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(57) ABSTRACT

A water delivery system includes a mixing valve operable
for delivering a water flow of adjustable temperature from a
water source to a dispensing device downstream from the
mixing valve; a thermochromic thermal indicator, fluidly
coupled between the mixing valve and the dispensing
device, that provides a visible indication of the water flow
having achieved a predetermined temperature; and a diverter
valve, fluidly coupled between the mixing valve and the
dispensing device, and operable to direct the water flow
selectively either to the dispensing device or back to the
water source. The thermal indicator may be a thermochro-
mic PVC conduit, or it may be a fitting having an inlet, an
outlet, a thermochromic PVC element therebetween, and a
barrier located between the inlet and the outlet so as to define
a flow path that includes an interior surface of the ther-
mochromic element.
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TYPICAL PROPERTIES TEST TYPICAL
METHOD VALUE
TENSILE STRENGTH AT YIELD  ( N/mm?) ASTM D638 45
ELONGATION AT YIELD (%) ASTM D638 5
MODULUS OF ELASTICITY {N/mm* ) ASTM D638 607
HARDNESS, Shore D (Initial, 15 s) ASTM D2240 80, 75.5
SPECIFIC GRAVITY ASTM D792 1.33

TORQUE RHEOMETER RESULTS

FUSION TORQUE {m-g) ASTM D2538 7080
EQULIBRIUM TORQUE {m-g) ASTM D2538 1500
TEMPERATURE EQUIL. TQ. (°C) ASTM D2538 193.5
STABILITY TIME (min) ASTM D2538 58
CONDITIONING

1. Mixer Temperature: 180 °C

2. Speed: 60 rpm

3. Sample Weight 60 gr

HEAT STABILITY BY OVEN
ESTABILITY TIME (°C) ASTM D2115 >29
CONDITIONING:

1. Roll Milt 10 min at 170 °C pellets of sample
2. Oven Temperature: 195 °C

COLOR (Code 05)

L SPECTRO 77.5
a PHOTOMETER 0.19
b -8.36
Transmittance (%) ASTM D-1003 67
Haze (%) ASTM D-1003 16.8
CONDITIONING:

1. luminante A(D65), 10
2. Plague 6 mm

Table 1

FIG. 8
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WATER CONSERVING SHOWER SYSTEM
AND THERMOCHROMIC FIXTURES USED

THEREIN
CROSS-REFERENCE TO RELATED
APPLICATION
[0001] Not Applicable.
FEDERALLY SPONSORED RESEARCH OR

DEVELOPMENT

[0002] Not Applicable.
BACKGROUND

[0003] This disclosure, in a first aspect, relates to domestic

plumbing systems, particularly shower systems, that employ
a thermochromic fixture to provide a visual indication of
water temperature, so that water can be recirculated to a
reservoir until it reaches a predetermined temperature, and
allowed to flow out of a shower head upon reaching the
predetermined temperature. The disclosure also relates, in a
second aspect, to a method of conserving water in a domes-
tic plumbing system, through the use of a thermochromic
fixture in such systems. In a third aspect, the disclosure
relates to a thermochromic fixture for use in the aforesaid
systems and method. In a fourth aspect, the disclosure
relates to a polyvinyl chloride (PVC) formulation that exhib-
its thermochromic properties for use in such fixtures.
[0004] Shower systems for mobile applications (recreation
vehicles, trailers, boats, ships, and the like) typically use
water from a fresh water reservoir or tank of limited capac-
ity. Water is directed from the tank under pressure to a
shower head, with a portion of the water going through a
heating unit to provide hot water, and a portion bypassing
the heating unit to provide cold water. The hot water and
cold water are mixed in variable proportions by a mixing
valve upstream from the shower head. The heating unit, in
many mobile applications, is electrically or propane pow-
ered, and may be energized only shortly before the shower
is used. Also, depending on the layout of the shower
plumbing, there may be a considerable volume of cool water
between the heating unit and the shower head. In either case,
a considerable volume of water may flow through the
shower head before sufficient hot water is available to
provide a shower with the desired temperature. This
“unheated” flow simply goes down the drain, is thus wasted.
The fresh water tank therefore must be filled more often
(which is often not feasible), or water consumption in the
craft or vehicle must be constrained to a level that many
users would find inconvenient or uncomfortable.

[0005] It would therefore be desirable to provide a mecha-
nism whereby the “unheated” water flow can be diverted
back into the fresh water tank or reservoir for re-use, with
water then being directed to the shower head only when it
reaches a pre-determined temperature.

