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ABSTRACT

Apparatus and methods for providing fluid such as water at a controlled
temperature. In some embodiments, hot and cold fluid is provided to a
thermostatically controlled mixing valve, which then provides fluid at a mixed
temperature to a plumbing system. The thermostat provides a first loop for closed-
loop control of fluid exit temperature, and preferably there is a second, electronically
controlled closed loop for adjusting the temperature of fluid exiting the valve. This
electronic adjustment in some embodiments can be made remotely or locally. In yet
other embodiments the electronic control loop is fail-fixed, such that a loss of
electrical communication to the actuator results in the actuator maintaining its last
position. In yet other embodiments there is a system including a flow sensor and a
recirculation pump such that the temperature of the fluid exiting the valve cannot be

adjusted if there is insufficient flow, or if the pump is actuated.
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ELECTROHYDRAULIC THERMOSTATIC CONTROL VALVE

FIELD OF THE INVENTION

Various embodiments of the present invention pertain to thermostatically
controlled valves, and in particular to such valves using electrical actuation to
provide water within a range of temperatures.

SUMMARY OF THE INVENTION

One aspect of the present pertains to an apparatus for providing
thermostatically-controlled fluid. Some embodiments include a hot fluid inlet and a
cold fluid inlet. Other embodiments include a valve movable over a range of
positions to vary the relative mixing of fluid received from the hot inlet with fluid
received from the cold inlet. Yet other embodiments include a thermostat operably
connected to the valve to move the valve in response to the temperature of the
mixed fluid. Still other embodiments include an electrical actuator operably
connected to the valve to move the valve in response to an electrical signal.

Another aspect of the present invention pertains to an apparatus for providing
thermostatically-controlled fluid. Some embodiments include providing a thermostat,
an electrical actuator, a source of hotter fluid, a source of colder fluid, and a
repositionable mixing valve. Other embodiments include mixing the hotter fluid and
the colder fluid with the mixing valve. Yet other embodiments include flowing the

mixed fluid around the thermostat. Still other embodiments include repositioning the



mixing valve by the thermostat in response to the flowing and repositioning the
thermostat by the actuator.
Yet another embodiment of the present invention pertains to a system for
providing thermostatically-controlled fluid. Some embodiments include a hotter
5  fluid inlet and a colder fluid inlet. Other embodiments include a thermostatically
controlied mixing valve receiving fluid from both the hotter inlet and the colder inlet
and providing mixed fluid at the fluid exit. Yet other embodiments include a flow
sensor located downstream of the fluid exit and providing an electrical signal
responsive to the amount of fluid flowing past said flow sensor. Still another
10 aspect of the present invention pertains to an apparatus for providing
temperature-controlled fluid. Some embodiments include providing an electronic
controller in electrical communication with an electrical actuator, a source of hotter
fluid, a source of colder fluid, and an actuatable mixing valve. Other embodiments
include mixing the hotter fluid and the colder fluid with the mixing valve to provide
15  mixed fluid at a temperature. Yet other embodiments include changing the
temperature of the mixed fluid with the actuator by the controller and maintaining

the changed temperature if the electrical communication is broken.

According to another aspect of the present invention there is provided an

20  apparatus for providing thermostatically-controlled water, comprising:

a hot water inlet and a cold water inlet;

CA 2756952 2020-02-20



a valve movable over a range of valve positions to vary the relative mixing
of water received from the hot water inlet with water received from the cold water
inlet;

a thermostat operably connected to said valve to move said valve in

5 response to the temperature of the mixed water and provide water mixed to a
temperature set point;

an electronic controller providing an electrical signal; and

an electrical actuator actuatable by the electrical signal to a predetermined
actuator position within a range of actuator positions corresponding to a range of

10  temperature set points, and operably connected to said thermostat to establish
the temperature set point in response to the electrical signal,

wherein said electrical actuator is adapted and configured to maintain the
predetermined actuator position when the electrical signal is removed, and said
thermostat is adapted and configured to continue to move said valve in response

15 to the temperature of the mixed water and provide water mixed to the

predetermined temperature set point after the electrical signal is removed.

