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(57) Abrégée/Abstract:
A water heating system including a water container having a cold water inlet that connects to a water supply, a hot water outlet, a
water heater outlet and a water heater inlet; an instantaneous water heater mounted to the water container and having a tank
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(57) Abrege(suite)/Abstract(continued):
supply inlet connected to the water heater outlet, a tank supply outlet connected to the water heater inlet, a burner, and a heat

exchanger located adjacent the burner between the tank supply inlet and the tank supply outlet; a pump connected between the
water container and the instantaneous water heater that moves water between the water container and the instantaneous water

heater, and a controller that operates the pump and the burner.
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ABSTRACT
A water hecating system including a water contaner having a cold water inlet that
connects to a water supply, a hot water outlet, a wziter heater outlet and a water heater nlet; 'an
instantaneous water heater mounted to the water container and having a tank supply inlet
connected to the water heater outlet, a tank supply outlet connected td the water heater 1nlet, a
burner, and a heat exchaqgcr located adjacent the burner between the tank supply mlct and the
tank supply outlet; a pump connected between the watcr container and the mstantaneous water

heater that moves water between the water container and the instantaneous water heater; and a

controller that operatcs the pump and the burner.
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WATER HEATING SYSTEM

Technical Field

0001] This disclosure relates to a water heating system that has both residential and

commercial applications.

Background

[0002] - It has long been a goal 1n the water heater industry to continue (o improve so-called
“first hour ratings.” The first hour rating is an approximation of the usable hot water that a water
heater can supply within an hour that begins with the water heater being fully heated. Bceyond
first hour ratings, it has also been desired to obtain a substantially continuous supply of hot
water. Increasing the first hour rating, establishing substantially continuous hot water and at the

same time decreasing overall energy usage is desirable.

Summary

[0003]  This disclosure relates to water heating systems including a water container having a
cold water inlet that connects to a water supply, a hot water outlet, a water heater outlet and a
water heater inlet, an instantaneous water heater mounted to the water container and having a
tank supply inlet connected to the water heater outlet, a tank supply outlet connected to the water
heater inlet, a bumer, and a heat exchanger located adjacent the burner between the tank supply
inlet and the tank supply outlef, a pump connected between the water container and the

instantaneous water heater that moves water between the water container and the instantaneous

water heater, and a controller that operates the pump and the burner.
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[0004]  This disclosurc also relates methods of hcating water with a water heating system,
including causing ho! water to flow outwardly of the water contamcer through the hot watcr
outlet, Scnsing temperature of water in the water container, engaging the pump and 1gniting the
burner.

[0005]  This disclosure further rclates methods of substantially maintaining a selected
temperature of watcr in the water container of the water heating system, including sensing
temperature of thé water in the water container, compan'ng a scnsed water iemperature to a
selected water set temperature, engaging the pump 1f the sensed water temperature 1s less than
the selected water set temperaturc and 1gniting the burner.

[0006]  This disclosure also further relates methods of preventing water in the water heating
system from freezing including scnsing temperature of water proximate to or in the heat
exchanger, comparing the sensed water temperaturc to a first selected water temperature, and
comparing thc sensed water temperature to a second selected water temperature if the sensed
water {emperature is less than the first selected water temperature: engaging the pump 1f the
sensed water temperature is greater than the second selected water temperature, sensing
temperature of water in the water container, comparing the water container sensed temperature to
a third selected water temperature and disengaging the pump if the water container sensed
temperature is greater than the third selected water temperature, or engaging the pump if the
sensed water température is less than the second selected water temperature, sensing temperature
of water proximate to or in the heat exchanger, comparing sensed heat exchanger water
temperature to the third selected water temperature and disengaging the pump imn the sensed

heater exchanger water temperature is greater than the third selected water temperature.
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[0007]  This disclosurc also further relates to a water heater system comprising: a burner unit
adapted to heat water; a water container associated with the burner unit and having a cold water
inlet and a hot waler outlet; and a controller that operates the burner to maintam the temperature

of water in the water container above about 100°F when at least about 2.5 gpm of heated water 1s

substantially continuously removed from the water container for at least about 15 minutes.

