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(67)  Azero pressure drop water heating system com-
prising a cold side conductor having a receiving end and
a closed end; a hot side conductor having an exit end
and a closed end; a pump; a bypass conductor having a
first end, a second end and a bypass valve, wherein the
first end is adapted to the receiving end and the second
end is adapted to the exit end; at least one heat exchang-

ZERO PRESSURE DROP WATER HEATING SYSTEM

erhaving aflow valve; a heatexchangerinlettemperature
sensor disposed on the inlet of one of the at least one
heat exchanger; an outlet temperature sensor disposed
at an outlet of the at least one heat exchanger closest to
the exit end; a system outlet temperature sensor dis-
posed on the exit end and a system inlet temperature
sensor disposed on the receiving end.
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Description
PRIORITY CLAIM AND RELATED APPLICATIONS

[0001] This continuation-in-part application claims the
benefit of priority from non-provisional application
U.S.S.N. 15/161,216 filed May 21, 2016which in turn
claims the benefit of priority from provisional application
U.S.S.N. 62/164,668 filed May 21, 2015. Each of said
applications is incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION
1. The Field of the Invention

[0002] The presentinvention is directed generally to a
tankless water heating system applicable to a wide vari-
ety of applications including high rise buildings or any
applications where pressure drop is a critical issue. More
specifically, the present invention is directed to a water
heating system configured to overcome not only pressure
drop but also pressure rise associated with tankless wa-
ter heating systems.

2. Background Art

[0003] Highrise buildings are traditionally serviced us-
ing tank water heating systems or boiler and tank water
heating systems instead of tankless water heating sys-
tems due to the pressure required to send water to great
elevations. Such tank systems are energy inefficient as
a large amount of water is prepared ahead of time, prior
to the existence of a demand, to anticipate such a de-
mand. While in storage, the thermal energy stored in the
heated water is wasted to the tank surroundings even
with tank insulation. Previous attempts have been made
in the water heating industry to use energy efficient water
heating systems to service high rise buildings and other
venues requiring increased pump pressure butthey have
not been successful. Introducing a water heater with a
large pressure drop causes the difference in pressure
between the hot and cold side to be larger than desired
and may cause building water distribution systems to not
work properly. However, no previous attempts have been
successful in keeping pressure drop low while avoiding
the effects of negative pressure while heating water on
demand. Further, no previous attempts have been suc-
cessful in creating a zero pressure drop condition where
users of a tankless water heating system does not expe-
rience inadvertent pressure drop and/or pressure rise
conditions arising from the tankless water heating sys-
tem.

[0004] Thus, there is a need for a zero pressure drop
water heating system that does not include a tank water
heating system.
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SUMMARY OF THE INVENTION

[0005] In accordance with the present invention, there
is provided a zero pressure drop water heating system
including a cold side conductor including a receiving end
and a closed end; a hot side conductor including an exit
end and a closed end; a pump; a bypass conductor in-
cluding a first end, a second end and a bypass valve
disposed between the first end and the second end of
the bypass conductor, wherein the first end of the bypass
conductor is adapted to the receiving end of the cold side
conductor and the second end of the bypass conductor
is adapted to the exit end of the hot side conductor; at
least one heat exchanger including a flow valve; an inlet
temperature sensor disposed on an inlet of the at least
one heat exchanger; an outlet temperature sensor dis-
posed on an outlet of the at least one heat exchanger
closest to the exit end of the hot side conductor; a system
outlet temperature sensor disposed on the exit end of
the hot side conductor; and a system inlet temperature
sensor disposed on the receiving end of the cold side
conductor, wherein the receiving end of the cold side
conductor is configured to be connected to a cold water
supply manifold, the exit end of the hot side conductor is
configured to be connected to a hot water supply mani-
fold, the pump is configured to generate a flow through
each of the at least one heat exchanger and whereby
when a temperature indicated by the inlet temperature
sensor exceeds a temperature indicated by the system
inlet temperature sensor, the flow valve of the at least
one heat exchanger is configured to be restricted to en-
able an increased flow from the receiving end of the cold
side conductor to the exit end of the hot side conductor
through the bypass conductor to temper a flow exiting
the exit end of the hot side conductor, when a tempera-
ture indicated by the system outlet temperature sensor
falls below a temperature indicated by the inlet temper-
ature sensor, the flow valve of the at least one heat ex-
changer is configured to be enlarged to enable an in-
creased flow from the cold side conductor to the exit end
of the hot side conductor through the at least one heat
exchanger to increase the temperature of the flow exiting
the exit end of the hot side conductor and at least one of
the bypass valve, the flow valve and the pump is used
for controlling flow through the zero pressure drop water
heating system to result in a pressure drop of zero at the
exit end of the hot side conductor.

[0006] In one embodiment, the bypass conductor fur-
ther includes an exhaust disposed on the second end of
the bypass conductor, the exhaust including at least one
opening configured for allowing effluents of the at least
one opening to be pointed in a direction from the exit end
of the hot side conductor to the closed end of the hot side
conductor.

[0007] In one embodiment, the bypass conductor fur-
ther includes an exhaust disposed on the second end of
the bypass conductor and the hot side conductor further
includes an upper half and a lower half and the exhaust
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is configured to be disposed on the upper half of the hot
side conductor.