SUMMARY

[0006] The present disclosure, in one aspect, relates to a
shower system or other domestic water delivery or plumbing
system requiring heated water, comprising a source of
unheated water, a heating mechanism for heating a portion
of the water from the source, a mixing valve operable for
mixing unheated water and heated water to a variable
degree, a dispensing device configured for dispensing the
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mixed heated and unheated water, a thermal indicator
between the mixing valve and the dispensing device that is
configured to provide a visible indication of the mixed water
having achieved a predetermined temperature, and a manu-
ally-actuated diverter valve operable to direct water flow
selectively to either the dispensing device or back to the
source.

[0007] Inanexemplary embodiment, the thermal indicator
is a fitting or element of thermochromic material, wherein
the fitting or element, or a portion thereof, changes under-
goes a rapid and obvious color change when water flowing
through it reaches a predetermined temperature, and then
reverts back to its original color when the flow of water stops
or the water temperature decreases below the predetermined
temperature. The thermochromic material is preferably a
polymer incorporating a thermochromic pigment. In one
embodiment, the polymer is polyvinyl chloride (PVC).

[0008] Inan exemplary embodiment, the domestic plumb-
ing or water delivery system is a shower system for a mobile
application, such as a land vehicle (RV, trailer) or water craft
(boat, ship). The water source in a mobile system is typically
a fresh water reservoir on board the vehicle or craft. The
water heating unit may be a hot water tank in fluid com-
munication with the reservoir and having either an internal
or external heating element. The heating element may be
selectively energized when hot water is desired, or it may be
energized thermostatically when the temperature of the
water in the hot water tank is below a predetermined
temperature. In such systems, heated water from the hot
water tank is mixed, in variable proportions, with cold water
from the reservoir in a mixing valve, of conventional design,
whereby the temperature of the mixed water flowing from
the mixing valve to a dispensing device in the nature of a
shower head is selected according to the desires of the user.
Before reaching the shower head, the mixed water flows
through a thermal indicator, for example, of the thermochro-
mic type mentioned above, to alert the user when the water
flowing out of the mixing valve has achieved the desired
temperature. After flowing through the thermal indicator, the
water flows to a manually-operable diverter valve that can
be selectively moved between a first position in which the
water is returned to the reservoir via a return conduit, and a
second position in which water is directed to the shower
head. Thus, the diverter valve can be maintained in, or
moved to, its first position until the thermal indicator indi-
cates a predetermined temperature of the water flowing
through it, after which the diverter valve can be moved in its
second position.

[0009] In accordance with a second aspect, the disclosure
relates to a method of conserving water in a domestic water
system, of the type having a reservoir, a water heating unit
fluidly coupled to the reservoir, a mixing valve fluidly
downstream from, and fluidly coupled to the reservoir and
the water heating unit, and a dispensing unit fluidly coupled
to and downstream from the mixing valve, the method
comprising: (a) providing a visual indication of the tem-
perature of water flowing out of the mixing valve; (b)
directing water from the mixing valve back to the reservoir
until a predetermined water temperature is reached; and (c)
once the predetermined water temperature is reached, direct-
ing water from the mixing valve to the dispensing unit. In
accordance with embodiments of the disclosure, the visual
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indication of water temperature is provided by a ther-
mochromic fixture or conduit downstream from the mixing
valve.

[0010] In accordance with a third aspect, this disclosure
relates to a thermochromic fitting or element for use in the
aforesaid system and method, wherein at least a portion of
the fitting or element is made of a thermochromic material,
such as a thermochromic polymeric material, preferably a
PVC in which is mixed, prior to curing, a thermochromic
pigment selected to change color rapidly in response to a
flow of liquid through the fixture reaching a preselected or
predetermined minimum temperature. In some embodi-
ments, the thermochromic fitting or element includes a
conduit, at least a portion of which is made of thermochro-
mic material, fluidly connected in the system between the
mixing valve and the dispensing unit. In other embodiments,
a thermochromic fitting comprises an inlet configured to be
fluidly coupled to an outlet of the mixing valve, an outlet
configured to be fluidly coupled to an inlet of the diverter
valve, an internal barrier configured to create a tortuous fluid
path between the inlet and the outlet, and a thermochromic
element disposed in the tortuous fluid path and visible to
display a thermochromic color change to a user.

[0011] In accordance with another aspect, the disclosure
relates to a thermochromic polymer and a method of manu-
facturing it. Broadly, the polymer comprises a PVC com-
position containing a thermochromic pigment that is
selected for its ability to undergo a rapid and marked color
change in response to contact with a fluid having a prede-
termined temperature. The pigment is mixed, as dry pellets
or the like, into the PVC while the PVC is in a liquid state,
prior to extruding or molding and curing the PVC to form a
thermochromic fixture. The amount of pigment added to the
PVC and the maximum processing temperature of the PVC
are controlled to maintain the desired thermochromic prop-
erties.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a semi-schematic view of an exemplary
embodiment of a water-conserving shower system for a
mobile application in accordance with an aspect of the
disclosure.

