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Abstract of the Disclosure
A mixing valve for use with a faucet. The mixing valve includes a rotatable flow control

member having a flow control channel with circumferentially space flow control portions for

controlling temperature and flow rate of outlet water.
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MIXING VALVE INCLUDING DUAL FLOW CONTROL

Background and Summary of the Invention

[0001] The present invention relates generally to fluid control valves and, more
particularly, to a mixing valve for use with a faucet.

[0002] Mixing valves are a known type of fluid control valve including components for
controlling the temperature of water supplied to a fluid delivery device. One such mixing valve i1s
a cycling valve including a flow control member supported for rotation about a center axis.
Rotation of the flow control member adjusts the mixing ratio of water from respective hot and
cold water inlet ports to a water outlet port, thereby adjusting the temperature of water at the
outlet port.

[0003) Known cycling valves typically control the mixing ratio of water from the hot and
cold water inlet ports and, as such, outlet water temperature but not outlet water flow rate.
Control of outlet water flow rate may also be provided through the addition of a second cycling
valve or an adjustable tlow restriction device.

[0004] According to an illustrative embodiment of the present disclosure, a mixing valve
includes a first flow control member having a first surface, a hot water inlet port, and a cold water
inlet port. A second flow control member includes a second surface facing the first surface of the
first flow control member. The second flow control member is supported for rotation about a
center axis extending perpendicular to the second surface such that the second surface is in sliding
contact with the first surface. A flow control channel extends inwardly from the second surface of
the second flow control member. The flow control channel includes a first hot water flow control
portion, a first cold water flow control portion circumferentially spaced from the first hot water
flow control portion, a second hot water flow control portion circumferentially spaced
intermediate the first cold water flow control portion and the first hot water flow control portion
in a first angular direction from the first cold water flow control portion, and a second cold water
flow control portion circumferentially spaced intermediate the first cold water flow control
portion and the first hot water flow control portion n a second angular direction from the first

cold water flow control portion. The first angular direction is one of clockwise and
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counterclockwise, and the second angular direction is the other of counterclockwise and
clockwise. A carrier is operably coupled to the second flow control member for rotating the tlow
control portions of the flow control channel in an arcuate path about the center axis. Rotation of
the second flow control member about the center axis within a first angular range aligns at least
one of the first hot water flow control portion with the hot water inlet port, and the first cold
water flow control portion with the cold water inlet port for permitting fluid flow at a first flow
rate through the flow control channel. Rotation of the second flow control member about the
center axis within a second angular range aligns at least one of the second hot water flow control
portion with the hot water inlet port, and the second cold water flow control portion with the cold
water inlet port for permitting fluid flow at a second flow rate through the flow control channel.
[0005] According to a further illustrative embodiment of the present disclosure, a mixing
valve includes a first flow control member having a first surface and a first inlet port. A second
flow control member includes a second surface slidably engaging the first surface of the first flow
control member. A flow control channe] extends inwardly from the second surface of the second
flow control member. The flow control channel includes a central chamber, a first water flow
control portion extending radially outwardly from the central chamber and including an outer
control edge, a second water flow control portion extending radially outwardly from the central
chamber and circumferentially spaced from the first water flow control portion. The second water
flow control portion includes an outer control edge positioned radially outwardly from the outer
control edge of the first water flow control portion. A carrier is operably coupled to the second
flow control member for moving the water flow control portions of the flow control channel. Full
overlap of the first water flow control portion and the first inlet port defines a fluid passageway
having a first cross-sectional flow area, and full overlap of the second water flow control portion
and the first inlet port defines a fluid passageway having a second cross-sectional flow area. The
first cross-sectional flow area is less than the second cross-sectional flow area.

[0006] According to another illustrative embodiment of the present disclosure, a mixing
valve includes a first flow control member having a first surface, a hot water inlet port, and a cold
water inlet port. A second flow control member includes a second surface facing the first surface

of the first flow control member. The second flow control member is supported for rotation
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about a center axis extending perpendicular to the second surface such that the second surface is
in sliding contact with the first surface. A flow control channel extends inwardly from the second
surface of the second flow control member. The second flow control member is rotatable about
the center axis between an off position, a first flow position, and a second flow position. The off
position is defined when the second surface of the second flow control member blocks water flow
from passing through the hot water inlet port and the cold water inlet port. The first flow position
is defined by rotating the second flow control member about the center axis within a first angular
range wherein the flow control channel permits water flow to pass through at least one of the hot
water inlet port and the cold water inlet port at a substantially constant first flow rate. The
second flow position is defined by rotating the second flow control member about the center axis
within a second angular range wherein the flow channel permits water flow to pass through at
least one of the hot water inlet port and the cold water inlet port at a substantially constant second
flow rate.

{0007] Additional features and advantages of the present invention will become apparent
to those skilled in the art upon consideration of the following detailed description of the

illustrative embodiment exemplifying the best mode of carrying out the invention as presently

perceived.

