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HOT WATER RECIRCULATION SYSTEM

REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 62/833,313 filed on Apr. 12, 2019 and U.S.
Provisional Application No. 62/957,005 filed on Jan. 3,
2020. The disclosures of both provisional applications are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to a hot water recirculation system
for buildings which conserves water and energy.

In many homes or small apartment buildings, a great deal
of water is wasted while a user is waiting for hot water to
finally flow from a plumbing fixture such as a faucet or
shower. Often it may take several minutes until hot water
makes its way through cold pipes, warming them up and
flushing cold or lukewarm water from the pipes. Not only is
the water which is flushed from the pipes typically lost down
the drain, but the heat stored in the water is also lost.

A 2009 EPA estimate found that 280 million gallons of hot
water was wasted each day in showering alone. The energy
used to heat this wasted water results in annual greenhouse
gas emissions equal to that of 1.6 million passenger vehicles.

A typical home may waste about 30 gallons a day while
users wait for hot water. Some estimates show that 300
billion gallons of water are lost in this way each year.

Modern building codes do not necessarily help with this
situation. With a 50-foot run of ¥4-inch pipe from the water
heater to a water-conserving faucet, it will take roughly three
minutes to get hot water at the faucet, during which time
lukewarm water in the pipe and its thermal energy are going
down the drain and heat is radiating into the house.

Hotels avoid this problem by having hot water continu-
ously pumped through a closed recirculation loop. Indi-
vidual hotel faucets are on relatively short branches close to
the main recirculation loop, so hot water is quickly available
at the faucet. Such a system is obviously not practical in a
private home.

Similar recirculating systems have been proposed for
home use in which recirculation pumps are only run for a
limited time when flow is sensed. These systems can be
more efficient and can minimize wear and tear on the pumps
by not running continuously, such as when a house is not
occupied. Energy is still lost due to the need to heat the
entire hot water loop, which acts as a radiator, warming the
house and wasting energy.

Other systems use a small pump under a sink or nearby a
shower or faucet. With these systems, the user typically
presses a button to turn on the pump, which pumps cold or
Iukewarm water present in piping either into the cold water
pipe (in a typical retrofit installation) or else into a return line
going to a hot water heater (which is preferred in new
installations). When the water reaches a set-point tempera-
ture, the pump turns off.

Tankless water heaters only solve this water and energy
loss problem if they are located in proximity to a faucet or
other plumbing fixture where hot water is needed. Otherwise
they have the same problem as conventional heaters in that
the cold water in the pipes from the water heater to the faucet
must first be displaced by hot water and the pipes must be
warmed before the “instant” hot water from the tankless
system will flow from the faucet. This is a common problem
with tankless systems, since a tankless system is often
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installed to replace a conventional water heater and is
located far from plumbing fixtures in the basement.

Accordingly, there is a need for a hot water recirculation
system for buildings which is more energy efficient than
existing systems.

SUMMARY OF THE INVENTION

The present invention provides an improved hot water
recirculation system which can minimize loss of water and
energy while a user is waiting for hot water to be supplied
to a hot water plumbing fixture.

The present invention also provides a flow switching
apparatus for use in such a hot water recirculation system. In
the following description, the flow switching apparatus will
be referred to as a flow switching module or simply as a
module.

The present invention further provides an ergonomic
mixing valve for a faucet or other hot water plumbing fixture
that can switch hot water flow to a recirculating network
when the incoming water is below a desired temperature.

The present invention also provides a method of operating
a hot water recirculation system.

In one form of the present invention, a hot water recir-
culation system includes a water heater installed in a house
or other building, a plumbing fixture which employs hot
water (referred to below as a hot water plumbing fixture),
hot water supply piping for supplying hot water from the
water heater to the hot water plumbing fixture, and return
piping for returning water from the hot water plumbing
fixture to the water heater. The system further includes a
flow switching module associated with the hot water plumb-
ing fixture and fluidly connected to the hot water supply
piping and the return piping. The flow switching module can
selectively supply water from the hot water supply piping
either to the hot water plumbing fixture or divert water to the
return piping for return to the water heater. Water which is
diverted to the return piping is reheated by the water heater
and then resupplied to the flow switching module.

The recirculation system may include one or more hot
water plumbing fixtures, and it may also includes one or
more flow switching modules. Each flow switching module
may be associated with one or more hot water plumbing
fixture.

In preferred forms of the present invention, the recircu-
lation system is “demand driven” in that recirculation takes
place only with respect to hot water plumbing fixtures which
are currently in use by a user. Recirculation can take place
with respect to a single hot water plumbing fixture, or a
plurality of hot water plumbing fixtures which are simulta-
neously in use can undergo recirculation at the same time.

In one form of the present invention, recirculation takes
place automatically with respect to a hot water plumbing
fixture when the hot water plumbing fixture is turned on by
a user and the temperature of water being supplied to the hot
water plumbing fixture is below a predetermined minimum
temperature threshold, which will be referred to below as a
“set-point” temperature. Recirculation continues until the
temperature of water being supplied to the hot water plumb-
ing fixture reaches the set-point temperature, at which time
recirculation is automatically terminated and the hot water
plumbing fixture can be operated in a normal manner
without recirculation.

In another form of the present invention, recirculation of
water with respect to a hot water plumbing fixture takes
place only when a user of the hot water plumbing fixture
manually sets the flow switching module associated with the
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hot water plumbing fixture to a preheat setting. Recircula-
tion continues until either the water temperature supplied to
the hot water plumbing fixture reaches the set-point tem-
perature or the user turns the hot water plumbing fixture off.
At the completion of recirculation, the hot water plumbing
fixture can be operated in a normal manner without recir-
culation.

A recirculation system according to the present invention
typically includes a pump connected to the return piping for
returning water from one or more hot water plumbing
fixtures to the water heater. Since the pump only needs to
operate when a hot water plumbing fixture is actually in use
and undergoing recirculation, wear of the pump is reduced
compared to a recirculation system in which a pump oper-
ates continuously or at regular intervals to recirculate water
to a water heater.

A hot water recirculation system according to the present
invention can be used with a wide variety of hot water
plumbing fixtures, including faucets, showers, bathtubs,
bidets, bidet seats for toilets, hot tubs, washing machines,
and dishwashers, for example. The hot water recirculation
system is particularly suitable for residential buildings such
as houses or apartment buildings, but it can also be effec-
tively used in commercial buildings such as office buildings,
hotels, or stores. The system can be installed in a new
building at the time of construction, or it can be retrofitted
into an existing building, such as during renovation of an
older home.

A flow switching module for a water circulation system
according to the present invention may be integrated into the
structure of a hot water plumbing fixture or it may be a
separate device from a hot water plumbing fixture and
fluidly connected to the hot water plumbing fixture on the
exterior of the hot water plumbing fixture. When the flow
switching module is integrated into the structure of the hot
water plumbing fixture, it may function as the main flow
control mechanism for the hot water plumbing fixture,
controlling both the rate and the temperature of water which
is discharged from the hot water plumbing fixture. In pre-
ferred embodiments, the flow switching module has an
ergonomic design which enables a user to operate the
module in much the same manner as a conventional mixing
valve for a plumbing fixture, making the operation of the
flow switching module both easy and intuitive.

These and other features of the present invention will be
set forth in detail in the following description and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an embodiment of a
hot water circulation system according the present invention
as installed in a single-family house.

FIG. 2 is a schematic illustration of one of the flow
switching modules in the embodiment of FIG. 1.

FIG. 3 is a schematic illustration of the pump control
module in the embodiment of FIG. 1.

FIG. 4 is a schematic illustration of an embodiment of a
manually-operated flow switching module.

FIG. 5 is a schematic illustration of another embodiment
of a manually-operated flow switching module which
includes a thermal actuator.

FIG. 6 is an exploded axonometric view of an embodi-
ment of a flow switching module which can function as a
mixing valve for a plumbing fixture.

FIG. 7 is an elevation of the lower end of the casing of the
embodiment of FIG. 6.
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FIG. 8 is a cut-away axonometric view of the lower end
of the embodiment of FIG. 6.

FIG. 9 is a cut-away axonometric view of the lower end
of the embodiment of FIG. 6 as seen from a different angle.

FIG. 10 is a cut-away axonometric view of the lower end
of'the embodiment of FIG. 6 as seen from yet another angle.

FIG. 11 is an axonometric view of the lower end of the
embodiment of FIG. 6 as seen from below.

FIG. 12 is a cutaway axonometric view of the lower end
of the embodiment of FIG. 6.

FIG. 13 is a cutaway axonometric view of the embodi-
ment of FIG. 6.

FIG. 14 is a cross-sectional elevation of a portion of the
embodiment of FIG. 6 showing a thermal detent mechanism
in an engaged state.

FIG. 15 is a cross-sectional elevation of the thermal detent
mechanism of FIG. 14 in a retracted state.

FIG. 16 is a cross-sectional elevation of the embodiment
of FIG. 6 when the cartridge is in an on state.

FIG. 17 is a cutaway axonometric view of the lower
portion of the embodiment of FIG. 6 which has been cut
along line 17-17 of FIG. 16.

FIG. 18 is a cutaway axonometric view of the lower
portion of the embodiment of FIG. 6 which has been cut
along line 18-18 of FIG. 16.

FIG. 19 is a cutaway axonometric view of the lower
portion of the embodiment of FIG. 6 which has been cut
along line 19-19 of FIG. 16.

FIG. 20 is a cutaway axonometric view of the lower
portion of the embodiment of FIG. 6 which has been cut
along line 20-20 of FIG. 16.

FIG. 21 is a cutaway axonometric view of the embodi-
ment of FIG. 6 in which the upper portion of the casing has
been omitted.

FIG. 22 is a transverse cross-sectional view of the
embodiment of FIG. 6 taken along line 20-20 of FIG. 16.

FIG. 23 is a cross-sectional elevation of the embodiment
of FIG. 6 when the cartridge is in a preheat rotational
position.

FIG. 24 is a cutaway axonometric view of the embodi-
ment of FIG. 6 when the cartridge is in a preheat rotational
position.

FIG. 25 is a cutaway axonometric view of the lower
portion of the embodiment of FIG. 6 which has been cut
along line 25-25 of FIG. 23.

FIG. 26 is a cutaway axonometric view of the lower
portion of the embodiment of FIG. 6 which has been cut
along line 26-26 of FIG. 23.

FIG. 27 is a cutaway axonometric view of the embodi-
ment of FIG. 6 as viewed from the lower end of the module.

FIG. 28 is an exploded axonometric view of another
embodiment of a flow switching module according to the
present invention.

FIG. 29 is a cutaway axonometric view of the embodi-
ment of FIG. 28 in an assembled state.

FIG. 30 is a cutaway axonometric view of the embodi-
ment of FIG. 28 in an assembly state as viewed from another
angle.

FIG. 31 is an axonometric view of a lever of a lifter
assembly of the embodiment of FIG. 28.

FIG. 32 is an axonometric view of a valve cartridge of the
embodiment of FIG. 28.

FIG. 33 is an axonometric view of the valve cartridge of
FIG. 32 as viewed from another angle.

FIG. 34 is an end view of the lever of FIG. 31.

FIG. 35 is an exploded axonometric view of the lifter
assembly of the embodiment of FIG. 28.
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FIG. 36 is an axonometric view of the preheat casing of
the embodiment of FIG. 28.

FIG. 37 is an axonometric view of the preheat shaft of the
embodiment of FIG. 28.

FIG. 38 is a cutaway axonometric view of the upper
casing of the preheat assembly of the embodiment of FIG.
28.

FIG. 39 is a cutaway axonometric view of the upper
casing shown in FIG. 38 as viewed from another angle.

FIG. 40 is a schematic elevation of the interior of a portion
of the upper casing of FIG. 38.

FIG. 41 is a cutaway axonometric view of the upper
casing of FIG. 38 showing how the base of the lifter
assembly interfits with the upper casing and the lifter shaft.

FIG. 42 is transverse cross-sectional view of the embodi-
ment of FIG. 28 when the lifter shaft is in a rotational
position between a full hot position and a full cold position.

FIG. 43 is transverse cross-sectional view of the embodi-
ment of FIG. 28 when the lifter shaft is in a rotational
position in which the lever contacts the first wall of the upper
casing.

FIG. 44 is transverse cross-sectional view of the embodi-
ment of FIG. 28 when the lifter shaft is in a rotational
position in which the lever is disengaged from the mixing
valve assembly.

FIG. 45 is a transverse cross-sectional view of the
embodiment FIG. 28 taken along line 45-45 of FIG. 46.

FIG. 46 is a cross-sectional elevation of the embodiment
of FIG. 28 showing the lifter shaft in a lowered position.

FIG. 47 is a cross-sectional elevation of the embodiment
of FIG. 28 taken along line 47-47 of FIG. 45 and showing
the lifter shaft in a raised position.

FIG. 48 is a longitudinal cross-sectional view of the
embodiment of FIG. 28 taken along line 48-48 of FIG. 49.

FIG. 49 is a cross-sectional elevation of the embodiment
of FIG. 28 taken along line 49-49 of FIG. 45.

FIG. 50 is a cross-sectional elevation of the embodiment
of FIG. 28 taken along line 50-50 of FIG. 45.

FIG. 51 is a transverse cross-sectional view of the
embodiment of FIG. 28 taken along line 51-51 of FIG. 48.

FIG. 52 is a cutaway axonometric view of the thermal
detent mechanism of the embodiment of FIG. 28 with the
wax inside the thermal detent mechanism removed for
clarity.

FIG. 53 is a transverse cross-sectional view of the
embodiment of FIG. 28 taken along line 53-53 of FIG. 48.

FIG. 54 is a cross-sectional elevation of the embodiment
of FIG. 28 taken along line 54-54 of FIG. 53.

FIG. 55 is a cutaway side view of the thermal detent
mechanism of FIG. 52.

FIG. 56 is a cross-sectional elevation of a lower portion
of the embodiment of FIG. 28 showing the thermal detent
mechanism of FIG. 52 in an engaged state.

FIG. 57 is a cross-sectional elevation of a lower portion
of the embodiment of FIG. 28 showing the thermal detent
mechanism of FIG. 52 in a retracted state.

FIG. 58 is a cross-sectional elevation of another example
of a thermal detent mechanism which can be employed in
the present invention, showing a ball of the thermal detent
mechanism engaging a recess in the preheat casing.

FIG. 59 is a cross-sectional elevation of the thermal detent
mechanism of FIG. 58, showing a ball of the thermal detent
mechanism disengaged from a recess in the preheat casing.

FIG. 60 is an axonometric view of another embodiment of
the present invention.

FIG. 61 is an exploded axonometric view of the embodi-
ment of FIG. 60.

20

25

30

35

40

45

50

55

60

65

6

FIG. 62A is an exploded axonometric view of the lower
portion of the knob of the embodiment of FIG. 60, and FIG.
62B is a cutaway axonometric view of the lower portion of
the knob shown in FIG. 62A.