[0013] FIG. 2 is a simplified view of an exemplary
embodiment of a water-conserving shower system for a
mobile application in accordance with an aspect of the
disclosure.

[0014] FIG. 3 is a simplified view of another exemplary
embodiment of a water-conserving shower system in accor-
dance with an aspect of the disclosure.

[0015] FIG. 4 is a cross-sectional view of an exemplary
embodiment of a thermochromic fitting in accordance with
an aspect of the disclosure.

[0016] FIG. 5 is an elevation view, partially in cross-
section, of an exemplary embodiment of a diverter valve that
may be used in a water-conserving shower system in accor-
dance with the disclosure, showing the diverter valve in a
first position.

[0017] FIG. 6 is an elevation view, partially in cross-
section, of the diverter valve of FIG. 5, showing the diverter
valve in a second position.

[0018] FIG. 7 is a semi-diagrammatic view of an exem-
plary embodiment of a water-conserving shower system for
a fixed or permanent application, in accordance with an
aspect of the disclosure.
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[0019] FIG. 8 is a table (“Table 1”) showing the physical
properties of an exemplary PVC compound used in a
thermochromic fitting or element in accordance with an
aspect of the disclosure.

[0020] FIGS. 9A and 9B are a cross-sectional view and a
perspective view, respectively, of another exemplary
embodiment of a thermochromic fitting in accordance with
an aspect of the disclosure.

DETAILED DESCRIPTION

[0021] Referring now to the drawings, FIG. 1 shows a
water-conserving shower system 10 for a mobile applica-
tion, in accordance with an aspect of the disclosure. The
system 10 is suitable for use in a land vehicle, such as an RV
or trailer, or in a water craft, such as a boat or ship. The
system 10 employs a water reservoir or tank 12 with a fixed
volumetric capacity, configured to be filled with water
(usually fresh water). A pump 14 (typically electrically-
powered) pumps water from the tank 12 to a tank outlet
conduit having a first 16a branch that directs water to a
conventional water heating unit 18, and a second branch 165
fluidly connected to a first inlet 19 of a mixing valve 20
through a cold water conduit 22. The water in the tank 12 is
typically at ambient temperature, and for the purposes of this
disclosure may be termed “cold” water. A hot water conduit
24 directs heated water from the heating unit 18 to a second
inlet 23 of the mixing valve 20. Water is typically heated in
the heating unit 18 to a temperature of about 120° F.-160° F.
(49° C.-71° C.), although higher temperatures are sometimes
achieved. The heated water thus may be termed “hot” water
for the purposes of this disclosure. Thus, the mixing valve 20
(which is of any conventional design commonly used in
showers) receives cold water and hot water flows, under
pressure, from the tank 12 and the heating unit 18, respec-
tively, and mixes the flows in the appropriate proportions to
provide a mixed water flow of the desired temperature at an
outlet 25.

[0022] As in conventional shower systems, an outlet con-
duit 26 is configured to carry the mixed water flow from the
mixing valve outlet 25 to a water dispensing device 30. In
the embodiment shown in FIGS. 1-3 and 7, the dispensing
device 30 is a shower head, and it will be referred to as such.
Nevertheless, it will be appreciated that, in other aspects of
the disclosure, the dispensing device may be a sink faucet
configured to dispense an adjustable mixture of hot and cold
water, or a water inlet in a hot tub or spa. In the system 10
in accordance with this disclosure, a thermal indicator 32
(described in detail below) is disposed within the outlet
conduit 26 downstream from the mixing valve 20. The
thermal indicator 32, as discussed below, is a fixture con-
figured as a “T” fitting, and it provides a visual indication to
a shower user (not shown) when the temperature of the water
in the outlet conduit 26 has reached a predetermined tem-
perature.