[0008] In one embodiment, the bypass conductor fur-
ther includes an exhaust disposed on the second end of
the bypass conductor and the hot side conductor further
includes an upper half and a lower half and the exhaust
is an inverted J-shaped exhaust including at least one
opening disposed on the upper half of the hot side con-
ductor.

[0009] In one embodiment, the bypass conductor fur-
ther includes an exhaust disposed on the second end of
the bypass conductor, the exhaust further includes at
least one opening configured for allowing effluents of the
at least one opening to be pointed in a direction perpen-
dicular to a direction from the exit end of the hot side
conductor to the closed end of the hot side conductor.
[0010] In one embodiment, the hot side conductor fur-
ther includes a volume of from about 0.5 to about 2 gal-
lons and the bypass conductor includes a tubing of size
of from about 0.5 to about 1.5 inches.

[0011] In one embodiment, the bypass valve is an on-
off valve. In another embodiment, the bypass valve is a
modulating valve.

[0012] An object of the present invention is to provide
an on-demand water heating system capable of servicing
customers at significant elevations without significant ill
effects due to pressure drop and positive pressure.
[0013] Anotherobjectof the presentinvention is to pro-
vide an on-demand water heating system to buildings
traditionally serviced only using tank water heating sys-
tems due to the inability of previously available tankless
water heating systems in countering the ill effects of pos-
itive pressure.

[0014] Whereas there may be many embodiments of
the present invention, each embodiment may meet one
or more of the foregoing recited objects in any combina-
tion. It is not intended that each embodiment will neces-
sarily meet each objective. Thus, having broadly outlined
the more important features of the present invention in
order that the detailed description thereof may be better
understood, and that the present contribution to the art
may be better appreciated, there are, of course, addition-
al features of the present invention that will be described
herein and will form a part of the subject matter of this
specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] In order that the manner in which the above-
recited and other advantages and objects of the invention
are obtained, a more particular description of the inven-
tion briefly described above will be rendered by reference
to specific embodiments thereof which are illustrated in
the appended drawings. Understanding that these draw-
ings depict only typical embodiments of the invention and
are not therefore to be considered to be limiting of its
scope, the invention will be described and explained with
additional specificity and detail through the use of the
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accompanying drawings in which:

FIG. 1 is a diagram depicting one embodiment of a
low pressure drop water heating system where one
or more heat exchangers are used and a forward
flow is observed in the bypass conductor.

FIG. 2 is a diagram depicting one embodiment of a
low pressure drop water heating system where one
or more heat exchangers are used and a recircula-
tion or reverse flow is observed in the bypass con-
ductor.

FIG. 3 is a diagram depicting one embodiment of a
low pressure drop water heating system where one
or more heat exchangers are used and a forward
flow is observed in the bypass conductor.

FIG. 4 is a partial transparent view of one embodi-
ment of an exhaust of a bypass conductor of a low
pressure drop water heating system.

FIG. 5 is a diagram depicting the use of a low pres-
sure drop water heating system to deliver hot water
to a high rise building which has traditionally been
serviced using a tank water heating system.

FIG. 6 is another diagram depicting the use of a low
pressure drop water heating system to deliver hot
water to a high rise building which has traditionally
been serviced using a tank water heating system.
FIG.7is agraphdepictingan example pressure drop
curve in a water heating system using a present wa-
ter heating system without effecting flow valve con-
trol.

FIG. 8 is agraph depictingan example pressure drop
curve of a low pressure drop water heating system.
FIG. 9 is a diagram depicting the representation of
a conventional or tank water heating system with
cold water being received in a large tank and this
large volume of water being heated in the large tank.
FIG. 10 is a diagram depicting the representation of
a heat exchanger element of a present water heating
system where hot water is produced as a demand
exists and therefore a large tank is not required or
desired.

FIG. 11 depicts a typical water heating system with
a storage tank and a boiler.

FIG. 12 is a diagram depicting an embodiment of a
zero pressure drop water heating system including
a bypass conductor.

FIG. 13 is a diagram depicting the embodiment of
FIG. 12 with a recirculating flow in the bypass con-
ductor.

FIG. 14 is a table showing flowrates through various
portions of the water heating system shown in FIGs.
12-13.

FIG. 15 is adiagram depicting the efficiency of a heat
exchanger in FIG. 12 with respect to the temperature
of the inlet flow to the heat exchanger.
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PARTS LIST

[0016]

2- low pressure drop tankless water heating system

4- cold side conductor

6 - hot side conductor

8- heat exchanger

10-  bypass conductor

12-  pump

14 - exhaust, e.g., J-shaped exhaust

16 - aperture

18 -  exit nozzle of heat exchanger

20- receiving end of cold side conductor

22 - exit end of hot side conductor

24 - cold water supply manifold

26 - hot water supply manifold

28 -  heat exchanger inlet temperature sensor

30 - heat exchanger outlet temperature sensor

32- flow valve

34 - high rise building

36 -  cold water supply into building

38 -  system inlet temperature sensor

40 -  system outlet temperature sensor

42 - point of use

44 - line dividing upper half and lower half of hot side
conductor

46 -  pressure booster pump

48 -  external recirculation pump

50- check valve

52 -  external recirculation line

54 - pressure regulating valve

56 - valve

58 - valve

60- flow

PARTICULAR ADVANTAGES OF THE INVENTION

[0017] In comparison with tank water heating systems,
the present water heating system is significantly more
energy efficient as the present water heating system
takes advantage of a tankless heating system which only
prepares hot water when a demand exists or a short pe-
riod before a demand exists.

