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WATER HEATER HAVING CONDENSING 
RECUPERATOR AND DUAL PURPOSE PUMP 

BACKGROUND 

0001. The invention relates to a water heater having pri 
mary and secondary heat exchangers and a pump to move 
water between the primary and secondary heat exchangers. 
The invention also relates to a water heater in which a pump 
is used for a first purpose within the water heater and also for 
the purpose of recirculating water within the building. The 
invention also relates to a method of manufacturing a water 
heater, in which a water heater of a first efficiency can be 
produced on an assembly line, and, with the addition of cer 
tain steps, and components the water heater can meet a second 
efficiency greater than the first efficiency. 

SUMMARY 

0002. In one embodiment, the invention provides a water 
heater comprising: a tank-type water heater having a tank 
adapted to store water, a flue extending through the tank; a 
Source of hot gas, the hot gas flowing through the flue to heat 
water in the tank; a flow-type water heater receiving the hot 
gas from the flue and heating water with the hot gas; and a 
pump for moving water from the tank, through the flow-type 
water heater, and back to the tank. 
0003. In some embodiments, the water heater is adapted 
for use in a building having a hot water Supply pipe commu 
nicating directly with the tank; and the pump also circulates 
water from the tank through the hot water Supply pipe and 
back into the tank to maintain a ready Supply of hot water in 
the hot water Supply pipe. In some embodiments, the flow 
type water heater is a condensing water heater. In some 
embodiments, the temperature of the hot gas does not exceed 
600°F. In some embodiments, the hot gas comprises products 
of combustion. 

0004. The invention also provides a water heater commu 
nicating with a hot water Supply pipe, the water heater com 
prising: a source of hot gas; a heat exchanger for transferring 
heat from the hot gas to water, and a pump for accomplishing 
a first purpose related to the water heater; wherein the pump 
is also used for a second purpose that includes circulating 
water through the hot water Supply pipe and back to the water 
heater to maintain a ready Supply of hot water in the hot water 
Supply pipe. 
0005. In some embodiments, the source of hot gas 
includes a fuel-fired burner, and the hot gas includes products 
of combustion. In some embodiments, the water heater fur 
ther comprises a tank-type water heater including a tank for 
holding the water, the heat exchanger includes a flue extend 
ing through the tank; and the hot gas flows through the flue to 
heat the water in the tank. In some embodiments, the heat 
exchanger further comprises a flow-type water heater through 
which the hot gas flows and through which the water flows: 
and the hot gas heats the water in the flow-type water heater. 
In some embodiments, the flue is a primary heat exchanger 
through which the hot gas flows first; and the flow-type water 
heater is a secondary heat exchanger through which the hot 
gas flows after flowing through the primary heat exchanger. In 
Some embodiments, at least one of the primary and secondary 
heat exchangers is a condensing water heater. In some 
embodiments, the first purpose of the pump is to move water 
from the tank-type water heater through the flow-type water 
heater. 
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0006. In some embodiments, the heat exchanger includes 
a primary heat exchanger and a secondary heat exchanger, the 
primary heat exchanger uses heat from the hot gas to heat the 
water, and the secondary heat exchanger receives the hot gas 
from the primary heat exchanger and uses heat from the hot 
gas to heat the water, and the first purpose of the pump is to 
circulate water through the primary and secondary heat 
exchangers. In some embodiments, at least one of the primary 
and secondary heat exchangers is a condensing heat 
exchanger. In some embodiments, both of the primary and 
secondary heat exchangers are condensing heat exchangers. 
0007. The invention also provides a method for manufac 
turing a water heater comprising the steps of: (a) assembling 
a tank-type water heater having a tank adapted for containing 
water, a flue extending through the tank, and a fuel-fired 
burner for creating products of combustion to flow through 
the flue and heat water in the tank; (b) deciding whether to 
manufacture a high efficiency water heater, and (c) if manu 
facturing a high efficiency water heater, (i) providing a con 
densing flow-type water heater; (ii) providing a pump; (iii) 
plumbing the flow-type water heater and the pump to the tank 
to enable the pump to move water from the tank, through the 
flow-type water heater, and back to the tank; and (iv) com 
municating the flue with the flow-type waterheater to conduct 
products of combustion from the flue through the flow-type 
water heater to heat water in the flow-type water heater. 
0008. In some embodiments, providing a pump includes 
providing a pump enabled to circulate water from the tank, 
through a building recirculation system, and back to the tank, 
in addition to moving water from the tank, through the flow 
type water heater, and back to the tank. In some embodiments, 
step (c) includes providing a control system that enables 
operation of the pump during operation of the burner and 
independent of operation of the burner. 
0009. Other aspects of the invention will become apparent 
by consideration of the detailed description and accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1A is a schematic illustration of one arrange 
ment of the water heater according to the present invention 
0011 FIG. 1B is a schematic illustration of an alternative 
arrangement. 
0012 FIG. 1C is a schematic illustration of an alternative 
arrangement. 
0013 FIG. 2 is a perspective view of a top-mounted recu 
perator arrangement of the present invention. 
0014 FIG. 3 is a perspective view of a side-mounted recu 
perator arrangement of the present invention. 