[0023] As shown in FIG. 1, a diverter valve 34 is disposed
in the outlet conduit 26 between the thermal indicator 34 and
the shower head 30; that is downstream from the thermal
indicator 32. (As will be discussed below, an alternative
location for diverter valve is upstream from the thermal
indicator.) The diverter valve 34, as discussed below, has a
“return” position in which water in the outlet conduit 26 is
diverted back to the tank 12 through a return conduit 36
before the water reaches the shower head 30. The diverter
valve 34 is moveable by the user to a “shower” position in
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which water is allowed to flow from the outlet conduit 26 to
the shower head 30 when the desired water temperature in
the outlet conduit 26 is indicated by the thermal indicator 32.
[0024] As shown in FIG. 1, all of the above-mentioned
components of the system 10, except for the shower head 30
and the thermal indicator 32, are located behind a wall W,
which may be a load-bearing wall, a partition, or a bulkhead.
The mixing valve 20 is actuated by, and operatively con-
nected to, a control handle 38 or the like disposed in front
of the wall W. Similarly, the diverter valve 34 is operatively
connected to a diverter valve actuator 40 disposed in front of
the wall W.

[0025] In operation, with the diverter valve 34 in the
“return” position, the user turns on the shower by moving
the mixing valve 20 from a “shut” position (typical in
conventional mixing valves) to a position that provides a
mixed flow in the outlet conduit 26 of cold water from the
reservoir or tank 12 and hot water from the heating unit 14
to achieve the user’s desired shower water temperature. This
mixed flow is returned to the reservoir or tank 12 through the
diverter valve 34 and the return conduit 36. When the
thermal indicator 32 indicates (e.g., by a color change, as
discussed below) that the water in the outlet conduit 26 has
reached a predetermined temperature, the user moves the
diverter valve 34 to its “shower” position, thereby directing
the water from the outlet conduit 26 to the shower head 30.
The user, of course, may then operate the mixing valve 20
for further adjustment of the shower water temperature by
varying the proportion of hot and cold water in the mixture
directed into the outlet conduit 26.

[0026] A specific embodiment of the shower system 10 is
shown in FIG. 2. This embodiment is well-suited for an
“original equipment” application, whereby a shower system
is configured in accordance with this disclosure prior to
installation, although it may be suitable for retrofit applica-
tions, in which a previously-installed shower system is
modified in accordance with this disclosure. As illustrated in
FIG. 2, all of the above-described components that are
located behind the wall W are shown in phantom. In this
figure, the mixing valve has a first (cold water) inlet 21, a
second (hot water) inlet 23, and an outlet 25. In this
embodiment, the shower head 30 is fluidly connected to the
outlet conduit 26 by a flexible hose 42. The thermal indicator
32 is located in the outlet conduit 26 upstream from the
diverter valve 34; i.e., the diverter valve 34 is between the
thermal indicator 32 and the shower head 30, as in FIG. 1.
As shown in FIG. 2, the diverter valve 34 is of a rotary type,
well-known in the art, that is actuated by an actuator 40
configured as a dial that is rotatable by the user to move the
diverter valve between the above-described first and second
positions.

[0027] Another embodiment of the shower system in
accordance with this disclosure is shown in FIG. 3 and
indicated by the numeral 10'. This embodiment is well-
suited for a retrofit application, in which a previously-
installed shower system is modified to incorporate the
features of this disclosure. The embodiment of FIG. 3 is
essentially the same as that of FIG. 2, except for the
locations and configurations of the thermal indicator, the
diverter valve, and the diverter valve actuator. Specifically,
this embodiment includes a diverter valve 34' with an inlet
44 fluidly connected to the downstream end of an outlet
conduit 26', a first outlet 46 fluidly connected to a shower
head hose 42', and a second outlet 48 fluidly connected to the
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upstream end of a tubular thermal indicator 32'. The down-
stream end of the thermal indicator 32' is fluidly connected
to the water tank 12 by a return conduit 36'. Thus, in this
embodiment, the outlet conduit 26' has a downstream end
terminating at the inlet 44 of the diverter valve 34', while the
thermal indicator 32', which is located downstream from the
diverter valve 34', is configured as a short conduit connect-
ing the second outlet 48 of the diverter valve 34' to the return
conduit 36'. As will be described in more detail below, the
diverter valve 34' is advantageously a linearly-actuated
“push-pull” valve, having a first axial position in which
water flows from the inlet 44 to the shower head hose 42'
through first outlet 46, and a second axial position in which
water flows from the inlet 44 to the return conduit 36'
through the second outlet 48. The diverter valve 34' is
operatively connected to a push-pull knob 50 that is operable
by the user to move the diverter valve 34' between its first
and second positions.

