical rows of
equally spaced holes. The holes can be drilled at an angle
to improve combustion performance. The pattern of
equally spaced holes 96 in each row can be angularly
offset (or "clocked") from the preceding row and the fol-
lowing row. For example, referring to FIG. 6, there are
two different patterns of cylindrical rows, with the holes

96a in one row being positioned in between the holes
96b in the other row. The pattern of apertures 96 may
include a "dead row" 98 or interrupted hole pattern where-
in no holes are present. The dead row 98 is positioned
at an axial length "L" along the burner so as to disrupt
the driving force of the acoustic resonance. The distance
L is a function of the burner dynamic performance, but
can be determined empirically or experimentally. In one
example, the dead row 98 is located approximately mid-
span or half way down the length of the burner 34. In the
illustrated example corresponding to a 6 million BTU/hr
water heater, the dead row 98 is located approximately
every 11 inches down the length of the burner 34.
[0028] The inventor’s testing reports that incorporation
of an interrupted hole pattern or dead row 98 in a water
heating apparatus 10 of the current invention resulted in
a marked decrease in the acoustic signature. Such im-
provements in noise abatement are highly desirable and
a strong selling point for the boiler.
[0029] An oxygen sensor 100, such as that disclosed
in U.S. Patent Application Ser. No. 13/409,935, assigned
to the assignee of the present invention and incorporated
by reference herein in its entirety, can be used to detect
an amount of oxygen in the products of combustion. In
one embodiment, shown in FIGS. 1 and 7, the oxygen
sensor 100 mounts to the outer containment vessel 30
and protrudes through the combustion chamber housing
32 to a cavity 102 within a refractory liner 104 inside the
combustion chamber. Experimental test data indicated
that the oxygen sensor 100, when positioned within the
cavity 102, did not detect an oxygen level representative
of the actual combustion products. This erroneous data
was particularly detrimental to the efficient operation of
the water heating apparatus 10 because the oxygen sen-
sor 100 readings served as input to the controller 26. It
is believed the reason for the erroneous readings was
that the oxygen sensor 100 was located in a "dead spot"
that did not receive a continuous flow of combustion gas-
es. One possible remedy to this problem was to position
the oxygen sensor 100 farther into the combustion cham-
ber, past the refractory liner 104. However, the oxygen
sensor 100 could not withstand direct exposure to the
high temperatures.
[0030] In one embodiment, the water heating appara-
tus 10 includes a flow tube 106 that draws combustion
gases into the cavity 102 of the refractory liner 104. The
flow tube 106 includes a first end 108 positioned in close
proximity to the tip of the oxygen sensor 100, and an
opposing second end 110 positioned in a location of lower
pressure than the combustion chamber. In one example,
the second end 110 of the flow tube 106 is disposed in
the combustion exhaust manifold 18, which is at a pres-
sure approximately 6 inches water column (IWC) lower
than the combustion chamber where the cavity 102 is
located. A small, relatively constant stream of combus-
tion gas flows through the flow tube 106 as the gases in
the higher pressure plenum seek the lower pressure ple-
num. The flow into the tube 106 is illustrated by the arrows
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in FIG. 7. As can be appreciated with reference to FIG.
7, the flow of combustion gas into the first end 108 of the
flow tube 106 also causes a steady flow of combustion
gas around the tip of the oxygen sensor 100, thereby
greatly enhancing the accuracy of the sensor readings.
Further, because the oxygen sensor 100 is disposed in
the cavity 102 of the refractory liner 104, the sensor stays
cooler which contributes to greater accuracy and dura-
bility.
[0031] Although obscured by the outer containment
vessel 30 and combustion chamber housing 32, the burn-
er assembly 14 further includes a cylindrical burner
sleeve surrounding the refractory liner 104 on the inlet
side of the burner. The burner sleeve, which may be
formed of stainless steel, protects the abradable refrac-
tory material during installation to and removal from burn-
er assembly 14.
[0032] The water heating apparatus 10 of the present
invention includes a unique water piping arrangement to
supply water to the plurality of heat exchangers at sub-
stantially equal flow and pressure, without use of com-
plicated valves, controllers, or specialized orifice plates.
The piping arrangement allows the plurality of heat ex-
changers to operate in parallel, as contrasted to prior art
water heating systems that operated in series. Turning
now to FIGS. 1 and 8, the water piping arrangement in-
cludes the water inlet port 20 located at approximately
half the height of the enclosure 24. In the illustrated em-
bodiment, the water inlet port 20 comprises a 6 inch di-
ameter pipe. A first pipe section 112 connected to the
water inlet port 20 extends horizontally within the enclo-
sure 24 to approximately the centerline of the heat ex-
changers, then bends 90 degrees downward to the base
of the enclosure 24. In this regard, the first pipe section
112 connects to a first 90-degree elbow 114, which in
turn connects to a vertically-oriented second pipe section
116.
[0033] Two smaller-diameter piping sections symmet-
rically extend from the base of the second pipe section
116 and form longitudinal runners to the inlet of each
heat exchanger. In the illustrated embodiment, a first sup-
ply leg 118 for connection to heat exchanger 16a extends
laterally away from the second pipe section 116 to the
inside wall of the enclosure 24, bends 90 degrees down-
ward to the floor of the enclosure 24, then bends 90 de-
grees in a longitudinal direction to extend or run partially
underneath the heat exchangers, which are somewhat
elevated. A first tee 120 connected to the first supply leg
118 is disposed vertically between the heat exchangers
16a, 16b and connects to a first inlet elbow 122. The first
inlet elbow 122 bends 90 degrees to a horizontal orien-
tation, then connects to the inlet port 124a of heat ex-
changer 16a. The first inlet elbow 122 and inlet port 124a
are oriented approximately 40 degrees from the longitu-
dinal axis, as illustrated in FIGS. 8 and 9. In the illustrated
embodiment, the smaller-diameter piping sections are 4
inches in diameter.
[0034] A second supply leg 126 for connection to heat