DETAILED DESCRIPTION 

0015. Before any embodiments of the invention are 
explained in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of components set forth in the following 
description or illustrated in the following drawings. The 
invention is capable of other embodiments and of being prac 
ticed or of being carried out in various ways. 
(0016 FIGS. 1A, 1B, and 1C (collectively, “FIG. 1) illus 
trate a high-efficiency water heater 100 that includes a tank 
type water heater 110, a flow-type water heater 120, a source 
of hot gas 130 that produces hot gas 135, a blower 140, a hot 
gas connecting conduit 150, a water connecting conduit 160, 
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a check valve 165, a water return conduit 170, a pump 180, a 
hot gas exhaust conduit 190, a hot water supply pipe 200, a 
recirculation pipe 210 (FIGS. 1A and 1B only), and a con 
troller 212. The water heater 100 receives cold water from a 
Source of cold water (e.g., municipal or well) through a cold 
water supply pipe 215, and heats the water for potable use. 
0017. The term "tank-type water heater is used in this 
specification to refer to a heat exchanger in which water is 
contained in a tank while the water is being heated. One 
example of a tank-type water heater, illustrated in FIG. 1, is a 
traditional storage-type waterheater, having a water tank 220, 
a dip tube 225, and a flue 230 extending through the water 
tank 220. Hot gas flows through the flue 230 and heats the 
water in the tank 220 through the flue wall. 
0018. The term “flow-type water heater is used in this 
specification to refer to a heat exchanger in which water is 
heated as the water flows. One example of a flow-type water 
heater 120, illustrated in FIG. 1, is a tankless water heater, in 
which hot gas flows over heat exchange tubes 250 to heat 
waterflowing through the tubes 250. The heat exchange tubes 
250 typically include radially-extending or axially-extending 
fins 260. One example of a well-known, commercially-avail 
able and relatively low-cost heat exchanger tube 250 includes 
a copper tube with aluminum fins. The fins 260 may extend 
radially (as illustrated in FIG.1), axially (i.e., along the length 
of the tube 250), or in another suitable arrangement for the 
direction of flow of hot gas 135, and other heat transfer 
considerations. Coatings may be applied to the aluminum 
finned copper tubing to prevent or slow down corrosion. 
0019. The flow-type water heater 120 may be of the par 
allel-flow variety (in which the water and hot gas flow in the 
same direction), the counter-flow variety (in which the water 
and hot gas flow in opposite directions), the cross-flow variety 
(in which the water and hot gas flow in neither the same 
direction nor opposite directions, but cross each other at a 
non-Zero angle), or some combination of these several Vari 
eties (in which hot gas flows over various portions of the heat 
exchange tubes 250 parallel, counter, across, or some combi 
nation of these flows with respect to the flow direction of the 
water in the tubes). 
0020. The term “hot gas” is used in this specification to 
refer to products of combustion, hot air, or any other hot, 
gaseous medium. The term "source of hot gas is used in the 
specification to refer to a device that produces the hot gas. An 
example of a source of hot gas 130 is a fuel-fired burner, 
which may be found in a combustion chamber under the water 
tank 220 of a traditional tank-type water heater. The fuel 
burned by a fuel-fired burner may be any suitable and avail 
able type of fuel, including, but not limited to, natural gas, 
propane, fuel oil, coal, wood, or any other type of hydrocar 
bon or other fuel that can be burned to generate products of 
combustion. A fuel-fired burner typically burns a combustible 
mixture of a fuel and air. 

0021. Other examples of sources of hot gas 130 are: a fuel 
cellor other electrochemical energy conversion device, aheat 
pump or other refrigerant cycle, and a turbine or micro-tur 
bine engine or other electricity producing device. Air or 
another medium flowing over the heat producing portion of 
these devices can be the hot gas used in the present invention. 
In a residential environment, certain regulations in the United 
States require that the maximum temperature of the products 
of combustion of fuel-fired appliances, such as a water heater, 
not exceed ambient air temperatures by some margin. For 
example, an applicable ANSI standard requires that the tem 

Dec. 5, 2013 

perature of products of combustion do not exceed ambient air 
temperatures by more than 480°F. To account for all expected 
ambient conditions, the temperature of the hot gas in residen 
tial applications of the present invention will typically not 
exceed 600°F. 