Brief Description of the Drawings
[0008]  Fig. I is a schematic front clevational view of a water heating system.
[0009]  Fig. 2 is a schematic front elevational view of the water healing system of Fig. 1 with

the instantaneous water heater removed.

[0010] Fig. 2 is a schematic cross-sectional view of the water container shown in Fig. 2.
[0011]  Fig. 4 is a schematic partial sectional view of a water tank.

[0012] Fig. 5 is a schematic partial sectional view of the tank of Fig. 4 with various
dimensions.

[0013]  Fig. 6is an cxploded top view of two water heater inlets.

[0014]  Fig. 7 is a schematic front elevational view of the instantaneous water heater of Fig. 1
with. the front cover removed.

[0015]  Fig. 8 is a schematic wire diagram of the water heating system

[0016]  Fig. 9 is a top plan view of a sheet of material used to form a mounting bracket that

may be used in accordance with the water heating system.

{0017} Fig. 10 is a rear elevational view of the sheet of material shown in Fig. 9 after

forming.
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[0018]  Fig. 11 is a top plan view of a mounting bracket that may be used in accordance with
the walter heating system. ‘

[0019] Fig. 12 1s alogic diagram of onc manner in ej(ecuting a flammable vapors sequence.
[0020]  Fig. 13 1s a logic diagram of one way Qf exccuting a pump sequence.

[0021] Fig. 141s alogic diagram of onc way of cxecuting a frceze protection sequence.
[0022]  Fig. 15 1s a graph of four comparative first hour rating tests.

[0023] Fig. 16 is a graph of the four tests of Fig. 15, but extended to include recovery times.
[0024]  Fig. 17 is a graph of four comparative tests indicating temperature over time during a
2.5-gallon per minute draw.

[0025]  Fig. 18 is a graph of four comparative tests indicating temperature over time during

two simultaneous 2.5-gallon per minute draws.

Detailed Description

[0026] 1t will be appreciated that the following description is intended to refer to specific
examples of structure selected for illustration in the drawings and is not intended to defme or
limit the disclosure, other than in the appended claims.

[0027]  Turning now to the drawings in general and Figs. 1 - 4 in particular, water heating
system 10 includes an instantancous water heater 12 mounted onto a water contamer 14. A
pump 16 1s positioned to supply water from water container 14 to instantaneous water heater 12.
[0028]  Water container 14 comprises a water tank 18, a layer of insulation 20 substantially
surrounding water tank 18 and a jacket 22 substantially surrounding insulation 20. Tank 18 mﬁy
be made from any number of possible matenals and can be formed 1n any number of shapes, all

well known in the art. Similarly, insulation 20 may be formed of any number of materials
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known 1n the art- such as urethane foam, for example. The foam may complete.ly surround the
water tank 18 or may have certain portions cut away (o allow for water mlets, outlets,
temperature sensors and the like. Jacket 22 may also bc made from any number of matenals
known in the art and 1s typically made out of a thin steel sheel, for example. Water tank 18 has a
cold water inlet 24 which connects to a dip tube 26. The dip tube 1s typically open at the distal
cnd 28, near the bottom of Water tank 18. Dip tube 26 may include any number of openings 30
of various sizes and shapes at various locations along its length, as desired and may be madc in
various shapes and from materials well known in the art.

10029] Water tank 18 also has a hot water outlet 32. An anode 34 s typically connected to
hot water outlct 32 and is suspended within water tank 18.

[0030]  Water tank 18 may also include a temperature and pressure relicf valve 36 as desired.
This can be located in any number of locations on water tank 18. Also, a dramn 38 may be
located ncar the bottom of water tank 18. It is also possiblc for water tank 18 to contain
additional “side spuds” that may be used for connection to an alternate apphance such as a forced
air heating device, a hot water circulatory heating device and the like.