It will be appreciated that the various apparatus and methods described in
this summary section, as well as elsewhere in this application, can be expressed
20 as alarge number of different combinations and subcombinations. All such
useful, novel, and inventive combinations and subcombinations are contemplated
herein, it being recognized that the explicit expression of each of these

combinations is unnecessary.
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BRIEF DESCRIPTION OF THE DRAWINGS

Some of the figures shown herein may include dimensions. Further, some of
the figures shown herein may have been created from scaled drawings or from
photographs that are scalable. It is understood that such dimensions, or the relative
scaling within a figure, are by way of example, and not to be construed as limiting.

FIG. 1 is a schematic presentation of a system for providing water under
thermostatic control according to one embodiment of the present invention.

FIG. 2 is a scaled cutaway of the valve of FIG. 1.

FIG. 3 is an enlargement of the electrical actuation portion of the valve of FIG.

FIGS. 4A, 4B, 4C, and 4D show an exploded view of the apparatus of FIG. 3.

FIGS. 5A and 5B are orthogonal views of the apparatus of FIG. 4A.

FIG. 6 is a frontal plan view of a system according to another embodiment of
the present invention.

FIG. 7 is a scaled cutaway of a valve used in the system of FIG. 6.

FIG. 8A is an enlargement of a portion of the valve of FIG. 7.

FIG. 8B is a view of the apparatus of FIG. 8A with some of the internals of the
actuator shown.

FiIG. 8C is an exploded view of the apparatus of FIG. 8B.

FIG. 9 is an electrical schematic corresponding to the system of FIG. 6.

FIG. 10A is a screen shot of a graphical user interface according to one

embodiment of the present invention during one state of control.
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FIG. 10B is a screen shot of a graphical user interface according to one
embodiment of the present invention during a different state of control.

FIG. 11 is an electrical schematic corresponding to a system according to
another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

For the purposes of promoting an understanding of the principles of the
invention, reference will now be made to the embodiments illustrated in the drawings
and specific language will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention is thereby intended, such
alterations and further modifications in the illustrated device, and such further
applications of the principles of the invention as illustrated therein being
contemplated as would normally occur to one skilled in the art to which the invention
relates. At least one embodiment of the present invention will be described and
shown, and this application may show and/or describe other embodiments of the
present invention. 1t is understood that any reference to “the invention” is a
reference to an embodiment of a family of inventions, with no single embodiment
including an apparatus, process, or composition that should be included in all
embodiments, unless otherwise stated. Further, although there may be discussion
with regards to “advantages” provided by some embodiments of the present
invention, it is understood that yet other embodiments may not include those same
advantages, or may include yet different advantages. Any advantages described

herein are not to be construed as limiting to any of the claims.
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The use of an N-series prefix for an element number (NXX.XX) refers to an
element that is the same as the non-prefixed element (XX.XX), except as shown and
described thereafter The usage of words indicating preference, such as “preferably,”
refers to features and aspects that are present in at least one embodiment, but
which are optional for some embodiments. As an example, an element 1020.1
would be the same as element 20.1, except for those different features of element
1020.1 shown and described. Further, common elements and common features of
related elements are drawn in the same manner in different figures, and/or use the
same symbology in different figures. As such, it is not necessary to describe the
features of 1020.1 and 20.1 that are the same, since these common features are
apparent to a person of ordinary skill in the related field of technology. This
description convention also applies to the use of prime ('), double prime (), and
triple prime (") suffixed element numbers. Therefore, it is not necessary to describe
the features of 20.1, 20.1", 20.1", and 20 that are the same, since these common
features are apparent to persons of ordinary skill in the related field of technology.

Although various specific quantities (spatial dimensions, temperatures,

pressures, times, force, resistance, current, voltage, concentrations, wavelengths,

~ frequencies, heat transfer coefficients, dimensionless parameters, etc.) may be

stated herein, such specific quantities are presented as examples only, and further,
unless otherwise noted, are approximate values, and should be considered as if the
word “about” prefaced each quantity. Further, with discussion pertaining to a

specific composition of matter, that description is by example only, and does not limit
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the applicability of other species of that composition, nor does it limit the applicability
of other compositions unrelated to the cited composition.