0022. In the water heater 100 illustrated in FIG. 1, the 
tank-type water heater 110 and the flow-type water heater 120 
may together be referred to as a “heat exchanger with the 
tank-type water heater 110 being a primary heat exchanger 
and the flow-type water heater 120 being a secondary heat 
exchanger. The term “primary heat exchanger” means the 
portion of the heat exchanger through which the hot gas flows 
first. The term “secondary heat exchanger” means the portion 
of the heat exchanger that receives the hot gas 135 from the 
primary heat exchanger (e.g., hot gas that has already flowed 
through the primary heat exchanger) and exchanges heat from 
the hot gas to water in the secondary heat exchanger. In other 
embodiments, the flow-type water heater 120 may be the 
primary heat exchanger and the tank-type water heater 110 
may be the secondary heat exchanger. 
(0023 The water heater 100 includes a hot gas circuit 280 
and a water heating circuit 290. In the hot gas circuit 280, hot 
gas 135 from the source of hot gas 130 flows under the 
influence of the blower 140 through the flue 230 in the tank 
type water heater 110, through the hot gas connecting conduit 
150, through the flow-type water heater 120, and out the hot 
gas exhaust conduit 190. In all illustrated embodiments, it 
will be understood that components may be moved to various 
locations, provided that they meet their functional require 
ments. For example, the blower 140 may be positioned 
between the tank-type water heater 110 and the flow-type 
water heater 120 so that it is drawing hot gas 135 through the 
tank-type water heater 110 and pushing the hot gas through 
the flow-type water heater 120. 
(0024. With reference to FIG. 1A, in the water heating 
circuit 290, water flows under the influence of the pump 180 
out of the tank 220 by way of the dip tube 225, through the 
water connecting conduit 160, through the heat exchange 
tubes 250 in the flow-type water heater 120, through the water 
return conduit 170, and back to the tank 220. The check valve 
165 has a low cracking pressure (e.g., /2 psi) so it easily opens 
when the pump 180 is running, but it is closed during standby 
to reduce heat losses and siphoning as water in the flow-type 
water heater 120 cools. The check valve 165 can be posi 
tioned on either side of the flow-type water heater 120, and is 
shown on the inlet side in FIG. 1A as an example only. The hot 
gas 135 heats the water in the tank-type water heater 110 
through the flue wall, and heats water flowing through the 
heat exchange tubes 250 in the flow-type water heater 120. 
0025. In one embodiment, the tank-type water heater 110 
may be a non-condensing water heater and the flow-type 
water heater 120 may be a condensing water heater. The term 
“non-condensing water heater” means a waterheaterin which 
the temperature of the hot gas 135 does not fall below the dew 
point of the hot gas. The term “condensing water heater 
means a water heater in which the temperature of the hot gas 
135 falls below a dew point of the hot gas 135 to cause 
condensate to form. The term “condensing water heater 
includes fully-condensing water heaters, in which all or Sub 
stantially all water condenses out of the hot gas 135, and 
partially-condensing water heaters, in which the temperature 
of the hot gas drops sufficiently for only a portion of the water 
to condense out of the hot gas 135. 
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0026. In some embodiments, both the tank-type water 
heater 110 and the flow-type water heater 120 are condensing 
water heaters, with the tank-type water 110 heater being 
partially-condensing and the flow-type heater 120 being 
fully-condensing. Because the flow-type water heater 120 
utilizes waste heat from the tank-type water heater 110 to heat 
water, the flow-type water heater 120 may be called a “recu 
perator.” If a tank-type water heater 110 is used as the sec 
ondary heat exchanger, it too may be called a “recuperator;” 
the term is not limited to only flow-type heat exchangers. 
0027. In the schematic illustration of FIG. 1, the tank-type 
water heater 110 is a non-condensing water heater and the 
flow-type water heater 120 is a condensing water heater. 
Condensate 295 forms in the flow-type water heater 120 and 
is directed to a suitable receptacle or drain. 
0028. With reference to FIG. 1A, the water heater 100 is 
also interconnected with a water recirculation circuit 310, 
which includes the pump 180, the hot water supply pipe 200, 
the recirculation pipe 210, and a three way Zone valve 325. 
The hot water supply pipe 200 communicates between the 
tank 220 and a hot water faucet 330 (e.g., at a sink or in a tub 
or shower) in the building in which the water heater 100 is 
situated. In one arrangement, the pump 180 may be pro 
grammed to energize at a desired time of day (e.g., prior to 
expected use of the hot water faucet 330). The pump 180 
causes water to flow out of the tank 220, through the hot water 
supply pipe 200, and back to the tank 220 through the recir 
culation pipe 210, three-way Zone valve 325 and water return 
conduit 170. This moves hot water from the tank 220 into the 
hot water Supply pipe 200, to maintain a ready Supply of hot 
water in the hot water supply pipe 200. 
0029. The three-way Zone valve 325 permits water to flow 
to the return conduit 170 from the water heating circuit 290 or 
the recirculation circuit 310 under the influence of the pump 
180. In view of the foregoing, the present invention utilizes 
the same pump 180 to move water through the water heating 
circuit 290 and the water recirculation circuit 310. 