[0031]  Water container 14 preferably rests on a plurality of feet 40 as particularly shown 1n
Fig. 2. Jacket 20 is capped on its upper end by a top pan 42 and capped on 1ts lower end by a

bottom pan 44.

[0032] Also shown in Fig. 2 is a water heater outlet 46 and a water heater inlet 48. The
water heater outlet 46 connects to a supply line 50 which connects to pump 16. A supply line 52
as shown in Fig. 1 connects between pump 16 and tank supply inlet 54 of instantaneous water

heater 12. Similarly, a supply line 56 connects between water heater inlet 48 and tank supply
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oullet 58. The supply hnes 50, 52 and 56 may be made from materials known in the art and may
be shaped as shown or in any workable conﬁ guration, lc‘ngth'or diametcr. |

[0033] . Referring now to Figs. S and 6, it can be secn that water container 14 has a dimension
~ X. The dip tube 26 has a length that is substantially shown by arrows Y. Length Y is less than
length X such that the distal end 28 of dip tube 26 extends almost down to the bottom 60 of tank
18 such that cold water enters at a lower portion of water tank 18. It can also be seen that the
distal end 28 of dip tube 26 1s lower than water heater outlet 46. That orientation allows for
introduction of cbld water through dip tube 26 o a lower portion of water tank 18 such that the
colder water in water tank 18 1s relatively closc (o water heater outlet 46 whereby relatively
colder water is pumped into ipstantancous water heater 12 when instantaneous water heater 12 1s
actuated. Drain 38 is separated from water heater outlet 46 by a distance W. Drain 38 1s about

the same vertical height from the bottom of tank 60 as the distal end 28 of dip tube 26.

[0034] On the other hand, water heater inlet 48 1s located at an upper portion of water tank
18. This allows for hot water produced by instantaneous water heater 12 to enter an upper
portion of water tank 18. It should be noted that the term “apper portion” of water tank 18 refers
to about the top half of water tank 18 while the term “lower portion™ of water tank 18 refers to
about the lower half of water tank 18. Nonetheless, 1t is desired to have water heater mlet 48
located at a distance Z from the top of water tank 18, that is, approximately 1n the upper quartile
of the upper portion of water tank 18. Similarly, it is preferred to have the water heater outlet 46
in the lower quartile of the lower portion of water tank 18.

[0035] Fig. 6 shows alternate structures from introducing heated water through water heater

inlet 48. The upper alternative is a tube 62 that enters water tank 18 horizontally and toward the

center of water tank 18. It then curves sideways by about 90° such that heated water is directed
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in a honzontal “swirling” motion around water tank 18. This _tcrids to promote circulation of the
relatively hotter water in the upper portion of water tank 18. Alternatively, the lower portion of
Fig. 6 shows a tube 64 that extends horizontally into water tank 18 toward the centcr of water
tank 18. It has an opening that is also oricnted horizontally. This provides some “swirling”
motion of heated water into water tank 18, but it is not intended to be as effective in the degree
of movement of the hcated water. Alternate constructions and allemaie directional flows are
possiblc, depending on the selected parameters, heat nputs, and the like of the water heating
system.

10036] Referming now to Fig. 7, an instantaneous water heater 12 i1s shown. I[nstantancous
water heater 12 includes a gas inlet 62 that connects to a gas supply (not shown) on one end and
to a burmer 64 by way of a gas supply conduit 66 which includes a solenoid valve 68, modulating
solenoid valve 70 and a pair of solenoid valves 72 and 74 that all distribute fuel to burner 64. A
combustion fan 76 connects to a burner enclosure 78 that draws ambient aif through a grate 80
(shown in Fig. 1) and intraoduces that ambient air into burner chamber 78. A flue 82 connects to
bumer chamber 78. Flue 82 is connected to some type of vent apparatus (not shown) that 1s

known 1n the art.

[0037] Separately, conduit 52 connects to tank supply inlet 54. A water supply line 84
connects to tank supply inlet 54 and passes through bumer 78. Water supply is fitted with a

multiplicity of heat exchange fins 86 to form heat exchanger 88.
[0038] A water flow sensor 90 is located downstream of tank supply inlet 54. Water flow
sensor 90 is followed by a water flow control device 92 to maintain outlet water temperaturc.