[0018] In comparison with previously available tank-
less water heating systems, the present water heating
system is capable of low pressure drop while avoiding
positive pressure considered undesirable by users es-
pecially at high flowrates.

[0019] A zero pressure drop condition can be experi-
enced by an end user with the present water heating
system. The present water heating system provides a
net pressure drop of zero at the system outlet while the
desired temperature at the system outlet is maintained.
In conventional centralized or clusterized hot water sys-
tems, e.g., those used in high rise systems, the plumbing
systems involved can be complex utilizing variable fre-
quency drive pumps and relief valves setup to provide
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adequate recirculation and pressure and any deviation
in pressure causes inadequate hot water delivery. The
present zero pressure drop water heating systems pro-
vide drop-in replacements of such conventional systems
while maintaining thermal efficiencies and meeting the
requirements of hot water deliveries.

DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0020] The term "about" is used herein to mean ap-
proximately, roughly, around, or in the region of. When
the term "about" is used in conjunction with a numerical
range, it modifies that range by extending the boundaries
above and below the numerical values set forth. In gen-
eral, the term "about" is used herein to modify a numerical
value above and below the stated value by a variance of
20 percent up or down (higher or lower).

[0021] FIG. 1 is a diagram depicting one embodiment
of alow pressure drop water heating system 2 where one
or more heat exchangers 8 are used and a forward flow
is observed in the bypass conductor 10. FIG. 2 is a dia-
gram depicting one embodiment of a low pressure drop
water heating system 2 where one or more heatexchang-
ers 8 are used and a recirculation or reverse flow is ob-
served in the bypass conductor 10. Disclosed herein is
a low pressure drop water heating system 2 including a
cold side conductor 4, a hot side conductor 6, a pump
12, a bypass conductor 10, at least one heat exchanger
8, a heat exchanger inlet temperature sensor 28 dis-
posed on the inlet of one of the three heat exchangers
8, a heat exchanger outlet temperature sensor 30 dis-
posed at an outlet or exit nozzle 18 of one of the three
heat exchangers 8, a system outlet temperature sensor
40 disposed on the exit end of the hot side conductor 6
and a system inlet temperature sensor 38 disposed on
the receiving end of the cold side conductor 4. Alterna-
tively, each heat exchanger may have its own inlet tem-
perature sensor. However, in this embodiment, only one
inlettemperature sensor is used as each heat exchanger
experiences a flow originating from a common source.
Alternatively, each heatexchanger may also haveits own
outlettemperature sensor. However, in thisembodiment,
only one outlet temperature sensor is used as the output
flow from each heat exchanger is required to flow past
an outlet temperature sensor disposed at the exit nozzle
of heat exchanger 8 that is disposed closest to the exit
end of hot side conductor 22. The cold side conductor 4
includes a receiving end and a closed end. The hot side
conductor 6 includes an exit end and a closed end. In
one embodiment, the hot side conductor 6 is configured
to hold a volume of water of from about 0.5 to about 2
gallons. In one embodiment, the fluid conductor of a heat
exchanger 8 is a tubing having a size of about 3/4 inch.
The bypass conductor 10 includes a first end and a sec-
ond end, wherein the first end of the bypass conductor
10 is fluidly adapted to the receiving end of the cold side
conductor 4 and the second end of the bypass conductor
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is fluidly adapted to the exit end of the hot side conductor
6. In one embodiment, the bypass conductor (10) is a
tubing having a size of from about 0.5 to about 1.5 inches.
Each heat exchanger 8 includes a flow valve 32. The
pump 12 increases pressure of water delivered to points
of use 42 and negates the pressure drop across heat
exchangers 8. Although, with the positive pressure gen-
erated by the pump 12, delivery of water is considered
satisfactory for some, for others, the increased pressure
may come as a surprise, e.g., when used in a sink or
shower. The receiving end 22 of the cold side conductor
4 is configured to be connected to a cold water supply
manifold 24 or a port where unheated incoming water is
supplied. The exit end 20 of the hot side conductor 6 is
configured to be connected to a hot water supply manifold
26 or a port where now heated or hot water is sent out
of the water heater and eventually to points of use. The
pump 12 is configured to generate a flow through each
of the heat exchangers 8. Shown in each of FIG.s 1 and
2 are three heat exchangers 8 although any suitable
number of heat exchangers may be used to collectively
meet the demand requested through the hot water supply
manifold 26 by hot water users.