FIG. 63 is an axonometric view of the upper portion of the
knob of the embodiment of FIG. 60.

FIG. 64 is an axonometric view of the selector assembly
of the embodiment of FIG. 60.

FIG. 65 is a transverse cross-sectional view taken along
line 65-65 of FIG. 68 and showing the embodiment of FIG.
60 when the knob is in the normal rotational range.

FIG. 66 is a cutaway axonometric view of the upper
portion of the embodiment of FIG. 60 when the knob is in
the normal rotational range and the valve cartridge is in a
raised position.

FIG. 67 is a transverse cross-sectional view taken along
line 67-67 of FIG. 68 and showing the knob in the normal
rotational range.

FIG. 68 is a cross-sectional elevation of the embodiment
of FIG. 60 showing the knob in the normal rotational range
and the valve cartridge in a raised position.

FIG. 69 is a cutaway axonometric view of the embodi-
ment of FIG. 60 showing the knob in the normal rotational
range and the valve cartridge in a raised position.

FIG. 70 is a transverse cross-sectional view of the
embodiment of FIG. 60 taken along line 70-70 of FIG. 71.

FIG. 71 is a cross-sectional elevation of the embodiment
of FIG. 60 when the preheat core is in a raised (preheat)
position.

FIG. 72 is another cross-sectional elevation of the
embodiment of FIG. 60 when the preheat core is in a raised
(preheat) position as viewed from another angle.

FIG. 73 is a cutaway axonometric view of the upper
portion of the embodiment of FIG. 60 in the state shown in
FIGS. 71 and 72 in which the preheat core is in a raised
(preheat) position.

FIG. 74 is a plan view of the selector plate of the
embodiment of FIG. 60.

FIG. 75 is a transverse cross-sectional view of the
embodiment of FIG. 60 when the knob is in the normal
rotational range.

FIG. 76 is a transverse cross-sectional view of the
embodiment of FIG. 60 when the knob is in the preheat
rotational range.

FIG. 77 is a plan view of a variation of the selector plate
shown in FIG. 74.

FIG. 78 is a transverse cross-sectional view of an embodi-
ment employing the selector plate of FIG. 77 when the knob
is in the normal rotational range.

FIG. 79 is a transverse cross-sectional view of the
embodiment of FIG. 77 when the knob is in the preheat
rotational range.

FIG. 80 is a plan view of another variation of the selector
plate shown in FIG. 74.

FIG. 81 is a transverse cross-sectional view of an embodi-
ment employing the selector plate of FIG. 80 when the knob
is in the normal rotational range.

FIG. 82 is a transverse cross-sectional view of the
embodiment of FIG. 80 when the knob is in the preheat
rotational range.

FIG. 83 is a schematic elevation of the mixing shaft and
the preheat shaft of the embodiment of FIG. 60 when the
knob is in a lowered position.

FIG. 84 is a schematic elevation of the mixing shaft and
the preheat shaft of the embodiment of FIG. 60 when the
knob is in a raised position in the normal rotational range.
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FIG. 85 is a schematic elevation of the mixing shaft and
the preheat shaft of the embodiment of FIG. 60 when the
knob is in a raised position in the preheat rotational range.

FIGS. 86A-86D are schematic plan views of the selector
plate and the upper ends of the mixing shaft and the preheat
shaft of the embodiment of FIG. 60 when the knob is in
various rotational positions.

FIGS. 87A-87D are schematic plan views of the base of
the selector assembly when the knob is in the rotational
positions shown in FIGS. 86A-86D.

FIG. 88 is an exploded axonometric view of another
embodiment of a flow switching module according to the
present invention.

FIG. 89 is an axononmetric view of the upper end cap of
the embodiment of FIG. 88.

FIG. 90 is an axonometric view of the collar of the
embodiment of FIG. 88.

FIG. 91 is another axonometric view of the collar of the
embodiment of FIG. 88 as viewed from a different angle.

FIG. 92 is an axonometric view of the valve casing of the
embodiment of FIG. 88.

FIG. 93 is an axonometric view of the upper end of the
valve cartridge of FIG. 88 with the collar and biasing spring
removed.

FIG. 94 is an axonometric view of the entire valve
cartridge of the embodiment of FIG. 88 with the collar and
biasing spring removed.

FIG. 95 is an axonometric view of the valve cartridge of
FIG. 88 with the collar in a rotational position corresponding
to the preheat rotational range of the valve cartridge.

FIG. 96 is a cutaway axonometric view of the embodi-
ment of FIG. 88 showing the valve cartridge in the normal
rotational range.

FIG. 97 is an axonometric view of the upper portion of the
valve cartridge of the embodiment of FIG. 88 with the collar
in a rotational position corresponding to the normal rota-
tional range of the valve cartridge.

FIG. 98 is a schematic axonometric view of the upper
portion of the embodiment of FIG. 88 when the valve
cartridge is in an off position in the longitudinal direction
and in the full cold rotational position with the valve casing
shown in outline.

FIG. 99 is a cross-sectional elevation of the embodiment
of FIG. 88 when the valve cartridge is in an off position in
the longitudinal direction and in the full cold rotational
position.

FIG. 100 is a cross-sectional elevation of the embodiment
of FIG. 88 when the valve cartridge is in an on position in
the longitudinal direction and in the full cold rotational
position.

FIG. 101 is a schematic axonometric view of the upper
portion of the embodiment of FIG. 88 when the valve
cartridge is in an on position in the longitudinal direction and
in the full hot rotational position with the valve casing
shown in outline.

FIG. 102 is a cross-sectional elevation of the embodiment
of FIG. 88 when the valve cartridge is in an on position in
the longitudinal direction and in the full hot rotational
position.

FIG. 103 is a schematic axonometric view of the upper
portion of the embodiment of FIG. 88 when the valve
cartridge is in an off position in the longitudinal direction
and in the full hot rotational position with the valve casing
shown in outline.
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FIG. 104A is a cross-sectional elevation of the embodi-
ment of FIG. 88 when the valve cartridge is in an off position
in the longitudinal direction and in the full hot rotational
position.

FIG. 104B is a cutaway axonometric view of the preheat
assembly of the embodiment of FIG. 88.

FIG. 105 is a transverse cross-sectional view of the
embodiment of FIG. 88 taken along line 105-105 of FIG. 99
when the valve cartridge is in an off position in the longi-
tudinal direction and in the full cold rotational position.

FIG. 106 is a transverse cross-sectional view similar to
FIG. 105 but showing the valve cartridge in the full hot
rotational position.

FIG. 107 is a transverse cross-sectional view similar to
FIG. 105 but showing the valve cartridge in a rotational
position between the full hot and the full cold rotational
positions.

FIG. 108 is a schematic elevation of the mixing valve
assembly of the embodiment of FIG. 88 schematically
illustrating the position of the inlet and the gap between the
upper and lower portions of the valve cartridge with respect
to the valve casing when the valve cartridge is an off position
in the longitudinal direction and in the full cold rotational
position shown in FIG. 105.

FIG. 109 is a schematic illustration similar to FIG. 108
illustrating the position of the inlet and the gap between the
upper and lower portions of the valve cartridge with respect
to the valve casing when the valve cartridge is an off position
in the longitudinal direction and in the full cold rotational
position illustrated in FIG. 106.

FIG. 110 is a schematic illustration similar to FIG. 108
illustrating the position of the inlet and the gap between the
upper and lower portions of the valve cartridge with respect
to the valve casing when the valve cartridge is in the position
illustrated in FIG. 107.

FIG. 111 is a cross-sectional elevation of the embodiment
of FIG. 88 showing the state when the valve cartridge is in
an off position in the longitudinal direction and in a rota-
tional position slightly outside of the preheat rotational
range.

FIG. 112 is a cross-sectional elevation of the embodiment
of FIG. 88 showing the state when the valve cartridge is in
an off position in the longitudinal direction and in the
preheat rotational range.

FIG. 113 is a schematic illustration similar to FIG. 108
illustrating the position of the inlet and the gap between the
upper and lower portions of the valve cartridge with respect
to the valve casing when the valve cartridge is in an on
position in the longitudinal direction and in the rotational
position illustrated in FIG. 107.

FIG. 114 is a schematic illustration similar to FIG. 113
showing a state in which the valve cartridge is a partially on
position in the longitudinal direction and in a rotational
position between the full cold rotational position and the full
hot position.

FIG. 115 is a schematic axonometric view of the upper
portion of the embodiment of FIG. 88 when the valve
cartridge is in an off position in the longitudinal direction
and in the preheat rotational range with the valve casing
shown in outline.

FIG. 116 is a cross-sectional elevation of the embodiment
of FIG. 88 when the valve cartridge is in an off position and
in the preheat rotational range.

FIG. 117A is a cross-sectional elevation of the embodi-
ment of FIG. 88 when the valve cartridge is the preheat
rotational range and in a preheat position in the longitudinal
direction.
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FIG. 117B is a cutaway axonometric view of the preheat
assembly of the embodiment of FIG. 88 when the preheat
core is in a lowered (preheat) position.

FIG. 118A is an axonometric view of the lower portion of
the valve cartridge and the upper portion of the preheat
assembly of the embodiment of FIG. 88 when the valve
cartridge is in a rotational position slightly offset from the
preheat rotational range.

FIG. 118B is an axonometric view similar to FIG. 118A
showing the valve cartridge in the preheat rotational range.

FIG. 118C is a transverse cross-sectional view of the
embodiment of FIG. 88 taken along line 118C-118C of FIG.
116 and showing the valve cartridge in the preheat rotational
range.

FIG. 119 is an enlarged cross-sectional view of the lower
end of a rod secured to he lower end of the valve cartridge.

FIG. 120 is a cross-sectional elevation of the lower
portion of the embodiment of FIG. 88.

FIG. 121 is an exploded axonometric view of another
embodiment of a flow switching module according to the
present invention.

FIG. 122 is an axonometric view of the upper end cap of
the embodiment of FIG. 121.

FIG. 123 is an axonometric view of the collar of the
embodiment of FIG. 121.

FIG. 124 is an axonometric view of the collar of the
embodiment of FIG. 121 from another angle.

FIG. 125 is an axonometric view of the casing of the
embodiment of FIG. 121.

FIG. 126 is a cross-sectional elevation of the casing of the
embodiment of FIG. 121.

FIG. 127 is an axonometric view of the valve cartridge of
the embodiment of FIG. 121.

FIG. 128 is a cross-sectional elevation of the embodiment
of FIG. 121 when the valve cartridge is in an off position in
the longitudinal direction and in the full cold rotational
range.

FIG. 129 is a cross-sectional elevation of the embodiment
of FIG. 121 when the valve cartridge is in an on position in
the longitudinal direction and in the full cold rotational
range.

FIG. 130 is a cross-sectional elevation of the embodiment
of FIG. 121 when the valve cartridge is in an off position in
the longitudinal direction and in the full hot rotational range.

FIG. 131 is a cross-sectional elevation of the embodiment
of FIG. 121 when the valve cartridge is in an on position in
the longitudinal direction and in the full hot rotational range.

FIG. 132 is a transverse cross-sectional view taken along
line 132-132 of FIG. 128.

FIG. 133 is a transverse cross-sectional view taken along
line 133-133 of FIG. 129.

FIG. 134 is a transverse cross-sectional view taken along
line 134-134 of FIG. 130.

FIG. 135 is a transverse cross-sectional view taken along
line 135-135 of FIG. 131.

FIG. 136 is a schematic elevation of the midportion of the
embodiment of FIG. 121 showing the position of the inlet of
the valve cartridge with respect to the casing when the valve
cartridge is in an off position in the longitudinal direction
and in the full cold rotational range.

FIG. 137 is a schematic elevation of the midportion of the
embodiment of FIG. 121 showing the position of the inlet of
the valve cartridge with respect to the casing when the valve
cartridge is in an on position in the longitudinal direction and
in the full cold rotational range.

FIG. 138 is a schematic elevation of the midportion of the
embodiment of FIG. 121 showing the position of the inlet of
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the valve cartridge with respect to the casing when the valve
cartridge is in an off position in the longitudinal direction
and in the full hot rotational range.

FIG. 139 is a schematic elevation of the midportion of the
embodiment of FIG. 121 showing the position of the inlet of
the valve cartridge with respect to the casing when the valve
cartridge is in an on position in the longitudinal direction and
in the full hot rotational range.

FIG. 140 is a transverse cross-sectional elevation of the
embodiment of FIG. 121 when the valve cartridge is in a
rotational position between the full cold position and the full
hot position.

FIG. 141 is a schematic elevation of the midportion of the
embodiment of FIG. 121 showing the position of the inlet of
the valve cartridge with respect to the casing when the valve
cartridge is in a partially on position in the longitudinal
direction and in the rotational position shown in FIG. 136.

FIG. 142 is a cross-sectional elevation of the embodiment
of FIG. 121 when the valve cartridge is in the preheat
rotational range.

FIG. 143 is a transverse cross-sectional view taken along
line 143-143 of FIG. 142.

FIG. 144 is a schematic elevation of the midportion of the
embodiment of FIG. 121 showing the position of the inlet of
the valve cartridge with respect to the casing when the valve
cartridge is the preheat rotational range.

FIG. 145 is a schematic illustration of another embodi-
ment of a flow switching module according to the present
invention.

FIG. 146 is a longitudinal cross-sectional view of embodi-
ment of a flow switching module according to the present
invention which is a specific example of the embodiment
schematically illustrated in FIG. 145 and which shows the
module in an off state.

FIG. 147 is a longitudinal cross-sectional view of the
embodiment of FIG. 146 in a preheat state.

FIG. 148 is a longitudinal cross-sectional view of the
embodiment of FIG. 146 in an on state.

FIG. 149 is an axonometric view of the valve spool of the
embodiment of FIG. 146.

FIG. 150 is another axonometric view of the valve spool
of the embodiment of FIG. 146.

FIG. 151 is an exploded axonometric view of the embodi-
ment of FIG. 146.

FIG. 152 is a longitudinal cross-sectional view of a
modification of the embodiment of FIG. 146 which employs
a piston in place of a diaphragm.

FIG. 153 is an axonometric view of one half of a
modification of the embodiment of FIG. 146 in which a first
valve and a second valve are not physically connected.

FIG. 154 is an axonometric view of the embodiment of
FIG. 153 as viewed from another angle.

FIG. 155 is an exploded axonometric view of moving
components of a modification of the embodiment of FIG.
146 in which wax has been replaced by a spring made of a
shape memory alloy.

FIG. 156 is an axonometric view of a portion of the
interior of a modification of the embodiment of FIG. 146 in
which a second valve employs a shape memory alloy.

FIG. 157 is an exploded view of a portion of the second
valve of the embodiment of FIG. 156.

FIG. 158 is a longitudinal cross-sectional view of the
embodiment of FIG. 156.

FIG. 159 is a cutaway axonometric view of another
embodiment of a flow switching module in an off state.