Water conduit 84 also includes a overheat switch 94. A hot water thermistor 96 connects to

water supply line 84 downstream of burmer 70. Water supply line 84 also connects to tank
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supply outlet 98 as il exits instantancous water heater 12. Tank supply outlet 98 also connccts to
supply line 56. Tank supply outlét 98 (of Fig. 7) 1s an alternative to tank supply linc 58 of Fig,. 1
which exits instantaneous waler heater 12 from the bottom. Supply line 56 can be configured for
connection to tank supply 98 or 58 as approprate.

[0039] A controller 100 1s also located within instantaneous water héatcr 12 and 1s described
below in reference to Figs. 7 and 8. Fig. 8 shows the fan 76, the thermistor 96, water flow sensor
90, {flammable vapor sensor 102, solenoid valves 68, 72 and 74.

10040] There 1s also a CO sensor 104 that 1s placed within bumcr chamber 78. The
controller connects to tank thermistor 106, which connects between the water tank 18 and
controller 100. There 1s also a connection between controller 100 and pump 16. There are
further additional electrical connections and functions in controller 100 that are well known to
those skilled in the art and need not be further discussed.

[0041]  Figs. 9 — 11 show a mounting bracket 108 that 1s used to mount instantaneous water
heater 12 to water container 14. It can be seen that there is a curved surface 110 that is sized and .
shaped to substantially match the circumference of at least a portion of jacket 20. Similarly,
there 1s an opposed surface 112 that is sized and shaped to substantially match at least a portion
of one side of instantaneous water heater 12. The surface 10 is preferably directly connected to
jacket 14 on the one hand and, on the other hand, the instantaneous water heater 12 is directly
connected to surface 112. In this way, instantancous water heater 112 is mounted onto at least a
side portion of water container 14.

[0042]  The mounting bracket 108 can be formed in any number of shapes and sizes, so‘ long

as they rehably and, most preferably, substantially permanently mount instantaneous water

heater 12 to water container 14. The particular size, shape and material of mounting bracket 108
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1s not overly importaot. Any number of materials may be used so long as they provide the
appropriate strength and longevity to keep instantaneous water heater 12 mounted in the selected
posilion with respect to water container 14.

1004 3] Sclected portions of the operation of water heating system 10 will now be descnbed.
With particular reference to Fig. 12; a flammable vapors sequence is. discloécd. In that case,
there i1s a step in which flammable vapor sensor 102 detects the concentration of flatnmable
vapors and, if the level of flammable vapors excecds a selected concentration such as about 10%
(LFL), the controller 100 aniomatically generates an error code. This can shut down the system
for a selected period of time or until the controller 100 1s reset. In the event that the
concentration is below the selected concentration, combustion fan 76 1s engaged for a selected
period of time, such as for about 10 — about 20 seconds. Then, flammable vapor sensor 102
takes another sensor reading of the concentration of flammable vapors. If the second sensed
concentration flammable vapors exceeds the selected concentration, the controller 100
automatically generates an error code and shuts down the system. This second measurement 1s
taken within a selected period of time such as within about 10 seconds of the activation of

combustion fan 76. Then, after the selected time, controller 100 determines that there is no

flammable vapors condition. This allows for initiation of the pump cycle described below. It
should be noted that, although the selected flammable vapors concentration has been described
as being about 10%, lower or higher concentrations can be sclected. Also, the length of time of
sensing, the length of time of operation of combustion fan 76 and the number of repetitions of

the process prior to a determination by the controller that there 1s a no flammable vapors

condition can be varied by those skilled 1n the art.
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[0044]  TFig. 13 shows a logic diagram of one way in which a pump scquence can be cxccuted.
In that case, the system and controller 100 are in a so-called “standby” mode. At that point,
thermistor 100 senses the temperature of walter in water tank 18. This sensing can be either a
direct sensing of the water by the thermistor or by an indirect methbd, wherein, for example,
thermistor 106 is mounted directly to the side of water tank 18 or by some other means known n -
the art. [t is also possible to place thermistor 106 at anjf position along supply linc 50. Sensing
the water temperature within water tank 18 or supply line 50 can be accomplished by any
number of sensors other than thermistors, those sensors being known 1n the art.