Brief Description of the Drawings

[0008] The detailed description of the drawings particularly refers to the accompanying
figures in which:

[0009] Fig. 1 is a perspective view of an illustrative mixing valve of the present disclosure;
[0010] Fig. 2 is a cross-sectional view taken along line 2-2 of Fig. 1;

[0011] Fig. 3 is a front exploded perspective view of the mixing valve of Fig. 1;

[0012] Fig 4 is a rear exploded perspective view of the mixing valve of Fig. 1;

[0013]) Fig. 5 is a cross-sectional view taken along line 5-5 of Fig. 1;

[0014] Fig. 6 is a partially exploded perspective view showing the valve housing and the

carrier of the mixing valve of Fig. 1;

[6015] Fig. 7 is a cross-sectional view taken along line 7-7 of Fig. 1;
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10016] Fig. 8 1s partially exploded perspective view showing the carrier and the second

flow control member of the mixing valve of Fig. 1;

[0017] Fig. 9 is a bottom plan view of the second flow control member of Fig. §;

[0018] Fig. 10 1s a schematic view of an illustrative drive system for the mixing valve of
Fig. 1;

[0019] Fig. 11 1s a top view, in partial cross-section, of the mixing valve of Fig. 1,

showing the mixing valve in an off mode;

[06020] Fig. 12 1s a view similar to Fig. 11, showing the mixing valve in a low flow, full
cold mode;

[0021] Fig. 13 1s a view similar to Fig. 11, showing the mixing valve in a low flow, full
mixed mode;

[0022] Fig. 14 is a view similar to Fig. 11, showing the mixing valve in a low flow, full hot
mode;

[6023] Fig. 15 is a view similar to Fig. 11, showing the mixing valve in a high flow, full
cold mode;

[0024] Fig. 16 1s a view similar to Fig. 11, showing the mixing valve in a high flow, full
mixed mode; and

[0025] Fig. 17 1s a view similar to Fig. 11, showing the mixing valve in a high flow, full
hot mode.

Detailed Description of the Drawings

[0026] The embodiments of the invention described herein are not intended to be

exhaustive or to limit the invention to precise forms disclosed. Rather, the embodiments selected
for description have been chosen to enable one skilled in the art to practice the invention.

[06027]} Referring initially to Fig. 1, a mixing valve 10 according to an illustrative
embodiment of the present disclosure is shown. The mixing valve 10 may be used in connection
with a fluid delivery device 12, such as a faucet assembly including a delivery spout and/or hand

sprayer (not shown). More particularly, the illustrative mixing valve 10 is configured to receive
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hot water from a hot water supply 14 and cold water from a cold water supply 16, and to supply
outlet water selectively at variable temperature and flow rates to the fluid delivery device 12.
[0028] . Referring now to Figs. 1-4, the mixing valve 10 illustratively includes a valve body
18 coupled to a valve housing 20 through a plurality of fasteners, such as socket head cap screws
22. The valve body 18 includes a base 24 defining an interface 26 (Fig. 3). A hot water inlet
conduit 28 and a cold water inlet conduit 30 extend longitudinally from the base 24. The hot
water inlet conduit 28 and the cold water inlet conduit 30 include couplers, illustratively external
threads 32 and 34, for fluidly coupling with supply tubes to provide fluid communication with the
hot water supply 14 and the cold water supply 16, respectively. A mixed water outlet conduit 36
extends laterally from the base 24 and is configured to be fluidly coupled to the fluid delivery
device 12. A conventional fluid coupling (not shown) may be supported by the outlet conduit 36
for connecting to an outlet tube (not shown).

[0029] With reference to Figs. 3 and 5, the interface 26 of the base 24 includes a hot
water inlet port 38 in fluid communication with the hot water inlet conduit 28, and a cold water
inlet port 40 in fluid communication with the cold water inlet conduit 30. A mixed water outlet
port 42 is positioned intermediate the hot water inlet port 38 and the cold water inlet port 40, and
is in fluid communication with the outlet conduit 36. A seat, illustratively a groove 44, may be
formed within the interface 26 and is configured to receive a seal or gasket 46. Illustratively, the
valve body 18 is molded from a polymer. In one illustrative embodiment, the valve body 18 is
molded from a thermoplastic polyamide, such as Zytel®, available from DuPont Engineering
Polymers of Wilmington, Delaware.

[0030] Referring now to Figs. 2 and 3, the valve housing 20 cooperates with the valve
body 18 to define a chamber 50 receiving a first flow control member 52 and a second tlow
control member 54. Screws 22 extend through bosses 56 formed in the valve housing 20 and are
threadably received within extensions 58 of the base 24 of the valve body 18. The valve housing
20 includes a cylindrical outer wall 60 including a plurality of radially outwardly extending
strengthening ribs 62. A central hub 63 is coupled to the outer wall 60 by a connecting member
64. A plurality of radially inwardly extending strengthening ribs 65 further couple the outer wall
60 with the central hub 63. The cylindrical outer wall 60 defines the chamber 50 for receiving the
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first and second flow control members 52 and 54. As with the valve body 18, the valve housing
20 may be molded from a thermoplastic polyamide, such as Zytel®.