[0028] FIG. 4 illustrates a thermal indicator 32, of the type
shown in FIGS. 1 and 2. As noted above, the thermal
indicator 32 is a fixture configured as a “T” fitting, with a
main portion 52 defining an inlet 54 and an outlet 56
arranged substantially co-linearly so as to define an axis A.
The “T” fitting includes a hollow branch or stem 58 per-
pendicular to the axis A defined by the inlet 54 and the outlet
56, and in fluid communication with both the inlet 54 and the
outlet 56. The branch or stem 58 has an open end 60 that is
closed by a thermochromic element 62 that may be advan-
tageously configured, in some embodiments, as a domed
cap, as shown in FIG. 4. The thermochromic element 62 may
be permanently fixed to the open end 60 of the branch 58,
or, as shown, removably secured thereto by a threaded
connection 64. A barrier or partition 66 extends axially
through the center of the branch or stem 58 from a common
wall 68 defining the inlet 54 and the outlet 56 to a free end
70 terminating at or near the open end 60 of the branch or
stem 58, whereby a clearance is defined between the free end
70 of the barrier 66 and an interior surface of the ther-
mochromic element 62. Thus, a flow path for a fluid (e.g.,
water) is defined within the “T” fitting from the inlet 54,
along a first side of the barrier 66, through the clearance
between the free end 70 of the barrier 66 and the interior
surface of the thermochromic element 62, then along a
second side of the barrier 66, to the outlet 56, as indicated
by the arrows in FIG. 4. This flow path directs fluid from the
inlet 54 into contact with the interior surface of the ther-
mochromic element 62, where its rate of flow decreases
slightly as it changes direction, whereby the thermochromic
material of the thermochromic element 62 can react to the
temperature of the fluid, as described below.

[0029] The “T” fitting of the thermal indicator 32
described above is advantageously made of a suitable plas-
tic, such as polyvinyl chloride (PVC), or, except for the
thermochromic element 62, it may be made of copper, steel,
or aluminum pipe. The thermochromic element 62, in any
case, is made of PVC that is provided with thermochromic
properties by the mixture of a thermochromic pigment into
the PVC while it is still in an uncured liquid state, as
discussed more fully below. The thermochromic PVC is
designed to undergo a marked, and relatively rapid, change
of color upon being contacted by a fluid medium having at
least a predetermined transition temperature. In other words,
a fluid-contacting component or element made of a ther-
mochromic PVC maintains a first color until the contacting
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fluid reaches the predetermined transition temperature, at
which point the thermochromic component or element (such
as the domed cap 62 shown in FIG. 4) changes to a second
color that is noticeably different from the first color. If the
contacting fluid cools below the predetermined transition
temperature, the thermochromic element reverts to original
(first) temperature. The predetermined transition tempera-
ture at which the color change takes place is determined by
a number of factors, including the density of the PVC, the
type of thermochromic pigment used, and the concentration
of the pigment in the PVC.

[0030] An exemplary embodiment of the tubular ther-
mochromic element or fitting 32' of the system 10' shown in
FIG. 3 is illustrated in FIGS. 9A and 9B. In this embodiment,
the PVC with thermochromic properties is formed (as by
extruding) into a conduit 80 of suitable length. The conduit
80 has an inlet (upstream) end 81a and an outlet (down-
stream) end 815. While the tubular fitting or element may be
made with a smooth, continuous internal wall surface, it has
been found that forming the internal wall surface with a
plurality of ribs or lands 82, as shown in FIGS. 9A and 9B,
is particularly advantageous. This is because the ribbed
construction allows for a thinner tubular wall between the
ribs or lands 82, thereby speeding the thermochromic reac-
tion in the relatively thin-walled areas or grooves 84
between the ribs or lands 82 due to more efficient transfer of
heat from the fluid (e.g., water) flowing through the conduit
80 to the conduit material. Furthermore, the differing rates of
color change between the lands 82 and grooves 84 provide,
at least temporarily, a distinct pattern of stripes 86 (FIG. 956)
that is visually more striking to many people, including
those people having a degree of color blindness. The lands
or ribs 82 may be axial (longitudinal) as shown, or they may
be helical, with grooves 84 of corresponding shape, to
provide a spiral pattern upon attainment of the transition
temperature. In an exemplary embodiment, the tubular ele-
ment 80 may have an outside diameter of 0.840 in. (2.13
cm), a wall thickness at the ribs or lands 82 0£0.602 in. (15.3
mm), and a wall thickness at the grooves 84 of 0.060 in. (1.5
mm).