exchanger 16b is symmetric to the first supply leg 118.
That is, the second supply leg 126 extends laterally away
from the second pipe section 116 (in an opposing direc-
tion to the first supply leg 118) to the opposite inside wall
of the enclosure 24, bends 90 degrees downward to the
floor of the enclosure 24, then bends 90 degrees in a
longitudinal direction to extend or run partially under-
neath the heat exchangers. A second tee 128 (in oppos-
ing relation to the first tee 120) connected to the second
supply leg 126 is disposed vertically between the heat
exchangers 16a, 16b and connects to a second inlet el-
bow 130. The second inlet elbow 130 bends 90 degrees
to a horizontal orientation, then connects to the inlet port
124b of heat exchanger 16b. The second inlet elbow 130
and inlet port 124b are oriented approximately 40 de-
grees from the longitudinal axis, as illustrated in FIGS. 8
and9, but note the symmetry to inlet port 124a.
[0035] One benefit of the disclosed water piping ar-
rangement is that it provides equal flow and pressure in
parallel to each heat exchanger, in a completely passive
manner. Importantly, the equal flow conditions exist over
the entire operating of the water heating apparatus 10,
without the need for a variable orifice or restriction. Equal
pressure drops in the first and second supply legs 118,
126 are achieved by designing the legs with equal lengths
and equal bends. Furthermore, because the first and sec-
ond supply legs 118, 126 are incorporated into the base
of the enclosure 24 and partially underneath the heat
exchangers 16a, 16b, a more compact form factor can
be attained.
[0036] Operating multiple heat exchangers in parallel
provides the additional benefit of utilizing condensing op-
eration for each of the individual heat exchangers, there-
by achieving very high efficiency levels (i.e., greater than
90 percent). In contrast, prior art multiple heat exchang-
ers operating in series seldom, if ever, achieve condens-
ing operation at the same time.
[0037] As shown in FIG. 9, the lower tubesheet 48 (and
corresponding upper tubesheet 46) includes quadrants
132 devoid of holes for heat exchange tubes. The reason
for this can be appreciated with reference to FIG. 1, where
it can be seen the first and second supply legs 118, 126
extend beneath the heat exchangers 16a, 16b. The
weight of the entire water heating apparatus 10 (approx-
imately 4,900 pounds in the disclosed embodiment)
passes through the outer perimeter of the heat exchang-
ers 16a, 16b, through support pads 134, and into the first
and second supply legs 118, 126. If heat exchange tubes
were brazed or welded to the lower tubesheet 48 in the
quadrant 132 where the load was being taken up, the
heat exchange tubes would undoubtedly suffer deforma-
tion or failure. Accordingly, the tubesheet includes quad-
rants or areas devoid of heat exchange tubes so water
supply legs can be positioned thereunder, thereby further
decreasing the footprint or form factor of the water heat-
ing apparatus and allowing equal water flow to be deliv-
ered to each heat exchanger.
[0038] The physical layout of the components de-
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scribed herein provides for a compact form factor for the
water heater system. In one embodiment of the present
invention, a hydronic boiler system produces 6 million
BTU/hr. heat exchange capacity while the enclosure 24
occupies a form factor of less than 36 inches wide, less
than 82 inches high, and approximately 87 inches in
depth. In one example, the form factor is 34 inches wide,
79 inches high, and 87 inches in depth. Thus, the dis-
closed water heating apparatus 10 will pass through a
standard-sized doorway to a building’s mechanical room.
[0039] In contrast, calculations show that a 6 million
BTU/hr. water heating system comprising a single heat
exchanger would need to be approximately 38 inches in
diameter, which would not fit through a standard doorway
of a mechanical room. The larger diameter heat exchang-
er would thus require a much larger tubesheet, which
would not dissipate heat as well. Should the single heat
exchanger be formed as an oval to maintain a smaller
width, calculations show the flat side, not being a good
pressure vessel, would need to be over 1 inch thick, which
adds considerable cost and weight to the installation.
[0040] While the present invention has been described
with reference to a number of specific embodiments, it
will be understood that the true spirit and scope of the
invention should be determined only with respect to
claims that can be supported by the present specification.
Further, while in numerous cases herein wherein sys-
tems and apparatuses and methods are described as
having a certain number of elements it will be understood
that such systems, apparatuses and methods can be
practiced with fewer than the mentioned certain number
of elements. Also, while a number of particular embodi-
ments have been described, it will be understood that
features and aspects that have been described with ref-
erence to each particular embodiment can be used with
each remaining particularly described embodiment.