0030. It may also be said that the present invention pro 
vides a water heater 100 in which the pump 180 accomplishes 
a first purpose related to the water heater 100 and is also used 
for a second purpose that includes circulating water through 
the hot water supply pipe 200 and back to the water heater 100 
to maintain a ready Supply of hot water in the hot water Supply 
pipe 200. In the illustrated embodiment, the first purpose of 
the pump 180 is to move water from the tank-type water 
heater 110 through the flow-type water heater 120. Another 
example of a first purpose for the pump 180 is anti-stacking 
circulation within the tank 220 (which would in essence be 
the water heating circuit 290 without the flow-type water 
heater 120). 
0031. In other embodiments, the primary and secondary 
heat exchangers may be other combinations of tank-type and 
storage type water heaters 110, 120. For example, the illus 
trated primary and secondary heat exchanger could be 
reversed (i.e., the flow-type water heater 120 is the primary 
heat exchanger and the tank-type water heater 110 is the 
secondary heat exchanger), or both the primary and second 
ary heat exchangers are tank-type water heaters 110, or both 
the primary and secondary heat exchangers are flow-type 
water heaters 120. In this regard, another aspect of the inven 
tion is that the first purpose of the pump 180 is to circulate 
water through the primary and secondary heat exchangers, 
regardless of the type of heat exchanger employed as the 
primary and secondary heat exchangers. 
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0032. The controller 212 controls operation of the source 
of hot gas 130, blower 140, pump 180, and three-way Zone 
valve 325. The controller 212 opens a gas valve to supply fuel 
to the burner or source of hot gas 130. While the source of hot 
gas 130 is operating (e.g., while the burner is creating prod 
ucts of combustion 135), the controller 212 energizes the 
blower 140 to move the hot gas through the system, and 
energizes the pump 180 to move water through the flow-type 
water heater 120. The three-way Zone valve 325 is normally 
open between the flow-type water heater 120 and the tank 
220. The controller 212 switches the three-way Zone valve 
325 during recirculation, to place the recirculation pipe 210 in 
communication with the tank 220. 

0033. During a hot water draw at the faucet 330, hot water 
is drawn from the tank 220 and cold water is introduced 
through the dip tube 225. During a sustained hot water draw, 
the temperature of the water in the tank 220 may drop below 
a trigger temperature at which the controller 212 engages the 
burner 130, blower 140, and pump 180. In such event, the cold 
water moves through the flow-type water heater 120 before 
entering the tank 220 through the water return conduit 170. 
During standby, if water in the tank 220 drops below the 
trigger temperature, the controller 212 engages the burner 
130, blower 140 and pump 180, which causes water in the 
tank 220 to flow up through the dip tube 225, through the 
flow-type water heater 120, and back to the tank 220 through 
the water return conduit 170. The dip tube 225 therefore 
accommodates two-way water flow in this arrangement. 
0034 FIG.1B illustrates a variation on the arrangement, in 
which water moves in counterflow and cross-flow directions 
with respect to the hot gas 135 in the flow-type water heater 
120 (as distinguished from FIG. 1A, in which the water 
moves in parallel and cross-flow directions). In this arrange 
ment, the water connecting conduit 160 and water return 
conduit 170 are switched, compared to FIG. 1A, because of 
the opposite direction of water flow through the flow-type 
water heater 120. In this arrangement, water flows in only one 
direction (i.e., down into the tank 220) through the dip tube 
225. 