[0031] While various thermochromic materials are known
(see, e.g., https://en.wikipedia.org/wiki/Thermochromism),
it is believed by the Applicant that a practical thermochro-
mic PVC has not heretofore been developed that is suitable
for a domestic plumbing application, as in the present
disclosure. An exemplary thermochromic PVC material in
accordance with this disclosure is made with a PVC com-
pound having the physical properties described in Table 1
(FIG. 8). While this PVC compound is in an uncured liquid
state, a thermochromic pigment is mixed into the PVC. In an
exemplary embodiment, the pigment is of the type marketed
by PolyOne Corporation, of Avon Lake, Ohio under the
trade name “Oncolor FX Thermochromic Blue to Nat
(CC10221081),” or a suitable equivalent, of the type
described generally at http://www.hali-pigment.com/htm]_
products/Thermochromic-pigment-21.html  (the subject
matter of which is incorporated herein by reference), and
also available from QCR Solutions Corp. of Fort St. Lucie,
Fla., and Matsui International Co., Inc. of Gardena, Calif.
(the latter under the trade name “CHROMICOLOR?”). The
pigment is preferably provided as dry pellets, and is mixed
into the liquid PVC at a concentration of approximately 1
kg. pigment per 145 kg. PVC, preferably after creating
20%-25% masterbatch of the pigment, with a 3%-5% let
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down ratio (LDR). The PVC is then formed (e.g., by
molding or extruding) into the configuration of the appro-
priate thermochromic component or element (e.g., the
domed cap 62 of the “T” fitting shown in FIG. 4, as used in
the system 10 of FIG. 2, or the tubular thermal indicator 32'
of the system 10' of the embodiment of FIG. 3, as described
above in connection with FI1G. 9), and then cured by known
curing methods.

[0032] Itis important, in order to preserve the thermochro-
mic properties of the PVC after it is formed into the
thermochromic component or element, to assure that the
PVC does not exceed a temperature of about 320° F. (160°
C.) during the manufacturing process, including curing,
although, if processed under low pressure, temperatures up
to about 400° F. (204° C.) may be tolerated. The resultant
composition will change from a first color (blue) to a second
color (white) at a transition temperature of about 91° F.
(approximately 32.5° C.). Different transition temperatures,
colors, or color intensities can be provided by using other
suitable thermochromic pigments, varying the concentration
of'the pigment in the PVC, or varying the physical properties
of the PVC.

[0033] FIGS. 5 and 6 illustrate an exemplary embodiment
of the push-pull diverter valve 34' described above in
connection with the embodiment of FIG. 3. The diverter
valve 34', as described above, includes an inlet 44 config-
ured to be fluidly connected to the downstream end of the
outlet conduit 26', a first outlet 46 configured to be fluidly
connected to the shower head hose 42, and a second outlet
48 configured to be fluidly connected to the upstream end of
the tubular thermal indicator 32'. The diverter valve 34'
further includes an inner chamber 72 communicating with
the inlet 44 through a first internal passage 74, with the first
outlet 46 through a second internal passage 76, and the
second outlet 48 through a third internal passage 78. An
annular valve seat 80 is advantageously provided at the
entrance of the first outlet 46 from the inner chamber 72. A
disc-shaped valve element 82, connected to the push-pull
actuator knob 50 by a valve shaft 84, is configured to have
a slidable sealing engagement with the interior wall defining
the inner chamber 72. To this end, it may be advantageous,
in some embodiments, to provide a sealing O-ring 86 or the
like around the perimeter of the valve element 82.

[0034] As discussed above, the diverter valve 34' is oper-
able between a first position and a second position. In the
first position (FIG. 5), water is directed from the inlet 44 to
the first outlet 46. In the first position, the knob 50 is pulled
linearly outward, whereby the valve element 82 is pulled,
via the shaft 84, to a first position in which it is displaced
from the valve seat 80, thereby providing a fluid path from
the inlet 44, through the first internal passage 74, the inner
chamber 72, and the second internal passage, to the first
outlet 46. At the same time, the valve element 82 is posi-
tioned within the inner chamber 72 so as to block the third
internal passage 78 from the inner chamber 72 to the second
outlet 48. Thus, water is directed to the shower head hose 42'
(FIG. 3), and blocked from the return conduit 36'.

[0035] In the second position of the diverter valve 34'
(FIG. 6), water is directed from the inlet 44 to the second
outlet 48. In the second position, the knob 50 is pushed
linearly inward, whereby the valve element is urged, via the
shaft 84, against the valve seat 80, closing the second
internal passage 76 from the inner chamber 72 to the first
outlet 46, while opening a fluid path from the inlet 44,
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through the first internal passage 44, the inner chamber 72,
and the third internal passage 78, to the second outlet 48.
Thus, water is directed to the return conduit 36' (via the
tubular thermal indicator 32') and blocked from the shower
head hose 42'".