[0022] There are two ways to fundamentally curve
shape a pressure drop profile (e.g., Pressure Loss vs.
Flow plots). In both case, the system outlet temperature
sensor 40 is utilized. A first method involves using a sin-
gle-speed, less costly, constant speed pump that can
create a very large pressure rise at lower flows in place
of pump 12. During these lower flows, the flow into one
or more of the three heat exchangers 8 is restricted via
a flow valve 32. The net result is called "curve shaping”
of the pressure drop to mimic the typical pressure drop
curve of a tank water heater. A second method involves
using a variable speed pump in place of pump 12 to con-
tinuously increase speed/pressure from a low to a higher
flow, thus again "curve shaping" the pressure drop to
mimic pressure drop curve of a tank water heater. In both
cases, if a demand is greater than the flowrate the pump
12 can provide to the heat exchangers 8, the required
flow is met by increasing the flow via the bypass line,
again effecting a low pressure loss.

[0023] During a large flow demand jump as typified by
the flow configuration shown in FIG. 1, a portion of the
cold inlet flow bypasses the heat exchangers 8 and in-
stead flows through the bypass conductor 10 from the
cold side conductor 4 to the hot side conductor 6. With
the bypass conductor 10, the present water heating sys-
tem is capable of reducing pressure drop through the
heat exchangers 8 by channeling sufficient flow directly
through a larger fluid bypass conductor 10 without pres-
sure drop causing equipment, e.g., the rather small fluid
conductors of the heat exchangers 8 and flow valves 32,
etc., from the cold side conductor 4 to the hot side con-
ductor 6, incurring a significantly lower pressure drop. As
the bypass or forward flow is unheated, it is required to
be mixed with the heated flow from the heat exchangers
8. When bypass flow occurs from the cold side conductor
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4 to the hot side conductor 6, the setpoint temperature
of the heat exchangers 8 must be set to a higher value
than the desired resultant temperature of the mixed wa-
ter. For instance, in order to achieve a final delivery tem-
perature of 120 degrees F, the setpoint temperature of
the heat exchangers may be set at 140 degrees F. Upon
mixing, the water temperature at the exit end 22 of the
hot side conductor 6 may approximate 120 degrees F.
[0024] When the temperature indicated by the heat ex-
changer inlet temperature sensor 28 exceeds the tem-
perature indicated by the system inlet temperature sen-
sor 38, the flow valve 32 of at least one of the heat ex-
changers 8 is configured to be restricted to enable an
increased flow from the receiving end of the cold side
conductor 4 to the exit end of the hot side conductor 6
through the bypass conductor 10 to temper the water
exiting the exit end of the hot side conductor 6. When the
temperature indicated by the system outlet temperature
sensor 40 falls below the temperature indicated by the
heat exchanger inlet temperature sensor 28, the flow
valve 32 of at least one of the heat exchangers 8 is con-
figured to be enlarged to enable an increased flow from
the cold side conductor 4 to the exit end 22 of the hot
side conductor 6 through the heat exchangers 8 to in-
crease the temperature of the water mixture exiting the
exit end 22 of the hot side conductor 6, i.e., a higher
flowrate of hot water will be produced through the heat
exchangers 8 while the cold water flowrate through the
bypass conductor 10 is reduced.

[0025] If the water temperature indicated by the heat
exchanger inlet temperature sensor 28 is higher than
temperature as indicated by the system inlet temperature
sensor 38, then a recirculation or reverse flow is said to
be occurring as the water arriving at the heat exchangers
8 is now disposed at a temperature that is different than
the cold water just entering the heating system 2. Refer-
ring to FIG. 2, this event occurs when hot water demand
decreases to a point where the flow that is caused by the
pump 12 through the heat exchangers 8 is now flowing
in the direction contrary to the bypass flow. One or more
of the flow valves 32 may then be restricted such that the
water temperature indicated by the heat exchanger inlet
temperature sensor 28 drops to the temperature indicat-
ed by the system inlet temperature sensor 38. If the water
temperature indicated by the system outlet temperature
sensor 40 is below the temperature indicated by the outlet
temperature sensor 30, one or more of the flow valves
32 are opened such thatless or no cold water will bypass
from the cold side conductor 4 to the hot side conductor
6 but a reverse flow will occur in the bypass conductor
10, causing the system outlet temperature sensor 40 to
experience a higher temperature. In one embodiment,
the second end of the bypass conductor 10 includes an
exhaust 14 having openings 16 which allow effluents
from the openings to be pointed in a direction from the
exit end 22 of the hot side conductor 6 to the closed end
of the hot side conductor 6, i.e., a direction contrary to
the flow within the hot side conductor. When disposed in
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such a manner, the exhaust 14 allows the bypass flow
to empty into the hot side conductor 6 through the open-
ings 16 in a direction opposite that of the flow from the
heat exchangers 8, causing the two flows to sufficiently
mix without an active mixer. In one embodiment, the ex-
haust 14 is an inverted J-shaped exhaust having open-
ings 16 disposed on the upper half of the hot side con-
ductor 6, i.e., above the line 44 dividing upper half and
lower half of the hot side conductor 6. As colder water is
denser, it tends to drop when exiting the exhaust of the
bypass conductor 10, again causing the cold bypass flow
to mix favorably and naturally with the hot water of the
heat exchangers 8. In another embodiment, the exhaust
14 further includes an opening allowing effluents from
the opening to be pointed in a direction perpendicular to
the direction from the exit end of the hot side conductor
6 to the closed end of the hot side conductor 6.