FIG. 160 is a cutaway axonometric view of the embodi-
ment of FIG. 159 in a preheat state.
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FIG. 161 is a cutaway axonometric view of the embodi-
ment of FIG. 159 in an on state.

FIG. 162 is a schematic illustration of another embodi-
ment of a flow switching module according to the present
invention.

FIG. 163 is a schematic illustration of a modification of
the embodiment of FIG. 145 which can generate a signal for
controlling a pump.

FIG. 164 is a schematic illustration of an embodiment of
a hot water recirculation system according to the present
invention in which a pump is controlled based on operating
conditions within one or more flow switching modules.

FIGS. 165-167 are schematic axonometric views of vari-
ous applications of a flow switching module according to the
present invention. FIGS. 165 and 167 illustrate a flow
switching module installed in a kitchen, and FIG. 166
illustrates a flow switching module installed in a bathroom.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Below, a number of preferred embodiments of a hot water
recirculation system and a flow switching module according
to the present invention will be described while referring to
the accompanying drawings, although it will be understood
that many variations of these embodiments are possible
within the spirit of this invention.

FIG. 1 shows an illustrative embodiment of a hot water
recirculation system 1 according to this invention as it might
be installed in a house 2 or other type of building such as an
apartment building, an office building, or a store. A plurality
of hot water plumbing fixtures 3 such as kitchen or bathtub
faucets, laundry faucets, bathtubs, and showers are installed
in various locations within the house 2. This embodiment
includes a plurality of flow switching modules 20 according
to the present invention. Each flow switching module 20 is
installed near or as part of one of the hot water plumbing
fixtures 3. In the illustrated example, there is one flow
switching module 20 for each hot water plumbing fixture,
but it is possible for a single flow switching module 20 to be
connected to a plurality of hot water plumbing fixtures 3. It
is also possible for the house 2 to include hot water plumb-
ing fixtures which are not associated with a flow switching
module. For example, a flow switching module might 20 be
considered unnecessary for use with a dishwasher or a
washing machine.

The house 2 is equipped with a water heater 4 which can
be installed in any convenient location within the house 2,
such as in a basement or the lowest level of the house 2. The
water heater 4 is not restricted to any particular type. For
example, it can be a conventional type equipped with a tank
or a tankless type. The water heater 4 is fluidly connected to
a cold water supply line 5 which forms a portion of cold
water piping for the house 2. Of the cold water piping, only
the cold water supply line 5 which supplies cold water to the
water heater 4 is shown in FIG. 1, but additional unillus-
trated sections of cold water piping for supplying cold water
to the hot water plumbing fixtures 3 can be installed through-
out the house 2 in a customary manner.

The water heater 4 is fluidly connected to each of the flow
switching modules 20 by hot water piping 6 (shown by solid
black lines) which transports hot water from the water heater
4 to each of the flow switching modules 20. Here, the term
piping is used to encompass a wide variety of conduits for
fluid of any desired material, including pipes, rigid or
flexible tubing, and flexible hoses, and the term may refer to
a single member, such as a single pipe, or to a plurality of
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interconnected members, such as a plurality of pipes con-
nected to form a network. The hot water piping 6 can be
arranged in the same manner as typical hot water piping in
a house. For example, when an existing house is retrofitted
to employ a hot water recirculation system according to the
present invention, the existing hot water piping can be used
with minor adjustments for the flow switching modules 20.

This embodiment also includes return piping 8 for return-
ing water which is to be recirculated from the flow switching
modules 20 to the water heater 4. Each of the flow switching
modules 20 is fluidly connected to the return piping 8. The
individual sections of the return piping 8 may, if desired, all
connect together to form a network having any desired
configuration dictated by cost and convenience, such as a
tree-like network or a blend of loops and branches. In
contrast to recirculation systems commonly found in hotels,
the return piping 8 in the present embodiment does not need
to form a loop.

The return piping 8 from the flow switching modules 20
eventually leads to a pump 9. The output flow from the pump
9 is typically returned to the water heater 4 via a connecting
pipe 12 and an entry pipe 13. A check valve 14 is typically
installed in the cold water supply line 5 on the upstream side
of the junction between the connecting pipe 12 and the entry
pipe 13 to prevent backflow into the cold water supply line
5 for the water heater 4.

The illustrated embodiment includes a pump control
module 10 for controlling the pump 9. The pump control
module 10 may contain a variety of sensors or switches
depending upon the criteria for controlling the pump opera-
tion. For example, in the illustrated example, the pump
control module 10 contains a pressure-sensitive switch
which can turn the pump 9 on or off based on a sensed water
pressure. Other examples of components which the pump
control module 10 may contain are timing elements, flow
sensors, temperature sensors, and other devices known in the
art.

FIG. 2 is a schematic illustration of any one of the flow
switching modules 20 of FIG. 1 showing typical fluid
connections to the module 20. At least three passages for
water are connected to each module 20. These passages
include hot water piping 6 from the water heater 4, a
relatively short passageway 7 leading from the module 20 to
one or more hot water plumbing fixtures 3 associated with
the module 20, and return piping 8 for returning water from
the module 20 to the water heater 4 via the pump 9 during
recirculation. In some embodiments in which a flow switch-
ing module 20 is capable of mixing hot and cold water, the
flow switching module 20 is also fluidly connected to cold
water piping which supplies cold water to the module 20. In
other embodiments, cold water piping bypasses a flow
switching module 20 and is connected directly to the hot
water plumbing fixtures 3 associated with the flow switching
module 20.

FIG. 3 is a schematic illustration of the pump 9. The inlet
side of the pump 9 is fluidly connected to the return piping
8 leading from the flow switching modules 20, and the pump
outlet is fluidly connected to the water heater 4 through the
connecting pipe 12 shown in FIG. 1. The pump control
module 10 is schematically illustrated as being installed
in-line with the return piping 8, but all or part of the pump
control module 10 may be installed externally of the return
piping 8.

In a typical manner of operation of this embodiment,
when any one or more of the hot water plumbing fixtures 3
is turned on by a user, components within the flow switching
module 20 associated with the hot water plumbing fixtures
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3 which were turned on determine if the water in the flow
switching module 20 is above or below a desired set-point
temperature. If the temperature of water entering the flow
switching module 20 from the hot water piping 6 is at least
the set-point temperature, the flow switching module 20
supplies the hot water through passageway 7 to the corre-
sponding hot water plumbing fixtures 3 connected to the
module 20 as in a conventional plumbing system. On the
other hand, if the temperature of water entering the module
20 from the hot water piping 6 is below the set-point
temperature, the module 20 diverts the incoming water into
the return piping 8 to be pumped back by the pump 9 into
the water heater 4 as illustrated in FIG. 1. The residual heat
in the water returned to the water heater 4 is recovered and
serves to preheat the water entering the water heater 4.

Each flow switching module 20 may comprise discrete
devices, devices integrated into a single manifold or com-
ponent, or devices integrated into the design of a valve for
one of the hot water plumbing fixtures 3. The functions of
the flow switching module 20 might be automatically con-
trolled by hardware and logic built into the flow switching
module 20, or they might be implemented partially by
hardware and partially by human interaction with the flow
switching module 20 or its attached components.

One of the advantages of this embodiment is that less heat
energy in the water returned to the hot water heater 4 is lost
when compared to a conventional recirculation system.
When a particular hot water plumbing fixture 3 is opened,
water is only drawn and recirculated through the portion of
the hot water piping 6 leading to that hot water plumbing
fixture 3 and from the associated flow switching module 20
back to the pump 9 and water heater 4. Thus, when hot water
is requested at a particular hot water plumbing fixture 3, it
is only necessary for the water heater 4 to warm up the
portion of the hot water piping 6 leading to that plumbing
fixture 3, and only a limited amount of cool water is pumped
into the water heater 4. Many of the other portions of the hot
water piping 6 leading to other of the hot water plumbing
fixtures 3 can remain cold. Residual heat in the return flow
during recirculation is recovered by being passed back into
the water heater 4, preheating the feed water. Since only a
limited portion of the return piping 8 is heated and acts as
radiators, the air conditioning load on the house 2 is reduced
as well.

When the temperature of water in a flow switching
module 20 which is performing recirculation reaches the
set-point temperature, the flow of water entering the flow
switching module 20 from the hot water piping 6 is switched
back to the associated hot water plumbing fixture 3 through
the corresponding passageway 7, and return flow to the
water heater 4 through the return piping 8 stops. If no other
of the flow switching modules 20 are sending return flow to
the water heater 4, the pump 9 stops as well.

Since the return piping 8 forms a closed system, the
pressure in the return piping 8 will only rise when one or
more of the flow switching modules 20 is directing incoming
flow to the return piping 8. Under those conditions, the
pressure in the return piping 8 will tend to rise towards that
of the incoming hot water line pressure at the associated tap
or taps.

In a preferred embodiment of this invention, the pump
control module 10 only energizes the pump 9 when the
pressure in the return piping 8 rises above a given set-point
value. The pump 9 will then draw water primarily from those
branches of the return piping 8 leading to those flow
switching modules 20 currently directing flow to the return

piping 8.
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When no flow switching modules 20 are directing flow to
the return piping 8, the pressure in the return piping 8 will
drop. In a preferred embodiment of the present invention,
when the pressure in the return piping 8 has dropped below
a set-point level, the pump control module 10 will turn off
the pump 9. Cycling of the pump can be minimized based on
well-known control logic or timing devices within the pump
control module 10.

It will be appreciated that other criteria such as the
temperature of the water reaching the pump control module
10 or electric, optical, or wireless signals from the flow
switching modules 20 could be used to control the pump 9
in place of the pressure drop in the return piping 8. A timer
incorporated into the pump control module 10 could also be
used to ensure that the return pump 9 will not run continu-
ously if the pump control module 10 fails to detect condi-
tions for stopping the pump 9.

FIG. 4 schematically illustrates a first embodiment of a
flow switching module 30 according to the present invention
which can be employed in a hot water recirculation system
according to the present invention, such as in the embodi-
ment shown in FIG. 1. The illustrated flow switching module
30 may be installed upstream of an unillustrated hot water
plumbing fixture equipped with a separate flow control valve
for controlling the flow of water supplied to the hot water
plumbing fixture by the flow switching module 30, or the
flow switching module 30 may be integrated into the struc-
ture of the hot water plumbing fixture and function as the
flow control valve for the hot water plumbing fixture. The
illustrated flow switching module 30 comprises a 3-port/3-
position valve 31 having a manual control mechanism 35 for
switching the valve 31 among its three positions. The valve
31 may be a linearly acting valve, a rotary valve, or a valve
having a combined linear and rotary action. Depending upon
the structure of the valve 31, the manual control mechanism
35 may, for example, be a linear or rotary device such as a
lever or a knob having a single degree of freedom or a
joystick type control with multiple degrees of freedom.

The valve 31 includes a first port 32 which is fluidly
connected to hot water piping 6, a second port 33 which is
fluidly connected to a hot water delivery passage 7, and a
third port 34 which is fluidly connected to return piping 8.
In a first or off position shown in FIG. 4, none of the ports
is fluidly connected to another of the ports, so there is no
flow of water through the valve 31. In an unillustrated
second or preheat position of the valve 31, the first port 32
and the third port 34 are fluidly connected with each other
through the center section of the valve 31, so water from the
hot water piping 6 can flow through the center section of the
valve 31 to the return piping 8 to enable recirculation to be
carried out in which water is returned to a water heater. In
an unillustrated third or on position of the valve 31, the first
and second ports 32 and 33 are fluidly connected to each
other through the righthand section of the valve 31, so water
flows through the righthand section of the valve 31 from the
hot water piping 6 to the water delivery passageway 7 to be
delivered to the outlet of the hot water plumbing fixture,
either internally (when the flow switching module 30 forms
part of the hot water plumbing fixture) or through an external
passageway connecting the flow switching module 30 with
the hot water plumbing fixture.

As shown by the diagonal arrow on the righthand section
of the valve 31, the valve 31 may have a structure which
enables the user to perform proportional control of the flow
rate of water through the valve 31 when the valve 31 is in
the third (on) position.
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It is possible for the valve 31 to include an unillustrated
port connected to cold water piping and to include additional
components for proportionally mixing hot water from the
hot water piping 6 with cold water from the cold water
piping and to supply the mixed water to the hot water
plumbing fixture.

A user of the flow switching module 30 can manually
control the valve 31 based on the desired temperature of hot
water discharged from the hot water plumbing fixture. When
the user first turns on the hot water plumbing fixture, he will
typically switch the valve 31 to its third (on) position in
which water from the hot water piping 6 flows through the
valve 31 to the hot water plumbing fixture. If the user is
satisfied with the initial water temperature, he can maintain
the valve 31 in the third (on) position and use the water
discharged from the hot water plumbing fixture. However, if
the user finds that the water discharged from the hot water
plumbing fixture is colder than he prefers, he can switch the
valve 31 from the third (on) position to the second (preheat)
position so that water from the hot water piping 6 flows into
the return piping 8 to return to a water heater. As long as the
valve 31 is in the second (preheat) position, the flow
switching module 30 will be in a recirculation or preheat
mode, and the temperature of water flowing into the valve 31
from the hot water piping 6 will gradually increase. The user
can check the temperature of the water supplied to the valve
31 by periodically switching between the third (on) position
and the second (preheat) position and feeling the water
discharged from the hot water plumbing fixture. If the water
temperature has not reached a desired level, the user can
switch the valve 31 back to the second (preheat) position.
When the user is satisfied with the temperature of the water
discharged from the hot water plumbing fixture, the user can
maintain the valve 31 in its third (on) position and use the
water discharged from the hot water plumbing fixture.

In order to make it unnecessary for a user to switch back
and forth between the second and third positions in order to
determine the temperature of the water being supplied to the
valve 31, the flow switching module 30 may include a
temperature sensor which senses the temperature of water
flowing through the valve 31 (such as the temperature of
water in the hot water piping 6) and a display such as a
pop-up tactile button, a rotating knob, or a liquid crystal
display which indicates to the user when the water tempera-
ture has reached a predetermined level and to indicate to the
user when to manually switch the valve 31 to the third (on)
position.

FIG. 5 schematically illustrates another embodiment of a
flow switching module 40 according to the present invention
which can be employed in a hot water recirculation system
according to the present invention. Like the previous
embodiment, this embodiment may be integrated into the
structure of a hot water plumbing fixture and function as a
flow control valve for the hot water plumbing fixture, or it
may be a separate device installed upstream of an unillus-
trated hot water plumbing fixture. Like the embodiment of
FIG. 4, this embodiment comprises a 3-port/3-position valve
41 having a manual control mechanism 45. The valve 41
may be a linearly acting valve, a rotary valve, or a valve
having a combined linear and rotary action. As is the case
with respect to the valve 31 shown in FIG. 4, the manual
control mechanism 45 may be a linear or rotary device such
as a lever or a knob having a single degree of freedom or a
joystick-type control with multiple degrees of freedom, for
example.