[0045] The sensed waltcr temperature within water tank 18 i1s compared to a selected set
temperature. If the sensed tempcrature 1s greater than the set temperature, the controller 100
returns to the standby mode. If the sensed temperature is less than the selected temperature, the

controller 100 proceeds to a flammable vapors check such as described with respcct to Fig. 12

and as shown in Fig. 13. Once the level of flammable vapors has been determined to be low
enough to satisfy the “no flammable vapors condition,” pump 16 is activated by controller 100 to
cause the flow of water outwardly from water tank 18 and into instantaneous water heater 12.
This permits the potential initiation of a bum cycle which is permitted upon confirmation by

controller 100 that pump 16 has been activated.

[0046]  Activation of thc pump, as noted above, induces water to flow from water tank 18 and
into supply line 50. Pump 16 also causes water to flow through supply line 52 and into
instantaneous water heater 12. Depending upon activation of burner 78, water flows through
water supply line 84 and outwardly of instantancous water heater through tank supply outlet 98

(see Fig. 7) or tank supply outlet 58 (see Fig. 1). Water then flows through supply line 56 and

into water tank 18 through water heater inlet 48. The water circulated through instantaneous

10
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water heater 12 can be heated water 1f the burncr 78 has been activated, but may otherwise non-
heated 1f bumer 78 1s otherwisc deactivated. Hence, pump 16 1s connccted between water
container 14 and instantancous water heater 12 and moves water between the water container 14
and the instantaneous watér heater 12 and the controller 100 operates pump 16 and bumer 78.
Controller 100 can opcrate pump 16 and bumei' 17 in the convcntional' way such as by a wire
connection. However, other means of operating the pump and burner are possible such as
through wireless communication, indirect communication through another communication port
or even fiber optics. The bumer cycle may include a varying degree of heat generation whose
oufput is adjusted by controller 100 in response to temperature of water entering instantancous
water heater 12. For example, upon initiation of a bumer cycle, burner 78 may be controlled by
controller 100 to supply heat at a rate of about 100,000 BTU/hr. This degree of heat generation
may be supplied for a selected period of time or in response to the senscd temperature of water,
at which point controller 100 adjusts or varies the heat output to a lower level such as about
75,000 BTU/hr. This cycle of sensing and adjusting burner 78 can be continued so that yet
another degree of heat generation such as about 44,000 BTU/hr may be generated. Those skilled
in the art will appreciate that the above three examples are just that, namely examples. Any
number of adjustment points along a continuum of about 30,000 BTU/hr to about 100,000
BTU/hr i1s possible.

{0047] Separately, thermistor 106 continues either continuously or periodically to sense the
temperature of water in water tank 18. This process continues until the sensed temperature of the
water in water tank 18 exceeds the selected set temperature. If the sensed water temperature is

less than the set temperature, controller 100 continues to permut the pump cycle and bumn cycle to

11
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continue. If the senécd water temperature in water tank 18 is greater than the sclected set
{cmpcerature, then-mntréller |00 deactivates the pump 16 and/or burner 64.

[0048]  Referring to Fig. 14, a freezing prevention cycle is described. In that case, the
commller 100 1s 1n standby mode. The thermistor 96 of instantaneous waler heater 1.2 senses the
temperature of the water proximate to heater exchanger 88. The sensed watcr temperature is
compared fo a selected temperature which may be, for example, 45°F. If the sensed temperature
in or proximate heat exchanger 88 is greater than the selected température, the controller remains
In standby mode. If, however, the sensed water temperature is less than the selected temperature,
the sensor then compares the sconsed temperature to a second selected temperaturc that is less
than the first selected temperature. One possibility is 35°F. If the scnsed water temperature is
greater than the sccond selected temperature (35° in this example), then controller 100 activates
the pump and can further activate burner 64. Those sequences are permitted until the continued
or periodically sensed water temperaturc in or proximate heat exchanger 88 reaches a third
selected temperature, such as 55°F. If the sensed temperature exceeds the third selected
temperature, pump 16 and/or burner 64 may beﬁc.leactivated.