FIG. 1 shows a system 20 for thermostatically controlling the temperature of a
mixture of water flows. System 20 includes a valve 30 having hot and cold water
inlets, 31a and 31b, respectively. The two sources of water are mixed within valve
30 and exit from valve 30 from outlet 31c at a temperature intermediate of the hot
and cold water temperatures. The temperature of the water is sensed by a
temperature sensor 98. A signal from sensor 98 is received by electronic controller
90, which provides a command signal to electrical actuator 80.

A cutaway view of valve 30 is shown in FIG. 2. Valve 30 includes a piston
and liner assembly 34 placed inbetween inlets 31a and 31b. Liner 34b is held in a
static position within body 32 of valve 30. Piston 34a can vertically slide within liner
34b under the influence of push rod 46. Push rod 46 is coupled to piston 34a by a
spring 35b that is held captive on rod 46 between an interior face of piston 34a and a
fastener. An exterior face of piston 34a biased in the upward direction by a spring
35a that also pushes against an interior surface of body 32. The sliding motion of
piston 34a relative to liner 34b provides variable mixing of hot and cold fluids into the
interior volume of piston 34a.

The position of piston 34a relative to liner 34b is established by thermostat
assembly 42. Thermostat assembly 42 includes a shroud assembly 47 that receives
within it an upper end of push rod 46. Shroud assembly 47 includes a hollow,

cylindrical outer member 47a with an open end. A flexible metal bellows 48 is
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placed through the open end and within the cylindrical body of shroud 47, with the
lower outer diameter of bellow 48 being soldered to opened end 47a of shroud
assembly 47. The uppermost end of push rod 46 is received within the interior of
bellows 48. Therefore, push rod 46 is longitudinally slidable relative to shroud
assembly 47.

An assembly 44 of coils is wrapped around thermostat assembly 42 from the
upper end (proximate to outlet 31c) to the lower end (that is received within piston
34a). The interior of coil assembly 44 is in fluid communication with the interior
volume of shroud assembly 47 that is between the exterior of bellows 48 and the
interior pocket of the tube. This differential volume within shroud assembly 47, as
well as the interior of coils 44, are filled with a fluid whose specific density changes
as a function of temperature. Preferably, this fluid is a mixture of various organic
fluids.

Coil 44 is exposed to mixed fluids leaving the piston and liner assembly 34
prior to exit of the fluid from outlet 31c. The mixed fluid conducts heat into the fluid
within shroud assembly 47 and coils 44. Since the volume of the fluid is fixed and
trapped, changes in the density of the fluid result in a change in pressure within
shroud assembly 47. The pressure within shroud 47 acts on the upper end of
bellows 48, which presses against the upper end of rod 46. The position of rod 46
(and likewise the position of piston 34a) changes as this internal fluid pressure is
counterbalanced by the upward biasing of spring 35a. Therefore, an increase in

temperature of fluid surrounding thermostat assembly 42 will result in expansion of
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the fluid, which will act to push push rod 48 relative to shroud assembly 47. The
properties and trapped volume of the fluid are used to establish the characteristics of
spring 35a, as well as the relative spacing between the supply slots of liner 34b and
the receiving slots of piston 34a.

From the preceding discussion it can be seen that the temperature of the
mixed fluid varies as a function of the force exerted on push rod 46. In some
thermostatically controlled valves, shroud assembly 47 is held at a fixed, but variable
position within body 32. As can be seen in FIG. 2, the top of shroud assembly 47
(also the top of thermostat assembly 42) presses against the bottom face of pusher
52. This compression force is a result of forces from the compression of spring 35a
acting longitudinally to push thermostat assembly 42 upwards. The position of
pusher 52 limits the upward movement of assembly 42. Therefore, any relative
motion between shroud assembly 47 and push rod 46 (i.e., as a result of changes in
fluid density) results in a change in length from the uppermost end of shroud
assembly 47 to the lowermost end of push rod 46, with a commensurate change in
the mixing of hot and cold liquids.