0035. The check valve 165 in this arrangement is in the 
opposite direction from its configuration in FIG. 1A, Such that 
water can flow from the flow-type water heater 120 to the tank 
220 but not in the opposite direction. As in the arrangements 
of FIGS. 1A and 1C, the check valve 165 is sufficiently biased 
to its closed position to prevent or reduce heat losses and 
siphoning as a result of cooling water in the heat exchanger 
tubes 250, but has a low cracking pressure (e.g., "/2 psi) to 
easily open under the influence of the pump 180. 
0036. The three-way Zone valve 325 is normally open 
between the flow-type water heater 120 and the tank 220, and 
is switched by the controller 212 for recirculation. During 
recirculation, the pump 180 displaces all the water (which has 
typically cooled during standby) in the hot water Supply con 
duit 200, the recirculation conduit 210, the heat exchange 
tubes 250, and the water supply conduit 160 into the tank. 
0037. The water temperature in the tank 220 can drop 
below the trigger temperature due to standby heat loss, the 
recirculation process dumping cooler water into the tank 220, 
or a sustained hot water draw at the faucet 330. When the 
water temperature drops below the trigger temperature, the 
controller 212 energizes the burner 130, blower 140, and 
pump 180 (the pump 180 may already be operating if the 
trigger temperature is reached during recirculation). With the 
burner 130, blower 140, and pump 180 operating, water in the 
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tank is heated by the hot gas 135 through the flue 230 and the 
water is also moved through the flow-type water heater 120 
where it is heated by the condensing hot gas 135. The water is 
returned to the tank 220 through the water return conduit 170 
and dip tube 225. 
0038 FIG. 1C illustrates a variation on the arrangement, 
with the additional elements of a bypass valve 350 and a 
two-way valve 360. In this arrangement, water flows through 
the flow-type water heater 120 in the same direction as in FIG. 
1A. The three-way valve 325 is not needed in this arrange 
ment. The check valve 165 is configured the same way as in 
FIG 1A 
0039. The bypass valve 350 may be of the bimetallic, 
thermostatic variety, or any other Suitable variety, and may be 
set at a desired temperature, which may be, for example, 95° 
F-105° F. for residential purposes. The bypass valve 350 
permits water in the hot water supply pipe 200 to be circulated 
back to the tank 220 through the cold water supply conduit 
215, which obviates the need for a dedicated recirculation 
conduit. 
0040. During recirculation, the controller 212 controls the 
two-way valve 360 to close communication between the tank 
220 and the water connecting conduit 160. Water is moved 
under the influence of the pump 180 from the hot water supply 
pipe 200 through the bypass valve 350, through the cold water 
supply pipe 215, through the water connecting conduit 160, 
through the heat exchanger tubes 250, and back to the tank 
220 through the water return conduit 170. 
0041. In the event of standby heat loss, the controller 212 
opens communication between the tank 220 and the water 
connecting conduit 160 through the two-way valve 360. The 
controller 212 energizes the burner 130, blower 140, and 
pump 180 to heat and circulate water through the tank 220 and 
heat exchange tubes 250. In this event, waterflows up through 
the dip tube 225. 
0042. During a sustained draw, when water temperatures 
drop below the trigger temperature, the controller 212 ener 
gizes the burner 130, blower 140, and pump 180, and opens 
communication between the cold water supply pipe 215 and 
the water connecting conduit 160 through the two-way valve 
360. Consequently, incoming cold water flows through the 
flow-type water heater 120 before reaching the tank 220. 
0043. The invention also provides an method for cost 
effectively manufacturing water heaters that have a first effi 
ciency and a second efficiency greater than the first efficiency. 
The first efficiency may be referred to as “standard’ effi 
ciency, although it may in fact have a very good efficiency. 
Whatever the efficiency level of the first efficiency, however, 
the second efficiency is higher than the first efficiency and 
may be referred to as “high efficiency. 
0044. On an existing water heater assembly line, a tank 
type water heater 110 can be manufactured and assembled, 
and such tank-type water heater 110 would be a unit having a 
first efficiency. According to the present invention, any num 
ber of water heaters having a second efficiency can be made 
with certain additional steps and components. The additional 
steps include attaching a condensing flow-type water heater 
or recuperator 120 to the tank-type water heater 110 during 
the assembly process. Thermal efficiencies of about 93% and 
up to 0.78 EF can be achieved in the water heaters having a 
second efficiency, manufactured according to the present 
invention. 
0045 More specifically, if the decision is made to manu 
facture a water heater 100 of the second efficiency, a recu 
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perator 120, hot gas connecting conduit 150, water connect 
ing conduit 160, and pump 180 are installed on the tank-type 
water heater 110. The pump 180 is thus enabled to move water 
from the tank 220, through the recuperator 120, and back to 
the tank 220, and the flue 230 is in communication with the 
recuperator 120 to conduct products of combustion from the 
flue 230 through the recuperator 120. 
0046. If the water heater having the first efficiency is a 
power vent water heater, then the blower 140 would already 
be provided on the basic manufacturing line. If the water 
heater includes a recirculation pump 180 or an anti-stacking 
pump 180, the pump 180 can be put to the additional purpose 
of moving water through the water heating circuit 290 that 
includes the add-on recuperator 120. The flow demands of the 
pump 180 for the water heating circuit 290 are relatively low, 
so a pump that is sized for anti-stacking or recirculation can 
accommodate the second purpose. 
0047. During the manufacturing process for the high-effi 
ciency water heater, the control system of the high efficiency 
water heater 100 will be modified to enable operation of the 
pump 180, both during operation of the source of hot gas 130 
(e.g., during heating of water in the tank 220) and indepen 
dent of the source of hot gas 130 (e.g., during recirculation). 
The pump 180 may operate independent of the source of hot 
gas 130 during the initial portion of recirculation, as cool and 
coldwater is circulated into the tank 220, but before the water 
in the tank 220 has dropped to a point that the Source of hot gas 
130 would be activated. When the source of hot gas 130 is 
activated, and depending on the plumbing configuration, the 
control system may switch the three-way valve 325 so that the 
pump 180 is moving water through the water heating circuit 
290. If the plumbing configuration incorporates the recupera 
tor 120 in the recirculation loop 310 (e.g., the three-Zone 
valve 325 upstream of the recuperator 120 and tees the recir 
culation conduit 210 into the water connecting conduit 160), 
the recirculation circuit 310 would continue to operate with 
out regard to whether the source of hot gas 130 is operating. 
0048. The invention therefore provides a flexible manu 
facturing approach, in which an add-on recuperator 120 can 
be selectively mounted to the water heater or a power vent 
water heater of first efficiency during assembly. The resulting 
unit is a condensing water heater having higher efficiency 
than the first efficiency. As countries raise efficiency stan 
dards (e.g., Canada will require all water heaters to be con 
densing by the year 2015), the present invention will permit 
complying water heaters to be produced for Such countries 
and countries with lower efficiency standards from the same 
manufacturing line. The changes can be done with minimal 
changes in production and investment in tooling. 
0049. The same recuperator 120 can be used on water 
heaters having wide ranges of sizes, capacities, and thermal 
inputs, because the exhaust temperature of hot gas from Stor 
age type water heaters is within a predictable range with 
regard to Such factors. The use of a single recuperator 120 on 
multiple size water heaters further improves manufacturing 
efficiencies. 