[0031) With reference to Figs. 2-9, the internal components of the mixing valve 10 are
further illustrated. The first flow control member 52, illustratively a substantially planar lower
plate 66, is supported by the interface 26 of the valve body 18. The seal 46 is positioned
intermediate the lower plate 66 and the seat 44 of the interface 26. Illustratively, the seal 46
extends into a seat, illustratively a groove 68, formed within the lower surface 70 of the lower
plate 66. A plurality of notches 72 are formed within the outer periphery of the lower plate 66
and are configured to cooperate with tabs 74 formed in the base 24 of the valve body 13 to
prevent relative rotation therebetween.

[0032) The lower plate 66 includes a substantially planar upper or first surface 76
configured to sealingly engage a substantially planar lower or second surface 78 of the second
flow control member 54. A first or hot water inlet port 80 extends between lower and upper
surfaces 70 and 76 and is in fluid communication with the hot water inlet conduit 28 of the valve
body 18. Similarly, a second or cold water inlet port 82 extends between lower and upper
surfaces 70 and 76 and is in fluid communication with the cold water inlet conduit 30 of the valve
body 18. A mixed water outlet port 84 illustratively extends between lower and upper surfaces
70 and 76 and is in fluid communication with the outlet conduit 36. The outlet port 84 is
illustratively positioned intermediate, and in alignment with, the inlet ports 80 and 82.

[0033) The seal 46 extends around the hot water inlet port 80 and the cold water inlet
port 82 to provide a fluid passageway between the lower plate 66 and the respective ports 38 and
40 of the interface 26. More particularly, the seal 46 includes an outer ring 85 coupled to inner
loops 86 and 87. The inner loop 86 cooperates with the outer ring 85 to seal around the hot
water inlet ports 38 and 80, while the inner loop 87 cooperates with the outer ring 85 to seal
around the cold water inlet ports 40 and 82. The seal 46 is illustratively formed of a resilient
material, such as silicone.

[0034] The second flow control member 54 illustratively includes a substantially planar
upper plate 88 including lower (second) surface 78 facing the upper (first) 76 surface of the lower
plate 66. A carrier 90 is operably coupled to the upper plate 88 and is configured to rotate the
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upper plate 88 about a center axis 92 extending perpendicular to the second surface 78. As noted
above, first surface 76 of the first flow control member 52 is in sliding and sealing contact with
the second surface 78 of the second flow control member 54. Both the lower plate 66 of the first
flow control member 52 and the upper plate 88 of the second flow control member 54 are
1llustratively formed of alumina ceramic.

[6035] With reference to Figs. 3, 4, 6, and 8, the carrier 90 illustratively includes a base 94
operably coupled to a stem 96. The base 94 may comprise a disc 98 including a lower recess 100
for receiving the upper surface 102 of the upper plate 88. A plurality of tabs 104 extend radially
inwardly from an annular ridge 106 and are received within notches 108 formed in the upper
surface 102 of the upper plate 88 for rotationally securing the carrier 90 to the second flow
control member 54. The stem 96 extends longitudinally along the center axis 92 and through an
opening 110 formed in the central hub 63 of the valve housing 20. The stem 96 illustratively
includes a plurality of splines 112 to facilitate coupling with a drive member 111 (Fig. 10), such as
an electric motor or handle. A pair of bearing rings 115 are illustratively received over the stem
96. and are positioned intermediate the disc 98 and the connecting member 64 of the valve
housing 20. The bearing rings 115 are illustratively formed of a polyethylene, and are configured
to reduce wear between the carrier 90 and the valve housing 20,

{0036] With reference to Figs. 6 and 7, a pair of stop members 114 and 116 extend
radially outwardly from the base 94 of the carrier 90 and are configured to cooperate with a parr
of tabs 118 and 120 extending radially inwardly from the wall 60 of the valve housing 20. More
particularly, the stop member 114 is configured to engage tab 118 to provide a limit stop for
counterclockwise rotation. Similarly, the stop member 116 is configured to engage tab 120 to
provide a limit stop for clockwise rotation. The stop members 114 and 116 cooperate with the
tabs 118 and 120, respectively, to provide a maximum rotation of the second flow control
member 54 of a (Fig. 7). In one illustrative embodiment, o is approximately 102 degrees. The
carrier 90 may be formed from a polymer. In one illustrative embodiment, the carrier 90 is
molded of a polyphthalamide, such as Grivory®, available from EMS-CHEMIE of Sumter, South

Carolina.
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10037} With reference to Figs. 6 and 10, an electronic limit switch 121 may be supported
within a slot 122 formed within wall 60 of the valve housing 20 for controlling drive member 111,
such as an electric motor, operably coupled to the second flow control member 54 through the
stem 96. More particularly, the electronic limit switch 121 may be triggered by extensions 124
and 126 of the stop members 114 and 116, respectively, whereupon a controller 128 deactivates
the drive member 111. A user interface 129, such as push buttons on a control panel, may be
operably coupled to the controller 128 to set a user desired outlet water temperature and/or flow
rate.