It is also possible for the mixing of hot and cold liquids (as a result of variable
displacement between piston 34a and liner 34b) to be established by a downward
displacement of pusher 52 relative to bonnet 54. Bonnet 54 is engaged by threads
into body 32. Pusher 52 is able to move longitudinally within the bore of bonnet 54,
In some thermostatically controlied valves, the position of pusher 52 is established

by a setscrew that is externally adjustable.



10

15

20

CA 02756952 2011-11-04

Referring to FIG. 3, one embodiment of the present invention includes means
for remotely fixing the temperature set point of thermostat assembly 42. The
components depicted in FIG. 3 are shown in exploded format in FIGS. 4. In one
embodiment, a spring loaded cartridge 60 interfaces between pusher 52 and an
electric actuator 80. Actuator 80 can change the longitudinal position of an axle 82.
One end of this axle presses against a pin 62 that is located within cartridge 60. The
displacement of axle 82 is transmitted by pin 62 to a plunger 64 within cartridge 60.
The face of plunger 64 presses against the top of pusher 52. In this manner,
actuator 80 is able to change the longitudinal location of pusher 52, which thereby
changes the balance of forces (i.e., a balance of fluid pressure and force of spring
35a), which subsequently alters the temperature set point for mixing of hot and cold
fluids and provides a change in the average temperature of the mixed fluid leaving
outlet 31c.

FIG. 4B shows a cutaway of a cartridge 60 according to one embodiment of
the present invention. A pin 62 is biased upward (in reference to the orientation of
FIG. 4) by a spring 66 located within the body of the cartridge 60. The lowermost
end of pin 62 is received within a bore of a plunger 64. A downward force acting
upon the uppermost end of pin 62 results in downward movement of plunger 64 and
compression of spring 66. Releasing the downward force (such as if axle 82 is
retracting) results in plunger 64 and pin 62 both moving upward under influence of
spring 66.

FIGS. 5A and 5B show a side, cutaway view and a top plan view of an

10
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actuator 80 according to one embodiment of the present invention. Actuator 80
includes an axle 82 that translates longitudinally along the axis of thermostat
assembly 42. Axle 82 is restrained in two directions (but free in the longitudinal
direction) by an output pinion gear 85. The longitudinal position of axle 82 is
mechanically coupled to the rotation of output pinion gear 85. Axle 82 includes a
threaded portion along its outer diameter that meshes with an internally threaded
shank of pinion gear 85. As pinion gear 85 rotates, the internal threads of the gear,
being in mesh with the external threads of axle 82, cause axle 82 to translate
longitudinally.

Output pinion gear 85 is driven by a gear train that receives an input speed
and input torque from a worm gear 86 driven directly by a 24 VDC motor 88. This
gear train of actuator 80 converts a high speed, low torque input from motor 88 to a
low speed, high torque input to the threads of axle 82.

Although what has been shown and described is an actuator 80 including an
externally threaded axle driven by a pinion gear, and also a worm gear, other
embodiments of the present invention are not so constrained. Other types of linear
actuation are contemplated.

One aspect of the gear train of actuator 80 is the difficulty encountered in
reversing the motion of the gear train by exertion of a force on axle 82. As can be
seen in FIG. 5a, the external threads of shaft 82 have a relatively shallow pitch
angle. Therefore, pushing or pulling forces on axle 82 are not leveraged into

rotational moments that are great enough to spin output pinion gear 85. Therefore,
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the reaction force of thermostat assembly 42 onto axle 82 (such as when an
increase in output fluid temperature results in expansion of the fluid within the coils)
results in minimal or no rotational movement of gear 85. Therefore, the coupling of
axle 82 and output pinion 85 tend to isolate the gear train from forces acting on axle
82.

In addition, the gear train of actuator 80 receives input speed and input torque
from a worm gear 86 driving a pinion gear (not shown). This configuration of gearing
also makes unlikely for forces acting on axle 82 to cause rotation of motor 88, since
rotation of the driven pinion gear is unlikely to cause rotation of worm gear 86.