Like the valve 31 of FIG. 4, the valve 41 shown in FIG.
5 includes a first port 42 which is fluidly connected to hot
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water piping 6, a second port 43 which is fluidly connected
to a hot water delivery passage 7, and a third port which is
fluidly connected to return piping 8. The valve 41 can be
switched between a first or off position shown in FIG. 5 in
which none of the ports is fluidly connected to another of the
ports, an unillustrated second or preheat position in which
the first port 42 and the third port 44 are fluidly connected
with each other through the center section of the valve 41,
and an unillustrated third or on position in which the first and
second ports 42 and 43 are fluidly connected to each other
through the righthand section of the valve 41. Like the valve
31 of FIG. 4, the valve 41 of FIG. 5 may have a structure
enabling a user to perform proportional control of the flow
rate through the valve 41 when the valve 41 is in the third
(on) position. Furthermore, the valve 41 may include an
unillustrated port connected to cold water piping and include
components for proportionally mixing hot water from the
hot water piping 6 with cold water from the cold water
piping and supplying the mixed water to a hot water plumb-
ing fixture through the hot water delivery passage 7.

In addition to the features of the valve shown in FIG. 4,
the valve 41 in this embodiment includes a temperature
sensitive actuator 46 (referred to below as a thermal actua-
tor) which is responsive to the temperature of water flowing
through the valve 41. The thermal actuator 46 can automati-
cally switch the valve 41 from the second (preheat) position
to the third (on) position when the temperature reaches a
predetermined level (a set-point temperature).

As in the previous embodiment, a user of the flow
switching module 40 can switch the valve 41 between its
three positions using the manual control mechanism 45. If
the user finds that the temperature of hot water being
discharged from the unillustrated hot water plumbing fixture
is lower than desired, the user can switch the valve 41 from
the third (on) position to the second (preheat) position to
initiate a preheat mode of operation in which water entering
the valve 41 from the hot water piping 6 is diverted to the
return piping 8 and returned to a water heater. When the
valve 41 is in the second (preheat) position and the tem-
perature of water flowing through the valve 41 is below the
set-point temperature, the valve 41 will remain in its second
(preheat) position. When the thermal actuator 46 senses that
the temperature of water flowing through the valve 41 has
reached the set-point temperature, the thermal actuator 46
automatically switches the valve 41 from the second (pre-
heat) position to the third (on) position in which water from
the hot water piping 6 flows through the valve to the hot
water delivery passage. The thermal actuator 46 makes it
unnecessary for the user to switch the valve 41 back and
forth between the second (preheat) position and the third
(on) position in order to ascertain the current temperature of
water flowing through the valve 41. As is the case with
respect to the embodiment of FIG. 4, the flow switching
module 40 may include a temperature sensor which senses
the temperature of water flowing through the valve 41 and
a display which indicates to the user when the water tem-
perature has reached a predetermined level.

The valve 41 may also include an unillustrated return
mechanism such as a spring which is cocked by the motion
of the manual control mechanism 45 and held in position by
a detent mechanism to ensure that the valve 41 switches
from the second (preheat) position to a fully off position
when the actuator 46 detects that the water temperature has
reached the set-point temperature to avoid the danger of
scalding and to ensure that the valve 41 is not accidentally
left in the second (preheat) position.
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FIGS. 6-27 illustrate a preferred embodiment of a flow
switching module 100 according to the present invention in
more concrete form. The module 100 can be employed in a
hot water recirculation system according to the present
invention, such as the system illustrated in FIG. 1. This
embodiment is capable of being integrated into the structure
of a hot water plumbing fixture. For example, when the
plumbing fixture is a shower, the flow switching module 100
may be installed in a wall of a bathroom and controlled by
a user to operate a shower head connected to the flow
switching module 100. Alternatively, when the plumbing
fixture is a kitchen or bathroom faucet, the flow switching
module 100 may be mounted in or form a part of the body
of the faucet or be installed in a countertop and connected to
the spout of the faucet by a suitable passageway.

For clarity, various components which are commonly
used in mixing valves and plumbing fixtures such as
O-rings, gaskets, retaining rings, threaded connectors, and
the like have been omitted from the drawings but may be
employed as suitable in this and other embodiments of a
flow switching module according to the present invention in
a manner well known in the art.

This embodiment has a normal mode of operation in
which it is capable of being operated in much the same way
as a conventional single-handle faucet or shower controller
to control the flow rate of water from a plumbing fixture as
well as to perform mixing of hot and cold water to adjust the
temperature of water discharged from the plumbing fixture.
The flow switching module 100 also has a preheat mode of
operation in which hot water which is supplied to the flow
switching module 100 is returned to a water heater or other
source of hot water to be further heated to a predetermined
set-point temperature instead of being discharged from the
plumbing fixture. When the temperature of water reaching
the flow switching module 100 reaches the set-point tem-
perature, the flow switching module 100 preferably auto-
matically switches from the preheat mode back to the
normal mode of operation. The set-point temperature is
typically a water temperature which an average user of the
plumbing fixture would find comfortable to use as hot water.
The set-point temperature can be selected in accordance
with the intended use of the plumbing fixture. For example,
the set-point temperature for a flow switching module 100
used with a kitchen faucet might be different from the
set-point temperature for a flow switching module used with
a bathroom shower, since the lowest temperature that a user
finds comfortable for washing his hands at a faucet might be
different from the lowest temperature which feels comfort-
able when taking a shower.

FIG. 6 is an exploded axonometric view of the flow
switching module 100. As shown in this figure, the flow
switching module 100 includes a stationary casing 110 and
a valve cartridge 140 which is movably installed in the
casing 110 so as to be able to reciprocate with respect to the
casing 110 in the longitudinal direction of the casing 110 and
rotate with respect to the casing 110 around the longitudinal
axis of the casing 110. The flow switching module 100 is
illustrated in FIG. 6 with the casing 110 and the valve
cartridge 140 extending substantially vertically and with the
valve cartridge 140 extending out of the upper end of the
casing 110. However, the flow switching module 100 can be
installed in any orientation with respect to the vertical,
including horizontally or with the flow switching module
100 upside down relative to the orientation shown in the
FIG. 6. In the following description, various components of
the embodiment may be referred to as being positioned
above or below other components in the drawings, but terms
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such as “above” and “below” are used here merely as a
convenient way to describe relative positions as shown in
FIG. 6 and do not limit the embodiment to having a
particular orientation in space.

As shown in the drawings, the casing 110 is a hollow
cylindrical member which is open at both ends. The casing
110 is typically supported by unillustrated structure so as to
remain stationary during use. For example, the casing 110
can be supported by an unillustrated bracket secured to a
wall or countertop of a house or other building in which the
flow switching module 100 is installed, or it can be sup-
ported by or form part of the body of a plumbing fixture with
which the flow switching module 100 is associated. A hot
water supply port 111, a cold water supply port 112, a water
delivery port 113, and a return port 114 are formed through
the wall of the casing 110 between its inner and outer
surfaces. The hot water supply port 111 and the cold water
supply port 112 are fluidly connected by unillustrated pas-
sageways on the exterior of the casing 110 to a source of hot
water and a source of cold water, respectively. In the same
manner as shown in FIG. 1, the source of hot water may be
a domestic hot water heater, while the source of cold water
may be the cold water supply for the house or other building
in which the flow switching module 100 is installed. The
water delivery port 113 is fluidly connected by an unillus-
trated passageway on the exterior of the casing 110 to the
discharge opening of a plumbing fixture with which the flow
switching module 100 is being used, such as the spout of a
faucet or a shower head. The return port 114 is fluidly
connected by an unillustrated passageway on the exterior of
the casing 110 to a return passageway corresponding to the
return piping 8 shown in FIG. 1.

As shown in the drawings, the valve cartridge 140
includes a mixing core 141 and a shaft 146 (referred to
below as a mixing shaft) which is rigidly secured to the
upper end of the mixing core 141. The mixing core 141
comprises a tubular member which is open at its upper end
and is closed off at its lower end. The upper end of the
mixing core 141 is secured to the mixing shaft 146 in any
convenient manner, such as by a plurality of spokes 148
which extend radially between the mixing shaft 146 and the
wall of the mixing core 141 as shown in FIG. 21, for
example, so that water can flow between the spokes 148
through the upper end of the mixing core 141. The mixing
core 141 includes a first inlet 142, a second inlet 143, and a
return port 145 each formed through the wall of the mixing
core 141 between its inner and outer surfaces. The first inlet
142, which is elongated in the circumferential direction of
the mixing core 141, serves as an inlet into the mixing core
141 for water from one or both of the hot water supply port
111 and the cold water supply port 112 of the casing 110
during the normal mode of operation, and the second inlet
143 serves as an inlet into the mixing core 141 for hot water
from the hot water supply port 111 during the preheat mode
of operation. The mixing core 141 further includes an outlet
144 defined by the spaces between the spokes 148 at the
open upper end of the mixing core 141. The interior of the
mixing core 141 functions as a mixing chamber in which
water supplied through the hot water supply port 111 and the
cold water supply port 112 can be mixed to produce water
having a desired temperature.

As shown in FIG. 6, a cylindrical baffle 147 is secured to
the mixing shaft 146 above the upper end of the mixing core
141 at a location in which it can allow or block flow through
the water delivery port 113 of the casing 110 and control the
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flow rate of water through the water delivery port 113 in a
conventional manner as the valve cartridge 140 reciprocates
within the casing 110.

An unillustrated knob, handle, or other manual control
member which can be grasped by a user may be secured to
the upper end of the mixing shaft 146 to enable a user of the
flow switching module 100 to translate and rotate the valve
cartridge 140 within the casing 110 by hand. Alternatively,
the upper end of the mixing shaft 146 may be connected to
a lever by a linkage which makes it possible for a user to
translate the mixing shaft 146 within the casing 110 in the
longitudinal direction of the casing 110 by pivoting the lever
about a horizontal axis instead of having to pull or push the
mixing shaft 146 directly. Operating mechanisms which
enable a user to translate a shaft of a mixing valve by
pivoting a lever are well known in the art.

In this embodiment, portions of the exterior of the valve
cartridge 140 (such as unillustrated sealing rings) are in
sliding contact with the inner surface of the casing 110 as the
valve cartridge 140 reciprocates or rotates within the casing
110. However, as is common in valve cartridges for mixing
valves, a hollow sleeve may be removably mounted inside
the casing 110 between the inner wall of the casing 110 and
the outer surface of the valve cartridge 140 to protect the
inner surface of the casing 110 against wear caused by
movement of the valve cartridge 140. During operation of
the flow switching module 100, the sleeve remains station-
ary with respect to the casing 110, but it can be removed
from the casing 110 together with the valve cartridge 140
when it is necessary to replace the valve cartridge 140.

In the same manner as in a conventional mixing valve, the
valve cartridge 140 can translate within the casing 110 in the
longitudinal direction of the casing 110 to switch the flow
switching module 100 between an on state and an off state.
FIG. 13 is a cutaway axonometric view of the module 100
which schematically illustrates the flow switching module
100 in the on state, and FIG. 24 is a cutaway axonometric
view of the module 100 from another angle which sche-
matically illustrates the module 100 in the off state, respec-
tively. The flow switching module 100 is in the on state
when the valve cartridge 140 is positioned within the casing
110 so as to allow liquid to be discharged from the interior
of the valve cartridge 140 through the water delivery port
113 of the casing 110. Specifically, as shown in FIG. 13, in
the present embodiment, in the on state, the valve cartridge
140 is positioned such that the first inlet 142 of the valve
cartridge 140 overlaps the hot water supply port 111 and the
cold water supply port 112 in the longitudinal direction of
the casing 110 to allow water from one or both of the supply
ports to enter the valve cartridge 140 through the first inlet
142, and such that the baffle 147 is raised above the lower
end of the water delivery port 113 in the longitudinal
direction of the casing 110 to allow water to be discharged
from the region of the valve cartridge 140 located below the
baffle 147 through the water delivery port 113. When the
flow switching module 100 is in the on state, the flow rate
through the water delivery port 113 can be varied by raising
or lowering the valve cartridge 140 within the casing 110 to
adjust the degree to which the baffle 147 obstructs the water
delivery port 113.

The flow switching module 100 is in the off state when the
valve cartridge 140 is positioned within the casing 110 so as
to essentially prevent the flow of liquid out of the casing 110
through the water delivery port 113 of the casing 110.
Specifically, as shown in FIG. 24, in the present embodi-
ment, in the off state, the valve cartridge 140 is positioned
such that the first inlet 142 does not overlap either the hot
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water supply port 111 or the cold water supply port 112 in
the longitudinal direction of the casing to prevent water from
either of the supply ports from entering the valve cartridge
140 through the first inlet 142, and such that the baffle 147
completely blocks the water delivery port 113 of the casing
110 to prevent water from flowing out of the casing 110
through the water delivery port 113 from the region of the
casing 110 below the baffle 147. In the off state, the radially
outer end of the first inlet 142 of the valve cartridge 140 is
blocked by the inner wall of the valve cartridge 140.

The range of movement of the valve cartridge 140 within
the casing 110 in the longitudinal direction of the casing 110
can be restricted by suitable stops to define a full on position
beyond which the valve cartridge 140 cannot be raised
within the casing 110 and a full off position beyond which
the valve cartridge 140 cannot be lowered within the casing
110.

The valve cartridge 140 can be rotated within the casing
110 about the longitudinal axis of the casing 110 to a number
of rotational positions, including a full cold position and a
full hot position. When the valve cartridge 140 is in the full
cold position, the first inlet 142 of the valve cartridge 140
overlaps the cold water supply port 112 of the casing 110 in
the circumferential direction of the casing 110 but does not
overlap the hot water supply port 111. As a result, if the flow
switching module 100 is in the on state when the valve
cartridge 140 is in the full cold position, water from the cold
water supply port 112 can flow into the interior of the valve
cartridge 140 through the first inlet 142 of the valve cartridge
140 while water from the hot water supply port 111 is
prevented from doing so.

Conversely, when the valve cartridge 140 is in the full hot
position, the first inlet 142 of the valve cartridge 140
overlaps the hot water supply port 111 in the circumferential
direction of the casing 110 but does not overlap the cold
water supply port 112 of the casing 110. As a result, if the
flow switching module 100 is in the on state when the valve
cartridge 140 is in the full hot position, water from the hot
water supply port 111 can flow into the interior of the valve
cartridge 140 through the first inlet 142 of the valve cartridge
140 while water from the cold water supply port 112 is
prevented from doing so.

When the valve cartridge 140 is rotated to a position
between the full hot position and the full cold position, the
first inlet 142 of the valve cartridge 140 partially overlaps
both the hot water supply port 111 and the cold water supply
port 112 in the circumferential direction of the casing 110 to
enable water from both supply ports to enter the valve
cartridge 140 and undergo mixing if the flow switching
module 100 is in the on state. The rotational position of the
valve cartridge 140 can be adjusted by a user between the
full hot position and the full cold position to vary the ratio
of hot to cold water entering the valve cartridge 140 and
thereby adjust the temperature of the water discharged from
the water delivery port 113 of the casing 110.