[0036] FIG. 7 shows a simplified, semi-schematic view of
an exemplary embodiment of a shower system 100, in
accordance with an aspect of the disclosure, for use in a
non-mobile application, such as, for example, in a building
receiving its water from a municipal water supply. In the
system 100, water is supplied from a domestic water pipe
102 connected to a municipal water line (not shown). Some
of the water is directed to a hot water tank 104, in a
conventional manner. A cold water intake conduit 106
receives water from the domestic water line 102 and directs
the water to a cold water inlet (not shown) of a conventional
mixing valve 108. Hot water from the tank 104 is directed
under pressure (e.g., by an electric pump 110) to a hot water
conduit 112, which directs the hot water to a hot water inlet
(not shown) of the mixing valve 108.

[0037] As noted above, the mixing valve 108 is operable
to adjust the mixture of hot and cold water to achieve the
temperature desired by the use. The mixed water is then
directed to an outlet conduit 114 and then to a diverter valve
116. Disposed in the outlet conduit 114 between the mixing
valve 108 and the diverter valve 116 is a thermochromic
thermal indicator 118, which may advantageously be of the
“T fitting type described above and illustrated in FIG. 4, or
it may be the tubular type shown in FIG. 3. The diverter
valve 116 may either be a rotary type, as shown above in
FIG. 2, or it may be of the linearly-actuated “push-pull” type
described above and shown in FIGS. 3, 5, and 6. In either
case, the diverter valve 116 is selectively operable to direct
water either to a shower head 120 (via a shower head conduit
122), or to a return conduit 124, which directs the water back
to the hot water tank 104. As in the above-described mobile
application embodiments, the thermal indicator 118 operates
thermochromically to provide a visual indication (by a
marked change in color) that the temperature of the water
mixture in the outlet conduit 114 has reached a predeter-
mined transition temperature, whereby the user can maintain
the diverter valve in a position to divert water to the return
conduit 124 until the predetermined transition temperature is
reached, at which point the diverter valve 116 can be
operated to direct water to the shower head 120.

[0038] The system 100 of FIG. 7 includes an optional
“closed-loop” hot water circuit, of the type being increas-
ingly used in many modern homes and other buildings. In
such closed-loop circuits, any hot water that is not directed
to the mixing valve 108 is recirculated back to the hot water
tank 104 from the hot water conduit 112 by a bypass conduit
126 that communicates with the return conduit 124. An
advantage of the closed-loop hot water circuit is that hot
water is readily available at the mixing valve, with little or
wait, and thus little or no wasted water. This advantage is
offset, to at least some degree, by the need to run the hot
water pump 110 more or less continuously, thereby using
more electricity. By using the thermochromic thermal indi-
cator 118, however, the pump 110 can be modified to run
only “on demand,” thereby reducing electrical power con-
sumption. In this way, a user can turn on the pump 110 only
when it is desired to use the shower. While it may take some
time to deliver hot water from the tank 104 to the mixing
valve, the diverter valve 116 can be operated to recirculate
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the water to the tank via the return conduit 124 until the
thermal indicator shows that the desired water temperature
has been reached. Only at that point would the user operate
the diverter valve 116 to direct water to the shower head 120,
thereby conserving water as well as electrical power.

What is claimed is:

1. A water-conserving shower system, comprising:

a hot water source;

a cold water source;

a mixing valve having inlets configured to receive hot
water from the hot water source and cold water from
the cold water source and an outlet, the mixing valve
being operable to produce a water mixture in the outlet
of the hot water and the cold water in variable propor-
tions;

a diverter valve downstream from the mixing valve and
having an inlet in fluid communication with the outlet
of the mixing valve, the diverter valve being operable
to direct water received from the mixing valve outlet
selectively to one of a first diverter valve outlet and a
second diverter valve outlet;

a thermal indicator fluidly coupled to the outlet of the
mixing valve so as to receive the water mixture there-
from, the thermal indicator being configured to change
from a first color to a second color in response to the
water mixture reaching a predetermined transition tem-
perature;

a shower head fluidly coupled to the first diverter valve
outlet; and

a return conduit fluidly coupling the second diverter valve
outlet to one of the cold water source and the hot water
source.

2. The shower system of claim 1, wherein the thermal

indicator is located upstream from the diverter valve.

3. The shower system of claim 1, wherein the thermal
indicator is located downstream from the second diverter
valve outlet.

4. The shower system of claim 1, wherein the thermal
indicator includes a thermochromic element.

5. The shower system of claim 4, wherein the thermochro-
mic element is made of a PVC material and a thermochromic
pigment.

6. A water delivery system, of the type comprising a
mixing valve operable for delivering a temperature-adjust-
able water flow from a water source to a dispensing device
downstream from the mixing valve, wherein the improve-
ment comprises:

a thermal indicator, fluidly coupled downstream from the

mixing valve so as to receive the water flow therefrom,
the thermal indicator being configured to provide a
visible indication of the water flow having achieved a
predetermined temperature; and

a diverter valve, fluidly coupled between the mixing valve
and the dispensing device, and operable to direct the
water flow selectively either to the dispensing device or
back to the water source.