Because of the coupling of axle 82 to pinion gear 85, and further of worm
gear 86 to its driven pinion, the longitudinal position of axle 82 tends to be fixed in a
position even if no voltage is applied to motor 88. Yet another aspect of system 20
is that the set point for thermostat 42 (as established by actuator 80) is substantially
fixed to a position, even upon failure of the electronics. This fixation is at least partly
a result of the worm gear. It is difficult for the thermostat to rotate the worm gear by
backwards pushing. Therefore, in some embodiments the valve exhibits a “fail fixed”
response ~ for some failures of the electronics, the thermostat retains its current
position.

Referring to FIG. 1, it can be seen that a temperature sensor 98 provides an
electrical signal to controller 30. Preferably, controller 90 is a digital control, which
can be located remotely from valve 30, or located on valve 30. An operator

establishes a desired set point or upper and lower limits for a set point, via software

12
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that is loaded into memory 92 within controller 90. Controller 90 compares this
desired set point to the actual temperature as indicated by sensor 98, and provides a
signal to motor 88 so as to accomplish a desired change in the position of
thermostat assembly 42. In some embodiments, the controlling software loaded into
memory 92 executes a control algorithm in which a proportional-integral-derivative
(PID) algorithm is used to generate the control signal to motor 88. Although what
has been shown and described is a digital controller utilizing software, it is also
appreciated that analog electronic controllers are also contemplated.

FIG. 6 depicts a system 120 according to another embodiment of the present
invention. In some embodiments, a plurality of components are mounted to a
support member 118. The components of system 120 provide means for a
temperature-conditioning water to be provided to a plumbing system, and further
means for electronically adjusting the temperature of the water provided to the
plumbing system. Preferably, the components of system 120 are arranged on
support member 118 in fixed relationship to each other, and adapted and configured
to readily interface with a plumbing system such that only simple fluid connections
and simple electrical connections need to be made. In some embodiments, the only
electrical connections are for providing power to a motorized pump, and for providing
electrical communications with a computer network

System 120 includes inlets 121 and 122 for hot and cold water, respectively.
Further, water that has been temperature-conditioned is provided to a plumbing

system from a conditioned outlet 128. Water returned from the plumbing system is

13
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provided to a recirculated flow inlet 123. A portion (such as 10%) is discharged from
system 120 from a recirculating return line 125.

Water from the hot and cold outlets 121 and 122 is provided to the respective
hot and cold inlets 131a and 131b of a thermostatically controlled valve 130.
Temperature-conditioned water from this valve (shown in FIG. 7) is provided to a
valve conditioned outlet 131c, past a flow sensor 196, and out of conditioned outlet
128 to a plumbing system, such as a water system in a hotel or hospital.

Aquastat 127 includes a temperature sensor and an adjustable temperature
set point. Aquastat 127 is operably connected to the motor of recirculation pump
124, and is capable of turning the motor on or off. If recirculation temperature falls
below a set point, then an internal switch in the aquastat turns recirculation pump
124 on until the recirculation fluid temperature has reached the set point.

Typically, not all of the conditioned water provided by valve 130 is used within
the plumbing system, and some of the unused temperature-conditioned water flows
back into recirculating inlet 123 of system 120. This flow returns past an aquastat
127 under the influence of a pump 124 driven by an electric motor. Pump outlet flow
is thereafter provided to the inlet of a diverting valve 126. Diverting valve 126
provides the majority of the recirculated water through a one-way valve 129, which
subsequently provides the recirculated water through a tee fitting to mix with cold
water from inlet 122. A portion of water from diverting valve 126 is sent out of system
120, and further from the plumbing system, by way of a recirculation outlet 125.