0050 FIGS. 2 and 3 illustrate two examples of embodi 
ments of the present invention. Like components from FIG. 1 
will be give like reference numerals in FIGS. 2 and 3. 
0051. The water heater 400 in FIG. 2 is characterized by a 
recuperator 120 mounted on top of the tank-type water heater 
110. The recuperator 120 communicates with the flue 230 of 
the tank-type water heater 110 by way of the hot gas connect 
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ing conduit 150, and also communicates with the hot gas 
exhaust conduit 190 by way of the blower 140. 
0052. The water heater 400 includes a cold side tee 410 
that communicates with the cold water supply pipe 215 
(which may also function as the recirculation pipe 210), a 
large diameter dip tube 430 in the tank 220, and the water 
connecting conduit 160. Within the cold side tee 410 is a 
check valve 440 that prevents direct communication between 
the coldwater supply pipe 215 and the large diameter dip tube 
430. The check valve 440 causes all water flowing out of the 
cold water supply pipe 215 and the large diameter dip tube 
430 to flow through the waterconnecting conduit 160 and into 
the recuperator 120. If a portion of the cold water supply pipe 
215 is also used as the recirculation pipe 210, all water return 
ing to the tank 220 via the recirculation loop 310 will flow 
through the recuperator 120 prior to reaching the tank 220. 
Also within the cold side tee 410 is a heat trap 450 that reduces 
heat losses or thermal siphoning through the large diameter 
dip tube 430. The functionality of the heat trap 450 may be 
incorporated into the check valve 440 in some embodiments. 
The cold side tee 410 may include quick connections for ease 
of installation. 