{0049]  On the other hand, if the sensed water temperature is less than the second selected
temperature, the pump cycle may be initiated as previously described. The pump cycle is
permitted to continue for a selected period of time, at which point the sensed temperature, either
by continuous or periodic means, such as one minute, is compared to the third selected
temperature. If the sensed temperature is greater than the third selected temperature, pump 16 is
then deactivated. This cycle can be repeated any number of times with varying degrees of

frequency and with varying selected temperatures.

12
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[0050]  Fig. 15 1s a graph that shows a comparison between two water heating systems 10
such as that described above. The two systems 10 were made with 40-gallon tanks 18. One had

a heat input of 76,000 BTU/hr and the other 100,000 BTU/hr.  They were compared to a 100-
gallon gas-fired conventional water hcater with 85,000 BTU/hr input and a 75-gallon
conventional water heater with a 75,000 BTU/hr input. Both Water héating systems 10 and the
conventional water heaters were set to 135°F tcmperature and first hour ratings were determined
in accordance with Department of Energy (DOE) test protocols.

[0051]  Water heaters 2 and 3 are water heaters in accordance with water heating system 10.
They each had a 40-gallon tank 18 and an mstantaneous water heater 12. The instantaneous
water heater had inputs of 76,000 and 100,000 BTU/hr, respectively. Conventional water heater
4 had a virtually identical heat input of 75,000 BTU/hr and a tank nearly twice the size of water
heaters 2 and 3. It can be seen that water heater 2 maintained its heated temperature for a
significantly longer period of time than conventional water heater 4 with the same heat input.
Smmilarly, water heater 3, although having a shlightly greater than 15% higher heat mput than
conventional water heater 1, had a tank volume of less than half, yet substantially maintained the
set temperature for a significantly longer time than conventional water heater 1. Also, water
heater 2, despite having a slightly smaller heat input than conventional water heater 1, was able
to maintain at least substantially the same set temperatures as conventional water heater 1.

[0052] It can also be seen that conventional water heater 1 and water heater 3 had the same

first hour rating of 150 gph, while water heater 2 and conventional water heater 4 had similar
first hour ratings of 121 gph and 119 gph, respectively.

[0053] Fig. 16 shows another comparative test wherein a test of the same conventional water

heaters and water heating systems described above with respect to Fig. 15 were made. The left

13
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hand portion of Fig. 16 is the same as Fig, 15. However, all {our water heaters were subjected to
a rccovery comparison. The recovery times are shown in the middle of Fig. 16. l’*‘ig. 16
camparcs rccovery times of conventional water heater 1 and water healer 2 on the one hand and
water heater 3 and conventional water heater 4 on the other hand. In the casc of conventional
water heater 1 and water héater 2, the recovery time was set for 28 minutes, 10 seconds. It can
be secn that over that course of the sct time, water heater 2 achieved a higher temperature by
about 7°F over conventional water heater 1. -

10054] Stmilarly, the comparison beﬁveen water heater 3 and conventional water heater 4
was run for approximately the same time with the conventional water heater running for two
minutcs longer. Nonetheless, it was unable to reach the temperature that water heater 3 was able
to reach, the differcnce being about 5°F. It should be noted that conventional water hcater 4 was
provided with more that an additional 10% time to account for the difference in hcat input of
water heater 3 over conventional water heater 4.