[0038] With reference to Fig. 9, a flow control channel 130 extends inwardly from the
second surface 78 of the upper plate 88. The flow control channel 130 is illustratively closed in
that it does not extend through to the upper surface 102 of the upper plate 88 and has a periphery
sealed by cooperating surfaces 76 and 78 of the plates 66 and 88, respectively (Fig. 5). While a
closed valve is illustrated, it should be appreciated that the present invention may find equal
applicability with open valve designs. The flow control channel 130 includes a central chamber
132 extending around the center axis 92, and radially outwardly extending flow control portions
134, 136, 138, and 140 fluidly coupled to the central chamber 132.

[0039] More particularly, the flow control channel 130 includes a first hot water tflow
control portion 134 and a first cold water flow control portion 136 circumferentially spaced from
the first hot water flow control portion 134. A second hot water flow control portion 138 is
circumferentially spaced intermediate the first cold water flow control portion 136 and the first
hot water flow control portion 134 in a first angular direction (dlustratively counterclockwise in
Fig. 9) from the first cold water flow conirol portion 136. A second cold water flow control
portion 140 is circumferentially spaced intermediate the first cold water flow control portion 136
and the first hot water flow control portion 134 in a second angular direction (illustratively
clockwise in Fig. 9) from the first cold water flow control portion 136. In the illustrative
embodiment, the first hot water flow control portion 134 is rotationally oriented relative to the
first cold water flow control portion 136 by the angle B (approximately 150 degrees in Fig. 9).
Further illustratively, the second hot water flow control portion 138 is rotationally oriented

relative to the first cold water flow control portion 136 by angle y1 (approximately 90 degrees in
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Fig. 9), and is rotationally oriented relative to the second cold water flow control portion 140 by
angle y2 (approximately 60 degrees in Fig. 9).

[0040} The first hot water flow control portion 134 and the first cold water flow control
portion 136 include outer control edges 142 and 144, respectively. Similarly, the second hot
water flow control portion 138 and the second cold water flow control portion 140 include outer
control edges 146 and 148, respectively. The outer control edges 146 and 148 of the second hot
water flow control portion 138 and the second water flow control portion 140 are disposed
radially outwardly from the outer control edges 142 and 144 of the first hot water flow control
portion 134 and the first cold water flow control portion 136. The central chamber 132 fluidly
couples together the first hot water flow control portion 134, the first cold water flow control
portion 136, the second hot water flow control portion 138, and the second cold water flow
control portion 140.

10041} The first hot water flow control portion 134 illustratively has a cross-sectional area
substantially equal to the first cold water flow control portion 136, while the second hot water
flow control portion 138 illustratively has a cross-sectional area substantially equal to the second
cold water flow control portion 140. Further, the cross-sectional areas of the first flow control
portions 134 and 136 are illustratively smaller than the cross-sectional areas of the second flow
control portions 138 and 140. Full overlap of the first cold water flow control portion 136 and
the cold water inlet port 82 defines a fluid passageway 150 (Fig. 12), and full overlap of the first
hot water flow control portion 138 and the hot water inlet port 80 defines a fluid passageway 152
(Fig. 14). The fluid passageways 150 and 152 each include a substantially equal cross-sectional
flow area. Additionally, partial overlap of the first cold water flow control portion 136 and the
first hot water flow control portion 138 with the cold water inlet port 82 and hot water inlet port
80 defines fluid passageways 154 and 156, respectively (Fig. 13). The combined cross-sectional
flow area of fluid passageways 154 and 156 is equal to that of each fluid passageway 150

and 152. As such, substantially constant flow rate is maintained as the second flow control
member 54 is rotated clockwise over an angular range (illustratively about 30 degrees) from the

low flow, full cold mode position of Fig. 12 to the low flow, full hot mode position of Fig. 14.