[0026] FIG. 3 is a diagram depicting one embodiment
of a low pressure drop water heating system where one
or more heat exchangers are used and a forward flow is
observed in the bypass conductor. In this embodiment,
a valve 56 is further provided to control flow through the
bypass conductor 10. This valve 56 is normally disposed
in the open state, except when two conditions have been
encountered. First, if system outlet temperature sensor
40 has beendetermined to have ceased functioning, e.g.,
as inferred from a sudden loss of input signals from this
sensor, valve 56 is closed to prevent any flow through it.
In producing hotwater, unheated water is simply received
at 20, sent through the cold side conductor 4 before en-
tering the heat exchangers 8 to be heated. Heated water
empties into the hot side conductor 6 and proceeds to
exit via the hot side conductor 22. Second, if the pump
12 has been determined to have ceased to function, e.g.,
as inferred from a lower than expected flowrate detected
at any one of the flow valves 32, valve 56 is also closed
to prevent any flow through it. A failed pump 12 does not
prevent a flow that is caused by a hot water demand at
one or more points of use. Ifa pump has been determined
to have failed, hot water demand is serviced in the same
manner as in the case where the system outlet temper-
ature sensor 40 has failed. A failure can be logged for
purposes of problem diagnosis at a later time. It may also
be communicated to a service personnel in real time or
at a later time. As shown herein, each heat exchanger 8
is equipped with an inlet temperature sensor 28 and an
outlet temperature sensor 30. If any one of the inlet tem-
perature sensors fails, atleast one of the remaining func-
tional inlet temperature sensors is relied upon until the
condition is corrected. If any one of the outlet temperature
sensors fails, at least one of the remaining functional out-
let temperature sensors is relied upon until the condition
is corrected. These limp along modes prevent the need
for a complete shutdown of the water heating system
such that the water heating system can continue to serv-
ice points of use until corrective actions can be taken.
FIG. 3 also depicts another embodiment of a bypass con-
ductor exhaust 14. In this embodiment, the exhaust is
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not J-shaped. Instead the exhaust is a straight tube in-
serted into the hot side conductor 6 through a side wall.
FIG. 4 is a partial transparent view of one embodiment
of an exhaust of a bypass conductor 10 of a low pressure
drop water heating system. In this embodiment, the ex-
haust 14 includes more effective openings 16 which allow
effluents from the openings to be pointed in a direction
from the exit end 22 of the hot side conductor 6 to the
closed end of the hot side conductor 6 than openings
which allow effluents from the openings to be pointed in
a direction from the closed end of the hot side conductor
6 to the exit end 22 of the hot side conductor 6. When
disposed in such a manner, the exhaust 14 allows the
bypass flow to empty into the hot side conductor 6
through the openings 16 in a direction opposite that of
the flow from the heat exchangers 8, causing the two
flows to sufficiently mix without an active mixer.

[0027] FIG. 5 is a diagram depicting the use of a low
pressure drop water heating system 2 to deliver hot water
to a high rise building 34 which has traditionally been
serviced using a tank water heating system. Such an
application typically involves the aid of a pressure booster
pump 46 to deliver both hot and cold water to customers
due to insufficient water pressure with simply municipal
water supply. The present water heating system is ca-
pable of receiving a cold water supply 36, preparing the
water to a desired temperature and delivering the pre-
pared water to points of use 42 of a high rise building 34
at multiple floors. FIG. 6 is another diagram depicting the
use of a low pressure drop water heating system 2 to
deliver hot water to a high rise building which has tradi-
tionally been serviced using a tank water heating system.
It shall be noted that the water heating system 2 is mount-
ed at the top of the building 34 instead of the bottom of
the building 34. FIG. 6 is another diagram depicting the
use of a low pressure drop water heating system to de-
liver hot water to a high rise building which has tradition-
ally been serviced using a tank water heating system.
[0028] FIG.7isagraphdepictinganexample pressure
drop curve in a water heating system using a present
water heating system without effecting flow valve 32 con-
trol. It shall be noted that without flow valve 32 control,
during certain low flowrates of up to, e.g., 20 Gallons Per
Minute (GPM), there is a pressure gain. FIG. 8 is a graph
depicting an example pressure drop curve of a low pres-
sure drop water heating system. It shall be noted that the
graph represents a pressure drop-flowrate plot that mim-
ics a tank water heating system, i.e., with suitable pres-
sure drop at larger flowrates.

[0029] FIG.9isadiagram depicting the representation
of a conventional or tank water heating system with cold
water being received in a large tank and this large volume
of water being heated in the large tank. In contrast, FIG.
10 is a diagram depicting the representation of a heat
exchanger element of a present water heating system
where hot water is produced as a demand exists and
therefore a large tank is not required or desired. FIG. 11
is a typical water heating system with a storage tank and
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a boiler. Note again the use of a large tank as compared
to a present water heating system.