In this embodiment, the valve cartridge 140 is rotated in
the counterclockwise direction as viewed from above as it is
rotated from the full cold position to the full hot position.
However, the flow switching module 100 may be structured
such that the valve cartridge 140 is rotated in the clockwise
direction when being rotated from the full cold to the full hot
position.

When the flow switching module 100 is in the on state, the
valve cartridge 140 is limited to rotation about the longitu-
dinal axis of the casing 110 from the full hot position to the
full cold position. In contrast, when the flow switching
module 100 is in the off state, the valve cartridge 140 can be
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rotated about the longitudinal axis of the casing 110 past the
full hot position to a rotational position referred to as a
preheat rotational position. The location of the second inlet
143 on the valve cartridge 140 is selected such that when the
valve cartridge 140 is in a preheat rotational position, the
second inlet 143 of the valve cartridge 140 overlaps the hot
water supply port 111 of the casing 110 in both the circum-
ferential and longitudinal directions of the casing 110 so that
water from the hot water supply port 111 can enter the valve
cartridge 140 through the second inlet 143. When the valve
cartridge 140 is in a rotational position other than a preheat
rotational position, the radially outer end of the second inlet
143 is blocked by the inner wall of the valve cartridge 140
to prevent water from flowing into the valve cartridge 140
through the second inlet 143. Since the flow switching
module 100 is in the off state when the valve cartridge 140
is in a preheat rotational position, water cannot enter the
valve cartridge 140 from either the hot water supply port 111
or the cold water supply port 112 through the first inlet 142
at this time.

In addition, when the valve cartridge 140 is in a preheat
rotational position, the return port 145 of the valve cartridge
140 overlaps the return port 114 of the casing 110 in both the
circumferential and longitudinal directions of the casing 110
to allow water from the interior of the valve cartridge 140 to
exit from the valve cartridge 140 through the overlapping
return ports 114 and 145 into unillustrated return piping. The
flow of water into the return piping produces an increase in
the water pressure in return piping and turns on a return
pump as described with respect to FIG. 1. As a result, when
the valve cartridge 140 is in a preheat rotational position, the
flow switching module 100 enters its preheat mode in which
water which enters the valve cartridge 140 via the hot water
supply port 111 is returned by the return pump to the source
of'hot water, such as a water heater, through the return piping
instead of being supplied to the discharge port of the
plumbing fixture so as to gradually increase the temperature
of'the hot water being supplied to the flow switching module
100, in the manner described with respect to FIG. 1. Having
a preheat rotational position of the valve cartridge 140
adjacent to the full hot position makes it easy for a user to
learn how to operate the flow switching module 100 and
makes it easier for a user to initiate the preheat mode based
on tactile cues.

The casing 110 and the valve cartridge 140 may be
equipped with rotation limiting members for limiting the
rotation of the valve cartridge 140 within the casing 110
about the longitudinal axis of the casing 110. As shown in
FIGS. 8-10, which are cutaway views of the lower end of the
module 100, in the present embodiment, the casing 110
includes a rotation limiting member in the form of a pro-
jection 120 which is formed on the interior of the casing 110
near its lower end and extends in the longitudinal direction
of'the casing 110. For ease of illustration, the valve cartridge
140 has been omitted from FIG. 8, and the below-described
torsion spring 135 has been omitted from FIGS. 9 and 10. As
viewed from above, the projection 120 has a roughly trian-
gular shape. It includes a top surface 121, a first side surface
122, and a second side surface 123, each of the side surfaces
extending from the inner wall of the casing 110 towards the
radial center of the casing 110. The first side surface 122
defines a cold stop surface for limiting the rotation of the
valve cartridge 140 from going beyond the full cold position,
and the second side surface 123 defines a hot stop surface for
limiting the rotation of the valve cartridge 140 from going
beyond the full hot position. The top surface 121 of the
projection 120 can function as a stopping surface which
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contacts the bottom surface 141a of the mixing core 141
when the valve cartridge 140 is in its full off position.

As shown in FIG. 9, a recess 124 is formed in the
projection 120 at its lower end below the lower end of the
second side surface 123. The interior of the recess 124
includes a side surface 125 and an upper surface 126. The
side surface 125 of the recess 124 functions as a stopping
surface for preventing the valve cartridge 140 from rotating
in the counterclockwise direction past a preheat rotational
position.

FIGS. 6 and 9 illustrate a rotation limiting member 150 of
the valve cartridge 140 which cooperates with the projection
120 of the casing 110. The rotation limiting member 150 has
generally the shape of a golf club and includes a shaft 151
which extends downwards from the lower end of the mixing
core 141 and a head 152 which is secured to the lower end
of'the shaft 151. The head 152 has a roughly triangular shape
as viewed in plan and includes a top surface 153, a first side
surface 154, and a second side surface 155. The shaft 151 is
secured to the mixing core 141 in a position such that the
projection 120 formed on the casing 110 lies in the path of
movement of the head 152 of the rotation limiting member
150 as the valve cartridge 140 is rotated within the casing
110 about the longitudinal axis of the casing 110. The first
side surface 154 of the head 152 defines a cold stop surface
for limiting the rotation of the valve cartridge 140 in the
clockwise direction beyond the full cold position, and the
second side surface 155 of the head 152 defines a hot stop
surface for limiting the rotation of the valve cartridge 140 in
the counterclockwise direction beyond the full hot position.
The height of the head 152 measured in the longitudinal
direction of the casing 110 is smaller than the height of the
recess 124 in the projection 120 measured in the same
direction so that at least a portion of the head 152 can be
inserted into the recess 124 when the valve cartridge 140 is
rotated to a preheat rotational position. When the valve
cartridge 140 is rotated to its full cold position, the first side
surface 154 of the head 152 contacts the first side surface
122 of the projection 120 and prevents the valve cartridge
140 from rotating in the clockwise direction beyond the full
cold position, regardless of whether the flow switching
module 100 is in the on state or the off state, i.e., regardless
of the position of the valve cartridge 140 in the longitudinal
direction of the casing 110. As shown in FIG. 9, when the
flow switching module 100 is in the on state and the valve
cartridge 140 is rotated to the full hot position, the second
side surface 155 of the head 152 contacts the second side
surface 123 of the projection 120 and prevents the valve
cartridge 140 from rotating in the counterclockwise direc-
tion beyond the full hot position. However, when the valve
cartridge 140 is in its full off position and the valve cartridge
140 is rotated to the full hot position, the second side surface
155 of the head 152 is positioned below the lower end of the
second side surface 123 of the projection 120 and so does
not contact the second side surface 123 of the projection
120. As a result, when the valve cartridge 140 is in the full
off position, the valve cartridge 140 can be rotated in the
counterclockwise direction past the full hot position to a
preheat rotational position, at which time a portion of the
head 152 enters into the recess 124 of the projection 120 as
shown in FIG. 10. The valve cartridge 140 can be prevented
from rotating in the counterclockwise direction beyond a
preheat position by contact between the second side surface
155 of the head 152 and the side surface 125 of the recess
124.

When the valve cartridge 140 is in a preheat rotational
position, the upper surface 126 of the recess 124 lies along
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a path of movement of the top surface 153 of the head 152
of the rotational limiting member 150 in the longitudinal
direction of the casing 110 and prevents the valve cartridge
140 from being raised by a sufficient amount to switch the
flow switching module 100 from the off state to the on state,
thereby preventing water from being discharged from the
water delivery port 113 of the casing 110 during the preheat
mode of operation.

FIGS. 16-20 show various views of the module 100 when
it is in the on state and the valve cartridge 140 is in a
rotational position between the full hot position and the full
cold position. FIG. 16 is a cross-sectional elevation of the
module 100 at this time, FIGS. 17-20 are axonometric views
of portions of the module 100 cut along lines 17-17, 18-18,
19-19, and 20-20, respectively, of FIG. 16, and FIG. 21 is a
cutaway axonometric view of the module 100 with all of the
casing 110 removed except for the lower end. In the state
shown in these figures, the sides surfaces 154 and 155 of the
heat 152 of the rotation limiting member 150 of the valve
cartridge 140 are spaced from the side surfaces 122 and 123
of'the projection 120 of the casing 110, so the valve cartridge
140 is capable of being rotated from the state in either the hot
direction or the cold direction.

FIGS. 23-27 show various views of the module 100 when
it is in the off state and the valve cartridge 140 is in a preheat
rotational position. FIG. 23 is a cross-sectional elevation of
the entire module 100 at this time, FIG. 24 is a cutaway
axonometric view of the module 100, FIGS. 25 and 26 are
axonometric views of the lower portion of the module 100
cut along lines 25-25 and 26-26, respectively, of FIG. 23,
and FIG. 27 is an axonometric view of the module 100 as
seen from below. As shown by these figures, when the valve
cartridge 140 is in a preheat rotational position, the head 152
of the rotation limiting member 150 of the valve cartridge
140 is at least partially disposed inside the recess 124 in the
lower end of the projection 120, and the side surface 125 of
the recess 124 opposes the second side surface 155 of the
head 152 to prevent the valve cartridge 140 from being
rotated in the counterclockwise direction past a preheat
rotational position.

In order to make it unnecessary for a user to repeatedly
switch the flow switching module 100 back and forth
between the preheat mode and the normal mode of operation
in order to determine whether water being supplied to the
flow switching module 100 through the hot water supply
port 111 has reached a comfortable temperature, the flow
switching module 100 may include a mechanism for holding
the valve cartridge 140 in a preheat rotational position until
a pre-determined set-point water temperature has been
reached and then automatically switching the valve cartridge
140 back to the full hot and full off position. For this
purpose, the present embodiment includes a thermal detent
mechanism 160 which can releasably hold the valve car-
tridge 140 in a preheat rotational position and a return spring
135 which can apply a torque to the valve cartridge 140 to
rotate the valve cartridge 140 from a preheat rotational
position to the full hot position when the thermal detent
mechanism 160 is not holding the valve cartridge 140 in a
preheat rotational position.

FIGS. 14 and 15 are schematic cross-sectional elevations
of the thermal detent mechanism 160, with the valve car-
tridge 140 shown in outline and a portion of the wall of the
casing 110 shown in cross section. As shown in these figures,
the thermal detent mechanism 160 in this embodiment
comprises a temperature sensitive actuator in the form of a
leaf spring 161 which is disposed inside the valve cartridge
140 where it is exposed to water within the valve cartridge
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140. The leaf spring 161, which is made of a bimetallic strip,
has a fixed end which is secured to the interior of the valve
cartridge 140 and a free end to which a detent member 162
such as a pin, a ball, a projection, or the like is formed. The
detent member 162 can pass through a through hole 149
(shown in FIG. 15) formed through the wall of the valve
cartridge 140. The inner wall of the casing 110 includes a
recess 115 for receiving the outer end of the detent member
162. When the valve cartridge 140 is in a preheat rotational
position, the through hole 149 in the valve cartridge 140
overlaps the recess 115 in the casing 110 such that the detent
member 162 can be inserted into the recess 115 to resist
rotation of the valve cartridge 140 with respect to the casing
110 under the force applied by the return spring 135. When
the valve cartridge 140 is not in a preheat rotational position,
the recess 115 is offset with respect to the through hole 149
in the circumferential direction of the casing 110 by an
amount such that either the detent member 162 cannot be
inserted into the recess 115 or such that it cannot be inserted
into the recess 115 to an extent so as to resist rotation of the
valve cartridge 140 with respect to the casing 110 under the
force applied by the return spring 135.

In this embodiment, the return spring 135 comprises a
torsion spring which is received in a groove 130 formed in
the exterior of the casing 110, although any type of spring
which can apply a torque to the valve cartridge 140 can be
employed, such as a tension or compression spring which
can apply a torque to the valve cartridge 140 through a lever.
The illustrated return spring 135 has a first end 136 which is
held captive in a spring retention hole 131 in the casing 110
and a second end 137 which extends through a slot 132
formed in the casing 110 between the inner and outer
surfaces of the casing 110 into a path of movement of some
portion of the rotational limiting member 150 of the valve
cartridge 140, such as the second side surface of the head
152 of the rotation limiting member 150. FIG. 7 is an
elevation of the lower end of the casing 110 with the return
spring 135 removed, showing the spring retention hole 131
and the slot 132 in the groove 130. The slot 132 is long
enough to allow the second end 137 of the return spring 135
to translate in the circumferential direction of the casing 110
when a force is applied to the second end 137 by the head
152 in the circumferential direction of the casing 110. The
second end 137 of the return spring 135 is positioned so as
to provide resistance to rotation of the valve cartridge 140 as
the valve cartridge 140 rotates from the full hot position
towards a preheat rotational position. For example, in the
present embodiment, when the head 152 of the rotation
limiting member 150 of the valve cartridge 140 is not
contacting the return spring 135, a surface of the second end
137 of the return spring 135 is approximately aligned with
the second side surface 123 of the projection 120 of the
casing 110. When the valve cartridge 140 is in its full off
position and is rotated to the full hot position, the second
side surface 155 of the head 152 will contact the second end
137 of the return spring 135. If the valve cartridge 140 is
rotated beyond the full hot position with the second side
surface 155 of the head 152 contacting the second end 137
of the return spring 135, the return spring 135 will torsion-
ally deform to produce a higher resistance to rotation than
experienced by a user when the valve cartridge 140 is in a
rotational position between the full cold position and the full
hot position, thereby providing a tactile signal to the user
that the valve cartridge 140 has reached the full hot position.

The user can continue to rotate the valve cartridge 140 in
the counterclockwise direction past the full hot position until
the valve cartridge 140 reaches a preheat rotational position.
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At this point, a portion of the head 152 will have entered the
recess 124 in the projection 120. The valve cartridge 140 can
be prevented from further rotation in the counterclockwise
direction past a preheat rotational position by contact
between the second side surface 155 of the head 152 and the
side surface 125 of the recess 124.

The leaf spring 161 changes its shape as the water
temperature in the valve cartridge 140 increases. The ther-
mal properties, dimensions, and mounting location of the
leaf spring 161 are selected such that when the water
temperature in the valve cartridge 140 to which the leaf
spring 161 is exposed is below the set-point temperature, the
shape of the leaf spring 161 is such that the detent member
162 can be inserted by the leaf spring 161 into the recess 115
in the valve cartridge 140 when the valve cartridge 140 is in
a preheat rotational position to prevent the valve cartridge
140 from rotating with respect to the casing 110 under the
torque exerted on the valve cartridge 140 by the return
spring 135, as schematically shown in FIG. 14. On the other
hand, when the water temperature to which the leaf spring
161 is exposed reaches the set-point temperature, the leaf
spring 161 deforms to a shape (such as the shape schemati-
cally shown in FIG. 15) in which the detent member 162 no
longer provides sufficient resistance to rotation of the valve
cartridge 140 to prevent the valve cartridge 140 from
rotating away from a preheat rotational position under the
torque applied to the valve cartridge 140 by the return spring
135.