CA 02728586 2011-01-19

-10-

[0042] Full overlap of the second cold water flow control portion 140 and the cold water
inlet port 82 defines a fluid passageway 158 (Fig. 15), and full overlap of the second hot water
flow control portion 138 and the hot water inlet port 80 defines a fluid passageway 160 (Fig. 17).
The fluid passageways 158 and 160 each include a substantially equal second cross-sectional flow
area. Additionally, partial overlap of the second cold water flow control portion 140 and the
second hot water flow control portion 142 with the cold water inlet port 82 and the hot water
inlet port 80 defines fluid passageways 162 and 164, respectively (Fig. 16). The combined cross-
sectional flow area of fluid passageways 162 and 164 is equal to that of each fluid passageway
158 and 160. As such, substantially constant flow rate is maintained as the second flow control
member 54 is rotated clockwise over an angular range (illustratively about 30 degrees) trom the
high flow, full cold mode position of Fig. 15 to the high flow, full hot mode position of Fig. 17.
[0043] In the illustrative embodiment, the first cross-sectional areas of the fluid
passageways 150 and 152 (and combination of fluid passageways 154 and 156) are each less than
the second cross-sectional areas of the fluid passageways 158 and 160 (and combination of fluid
passageways 162 and 164). As such, the fluid passageways 150 and 152 (and combination of
fluid passageways 154 and 156) provide for a low flow rate less than a high flow rate of the fluid
passageways 158 and 160 (and combined fluid passageways 162 and 164).

[0044] While the illustrative embodiment shows first and second water flow control
portions 134, 136 and 138, 140, it should be appreciated that additional circumferentially spaced
water flow control portions may be provided within the upper plate 88 of the second flow control
member 54. Such additional water flow control portions may provide for additional flow rates, as
desired. Additionally, the circumferential spacing or angular positioning of the flow control
portions 134, 136, 138, 140 may vary based upon desired flow control characteristics.

[0045] With reference now to Figs. 11-17, operation of the mixing valve 10 is further
illustrated. Fig. 11 shows the mixing valve 10 in an off mode, where the hot water inlet port 80
and the cold water inlet port 82 of the first flow control member 52 are covered or blocked by the
second flow control member 54. In other words, the flow control channel 130 is sealed from fluid

communication with the inlet ports 80 and 82. Fig. 11 shows a reference axis 166 extending



CA 02728586 2011-01-19

-11-

through the first cold water flow control portion 136 of the flow control channel 130 to assist in
identifying the relative angular orientation of the second flow control member 54 in Figs. 12-17.
[0046] Fig. 12 illustrates a low flow, full coid mode where the second flow control
member 54 rotated clockwise by approximately 40 degrees from the position of Fig. 11, such that
the first cold water flow control portion 136 fully overlaps with the cold water inlet port 82.
More particularly, the first cold water flow control portion 136 fully overlaps the cold water inlet
port 82 to define fluid passageway 150 having the cross-sectional flow area for providing low
flow of cold water to the outlet port 84 and the outlet conduit 36.

[06047] Fig. 13 illustrates a low flow, full mixed mode when the second flow control
member 54 has been rotated clockwise by approximately 15 degrees from the position of Fig. 12.
The first cold water flow control portion 136 and the first hot water flow control portion 134
partially overlap with the cold water inlet port 82 and the hot water inlet port 80 to define fluid
passageways 154 and 156, respectively, for providing low flow of mixed water to the outlet port
84 and the outlet conduit 36. More particularly, in the position of Fig. 13, the cross-sectional
area of fluid passageway 154 is substantially equal to the cross-sectional area of fluid passageway
156 to provide equal mixing of cold water and hot water.

[0048] Fig. 14 illustrates the low flow, full hot position, where the second flow control
member 54 has been rotated clockwise 15 degrees from the position of Fig. 14. In this position,
the first hot water flow control portion 134 fully overlaps the hot water inlet port 80 of the first
flow control member 52 to define fluid passageway 152 having the cross-sectional flow area for
providing low flow of hot water to the outlet port 84 and the outlet condutt 36.

[0049] Fig. 15 illustrates the high flow, full cold mode, where the second flow control
member 54 is rotated clockwise by approximately 30 degrees from the position of Fig. 14. In this
position, the second cold water flow control portion 140 fully overlaps the cold water inlet port
82 to define the cross-sectional flow area for providing high flow of cold water to the outlet port
84 and the outlet conduit 36. As such, rotation of the second flow control member 54 within an
angular range (illustratively about 30 degrees) from the low flow, full cold mode of Fig. 12 to the

low flow, full hot mode of Fig. 14 varies temperature (i.e. mixing ratio of hot and cold water)
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while maintaining a substantially consistent low flow rate of water delivered by the flow control
channel 130 to the outlet port 84.

[0050] Fig. 16 illustrates the high tflow, fully mixed mode, where the second flow control
member 54 1s rotated clockwise by 15 degrees from the position of Fig. 15. The second cold
water flow control portion 140 and the second hot water flow control portion 138 partially
overlap with the cold water inlet port 82 and the hot water inlet port 80 to define fluid
passageways 162 and 164, respectively, for providing high flow of mixed water to the outlet port
84 and the outlet conduit 36. More particularly, in the position of Fig. 16, the cross-sectional
area of fluid passageway 162 is substantially equal to the cross-sectional area of fluid passageway
164 to provide equal mixing of cold water and hot water.

|0051] Fig. 17 1llustrates the high flow, full hot mode of operation, where the second
flow control member 54 is rotated clockwise 15 degrees from the position of Fig. 16. In this
position, the second hot water flow control portion 138 fully overlaps the hot water inlet port 80
of the first flow control member 52 to define fluid passageway 160 having the cross-sectional
flow area for providing high flow of hot water to the outlet port 84 and outlet conduit 36. As
such, rotation of the second flow control member 54 within an angular range (illustratively about
30 degrees) from the high flow, full cold mode of Fig. 15 to the high flow, full hot mode of Fig.
1'7 varies temperature (1.€. mixing ratio of hot and cold water) while maintaining a substantially
consistent high flow rate of water delivered by the flow control channel 130 to the outlet port 84.