[0030] The term "zero pressure drop" as used herein
shall be defined as the net pressure drop as experienced
by an output flow that is zero at the system outlet 22 while
the desired temperature at the system outlet 22 is main-
tained. It shall be apparent, upon reviewing the ensuing
figures and their description that a zero pressure drop
can be achieved at the system outlet of a present water
heating system. FIG. 12 is a diagram depicting an em-
bodiment of a zero pressure drop water heating system
including a bypass conductor. FIG. 13 is a diagram de-
picting the embodiment of FIG. 12 with a recirculating
flow in the bypass conductor 10. The water heating sys-
tem shown in FIG. 12 is similar to the water heating sys-
tem shown in FIG. 1 with the exception that the water
heating system of FIG. 12 includes a bypass valve 58
disposed on the bypass conductor 10. The bypass valve
58 can be a motorized valve that is an on-off valve or a
modulating valve, etc. It shall be noted that for the dis-
closures related to FIGs. 12-14, the fluid conductors are
not limited to those disclosed in FIGs. 12-13. The fluid
conductors may be of similar if not identical sizes and
the exhaust 14 is not limited to the various types shown
elsewhere herein. In one embodiment not shown, the
exhaust 14 is omitted altogether although each exhaust
shown herein promotes mixing and makes the output
temperature more even. In one embodiment, the bypass
valve 58 can be athermostatic valve where a temperature
differential between the inlet and outlet ports of the ther-
mostatic valve causes the thermostatic valve to control
the flow through it from one of its ports to the other one
of its ports. For instance, if excessively high temperature
is experienced in the flow at location D (see FIG. 12 or
13), then bypass valve 58 will allow mixing of unheated
water through the bypass conductor 10 to temper the
excessively hot flow at location D to result in a flow dis-
posed at desired temperature at the system output 22.
[0031] For sake of clarity, FIG. 14 is provided to show
flowrates through various locations of a system according
to FIGs. 12-13. There are four rows of data representing
four different flow scenarios, i.e., at demands of 0, 1, 5
and 6 GPM. The pump 12 operates at 5 GPM in any one
of these scenarios. As indicated by the first scenario,
without a demand, no new flow is drawn through the sys-
tem inlet 20. All of the 5 GPM of flow pushed by the pump
12 recirculates, causing a 5 GPM through location B, C,
D or E. Notice that there is not a flow through location A
or F. Once a 1 GPM demand exists, the demand is met
by a 1 GPM flow through the system outlet 22 and a 1
GPM flow is drawn through location A to replenish it. The
pump 12 pulls 5 GPM of flow through location B. The 1
GPM from the system inlet 20 and the recirculation flow
of 4 GPM through location C combine to make up the
total flow of 5 GPM through the pump 12. A flow of 5
GPM through location D s splitinto 4 GPM of recirculation
flow through location E and 1 GPM of heated flow through
location F to service the demand of 1 GPM. At a demand
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of 5 GPM, 5 GPM is drawn through the system inlet 20
through location A. This demand matches the pump size
and the pump 12 pulls the entire incoming flow and push-
es it through at least one of the heat exchangers 8 to
supply through location D or F a heated flow of 5 GPM.
No recirculation through location E occurs in this case
as the demand matches the pump size. The pump 12 is
said to be oversized in the 0 and 1 GPM demand sce-
narios as the pump 12 is sized for a flow higher than the
demand. In the last scenario of the table, a 6 GPM flow
demand exists and causes 6 GPM of flow to be drawn
through location A. The pump 12 still pushes a 5 GPM
flow through location B as it is sized at 5 GPM and there-
fore a bypass flow of 1 GPM occurs through location C.
Note that a bypass flow is indicated by a negative sign
preceding the flow magnitude. A flow of 5 GPM through
location D and a bypass flow of 1 GPM through location
E merge to form a flow of 6 GPM through location F. The
pump 12 is said to be undersized in the 6 GPM demand
scenario as the pump 12 is sized for a flow lower than
the demand.

[0032] If pump 12 is oversized, the pressure rise
caused by the pump 12 will be too large in the system if
the demand at the system outlet is small. This oversize
condition is chronic if the level of demand never achieves
what the pump is sized to deliver. For example, if the
pump is a 10 GPM pump and the maximum demand is
only 8 GPM, there will always be at least 2 GPM of re-
circulation flow that needs to be recirculated via the by-
pass conductor 10. A chronic oversize condition can oc-
cur if an oversized replacement pump has been used or
the demand has permanently dropped. The oversize con-
dition is temporary if the demand drops due to non-use
at certain times of a day but normally the pump is other-
wise required to meet a flow demand at the pump size
during other times of the day. Atleast one of three devices
may be used to alleviate this condition. If the pump is a
variable speed pump, its speed may be decreased to
alleviate the pressure rise. Additionally, or alternatively,
the bypass valve 58 and/or the flow valve 32 may be
modulated to alleviate the pressure rise and the firing
rate of at least one heat exhangers 8 may be adjusted
such that a desired temperature at the system outlet can
be achieved. The flow valve 32 can be a motorized valve
thatis a modulating valve. At least one of the flow valves
32 may be adjusted to temper the pressure rise. The
bypass valve 58 may be adjusted to control the recircu-
lation flowrate through the bypass conductor 10 which
ultimately determines the inlet temperature to a heat ex-
changer 8. Left unattended, a pressure rise can be ex-
perienced at a point of use downstream from the system
outlet 22 in addition to a possible increase in the recircu-
lation flow through the bypass conductor 10 which in-
creases the inlet temperature to a heat exchanger 8, a
condition that may lower the heat exchanger efficiency
as will be apparent elsewhere herein.