If the valve cartridge 140 is in a rotational position other
than a preheat rotational position and the water temperature
inside the valve cartridge 140 is below the set-point tem-
perature, the outer end of the detent member 162 is pressed
radially outwards by the leaf spring 161 through the through
hole 149 in the valve cartridge 140 into sliding contact with
the inner wall of the casing 110. At this time, the pressure
applied by the detent member 162 to the inner wall of the
casing 110 is sufficiently small that it does not provide any
substantial resistance to translation or rotation of the valve
cartridge 140 within the casing 110. If the valve cartridge
140 is rotated to a preheat rotational position and the water
temperature is below the set-point temperature, the radially
outward force applied to the detent member 162 by the leaf
spring 161 will insert the outer end of the detent member 162
into the recess 115 in the casing 110, as shown in FIG. 14.
At this temperature, the resistance to rotation of the valve
cartridge 140 produced by engagement between the detent
member 162 and the recess 115 is greater than the torque
applied to the valve cartridge 140 by the return spring 135,
so the valve cartridge 140 remains latched in a preheat
rotational position, and the flow switching module 100
operates in the preheat mode.

When the water temperature in the valve cartridge 140
subsequently reaches the set-point temperature, deformation
of the leaf spring 161 due to the increase in temperature
causes the leaf spring 161 to assume a shape such that the
detent member 162 no longer provides sufficient resistance
to rotation of the valve cartridge 140 to overcome the
restoring force exerted on the valve cartridge 140 by the
return spring 135. At this time, the detent member 162 may
be entirely withdrawn from the recess 115 by the leaf spring
161, or it may remain at least partially inserted into the
recess but with the amount by which the detent member 162
extends into the recess 115 or the radial outwards force
applied to the detent member 162 by the leaf spring 161
producing a reduced resistance to rotation of the valve
cartridge 140 with respect to the casing 110. In either case,
when the water temperature within the valve cartridge 140
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reaches the set-point temperature, the return spring 135 can
rotate the valve cartridge 140 from a preheat rotational
position back to the full hot position. The return of the valve
cartridge 140 to the full hot position can serve as a signal to
the user (as indicated by a change in the rotational position
of the knob attached to the shaft) that sufficiently hot water
is now available and that the flow switching module 100 can
now be used in the normal mode of operation.

If a user rotates the valve cartridge 140 to a preheat
rotational position when the temperature of water inside the
valve cartridge 140 is already above the set-point tempera-
ture, the leaf spring 161 will already have assumed a shape
in which the detent member 162 is not engaged with the
recess 115 in the casing 110 at all or in which the detent
member 162 extends into the recess 115 but is not engaged
with the recess 115 by a sufficient amount or with sufficient
force to resist rotation of the valve cartridge 140 from a
preheat rotational position under the restoring force of the
return spring 135. Therefore, if the user releases his hand
from the mixing shaft 146 of the valve cartridge 140 after
rotating the valve cartridge 140 to a preheat rotational
position, the valve cartridge 140 will automatically rotate
from a preheat rotational position back to the full hot
position as a result of the torque applied to it by the return
spring 135. If the user wishes to continue the preheating
mode to further heat the water entering the valve cartridge
140 through the hot water supply port 111, the user can
manually hold the valve cartridge 140 in a preheat rotational
position by means of the mixing shaft 146 against the torque
applied by the return spring 135.

The shapes of the recess 115 in the casing 110 and the
radially outer end of the detent member 162 are not
restricted as long as the detent mechanism 160 can maintain
the valve cartridge 140 in a preheat rotational position
against the torque exerted by the return spring 135 when the
water temperature inside the valve cartridge 140 is below the
set-point temperature. However, the recess 115 and the
radially outer end of the detent member 162 are preferably
shaped such that a user can disengage the detent member
162 from the recess 115 and terminate the preheat mode
when desired by manually applying a moderate torque to the
valve cartridge 140 (such as a torque which a typical user
could easily apply with one hand) in a direction to rotate the
valve cartridge 140 away from a preheat rotational position
towards the full hot position. Therefore, if at any time during
the preheat mode a user wishes to terminate preheating and
return to the normal mode of operation, he can simply rotate
the valve cartridge 140 by hand away from a preheat
rotational position back towards the full hot position. For-
mulas for calculating the force to dislodge a spring-loaded
detent ball from a recess as well as designs for enabling a
detent ball to be disengaged from a recess are well known in
the art, and similar formulas and designs can be employed
to determine the torque applied to the valve cartridge 140
necessary to disengage the outer end of the detent member
162 from the recess 115 in the casing 110 in accordance with
the shape of the recess 115 and the outer end of the detent
member 162.

Although the thermal detent mechanism 160 in the illus-
trated embodiment employs a leaf spring 161 made from a
bimetallic strip as a temperature sensitive actuator, a wide
variety of other temperature sensitive actuators could be
used to retract the detent member 162 from engagement with
the casing 110 when the water in the valve cartridge 140
reaches the set-point temperature. Examples of other types
of actuators that could be used in a detent mechanism
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include those based on use of thermal wax, Nitinol, bellows,
bimetallic disks, and other temperature sensitive flexures.

If desired, a temperature adjustment device could readily
be incorporated into the thermal detent mechanism 160.
Such an adjustment device could take the form of an
adjusting screw, for example. As one example, such a screw
could vary the initial slope at the base of the leaf spring 161.
Flexing the cold position of the leaf spring 161 towards or
away from the casing 110 would raise or lower the set-point
temperature since it would require a greater or lesser expan-
sion on the hot side for the detent member 162 to pull clear
of the recess 115 in the casing 110.

In this manner, in a normal mode of operation, a user can
operate the flow switching module 100 in substantially the
same manner as a conventional mixing valve such as a
mixing valve for a faucet or shower by manually rotating
and translating the mixing shaft 146 of the valve cartridge
140. When the user desires to switch the flow switching
module 100 to preheating mode, the user merely needs to
rotate the valve cartridge 140 past the full hot position to a
preheat rotational position. The flow switching module 100
is thus easy and intuitive for a user to operate.

FIGS. 28-59 illustrate another embodiment of a flow
switching module 200 according to the present invention.
Like the previous embodiment, this embodiment is capable
of'being integrated into the structure of a hot water plumbing
fixture in a hot water circulation system according to the
present invention and serving as the main flow control
device for the plumbing fixture. The flow switching module
200 is also capable of being installed separately from a
plumbing fixture and being used as an auxiliary flow control
device for the plumbing fixture.

Like the previous embodiment, this embodiment has a
normal mode of operation and a preheat mode of operation.
In the normal mode of operation, the flow switching module
200 functions in essentially the same manner as a conven-
tional single-handle mixing valve to perform mixing of hot
and cold water and control the flow rate of water discharged
from a plumbing fixture. In the preheat mode of operation,
hot water which is supplied to the flow switching module
200 is returned to a water heater or other source of hot water
to be further heated to a predetermined set-point temperature
instead of being discharged from the plumbing fixture.

FIG. 28 is an exploded axonometric view of the flow
switching module 200, and FIGS. 29 and 30 are cutaway
axonometric views of the flow switching module 200 in an
assembled state. As shown in these figures, in this embodi-
ment, the flow switching module 200 includes a mixing
valve assembly 201, a lifter assembly 220, and a preheat
assembly 240. The flow switching module 200 is illustrated
with its longitudinal axis extending substantially vertically.
However, as is the case with respect to the previous embodi-
ment, this embodiment can be installed with its longitudinal
axis at any orientation with respect to the vertical,

The mixing valve assembly 201 performs the functions of
a conventional mixing valve. It supplies hot water, cold
water, or a mixture of hot and cold water to the discharge
port of an unillustrated plumbing fixture, such as a shower
head of a shower or a spout of a faucet.

The preheat assembly 240 is fluidly connected to a source
of hot water, such as an unillustrated hot water heater. When
the flow switching module 200 is in its normal mode of
operation, the preheat assembly 240 supplies the water from
the source of hot water to the mixing valve assembly 201,
and when the flow switching module 200 is in the preheat
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mode of operation, the preheat assembly 240 supplies the
hot water to a return passageway for return to the source of
hot water.

The lifter assembly 220 is a mechanism which enables a
user of the flow switching module 200 to manually control
the operation of the mixing valve assembly 201 and the
preheat assembly 240 and to switch between the normal
mode and the preheat mode of operation.

The mixing valve assembly 201 may have any structure
which enables it to perform mixing of hot and cold water in
desired proportions and to adjust the flow rate of water
discharged from the mixing valve assembly 201. In the
present embodiment, the mixing valve assembly 201
includes a stationary casing 202 (referred to here as a valve
casing) and a cartridge 210 (referred to here as a valve
cartridge) which is movably installed in the valve casing 202
so as to be able to reciprocate with respect to the valve
casing 202 in the longitudinal direction of the valve casing
202 and rotate with respect to the valve casing 202 around
the longitudinal axis of the valve casing 202. The valve
casing 202 is typically supported by unillustrated structure
s0 as to remain stationary during operation of the module
200. For example, the valve casing 202 may be supported by
the body of a plumbing fixture or by structural components
of a building in which the plumbing fixture is installed. The
illustrated valve casing 202 is a cylindrical member having
an opening at both of its lengthwise ends. A hot water supply
port 203, a cold water supply port 204, and at least one water
delivery port 205 (two in the illustrated embodiment) are
formed through the wall of the valve casing 202 between its
inner and outer surfaces. The cold water supply port 204 is
fluidly connected by an unillustrated passageway on the
exterior of the valve casing 202 to a source of cold water.
The hot water supply port 203 is connected by an unillus-
trated passageway on the exterior of the valve casing 202 to
a water delivery port 262 of the preheat assembly 240, to be
described below. The one or more water delivery ports 205
of'the valve casing 202 are fluidly connected by one or more
unillustrated passageways on the exterior of the valve casing
202 to the discharge port of the plumbing fixture with which
the flow switching module 200 is associated.

FIGS. 32 and 33 are axonometric views of the exterior of
the valve cartridge 210 from different angles. Preferably the
valve cartridge 210 is removably installed inside the valve
casing 202 so that it can be replaced when desired. The
illustrated valve cartridge 210 includes a mixing core 211
which interacts with the valve casing 202 to perform mixing
of hot and cold water. It further includes a shaft 215, referred
to here as a mixing shaft, to which the mixing core 211 is
secured. The mixing core 211 comprises a tubular member
having an opening at each of its lengthwise ends. The upper
end of the mixing core 211 is secured to the mixing shaft 215
by a plurality of spokes 213 which extend radially between
the mixing shaft 215 and the wall of the mixing core 211 so
that water can flow between the spokes 213 through the
upper end of the mixing core 211. An inlet 212 is formed
through the wall of the mixing core 211 between its inner
and outer surfaces. Like the first inlet 142 of the mixing core
211 in the previous embodiment, the inlet 212 in this
embodiment is elongated in the circumferential direction of
the mixing core 211 and serves as an inlet into the mixing
core 211 for water from one or both of the hot water supply
port 203 and the cold water supply port 204 during the
normal mode of operation. The mixing core 211 also
includes an outlet 214 defined by the spaces between the
spokes 213 at the open upper end of the mixing core 211.
The interior of the mixing core 211 functions as a mixing
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chamber in which water supplied through the hot water
supply port 203 and the cold water supply port 204 can be
mixed to produce water having a desired temperature.

The mixing shaft 215 is a tubular member which extends
out of the upper and lower ends of the mixing core 211. The
mixing shaft 215 may comprise a single member which
extends over the entire length of the mixing shaft 215, or it
may comprises a plurality of coaxial sections which are
joined end to end in series. In the present embodiment, the
mixing shaft 215 comprises an upper section and a lower
section which is coaxial with the upper section and secured
to the lower end of the upper section. The upper section of
the mixing shaft 215 is secured to the mixing core 211 by the
above-mentioned spokes 213, while the lower section of the
mixing shaft 215 passes through an opening formed in the
lower end of the valve casing 202. An unillustrated seal is
typically provided around the outer surface of the lower
section of the mixing shaft 215 to prevent water from
leaking to the exterior of the valve casing 202 around the
lower section of the mixing shaft 215.

As in the previous embodiment, a baffle 216 is secured to
the mixing shaft 215 above the upper end of the mixing core
211 at a location in which it can allow or block flow through
the water delivery ports 205 of the valve casing 202 and
control the flow rate of water through the water delivery
ports 205 in a conventional manner as the valve cartridge
210 reciprocates within the valve casing 202.

As shown in FIGS. 32 and 33, a ring 217 having a
cylindrical outer surface is secured to the lower end of the
lower section of the mixing shaft 215. A recess 218 which
is capable of engaging with a portion of the lifter assembly
220 is formed in the outer periphery of the ring 217.

As in the previous embodiment, portions of the exterior of
the valve cartridge 210 (such as unillustrated sealing rings)
are in sliding contact with the inner surface of the valve
casing 202 as the valve cartridge 210 reciprocates or rotates
within the valve casing 202. However, as described with
respect to the previous embodiment, a hollow sleeve may be
removably mounted inside the valve casing 202 between the
inner wall of the valve casing 202 and the outer surface of
the valve cartridge 210 to protect the inner surface of the
valve casing 202 against wear caused by movement of the
valve cartridge 210 with respect to the valve casing 202.

In the same manner as in the previous embodiment, the
valve cartridge 210 can translate within the valve casing 202
in the longitudinal direction of the valve casing 202 to
switch the mixing valve assembly 201 between an off state
and an on state. FIGS. 46 and 47 are cross-sectional eleva-
tions of the module 200 showing the mixing valve assembly
201 in the off state and the on state, respectively. When the
mixing valve assembly 201 is in the off state, the valve
cartridge 210 is positioned within the valve casing 202 so as
to essentially prevent the flow of liquid out of the valve
casing 202 through the water delivery ports 205 of the valve
casing 202. Specifically, in the present embodiment, in the
off state, the valve cartridge 210 is positioned such that the
inlet 212 of the mixing core 211 does not overlap either the
hot water supply port 203 or the cold water supply port 204
of the valve casing 202 in the longitudinal direction of the
valve casing 202 to prevent water from either of the supply
ports from entering the valve cartridge 210 through the inlet
212, and such that the baffle 216 of the valve cartridge 210
is positioned below the lower end of the water delivery ports
205 of the valve casing 202 in the longitudinal direction to
prevent water from flowing out of the valve casing 202
through the water delivery ports 205 from the region of the
valve casing 202 below the baffle 216. In the off state, the
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radially outer end of the inlet of the valve cartridge 210 is
blocked by the inner wall of the valve casing 202.