0053. The water heater 400 also includes a hot side spud 
460 having a concentric fitting 470. The tank 220 communi 
cates with the hot water supply pipe 200 through the hot side 
spud 460, around the outside of the concentric fitting 470. The 
water return conduit 170 communicates with a small diameter 
dip tube 480 in the tank 220 through the inside of the concen 
tric fitting 470. The hot side spud 460 may include quick 
connections for the hot water supply pipe 200, Small diameter 
dip tube 480, and the water return conduit 170. 
0054 The recuperator 120 includes a housing 485, a front 
dividing wall 490, a rear dividing wall 500 and a plurality of 
aluminum-finned copper heat exchange tubes 250. The heat 
exchange tubes 250 communicate in series via elbows and 
each end. The heat exchange tubes 250 are disposed between 
the dividing walls 490, 500. The space in front of the front 
dividing wall 490 defines with the housing 485 an inlet ple 
num, which receives the hot gas 135 from the hot gas con 
necting conduit 150. The space to the rear of the rear dividing 
wall 500 defines with the housing 485 an outlet plenum, 
which communicates with the blower 140. 

0055. In operation, the blower 140 draws hot gas 135 out 
of the flue 230, over the front divider wall 490, down around 
the heat exchange tubes 250, and under the rear divider wall 
500, and then blows the hot gas out the exhaust conduit 190. 
The pump 180 moves water up the large diameter dip tube 
430, through the water connecting conduit 160, through the 
heat exchange tubes 250, and back into the tank 220 through 
the water return conduit 170 and small diameter dip tube 480. 
A check valve 510 on the outlet side of the pump 180 reduces 
thermal siphoning from water in the tank 220 to water in the 
heat exchange tubes 250 of the recuperator 120. The check 
valve 510 may have a low cracking pressure (e.g. 0.5 psi). The 
recuperator 120 is a condensing recuperator, and condensate 
is drained from the housing into an appropriate receptacle or 
drain. 

0056. The water heater 600 in FIG.3 is characterized by a 
recuperator 120 mounted on a side of the tank-type water 
heater 110. The recuperator 120 communicates with the flue 
230 of the tank-type water heater 110 by way of the hot gas 
connecting conduit 150, and also communicates with the hot 
gas exhaust conduit 190 by way of an exhaust duct 605 and 
the blower 140. 
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0057 The water heater 600 includes a cold side tee 610 
that communicates with a cold water supply pipe 620 (which 
may also function as the recirculation pipe 210), a dip tube 
630 in the tank 220, and the water connecting conduit 160. 
The cold side tee 610 may include a heat trap 640 that reduces 
heat losses or thermal siphoning through the dip tube 630. 
The cold side tee 610 may include quick connections for ease 
of installation. 
0058. The water return conduit 170 communicates with 
the tank through the side of the tank 220. The water return 
conduit 170 may communicate through an existing fitting in 
the side of the water tank 220, which would simplify instal 
lation of the side-mounted recuperator 120. 
0059. The recuperator 120 includes a plastic heat 
exchange housing 690 and an aluminum-finned copper heat 
exchange tube 250. The fins 260 of the heat exchange tube 
250 may extend axially, as illustrated. 
0060. In operation, the blower 140 draws hot gas 135 out 
of the flue 230, into the heat exchange housing 690, down 
around the heat exchange tube 250, and up through the 
exhaust duct 605, and then blows the hot gas out the exhaust 
conduit 190. Condensate 295 is collected and drained from 
the exhaust duct 605. 
0061. The pump 180 moves water up the dip tube 630, 
through the water connecting conduit 160, through the heat 
exchange tube or tubes 250 (i.e., a plurality of tubes 250 may 
be bundled in the housing 690), and back into the tank 220 
through the water return conduit 170. A check valve on the 
inlet or outlet side of the pump 180 reduces thermal siphoning 
from water in the tank 220 to water in the heat exchange tube 
250 of the recuperator 120. The check valve may have a 
cracking pressure of 0.5 psi, for example. 
0062. During recirculation, the pump 180 draws water out 
of the tank 220 through the hot water pipe 200, and the water 
displaced from the water pipe 200 returns through the recir 
culation pipe 210, water connecting conduit 160, heat 
exchange tube 250, and return pipe 170. 
0063 Thus, the invention provides, among other things, a 
water heater having primary and secondary heat exchanger 
and a pump to move water between the primary and second 
ary heat exchangers. The invention also provides a water in 
which a pump is used for a first purpose within the water 
heater and also for the purpose of recirculating water within 
the building. The invention also provides method of manu 
facturing a water heater, in which a water heater of a first 
efficiency can be produced on an assembly line, and with the 
addition of certain steps and components the water heater can 
meet a second efficiency greater than the first efficiency. 
0064 Various features and advantages of the invention are 
set forth in the following claims. 
What is claimed is: 
1. A water heater comprising: 
a tank-type water heater having a tank adapted to store 