7. The system of claim 6, wherein the thermal indicator is

located upstream from the diverter valve.

8. The system of claim 6, wherein the thermal indicator is
located downstream from the diverter valve.

9. The system of claim 6, wherein the thermal indicator
includes a thermochromic element.
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10. The system of claim 9, wherein the thermochromic
element is made of a PVC material and a thermochromic
pigment.

11. In a water delivery system including a mixing valve
operable for delivering an adjustable water mixture of cold
water and hot water from a water source to a water dispens-
ing device through an outlet conduit fluidly coupling the
mixing valve to the water dispensing device, the improve-
ment comprising:

a diverter valve coupled to the outlet conduit downstream
from the mixing valve so as to receive the water
mixture from the mixing valve, the diverter valve being
operable between a first position and a second position,
wherein the diverter valve is configured so that, in the
first position, the diverter valve directs the water mix-
ture to the water dispensing device, and in the second
position, the diverter valve directs the water mixture to
the water source through a return conduit; and

a thermal indicator fluidly coupled to the mixing valve
downstream therefrom so as to receive the water mix-
ture therefrom, the thermal indicator being configured
to change from a first color to a second color in
response to the water mixture reaching a predetermined
transition temperature.

12. The system of claim 11, wherein the thermal indicator

is located upstream from the diverter valve.

13. The system of claim 11, wherein the thermal indicator
is located downstream from the diverter valve.

14. The system of claim 11, wherein the thermal indicator
includes a thermochromic element.

15. The system of claim 14, wherein the thermochromic
element is made of a PVC material and a thermochromic
pigment.

16. The system of claim 11, wherein the first position of
the diverter valve is a first rotational position, and the second
position of the diverter valve is a second rotational position.

17. The system of claim 11, wherein the first position of
the diverter valve is a first axial position, and the second
position of the diverter valve is a second axial position.

18. A thermochromic fitting for providing a visual indi-
cation of a predetermined temperature having been achieved
by fluid flowing through the fitting, the thermochromic
fitting being made of PVC with a thermochromic pigment
that provides a change in color of the PVC from a first color
to a second color at the predetermined temperature.

19. The thermochromic fitting of claim 18, wherein the
fitting comprises a tubular conduit having an inlet end and
an outlet end.

20. The thermochromic fitting of claim 19, wherein the
tubular conduit has an inner wall configured with lands and
grooves.
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21. The thermochromic fitting of claim 18, wherein the
fitting includes an inlet and an outlet; the fitting further
comprising:

a thermochromic element between the inlet and the outlet

and having an interior surface; and

a barrier located between the inlet and the outlet so as to
define a flow path between the inlet and the outlet that
includes the interior surface of the thermochromic
element.

22. The thermochromic fitting of claim 18, wherein the

fitting comprises:

a main portion defining an inlet and an outlet arranged
substantially co-linearly so as to define an axis;

a hollow branch perpendicular to the axis defined by the
inlet and the outlet, and in fluid communication with
both the inlet and the outlet, the branch having an open
end;

a thermochromic element secured to and closing the open
end of the branch and having an interior surface; and

an interior structure in the branch configured to provide a
flow path between the inlet and the outlet that is
partially defined by the interior surface of the ther-
mochromic element.

23. The thermochromic fitting of claim 22, wherein the
interior structure comprises a barrier extending axially
through the branch from a common wall defining the inlet
and the outlet to a free end terminating at or near the open
end of the branch, whereby a clearance is defined between
the free end of the barrier and the interior surface of the
thermochromic element so as to define a flow path from the
inlet, through the clearance between the free end of the
barrier and interior surface of the thermochromic element, to
the outlet.

24. A thermochromic material, comprising:

polyvinyl chloride (PVC); and

a thermochromic pigment in the PVC in a concentration
sufficient to provide a thermochromic change in the
PVC from a first color to a second color in response to
a predetermined transition temperature.

25. A method of making a thermochromic element, com-

prising:

providing uncured liquid polyvinyl chloride (PVC) in a
liquid state;

mixing into the uncured liquid PVC a thermochromic
pigment in a concentration sufficient to provide a
thermochromic change in the PVC from a first color to
a second color in response to a predetermined transition
temperature;

forming the PVC with the mixed thermochromic pigment
into a configuration of a thermochromic element; and

curing the PVC with the mixed thermochromic pigment.
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