When the mixing valve assembly 201 is in the on state, the
valve cartridge 210 is positioned within the valve casing 202
s0 as to allow liquid to be discharged from the interior of the
valve cartridge 210 through the water delivery ports 205 of
the valve casing 202. Specifically, in the present embodi-
ment, in the on state, the valve cartridge 210 is positioned
such that the inlet 212 of the valve cartridge 210 overlaps the
hot water supply port 203 and the cold water supply port 204
in the longitudinal direction of the valve casing 202 to allow
water from one or both of the water supply ports 203 and 204
to enter the valve cartridge 210 through the inlet 212, and
such that the baffle 216 is raised above the lower end of the
water delivery ports 205 in the longitudinal direction of the
valve casing 202 to allow water to be discharged from the
region of the valve cartridge 210 located below the baftle
216 through the water delivery ports 205. When the mixing
valve assembly 201 is in the on state, the flow rate through
the water delivery ports 205 can be varied by raising or
lowering the valve cartridge 210 within the valve casing 202
to adjust the degree to which the baffle 216 obstructs the
water delivery ports 205 and to adjust the amount of overlap
in the longitudinal direction of the valve casing 202 between
the inlet 212 and the hot and cold water supply ports 203 and
204.

As in the previous embodiment, the valve cartridge 210
can be rotated within the valve casing 202 about the longi-
tudinal axis of the valve casing 202 between a full cold
rotational range and a full hot rotational range. When the
valve cartridge 210 is in the full hot rotational range, the
inlet 212 of the mixing core 211 overlaps the hot water
supply port 203 of the valve casing 202 in the circumfer-
ential direction of the valve casing 202 but does not overlap
the cold water supply port 204 in the circumferential direc-
tion so that when the mixing valve assembly 201 is in the on
state, water from the hot water supply port 203 can flow into
the interior of the valve cartridge 210 through the inlet 212
while water from the cold water supply port 204 is prevented
from doing so. Conversely, when the valve cartridge 210 is
in the full cold rotational range, the inlet 212 of the valve
cartridge 210 overlaps the cold water supply port 204 of the
valve casing 202 in the circumferential direction of the valve
casing 202 but does not overlap the hot water supply port
203 in the circumferential direction so that when the mixing
valve assembly 201 is in an on state, water from the cold
water supply port 204 can flow into the interior of the valve
cartridge 210 through the inlet 212 while water from the hot
water supply port 203 is prevented from doing so. When the
rotational position of the valve cartridge 210 is in an
intermediate rotational range between the full hot rotational
range and the full cold rotational range, both hot water from
the hot water supply port 203 and cold water from the cold
water supply port 204 can flow into the interior of the valve
cartridge 210 through the inlet 212 when the mixing valve
assembly 201 is in an on state. The valve cartridge 210 can
be rotated to at least one rotational position in the full hot
rotational range, at least one rotational position in the full
cold rotational range, and at least one rotational position in
the intermediate rotational range. Typically it can be rotated
to a plurality of rotational positions in each range. By
adjusting the rotational position of the valve cartridge 210
between the full hot rotational range and the full cold
rotational range, a user can vary the ratio of hot to cold water
entering the valve cartridge 210 and thereby adjust the
temperature of the water discharged from the water delivery
ports 205 of the valve casing 202.
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In this embodiment as in the previous embodiment, the
valve cartridge 210 is rotated about its longitudinal axis in
the counterclockwise direction as viewed from above in
FIGS. 29 and 30 as it rotates from the full cold rotational
range to the full hot rotational range. However, the flow
switching module 200 may be arranged such that the valve
cartridge 210 is rotated in the clockwise direction from the
full cold rotational range to the full hot rotational range.

FIG. 35 is an exploded axonometric view of the lifter
assembly 220. The lifter assembly 220 includes a base 221
and an elongated shaft 222 (referred to here as a lifter shaft)
which is secured to the base 221 and extends upwards from
and perpendicular to the top surface of the base 221. In the
present embodiment, the base 221 is in the form of a flat
circular disk, but the base 221 is not restricted to any
particular shape as long as it is capable of supporting the
lifter shaft 222 and is capable of translating and rotating
within the preheat assembly 240. As shown in FIGS. 29 and
30, the lifter shaft 222 extends coaxially through the center
of the mixing shaft 215 and extends over the entire length of
the mixing valve assembly 201, with the upper end of the
lifter shaft 222 extending out of the upper end of the valve
casing 202 of the mixing valve assembly 201 and with the
base 221 disposed beneath the ring 217 at the bottom of the
mixing shaft 215. The lifter shaft 222 is supported by the
mixing valve assembly 201 so as to be able to translate with
respect to the valve casing 202 of the mixing valve assembly
201 in the longitudinal direction of the valve casing 202 and
s0 as to be able to rotate with respect to the valve casing 202
about the longitudinal axis of the valve casing 202. For
example, friction between the outer surface of the lifter shaft
222 and unillustrated sealing members mounted on the
mixing shaft 215 can provided sufficient resistance to trans-
lation of the lifter shaft 222 to enable the valve casing 202
to support the lifter assembly 220 through the mixing shaft
215.

An unillustrated knob, handle, or other manual control
member which can be grasped by a user may be secured to
the upper end of the lifter shaft 222 to enable a user of the
flow switching module 200 to translate and rotate the lifter
assembly 220 by hand. Alternatively, the upper end of the
lifter shaft 222 can be connected to an unillustrated linkage
which enables a user to translate or rotate the lifter shaft 222
by manipulating an unillustrated lever connected to the
linkage without the user having to directly push or pull on
the lifter shaft 222.

The lifter assembly 220 includes a latching mechanism
for detachably connecting the lifter assembly 220 to the
valve cartridge 210 of the mixing valve assembly 201. In the
present embodiment, the latching mechanism comprises a
lever 230 which is pivotably supported by the base 221. FIG.
31 is an axonometric view and FIG. 32 is a top plan view of
the lever 230. A first end 231 of the lever 230 includes a bore
232 which fits over a pivot pin 223 which extends upwards
from the top surface of the base 221 to enable the lever 230
to pivot with respect to the pivot pin 223 and the base 221.
A second end 233 of the lever 230 is formed with projections
234 which are shaped for detachable engagement with the
recess 218 formed in the outer periphery of the ring 217
mounted at the lower end of the mixing shaft 215 of the
valve cartridge 210. The lever 230 can pivot between an
engaged state shown in FIGS. 29 and 30 in which the
projections 234 on the second 233 of the lever 230 are
engaged with the recess 218 in the ring 217 and a disengaged
state in which the second 233 of the lever 230 is spaced from
the ring 217 and the projections 234 on the second 233 are
disengaged from the recess 218 in the ring 217. When the
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lever 230 is in the engaged state in which the second 233 of
the lever 230 is engaged with the ring 217, the valve
cartridge 210 and the lifter assembly 220 can translate in the
longitudinal direction of the valve casing 202 and rotate
about the longitudinal axis of the valve casing 202 as a
single unit so that when a user raises or lowers the lifter shaft
222 in its longitudinal direction, both the lifter assembly 220
and the valve cartridge 210 are raised and lowered as a
single unit with respect to the valve casing 202, and so that
when the user rotates the lifter shaft 222 about its longitu-
dinal axis, the entire lifter assembly 220 and the valve
cartridge 210 rotate with respect to the valve casing 202 as
a single unit about the longitudinal axis of the valve casing
202. The lever 230 is biased towards the engaged state by a
suitable biasing member, such as a spring. In the present
embodiment, a biasing member in the form of a torsion
spring 235 includes a first end 236, a second 237, and a
coiled portion 238 between the two ends. The first end 236
of'the torsion spring 235 is inserted into a hole 224 in the top
surface of the base 221, the coiled portion 238 fits over the
pivot pin 223 for the lever 230, and the second end 237 of
the torsion spring 235 is pressed against the exterior of the
lever 230 to exert a torque on the lever 230 to urge the lever
230 to the engaged state.

An L-shaped bracket 225 which forms parts of a latching
mechanism for detachably engaging the lifter assembly 220
with the below-described preheat assembly 240 may be
formed on the bottom surface of the base 221.

As shown in FIG. 35, a tab 226 or other projecting
member for use in limiting the rotation of the lifter assembly
220 about the longitudinal axis of the lifter shaft 222 projects
outwards from the periphery of the base 221.

The lifter shaft 222 can be rotated about its longitudinal
axis to rotational positions within a normal rotational range
and a preheat rotational range. When the lifter shift is in the
normal rotational range, the lever 230 is engaged with the
ring 217 of the valve cartridge 210. Therefore, when the
lifter shaft 222 is translated or rotated while in its normal
rotational range, the valve cartridge 210 is translated or
rotated along with the lifter shaft 222, and the module 200
can operate in its normal mode.

On the other hand, when the lifter shaft 222 is in the
preheat rotational range, the lever 230 is in its disengaged
state in which it is disengaged from the ring 217 of the valve
cartridge 210. In this state, translation or rotation of the lifter
shaft 222 does not produce any translation or rotation of the
valve cartridge 210. At the same time, when the lifter shaft
222 is in the preheat rotational range, the lifter assembly 220
is engaged with the below-described preheat core 270 of the
preheat assembly 240. As a result of this engagement,
raising or lowering the lifter shaft 222 when it is in the
preheat rotational range raises and lowers the preheat core
270 to initiate or terminate the preheat mode.

When the lifter shaft 222 is in the normal rotational range,
the lifter shaft 222 can translate in its longitudinal direction
between an on range and an off range. When the lifter shaft
222 is in its on range in the longitudinal direction, the valve
cartridge 210 is positioned in the longitudinal direction of
the valve casing 202 such that the mixing valve assembly
201 is in its on state, and when the lifter shaft 222 is in its
off range in the longitudinal direction, the valve cartridge
210 is positioned in the longitudinal direction of the valve
cartridge 210 such that the mixing valve assembly 201 is in
its off state.

When the lifter shaft 222 is in the preheat rotational range,
the lifter shaft 222 can translate in its longitudinal direction
between a raised position and a lowered position. When the
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lifter shaft 222 is in its raised position, the below-described
preheat core 270 of the preheat assembly 240 is raised to a
raised or preheat position in which the module 200 in the
preheat mode, and when the lifter shaft 222 is in its lowered
position, the preheat core 270 of the preheat assembly 240
is in a lowered or normal position which it assumed during
the normal mode.

As shown in FIGS. 28-30, the preheat assembly 240
includes a stationary upper casing 241, a stationary lower
casing 260 disposed beneath the upper casing 241, and a
preheat core 270 which is disposed inside the lower casing
260 for movement with respect to the lower casing 260 in
the longitudinal direction of the lower casing 260. Like the
valve casing 202 of the mixing valve assembly 201, the
upper casing 241 and the lower casing 260 of the preheat
assembly 240 are supported by unillustrated structure so as
to remain stationary during operation of the module 200.
The upper casing 241, the lower casing 260, and the valve
casing 202 together define a stationary body of the flow
switching module 200 for supporting the movable compo-
nents of the flow switching module 200.

As shown in FIGS. 29 and 30, the upper casing 241 of the
preheat assembly 240 houses the base 221 and all or a
portion of the lever 230 of the lifter assembly 220, depend-
ing upon the position of the lifter shaft 222 in the longitu-
dinal direction of the valve casing 202. FIG. 36 is an
axonometric view of the upper and lower casings 241 and
260 of the preheat assembly 240, and FIGS. 38 and 39 are
cutaway axonometric views of the upper casing 241 as
viewed from two different angles.

As shown in these figures, the upper casing 241 is a
tubular member having an opening at its upper and lower
ends. At its upper end, it includes a thick-walled region 242
and a thin-walled region 243 which each extend roughly half
way around the circumference of the upper casing 241. First
and second walls 244 and 245 which each project towards
roughly the radial center of the upper casing 241 are formed
at opposite ends of the thick-walled region 242 along a path
of movement of the first end 231 of the lever 230 as the lifter
shaft 222 rotates about its longitudinal axis. A first ledge 246
extends in roughly a semicircle in the circumferential direc-
tion of the upper casing 241 along the inner periphery of the
thin-walled region 243, and a second ledge 247 extends
around the entire circumference of the inner periphery of the
upper casing 241 at a distance below the first ledge 246. An
opening, such as a circular through hole, is formed in the
center of the second ledge 247 through its thickness. The
inner diameter of the thick-walled region 242 is larger than
the outer diameter of the base 221 of the lifter assembly 220.
As shown in FIGS. 29 and 30, the base 221 of the lifter
assembly 220 is disposed inside the upper casing 241 so that
it can rotate with respect to the upper casing 241 about its
longitudinal axis.

A third wall 249 and fourth wall 251 are formed in the
thick-walled region 242 at a level below the first wall 244
along a path of movement of the tab 226 on the lifter
assembly 220. Both walls 249 and 251 project towards
roughly the radial center of the upper casing 241. The third
wall 249 extends from the level of the first ledge 246
partway towards the second ledge 247. The lower end of the
third wall 249 is separated from the top surface of the second
ledge 247 by a gap 250 which is tall enough for the tab 226
formed on the base 221 of the lifter assembly 220 to pass
through the gap 250, while the fourth wall 251 extends from
the first ledge 246 down to the top of the second ledge 247.
The height of the gap 250 below the third wall 249 is
selected such that the tab 226 can pass through the gap 250
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as the lifter shaft 222 rotates only when the lifter shaft 222
is in its off range in the longitudinal direction. As a result, the
lifter shaft 222 can rotate between the normal rotational
range and the preheat rotational range only when the lifter
shaft 222 is in its off range in the longitudinal direction, at
which time the mixing valve assembly 201 is in its off state.
A slot 252 extending in the longitudinal direction of the
upper casing 241 is formed in the thick-walled region 242 of
the upper casing 241. Two walls (a fifth wall 253 and a sixth
wall 254) define opposite sides of the slot 252. The slot 252
is wide enough for the tab 226 on the lifter assembly 220 to
travel vertically within the slot 252 when the lifter shaft 222
is in the preheat rotational range. The fifth wall 253 extends
from the level of the first ledge 246 down to the second ledge
247, while the sixth wall 254 extends down to the upper end
of the gap 250 beneath the third wall 249. The slot 252 is
shown extending upwards to the level of the first ledge 246,
but it may extend upwards for a different distance in
accordance with the desired amount of translation of the
lifter shaft 222 between its raised and lowered position when
the lifter shaft 222 is in the preheat rotational range.

The flow switching module 200 may include structure for
limiting the distances by which the valve cartridge 210 and
the lifter shaft 222 can translate in the longitudinal direction
of the lifter shaft 222. In the illustrated embodiment, down-
wards translation of the lifter shaft 222 is limited by contact
between the bottom surface of the base 221 of the lifter
assembly 220 and the top surface of the second ledge 247 of
the upper casing 241. When the lifter shaft 222 is in its
normal rotational range, the valve cartridge 210 and the lifter
shaft 222 translate together, so limiting the downwards
translation of the lifter shaft 222 also limits the downwards
translation of the valve cartridge 210. Upwards translation
of the valve cartridge 210 and the lifter shaft 222 when the
lifter shaft 222 is in its normal rotational range can be
limited by conventional structure commonly used for lim-
iting translation in a mixing valve. For example, a snap ring
could be mounted in an internal groove of the valve casing
202 above the upper end of the valve cartridge 210 and along
the path of movement of the valve cartridge 210 as it
translates within the valve casing 202.