[0033] However, if pump 12 is undersized, then there
will be a significant pressure drop caused by the under-
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sized pump during high flow as the pump is unable to
meet the demand. This undersize condition is chronic if
the level of demand always exceeds what the pump is
sized to deliver. Again, for example, if the pump 12 is a
10 GPM pump and the maximum demand exceeds 12
GPM, there will always be at least 2 GPM of bypass flow
that needs to be recirculated via the bypass conductor
10. A chronic undersize condition can occur if an under-
sized replacement pump has been used or the demand
has permanently increased. The undersize condition is
temporary if the increased demand only occurs during
certain times of a day but normally the pump is otherwise
sized sufficiently to meet a flow demand during other
times of the day. If the pump is a variable speed pump
and the demand can still be met at the maximum speed
of the pump, the pump speed may be increased to com-
pensate for the pressure drop. When a demand cannot
be met by the pump again, again, additionally or alterna-
tively, the bypass valve 58 and/or the flow valve 32 may
be modulated to alleviate the pressure drop. The bypass
valve 58 may be enlarged to allow a higher bypass flow-
rate through it to make up for the demand gap left by the
pump 12. The setpoint of a heat exchanger 8 will need
to be increased so that the effluent of the heat exchanger
8 will be hotter such thatwhenitis merged with the bypass
flow at a higher flowrate, the system outlet 22 tempera-
ture is disposed at a desired temperature. Care must be
taken such that the bypass flow through the bypass con-
ductor 10 may not be so abundant that the flow that con-
tinues on tothe pumpis starved to a pointthatlocal boiling
or boiling develops in a heat exchanger 8. The flow valve
32 of a heat exchanger 8 may be adjusted to permit a
inlet flow of a higher or lower flowrate through the heat
exchanger 8 to provide more hot fluid flow of a first tem-
perature at the outlet of the heat exchanger 8 or less hot
fluid flow of a second temperature at the outlet of the heat
exchanger 8 where the second temperature is greater
than the first temperature.

[0034] Further when the bypass valve 58 is open and
the pump 12 is running and during periods when demand
is lower than the recirculation flow through the bypass
conductor 10, the temperature of the inlet flow to one or
more of the heat exchangers 8 would be higher than cold
inlet flow to the heating system 2 as there will be an in-
creased flowrate of the heated flow being recirculated as
shown in FIG. 13 as flow 60 increases the temperature
of the combined flow of the system inlet and this recircu-
lating flow. This reduces the efficiency of the affected
heat exchangers 8. FIG. 15 is a diagram depicting the
efficiency of aheatexchangerin FIGs. 12-13 with respect
to the temperature of the inlet flow to the heat exchanger.
It shall be noted from FIG. 15 that as the inlet flow tem-
perature increases, the heat exchanger efficiency de-
creases. For instance, at an inlet flow temperature of 60
degrees, the heat exchanger efficiency is at over about
98%. However, at an inlet flow temperature of 100 de-
grees F, the heat exchanger efficiency drops to about
94%. Therefore, for the sake of efficiency of the heat
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exchangers, theinletflow temperature to a heat exchang-
er should be kept as close to the unheated system inlet
temperature as possible. The bypass valve 58 may be
throttled to control the flowrate of recirculation flow
through bypass valve 58 to ensure that the representative
temperature to the heat exchangers 8, as indicated by
inlet temperature sensor 28, is now indicative of the heat
exchangers 8 operating in high efficiency. In other words,
the bypass valve 58 is controlled in a manner such that
the inlet temperature as reported by inlet temperature
sensor 28 is as close to the system inlet temperature as
reported by the system inlet temperature sensor 38.
[0035] Further, If the pump 12 fails, the entire flow re-
ceived at the system inlet will flow through the bypass
conductor 10 due to the lower pressure drop of the by-
pass conductor 10 and no flow will occur through the heat
exchangers, thereby preventing any hot fluid from getting
delivered at the system outlet. A pump failure is deter-
mined to have occurred if no flow is registered by any
one of a plurality of flow sensors each configured to sense
a flow through a heat exchanger 8 although when each
flow valve 32 is at least partially open. A failed pump
presents alarge pressure drop acrossit, forcing the entire
system inlet flow to traverse the bypass valve 58 instead
of the pump 12. Left unattended, a failed pump will cause
the cold system inlet flow to bypass the heat exchangers
8 and the same cold system inlet flow will be delivered
at the system outlet. Therefore, in order to mitigate the
problems brought on by a pump failure, the bypass valve
58 is closed partially or entirely to force the entire system
inlet flow through the failed pump 12 such that the system
inlet flow can be distributed in the heat exchangers 8 to
be heated to ensure uninterrupted delivery of a heated
flow.