10052} Although the invention has been described in detail with reference to certain

preterred embodiments, the scope of the claims should not be limited by the preferred

embodiments set forth in the examples, but should be given the broadest interpretation consistent

with the description as a whole.
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CLAIMS:

1. A mixing valve comprising:

a first flow control member including a first surface, a hot water inlet port, and a
cold water inlet port;

a second flow control member including a second surface facing the first surface of
the first flow control member, the second flow control member being supported for rotation about
a center axis extending perpendicular to the second surface such that the second surface 1s in
sliding contact with the first surface;

a flow control channel extending inwardly from the second surface of the second
flow control member, the flow control channel including a first hot water flow control portion, a
first cold water flow control portion circumferentially spaced from the first hot water flow control
portion, a second hot water flow control portion circumferentially spaced intermediate the first
cold water flow control portion and the first hot water flow control portion in a first angular
direction from the first cold water flow control portion, and a second cold water flow control
portion circumferentially spaced intermediate the first cold water flow control portion and the first
hot water flow control portion in a second angular direction from the first cold water flow control
portion, the first angular direction being one of clockwise and counterclockwise, and the second
angular direction being the other of counterclockwise and clockwise;

a carrier operably coupled to the second flow control member for rotating the tlow
control portions of the flow control channel in an arcuate path about the center axis;

wherein rotation of the second flow control member about the center axis within a
first angular range aligns at least one of the first hot water flow control portion with the hot water
inlet port, and the first cold water flow control portion with the cold water inlet port for
permitting fluid flow at a first flow rate through the flow control channel; and

wherein rotation of the second flow control member about the center axis within a
second angular range aligns at least one of the second hot water flow control portion with the hot
water inlet port, and the second cold water flow control portion with the cold water inlet port for

permitting fluid flow at a second flow rate through the flow control channel.
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2. The mixing valve of claim 1, wherein rotation of the second flow control member
within the first angular range controls the temperature of water within the flow control channel by
varying the ratio of water flowing through the first hot water flow control portion and the first
cold water flow control portion, and rotation of the second flow control member within the
second angular range controls the temperature of water within the flow control channel by varying
the ratio of water flowing through the second hot water flow control portion and the second cold
water flow control portion.

3. The mixing valve of claim 1, wherein:

the first hot water flow control portion and the first cold water flow control
portion each includes an outer control edge;

the second hot water flow control portion and the second cold water flow control
portion each includes an outer control edge; and

the outer control edges of the second hot water flow control portion and the
second cold water flow control portion are disposed radially outwardly from the outer control
edges of the first hot water flow control portion and the first cold water flow control portion.

4. The mixing valve of claim 3, further comprising a central chamber fluidly coupling
the first hot water flow control portion and the first cold water flow control portion with the
second hot water flow control portion and the second cold water flow control portion.

5. The mixing valve of claim 1, further comprising a valve body including an interface
cooperating with the first flow control member, a hot water inlet conduit in fluid communication
with the hot water inlet port, and a cold water inlet conduit in fluid communication with the cold
water inlet port.

6. The mixing valve of claim 5, further comprising a gasket positioned intermediate
the interface of the valve body and the first flow control member, the gasket providing a seal
between the hot water inlet conduit and the hot water inlet port, and the cold water inlet conduit
and the cold water inlet port.

7. The mixing valve of claim 5, further comprising a housing cooperating with the

valve body and defining a chamber receiving the first flow control member, the second flow

control member, and the carrier.
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8. The mixing valve of claim 5, wherein:
the first flow control member further includes a mixed water outlet port
posttioned intermediate the hot water inlet port and the cold water 1nlet port; and
the valve body includes a mixed water outlet conduit in fluid communication with
the mixed water outlet port.

9. The mixing valve of claim 1, wherein the carrier includes a base operably coupled
to the second tlow control member, and a stem supported by the base and extending
longitudinally along the center axis.

10.  The mixing valve of claim 9, further comprising:

a housing receiving the first flow control member, the second flow control
member, and the base of the carrier; and

a bearing ring positioned intermediate the housing and the base of the carrier, the
stem extending through the bearing ring.

11.  The mixing valve of claim 1, wherein the second flow control member includes a
plate, and the flow control channel comprises a closed recess formed within the plate.