When the lifter shaft 222 is in its preheat rotational range,
the preheat assembly 240 is engaged with the below-de-
scribed preheat core 270 of the preheat assembly 240.
Therefore, upwards movement of the lifter shaft 222 which
it is in the preheat rotational range can be limited by
structure limiting the upwards movement of the preheat core
270. Alternatively, the upwards translation of the lifter shaft
222 could be limited by contact between the tab 226 and the
upper end of the slot 252 in the wall of the upper casing 241.

Structure may also be provided for limiting the range of
rotation of the lifter shaft 222 about its longitudinal axis. In
the present embodiment, the range of rotation of the lifter
shaft 222 is limited by contact between the tab 226 on the
base 221 of the lifter assembly 220 and various surfaces of
the upper casing 241. When the lifter shaft 222 is in the
normal rotational range and is in its on range in the longi-
tudinal direction, the lifter shaft 222 can rotate between a
position referred to as a full hot position in which the tab 226
on the base 221 of the lifter assembly 220 contacts the third
wall 249 of the upper casing 241 and another position
referred to as a full cold position in which the tab 226
contacts the fourth wall 251 of the upper casing 241. When
the lifter shaft 222 is in the lowest position of its off range
in the longitudinal direction in which the base 221 of the
lifter assembly 220 sits on the second ledge 247, the lifter
shaft 222 can rotate in the clockwise direction as far as the
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full cold position in which the tab 226 contacts the fourth
wall 251 of the upper casing 241. When the lifter shaft 222
is rotated in the counterclockwise direction while in its
lowest position in the off range, the tab 226 on the base 221
of the lifter assembly 220 is disposed below the lower end
of the third wall 249, so the tab 226 can pass through the gap
250 beneath the third wall 249, and the lifter shaft 222 can
rotate from the normal rotational range to the preheat
rotational range. When the lifter shaft 222 is in the preheat
rotational range, the distance by which it can rotate in the
counterclockwise direction is limited by contact between the
tab 226 and the fifth wall 253 of the upper casing 241. When
the lifter shaft 222 is raised to a raised position while in the
preheat rotational range, the rotation of the lifter shaft 222
in the clockwise direction is limited by contact between the
tab 226 and the sixth wall 254 of the upper casing 241.

The first wall 244 of the upper casing 241 is used in order
to pivot the lever 230 from its engaged state to its disen-
gaged state as the lifter shaft 222 rotates about its longitu-
dinal axis. FIGS. 42-44 are transverse cross-sectional views
of this embodiment taken along a horizontal plane passing
through the ring 217 at the lower end of the mixing shaft 215
and illustrating the interaction between the first wall 244 of
the upper casing 241 and the lever 230 at various rotational
positions of the lifter shaft 222. FIG. 42 illustrates the lifter
shaft 222 at a rotational position between the full hot
position and the full cold position within the normal rota-
tional range of the lifter shaft 222. At this rotational position,
the first end 231 of the lever 230 is not contacting the first
wall 244 of the upper casing 241, and the lever 230 is in its
engaged state in which the second end 233 of the lever 230
is engaged with the recess 218 in the ring 217 of the valve
cartridge 210. As a result of this engagement, the lifter
assembly 220 and the valve cartridge 210 can be raised and
lowered in the longitudinal direction of the lifter shaft 222
and rotated about the longitudinal axis of the lifter shaft 222
as a single unit.

FIG. 43 shows the lifter shaft 222 rotated in the counter-
clockwise direction with respect to the position shown in
FIG. 42 to a rotational position in which the first end 231 of
the lever 230 is contacting the first wall 244 of the upper
casing 241. While it is possible for the contact between the
first wall 244 of the upper casing 241 and the first end 231
of the lever 230 to be applying a moment to the lever 230 at
this time, the second end 233 of the lever 230 remains
engaged with the recess 218 in the ring 217 of the valve
cartridge 210.

FIG. 44 shows the lifter shaft 222 rotated in the counter-
clockwise direction with respect to the position shown in
FIG. 43 to a rotational position in which the contact between
the first wall 244 and the first end 231 of the lever 230 forces
the lever 230 to pivot to a disengaged state in which the
second end 233 of the lever 230 is disengaged from the
recess 218 in the ring 217 of the valve cartridge 210.

If the lifter shaft 222 is rotated in the clockwise direction
from the rotational position shown in FIG. 44 back to the
rotational position shown in FIG. 43, the biasing force
applied to the lever 230 by the torsion spring 235 will pivot
the lever 230 from the disengaged state shown in FIG. 44
back to the engaged state shown in FIG. 43.

In the present embodiment, the second wall 245 of the
upper casing 241 serves merely as an end surface of the
thick-walled region 242 of the upper casing 241 and does not
contact the lifter assembly 220. However, as an alternative
to the fourth wall 251 of the upper casing 241 defining the
full cold position of the lifter shaft 222 by contacting the tab
226 of the lifter assembly 220, the second wall 245 of the
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upper casing 241 could be located so that the first end 231
of the lever 230 contacts the second wall 245 when the lifter
shaft 222 is rotated in the clockwise direction to a full cold
position, and the contact prevents further rotation of the
lifter shaft 222 in the clockwise direction. In this case, the
fourth wall 251 can be moved to a location in which it does
not contact the tab 226 of the lifter assembly 220 when the
lifter shaft 222 is rotated to its full cold position.

When a user rotates the lifter shaft 222 from the rotational
position shown in FIG. 43 to the rotational position shown
in FIG. 44, the torsion spring 235 is elastically deformed as
the lever 230 rotates from the engaged state shown in FIG.
43 to the disengaged state shown in FIG. 44. The torque
produced by the deformation of the torsion spring 235
generates a clockwise torque which is applied to the lifter
shaft 222 through the pivot pin 223 for the lever 230 and the
base 221 of the lifter shaft 222. This torque produces an
increased resistance to rotation of the lifter shaft 222 in the
counterclockwise direction compared to what a user would
normally feel when the lever 230 is not contacting the first
wall 244 of the upper casing 241, such as when the lifter
shaft 222 is in the rotational position shown in FIG. 42. By
appropriately selecting the spring constant of the torsion
spring 235, the increased resistance to rotation produced by
the torsion spring 235 can provide a tactile clue to a user
when the lifter shaft 222 is in its off range in the longitudinal
direction that the lifter shaft 222 has reached or is in the
vicinity of the full hot position. In the present embodiment,
the torsion spring 235 has a spring constant which is
sufficiently large that the clockwise torque which is applied
to the lifter shaft 222 due to the deformation of the torsion
spring 235 can rotate the lifter shaft 222 from the preheat
rotational range back to the normal rotational range when
there is no force other than friction restraining the lifter shaft
222 from rotating in the clockwise direction. For example,
if a user rotates the lifter shaft 222 to the rotational position
shown in FIG. 44 with the lifter shaft 222 in its lowered
position and then releases his hand from the lifter shaft 222,
the clockwise torque acting on the lifter shaft 222 will return
the lifter shaft 222 to the normal rotational range.

The lower casing 260 of the preheat assembly 240 is a
tubular member disposed beneath the upper casing 241. In
the present embodiment, the upper casing 241 is shown
sitting directly on the lower casing 260, but it is also possible
for the upper and lower casings 241 and 260 to be spaced
from each other in the longitudinal direction. The lower
casing 260 may have any shape which permits the preheat
core 270 to translate inside the lower casing 260 in the
longitudinal direction of the lower casing 260. In the present
embodiment, both the lower casing 260 and the preheat core
270 are generally cylindrical with a circular transverse cross
section, but non-circular transverse cross-sectional shapes
are also possible, such as polygonal or oval. The structure of
the lower casing 260 and the preheat core 270 is best
illustrated in above-mentioned FIG. 46, which is a cross-
sectional elevation of the module when the mixing valve
assembly 201 is in an off state and the lifter shaft 222 is in
the normal rotational range during the normal mode of
operation, and FIG. 54, which is a cross-sectional elevation
of the module 200 when the lifter shaft 222 is in the preheat
rotational range during the preheat mode of operation. As
shown in these figures, a hot water supply port 261, a water
delivery port 262, and a return port 263 are formed in the
peripheral wall of the lower casing 260 and extend between
the interior and the exterior of the lower casing 260. The hot
water supply port 261 is connected by an unillustrated
passageway to a source of hot water, such as a hot water



US 11,592,190 B2

37

heater. The water delivery port 262 is connected by an
unillustrated passageway to the hot water supply port 203 of
the valve casing 202. The return port 263 is connected by an
unillustrated return passageway to the source of hot water.
The lower casing 260 is schematically illustrated as a
one-piece member, but it may comprise a plurality of
sections which are separately formed and then secured to
each other either detachably or permanently in a liquid-tight
manner.

The preheat core 270 is also a hollow cylindrical member
which is closed at both ends. A first port 271, a second port
272, and a third port 273 are formed in the peripheral wall
of the preheat core 270 and extend between the interior and
exterior of the preheat core 270. The preheat core 270 can
translate inside the lower casing 260 in the longitudinal
direction of the lower casing 260 between a lowered or
normal position shown in FIG. 46 which it assumes during
the normal mode of operation and a raised or preheat
position shown in FIG. 54 which it assumes during the
preheat mode of operation. As is the case with respect to the
lower casing 260, the preheat core 270 is schematically
illustrated as being a one-piece member, but it may comprise
a plurality of sections (such as two half shells) which are
separately formed and then secured to each other either
detachably or permanently in a liquid-tight manner.

When the preheat core 270 is in a lowered (normal)
position as shown in FIG. 46, for example, the first port 271
fluidly communicates with the hot water supply port 261 of
the lower casing 260, the second port 272 fluidly commu-
nicates with the water delivery port 262 of the lower casing
260, and the third port 273 is blocked by the inner surface
of the lower casing 260.

When the preheat core 270 is in a raised (preheat) position
as shown in FIG. 54, for example, the first port 271 is
blocked by the inner surface of the lower casing 260, the
second port 272 fluidly communicates with the hot water
supply port 261 of the lower casing 260, and the third port
273 fluidly communicates with the return port 263 of the
lower casing 260.

Accordingly, when the preheat core 270 is in a lowered
(normal) position, hot water from the source of hot water
enters the preheat assembly 240 through the hot water
supply port 261 and the first port 271 of the preheat core 270,
it flows through the interior of the preheat core 270, and then
it is supplied to the hot water supply port 203 of the mixing
valve assembly 201 through the second port 272 of the
preheat core 270 and the water delivery port 262 of the lower
casing 260. When the preheat core 270 is in a raised
(preheat) position, hot water from the source of hot water
enters the preheat assembly 240 through the hot water
supply port 261 of the lower casing 260 and the second port
272 of the preheat core 270, it flows through the interior of
the preheat core 270, and then it is diverted to the return
passageway through the third port 273 of the preheat core
270 and the return port 263 of the lower casing 260.

The flow switching module 200 includes a latching
mechanism for detachably connecting the lifter assembly
220 to the preheat core 270 to enable the lifter assembly 220
to raise and lower the preheat core 270 when the lifter shaft
222 is in the preheat rotational range. In the present embodi-
ment, the latching mechanism includes the L-shaped bracket
225 secured to the bottom of the base 221 of the lifter
assembly 220 and a shaft 275 (referred to here as a preheat
shaft) which is secured to and extends upwards from the
upper end of the preheat core 270 and which passes through
an opening formed in the upper end of the lower casing 260.
The preheat shaft 275 is capable of translating in its axial
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direction with respect to the opening. FIG. 37 is an axono-
metric view of the preheat shaft 275. An arm 276 extends
radially from the upper end of the preheat shaft 275. The
preheat shaft 275 is positioned such that the arm 276 extends
into the path of movement of the L-shaped bracket 225 on
the bottom surface of the base 221 of the lifter assembly 220
as the base 221 rotates about the longitudinal axis of the
lifter assembly 220. The bracket 225 is not engaged with the
arm 276 when the lifter shaft 222 is in its normal rotational
range, so in the normal rotational range of the lifter shaft
222, raising and lowering the lifter shaft 222 does not
produce any translation of the preheat core 270. On the other
hand, when the lifter shaft 222 is rotated to its preheat
rotational range, the bracket 225 slides over the arm 276 of
the preheat shaft 275 and engages it. If the lifter shaft 222
is raised or lowered when the bracket 225 is engaged with
the arm 276 of the preheat shaft 275, the preheat core 270
is raised or lowered along with the preheat shaft 275. When
the lifter shaft 222 is rotated from its preheat rotational range
back to its normal rotational range, the bracket 225 disen-
gages from the arm 276 of the preheat shaft 275. In the
present embodiment, the bracket 225 is capable of engaging
the arm 276 of the preheat shaft 275 only when the base 221
of the lifter assembly 220 is seated on the second ledge 247
of'the upper casing 241, but a latching mechanism which can
engage the lifter assembly 220 with the preheat shaft 275
when the lifter shaft 222 is at a variety of heights may also
be employed.

In order to prevent the ports 271-273 of the preheat core
270 from becoming offset in the circumferential direction
with respect to the ports 261-263 of the lower casing 260 as
the preheat core 270 moves between a raised and lowered
position, the preheat core 270 may be guided along a path as
it translates within the lower casing 260. As shown in FIG.
50, which is a cross-sectional elevation of the module 200,
in the present embodiment, a linear groove 265 which
extends in the longitudinal direction of the lower casing 260
is formed in the inner periphery of the lower casing 260, and
a tab 274 which projects into and slidably engages with the
groove 265 is formed on the exterior of the preheat core 270.
The groove 265 guides the preheat core 270 along a linear
path and prevents it from rotating with respect to the lower
casing 260 as it translates between lowered and raised
positions. Alternatively, a groove could be formed in the
outer periphery of the preheat core 270, and a spline which
slidably engages with the groove in the preheat core 270
could be formed on the inner surface of the lower casing
260. As another alternative, the lower casing 260 and the
preheat core 270 could have transverse cross-sectional
shapes, such as oval or polygonal shapes, which prevent the
preheat core 270 from rotating with respect to the lower
casing 260.

FIG. 40 is a schematic elevation of a portion of the interior
of the upper casing 241 of the preheat assembly 240 illus-
trating how the tab 226 on the lifter assembly 220 interacts
with the upper casing 241. The small pentagons marked
226A-226F illustrate the location of the tab 226 of the lifter
assembly 220 when the lifter shaft 222 is at various rota-
tional positions. 226A indicates the position of the tab 226
when the lifter shaft 222 is in its on range in the longitudinal
direction and is in its normal rotational range at some point
between the full cold position and the full hot position. 226B
indicates the position of the tab 226 when the lifter shaft 222
is in its on normal rotational range and has been rotated to
the full hot position in which the tab 226 contacts the third
wall 249 of the upper casing 241. 226C indicates the
position of the tab 226 when the lifter shaft 222 has been