[0036] The detailed description refers to the accompa-
nying drawings that show, by way of illustration, specific
aspects and embodiments in which the present disclosed
embodiments may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the
art to practice aspects of the present invention. Other
embodiments may be utilized, and changes may be
made without departing from the scope of the disclosed
embodiments. The various embodiments can be com-
bined with one or more other embodiments to form new
embodiments. The detailed description is, therefore, not
to be taken in a limiting sense, and the scope of the
presentinvention is defined only by the appended claims,
with the full scope of equivalents to which they may be
entitled. It will be appreciated by those of ordinary skill in
the art that any arrangement that is calculated to achieve
the same purpose may be substituted for the specific
embodiments shown. This application is intended to cov-
er any adaptations or variations of embodiments of the
present invention. It is to be understood that the above
description is intended to be illustrative, and not restric-
tive, and that the phraseology or terminology employed
herein is for the purpose of description and not of limita-
tion. Combinations of the above embodiments and other
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embodiments will be apparent to those of skill in the art
upon studying the above description. The scope of the
present disclosed embodiments includes any other ap-
plications in which embodiments of the above structures
and fabrication methods are used. The scope of the em-
bodiments should be determined with reference to the
appended claims, along with the full scope of equivalents
to which such claims are entitled.

Claims

1. Azero pressure drop water heating system compris-
ing:

(a) a cold side conductor comprising a receiving
end and a closed end;

(b) a hot side conductor comprising an exit end
and a closed end;

(c) a pump;

(d) a bypass conductor comprising a first end, a
second end and a bypass valve disposed be-
tween said first end and said second end of said
bypass conductor, wherein said first end of said
bypass conductor is adapted to said receiving
end of said cold side conductor and said second
end of said bypass conductor is adapted to said
exit end of said hot side conductor;

(e) at least one heat exchanger comprising a
flow valve;

(f) an inlet temperature sensor disposed on an
inlet of said at least one heat exchanger;

(g) an outlet temperature sensor disposed on an
outlet of said atleast one heat exchanger closest
to said exit end of said hot side conductor;

(h) asystemoutlettemperature sensor disposed
on said exit end of said hot side conductor; and
(i) a system inlet temperature sensor disposed
on said receiving end of said cold side conduc-
tor,

wherein said receiving end of said cold side conduc-
tor is configured to be connected to a cold water sup-
ply manifold, said exit end of said hot side conductor
is configured to be connected to a hot water supply
manifold, said pump is configured to generate a flow
through each of said at least one heat exchanger
and whereby when a temperature indicated by said
inlet temperature sensor exceeds a temperature in-
dicated by said system inlet temperature sensor,
said flow valve of said at least one heat exchanger
is configured to be restricted to enable an increased
flow from said receiving end of said cold side con-
ductor to said exit end of said hot side conductor
through said bypass conductor to temper a flow ex-
iting said exit end of said hot side conductor, when
a temperature indicated by said system outlet tem-
perature sensor falls below a temperature indicated
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by said inlet temperature sensor, said flow valve of
said at least one heat exchanger is configured to be
enlarged to enable an increased flow from said cold
side conductor to said exit end of said hot side con-
ductor through said at least one heat exchanger to
increase the temperature of the flow exiting said exit
end of said hot side conductor and at least one of
said bypass valve, said flow valve and said pump is
used for controlling flow through said zero pressure
drop water heating system to result in a pressure
drop of zero at said exit end of said hot side conduc-
tor.

The zero pressure drop water heating system of
claim 1, wherein said bypass conductor further com-
prises an exhaust disposed on said second end of
said bypass conductor, said exhaust comprising at
least one opening configured for allowing effluents
of said at least one opening to be pointed in a direc-
tion from said exit end of said hot side conductor to
said closed end of said hot side conductor.

The zero pressure drop water heating system of
claim 1, wherein said bypass conductor further com-
prises an exhaust disposed on said second end of
said bypass conductor and said hot side conductor
further comprises an upper half and a lower half and
said exhaust is configured to be disposed on said
upper half of said hot side conductor.

The zero pressure drop water heating system of
claim 1, wherein said bypass conductor further com-
prises an exhaust disposed on said second end of
said bypass conductor and said hot side conductor
further comprises an upper half and a lower half and
said exhaust is an inverted J-shaped exhaust com-
prising at least one opening disposed on said upper
half of said hot side conductor.

The zero pressure drop water heating system of
claim 1, wherein said bypass conductor further com-
prises an exhaust disposed on said second end of
said bypass conductor, said exhaust further com-
prises at least one opening configured for allowing
effluents of said at least one opening to be pointed
in a direction perpendicular to a direction from said
exit end of said hot side conductor to said closed end
of said hot side conductor.

The zero pressure drop water heating system of
claim 1, wherein said hot side conductor further com-
prises a volume of from about 0.5 to about 2 gallons
and said bypass conductor comprises a tubing of
size of from about 0.5 to about 1.5 inches.

The zero pressure drop water heating system of
claim 1, wherein said bypass valve is a motorized
valve.
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The zero pressure drop water heating system of
claim 1, wherein said bypass valve is a device se-
lected from the group consisting of an on-off valve
and a modulating valve.

The zero pressure drop water heating system of
claim 1, wherein said bypass valve is a thermostatic
valve.

The zero pressure drop water heating system of
claim 1, wherein said flow valve is a modulating
valve.
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