12.  The mixing valve of claim 1, wherein the cross-sectional area of each of the first
hot water flow control portion and the first cold water flow control portion is different from the
cross-sectional area of each of the second hot water flow control portion and the second cold
water flow control portion.

13. A mixing valve compnsing:

a first flow control member including a first surface and a first inlet port;

a second flow control member including a second surface slidably engaging the
first surface of the first flow control member,;

a flow control channel extending inwardly from the second surface of the second
flow control member, the flow control channel including a central chamber, a first water flow

control portion extending radially outwardly from the central chamber and including an outer

control edge, a second water flow control portion extending radially outwardly from the central
chamber and circumferentially spaced from the first water flow control portion, a portion of the

second surface extending circumferentially between the first water flow control portion and the
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second water flow control portion, the second water flow control portion including an outer

control edge positioned radially outwardly from the outer control edge of the first water flow

control portion; and

a carrier operably coupled to the second flow control member for moving the
water flow control portions of the flow control channel;

wherein full overlap of the first water flow control portion and the first inlet port
defines a fluid passageway having a first cross-sectional flow area, and full overlap of the second
water flow control portion and the first inlet port defines a fluid passageway having a second
cross-sectional flow area, the first cross-sectional flow area being less than the second cross-
sectional flow area, such that fluid flows through the first cross-sectional flow area at a first flow
rate and fluid flows through the second cross-sectional flow area at a second flow rate, the first
flow rate being less than the second flow rate.

14.  The mixing valve of claim 13, wherein the second flow control member is

supported for rotation about a center axis extending perpendicular to the second surface.

15.  The mixing valve of claim 14, wherein:

the first flow control member includes a second inlet port in spaced relation to the
first inlet port;

the tirst water flow control portion includes a first hot water flow control portion,
and a first cold water flow control portion circumferentially spaced from the first hot water flow
control portion;

the second water flow control portion includes a second hot water flow control
portion circumferentially spaced intermediate the first cold water flow control portion and the
first hot water flow control portion in a first angular direction from the first cold water flow
control portion, and a second cold water flow control portion circumferentially spaced
intermediate the first cold water flow control portion and the first hot water flow control portion
In a second angular direction from the first cold water flow control portion;

wherein rotation of the second flow control member within a first angular range

aligns at least one of the first hot water flow control portion with the first inlet port, and the first
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cold water flow control portion with the second inlet port for permitting fluid flow at a first flow
rate through the flow control channel; and

wherein rotation of the second flow control member within a second angular
range aligns at least one of the second hot water flow control portion with the first inlet port, and
the second cold water flow control portion with the second inlet port for permitting fluid flow at
a second flow rate through the flow control channel.

16.  The mixing valve of claim 15, further comprising a valve body including an
Interface cooperating with the first flow control member, a hot water inlet conduit in fluid
communication with the first inlet port, and a cold water inlet conduit in fluid communication
with the second inlet port.

17. The mixing valve of claim 16, further comprising a gasket positioned intermediate
the interface of the valve body and the first flow control member, the gasket providing a seal
between the hot water inlet conduit and the first inlet port, and the cold water inlet conduit and
the second inlet port.

8. The mixing valve of claim 16, further comprising a housing cooperating with the

valve body and defining a chamber receiving the first flow control member and the second flow

control member.
19.  The mixing valve of claim 16, wherein:
the first flow control member further includes an outlet port positioned

intermediate the hot water inlet port and the cold water inlet port; and

the valve body includes an outlet conduit in fluid communication with the outlet

port.

20.  The mixing valve of claim 14, wherein the carrier includes a base operably
coupled to the second flow control member, and a stem supported by the base and extending

longitudinally along the center axis.
21.  The mixing valve of claim 13, wherein the second flow control member includes a

plate, and the flow control channel comprises a closed recess formed within the plate.
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22. A mixing valve comprising:

a first flow control member including a first surface, a hot water inlet port, and a
cold water inlet port;

a second flow control member including a second surface facing the first surface
of the first flow control member, the second flow control member being supported for rotation
about a center axis extending perpendicular to the second surface such that the second surface is
in sliding contact with the first surface; and

a flow control channel extending inwardly from the second surface of the second
flow control member;

wherein the second flow control member is rotatable about the center axis
between an off position, a first flow position, and a second flow position, the off position defined
when the second surface of the second flow control member blocks water flow from passing
through the hot water inlet port and the cold water inlet port, the first flow position defined by
rotating the second flow control member about the center axis within a first angular range
wherein the flow control channel permits water flow to pass through at least one of the hot water
inlet port and the cold water inlet port at a substantially constant first flow rate from a full cold
temperature to a full hot temperature, and the second flow position defined by rotating the second
flow control member about the center axis within a second angular range wherein the flow
control channel permits water flow to pass through at least one of the hot water inlet port and the

cold water inlet port at a substantially constant second flow rate from a full cold temperature to a