Claims

1. A water heating apparatus comprising:

a water inlet port (20) and a hot water supply
connection water outlet port (22);
a burner assembly (14) comprising a burner (34)
disposed within a combustion chamber housing
(32);
at least two heat exchangers (16a, 16b) operat-
ed in parallel, each of the at least two heat ex-
changers (16a, 16b) fluidly coupled to said water
inlet port (20), each of the heat exchangers hav-
ing an outer housing (44) and disposed within a
plurality of heat exchange tubes (50) and a por-
tion through which a heated water exits each of
the at least two heat exchangers (16a, 16b);
characterized in that a water jacket (52) is de-
fined by the area between an outer containment
vessel (30) and the combustion chamber hous-

ing (32);
wherein a hot combustion gas from the burner
assembly (14) flows through each of the at least
two heat exchangers (16a, 16b) to heat the cold
water from the water inlet port (20) to a heated
water; and
wherein the heated water flows out of each of
each of the at least two heat exchangers (16a,
16b) through the portion of each of the at least
two heat exchangers (16a, 16b) into the water
jacket, where the heated water flowed into the
water jacket (52) is further heated by the com-
bustion chamber housing (32) and the further
heated water exits the water heating apparatus
at the water outlet port (22).

2. The water heating apparatus of claim 1, wherein the
hot combustion gas flows through the inside of the
heat exchange tubes (50), while the water to be heat-
ed flows within the outer housing (44) in heat ex-
change relationship around the exterior of the heat
exchange tubes (50).

3. The water heating apparatus of claim 1, wherein
within each of the at least two heat exchangers (16a,
16b), the hot combustion gas flows in a first direction,
while the water to be heated flows in an opposite
direction.

4. The water heating apparatus of claim 1, wherein at
least one of the at least two heat exchangers (16a,
16b) comprises a baffle (54).

5. The water heating apparatus of claim 1, wherein the
baffle (54) is welded at an expansion joint (42) below
an upper tubesheet (46) as a flow diverter.

6. The water heating apparatus of claim 1, wherein the
baffle (54) comprises a circular disk with a central
opening.

7. The water heating apparatus of claim 1, wherein the
baffle (54) comprises a disk with a central, downward
indentation with openings at its edges.

8. The water heating apparatus of claim 1, wherein the
outer containment vessel (30) comprises a carbon
steel.

9. The water heating apparatus of claim 1, wherein the
combustion chamber housing (32) comprises a
stainless steel.

10. The water heating apparatus of claim 1, wherein the
at least two heat exchangers (16a, 16b) operated in
parallel receive a substantially equal water flow and
water pressure from the water inlet port (20).
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