water, a flue extending through the tank; 
a source of hot gas, the hot gas flowing through the flue to 

heat water in the tank; 
a flow-type water heater receiving the hot gas from the flue 

and heating water with the hot gas; and 
a pump for moving water from the tank, through the flow 

type water heater, and back to the tank. 
2. The water heater of claim 1, wherein the water heater is 

adapted for use in a building having a hot water Supply pipe 
communicating directly with the tank; and wherein the pump 
also circulates water from the tank through the hot water 
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Supply pipe and back into the tank to maintain a ready Supply 
of hot water in the hot water supply pipe. 

3. The water heater of claim 1, wherein the flow-type water 
heater is a condensing water heater. 

4. The water heater of claim 1, wherein the temperature of 
the hot gas does not exceed 600°F. 

5. The water heater of claim 1, wherein the hot gas com 
prises products of combustion. 

6. A water heater communicating with a hot water Supply 
pipe, the water heater comprising: 

a source of hot gas; 
a heat exchanger for transferring heat from the hot gas to 

water, and 
a pump for accomplishing a first purpose related to the 

water heater; 
wherein the pump is also used for a second purpose that 

includes circulating water through the hot water Supply 
pipe and back to the water heater to maintain a ready 
Supply of hot water in the hot water Supply pipe. 

7. The water heater of claim 6, wherein the source of hot 
gas includes a fuel-fired burner; and wherein the hot gas 
includes products of combustion. 

8. The water heater of claim 6, further comprising a tank 
type water heater including a tank for holding the water; 
wherein the heat exchanger includes a flue extending through 
the tank; and wherein the hot gas flows through the flue to heat 
the water in the tank. 

9. The water heater of claim 8, wherein the heat exchanger 
further comprises a flow-type water heater through which the 
hot gas flows and through which the water flows; and wherein 
the hot gas heats the water in the flow-type water heater. 

10. The water heater of claim 9, wherein the flue is a 
primary heat exchanger through which the hot gas flows first; 
and wherein the flow-type water heater is a secondary heat 
exchanger through which the hot gas flows after flowing 
through the primary heat exchanger. 

11. The water heater of claim 9, wherein at least one of the 
primary and secondary heat exchangers is a condensing water 
heater. 

12. The water heater of claim 9, wherein the first purpose of 
the pump is to move water from the tank-type water heater 
through the flow-type water heater. 
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13. The water heater of claim 6, wherein the heat exchanger 
includes a primary heat exchanger and a secondary heat 
exchanger, wherein the primary heat exchanger uses heat 
from the hot gas to heat the water; and wherein the secondary 
heat exchanger receives the hot gas from the primary heat 
exchanger and uses heat from the hot gas to heat the water; 
and wherein the first purpose of the pump is to circulate water 
through the primary and secondary heat exchangers. 

14. The water heater of claim 13, wherein at least one of the 
primary and secondary heat exchangers is a condensing heat 
exchanger. 

15. The water heater of claim 13, wherein both of the 
primary and secondary heat exchangers are condensing heat 
exchangers. 

16. A method for manufacturing a water heater comprising 
the steps of: 

(a) assembling a tank-type water heater having a tank 
adapted for containing water, a flue extending through 
the tank, and a fuel-fired burner for creating products of 
combustion to flow through the flue and heat water in the 
tank; 

(b) deciding whether to manufacture a high efficiency 
water heater, and 

(c) if manufacturing a high efficiency water heater, (i) 
providing a condensing flow-type water heater; (ii) pro 
viding a pump; (iii) plumbing the flow-type water heater 
and the pump to the tank to enable the pump to move 
water from the tank, through the flow-type water heater, 
and back to the tank; and (iv) communicating the flue 
with the flow-type water heater to conduct products of 
combustion from the flue through the flow-type water 
heater to heat water in the flow-type water heater. 

17. The method of clam 16, wherein providing a pump 
includes providing a pump enabled to circulate water from the 
tank, through a building recirculation system, and back to the 
tank, in addition to moving water from the tank, through the 
flow-type water heater, and back to the tank. 

18. The method of claim 16, wherein step (c) includes 
providing a control system that enables operation of the pump 
during operation of the burner and independent of operation 
of the burner. 