full hot temperature, wherein the second angular range is greater than the first angular range.
23.  The mixing valve of claim 22, wherein the flow control channel includes a first
hot water flow control portion, a first cold water flow control portion circumferentially spaced
from the first hot water flow control portion, a second hot water flow control portion
circumferentially spaced intermediate the first cold water flow control portion and the first hot
water flow control portion in a first angular direction from the first cold water flow control
portion, and a second cold water flow control portion circumferentially spaced intermediate the
first cold water flow control portion and the first hot water flow control portion in a second

angular direction from the first cold water flow control portion.
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24.  The mixing valve of claim 23, wherein rotation of the second flow control
member within the first angular range controls the temperature of water within the flow control
channel by varying the ratio of water flowing through the first hot water flow control portion and
the first cold water flow control portion, and rotation of the second flow control member within
the second angular range controls the temperature of water within the flow control channel by
varying the ratio of water flowing through the second hot water flow control portion and the
second cold water flow control portion.

25. The mixing valve of claim 23, wherein:

the first hot water flow control portion and the first cold water flow control

portion each includes an outer control edge;

the second hot water flow control portion and the second cold water flow control
portion each includes an outer control edge; and

the outer control edges of the second hot water flow control portion and the
second cold water flow control portion are disposed radially outwardly from the outer control
edges of the first hot water flow control portion and the first cold water flow control portion.

26.  The mixing valve of claim 23, further comprising a central chamber fluidly
coupling the first hot water flow control portion and the first cold water flow control portion with
the second hot water flow control portion and the second cold water flow control portion.

27.  The mixing valve of claim 22, further comprising a valve body including an
interface cooperating with the first flow control member, a hot water inlet conduit in fluid
communication with the hot water inlet port, and a cold water inlet conduit in fluid
communication with the cold water inlet port.

28.  The mixing valve of claim 27, further comprising a gasket positioned intermediate
the interface of the valve body and the first flow control member, the gasket providing a seal
between the hot water inlet conduit and the hot water inlet port, and the cold water inlet conduit

and the cold water inlet port.
29.  The mixing valve of claim 27, further comprising a housing cooperating with the
valve body and defining a chamber receiving the first flow control member and the second flow

control member.
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30.  The mixing valve of claim 27, wherein:

the first flow control member further includes a mixed water outlet port
positioned intermediate the hot water inlet port and the cold water inlet port; and

the valve body includes a mixed water outlet conduit in fluid communication with
the mixed water outlet port.

31.  The mixing valve of claim 22, further comprising a carrier including a base
operably coupled to the second flow control member, and a stem supported by the base and
extending longitudinally along the center axis.

32.  The mixing valve of claim 22, wherein the second flow control member includes a
plate, and the flow control channel comprises a closed recess formed within the plate,

33. A mixing valve comprising:

a first flow control member including a first surface and a first inlet port;

a second flow control member including a second surface slidably engaging the
first surface of the first flow control member;

a flow control channel extending inwardly from the second surface of the second
flow control member, the flow control channel including a central chamber, a first water flow
control portion extending radially outwardly from the central chamber and including an outer
control edge, a second water flow control portion extending radially outwardly from the central
chamber and circumferentially spaced from the first water flow control portion, the second water

flow control portion including an outer control edge positioned radially outwardly from the outer

control edge of the first water flow control portion;

a carrier operably coupled to the second flow control member for moving the

water flow control portions of the flow control channel;

wherein full overlap of the first water flow control portion and the first inlet port
defines a fluid passageway having a first cross-sectional flow area, and full overlap of the second
water flow control portion and the first inlet port defines a fluid passageway having a second
cross-sectional flow area, the first cross-sectional flow area being less than the second cross-

sectional flow area;
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wherein the second flow control member is supported for rotation about a center
axis extending perpendicular to the second surface;

the first flow control member includes a second inlet port in spaced relation to the
first inlet port;

the first water flow control portion includes a first hot water flow control portion,
and a first cold water flow control portion circumferentially spaced from the first hot water flow
control portion;

the second water flow control portion includes a second hot water flow control
portion circumferentially spaced intermediate the first cold water flow control portion and the
first hot water flow control portion in a first angular direction from the first cold water flow
control portion, and a second cold water flow control portion circumferentially spaced
intermediate the first cold water flow control portion and the first hot water flow control portion
in a second angular direction from the first cold water flow control portion;

wherein rotation of the second flow control member within a first angular range
aligns at least one of the first hot water flow control portion with the first inlet port, and the first
cold water flow control portion with the second inlet port for permitting fluid flow at a first flow
rate through the flow control channel; and

wherein rotation of the second flow control member within a second angular
range aligns at least one of the second hot water flow control portion with the first inlet port, and

the second cold water flow control portion with the second inlet port for permitting fluid flow at

a second flow rate through the flow control channel.

34.  The mixing valve of claim 13, further comprising an electric motor operably
coupled to the carrier for moving the second flow control member.

35.  The mixing valve of claim 22, further comprising an electric motor operably

coupled to the second flow control member.
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