[0055] Fig. 17 shows a comparative test of two water heaters. In Fig. 17, both units Wéré
subjected to a 2.5 gpm draw of water from the respective tanks. Lines 1 and 2 represent the
water temperature exiting the tank. The flow rate of the shower or the mixed cold and hot water
flow rate is 2.5 gpm. The water heater flow rate is calculated as approximately 1.7 gpm based on
140°F water heater set temperature, 108°F shower temperature, 40°F ground water temperature
according to the following formula: hot water flow rate = (mixed flow * (mixed temp - cold
temp))/(hot temp - cold temp) (2.5 gpm * (108°F-40°F))/(140°F-40°F) = 1.7 gpm of hot water.
It can be seen from Fig. 17 that the water heater producing the results shown by line 2 was able

to substantially maintain the 140°F set temperature at about 135°F, while the conventional water

14
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heater produced the results shown by line 1 was able {o maintain the set temperature for about
20-22 minutes, at which point it was unable to maintain the 140°F sct temperature.

[0056]  Fig. 18 is another comparison that is similar to the comparison of Fig. 17 except that
the draw was doubled tl) a two-shower draw where upon substantially 5 gpm of water was
drawn: (5.0 gpm * (108°F-40°F))/(140°F-40°F) = 3.4 gpm of hot watcr. It can be secn the water
heater as indicated by line 1 was substantially able to maintain closc to the set temperature for
about 16 minutes, while the conventional water hcater as mdicated by line 2 was able to
substantially maintain the set temperature for about 7- minutes. Thus, our water heaters
maintained the temperatures about 50% longer than the conventional water heaters.

[0057] Our experiments also demonstrate that there is a negligible amount of “stacking” that
occurs in water containers 14 even in view of multiple draws of hot water. In particular, the
experiments demonstrate that the temperature of heated water exiting the water container does
not increase by more than about 10°F, preferably not by more than about 2°F, for a selected
period of time such as, for example, fifteen minutes or more.

[0058]  Thus, the water heater systems contemplated herein permit the controller to operate
the burner unit to maintain the temperature of water in the water contamer substantially within a
selected range for a selected time under the conditions where a selected amount of heated water
is removed from the water container. It is possible that the temperature of the water in the water
container is maintained above about 100°F. The selected range may be about 10°F or even about
5°F. Also, the heated water should be maintained within the selected range for at least about
fifteen minutes. However, it may be possible to maintain the temperature of the water within the

selected range for about 30 minutes, about 60 minutes or substantially continuously for more

than 60 minutes. The range of heated water drawn from the water container may be at least

15
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about 2.5 gpm or more such as about 5 gpm or more. It 1s also possiblc that the temperature of
the heated water within the tank is maintained within range of about [00° to about 110°F or
Other ranges such as about 130°F to about 140°F.

10059] . Although the apparatus and methods have becn descnbed in connection with specific

forms thereof, it will be appreciated that a wide vancty of equivalents may be substituted for the

specified clements described herein.

16
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L. A water heater system comprising:

a burner unit adapted to heat water;

a water container associated with the burner unit and having a cold water
inlet and a hot water outlet; and

a controller that operates the burner to maintain the temperature of water in
the water container above about 100°F and substantially within a range of
about 10°F when at least about 2.5 gpm of heated water is removed substantially

continuously from the water container for at least about 15 minutes.

2. The system according to claim 1, wherein the temperature is about

100°F to about 110°F.

3. The system according to claim 1, wherein the temperature is about

130°F to about 140°F.

4. The system according to claim 1, when the range i1s about S5°F.

5. The system according to claim 1, wherein the controller maintains the

temperature for at least about 30 minutes.

6. The system according to claim 1, wherein the controller maintains the

temperature for at least about 60 minutes.

7. The system according to claim 1, wherein at least about 5.0 gpm of

heated water 1s removed.
8. The system according to claim 1, wherein the temperature of heated water

exiting the water container does not increase by more than about 10°F

for a selected time.

9. The system according to claim 8, wherein the temperature of heated water

exiting the water container does not increase by more than about 2°F.

17
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10.  The system according to claim 1, further comprising a pump that

introduces heated water into the water container.

11.  The system according to claim 1, wherein the burner unit is mounted on a

side portion of the water container.

18
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