FIG. 7 is a cutaway representation of a valve 130 according to one

14
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embodiment of the present invention. Valve 130 is similar in terms of
hydromechanical operation to valve 30, described earlier. A thermostat assembly
142 provides a means for quickly changing the temperature of a fluid acting within a
bellows 148. As the fluid contracts or expands, the bellows 148 and the fluid coact to
move a rod 146 that changes the position of a piston within a liner 134. The
hydromechanical action of thermostat 142 and piston and sleeve assembly 134
comprise a first control loop that provides temperature —conditioned water from
outlet 131c. This first hydromechanical control loop is further a closed loop, as will
be appreciated by those of ordinary skill in the art. This hydromechanical closed loop
automatically mixes hot and cold water from inlets 131a and 131b, respectively, in a
mixing chamber proximate the piston and sleeve 134, this mixed water then flowing
over the coils 144 of thermostat assembly 142. After the hydromechanical control
loop has reached an equilibrium set point (i.e., a desired temperature), thermostat
assembly 142 will attempt to maintain that temperature by changing the relative
mixing of hot and cold flows as r_equired. In some embodiments, this
hydromechanical loop is a proportional control loop. Any disturbances in the inputs
(the hot and cold fluids) results in a change in the position of piston 134a relative to
liner 134b, such that the outlet flow returns to the temperature set point after a short
period of time. It is recognized that in some embodiments, the hydromechanical
control loop of valve 130 can have a steady state error characteristic of
proportionally controlled control loops.

Valve 130 further includes electric actuator 180 that also operates on the

15
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position of piston 134a relative to liner 134b. As was previously shown and
described for valve 30, in valve 130 electric actuator 180 includes a motor 188 that
provides a linear, translating output to a pusher 152 by way of a pinion gear and
worm gear combination. As electrical power is applied to the motor, actuator 180
moves the location of thermostat assembly 142 relative to the structure of valve 130.
In so moving thermostat assembly 142, the equilibrium set point of valve 130 can be
changed. Further views of actuator 180 can be found in FIG. 8.

System 120 includes an electronic controller 190 in electrical communication
with actuator 180, flow sensor 196, relay 195 of switchbox 194, and temperature
sensor 198. In some embodiments, electronic controller 190 is placed proximate to
valve 130, such as on the same mounting frame 118 as shown in FIG. 6. in such
embodiments, controller 190 includes one or more switches (circled as 4 and 5 on
FIG. 6) by which an operator can manually adjust the temperature of fluid flowing
past temperature sensor 198. Controller 190 further includes software (which could
be logic of a PLC) for receiving and making accommodations to the user imputs, and
further for providing closed-loop control of water exiting valve 130 via sensor 198. In
still other embodiments, controller 190 is in electrical communication with a second,
remote electronic controller, especially a desktop controller provided within a control
room. In such embodiments, the electronic setpoint temperature for system 120 can
be established either remotely or locally.

System 120 further includes a switch box 94 that interfaces both with

controller 190 and the motor of pump 124. In some embodiments, the only electrical
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connections that are made at the installation site are for power to the control box
194, and further for remote communication (such as through a computer network)
from a remote controller to local controller 190.

In other embodiments, controller 190 further includes indicator lights for
indicating the status of the control system. Such status is preferably either operating
the electronic closed-loop control to change the temperature of the fluid exiting valve
130, or an operational mode in which controller 190 does not send a signal to
actuator 180. In the latter mode, the fluid of temperature exiting valve 130 is
hydromechanically controlled in a closed loop by operation of thermostat 142.
Therefore, any changes in temperature or pressure at the various valve inputs will
be compensated for by the thermostat changing the position of the piston within the
sleeve. Although what has been shown and described is a valve in which a
thermostat moves a piston relative to a sleeve, it is appreciated that other
embodiments are not so constrained , and contemplate a thermostat that is operable
to control any type of mixing valve.

When the user determines that the temperature provided to the plumbing
system needs to be changed, then an electrical closed loop comprising controller
190, software 192, actuator 180, and temperature sensor 198, can be operated to
change the fluid exit temperature. In order to change the equilibrium temperature of
water exiting system 120, in some embodiments the user at the remote site uses a
key to unlock an electrical switch that activates the closed-loop control . In further

embodiments, in order for the electronic loop to become active, there should be
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sufficient flow of fluid past flow sensor 196, and further recirculation pump 124
should not be operating. In some embodiments, the flow sensor 196 is a paddle-
type electrical switch that is deflected away from a normal position if flow through
sensor 196 exceeds a predetermined value. In some embodiments of the present
invention, flow sensors are chosen to actuate (i.e., flip positions) at predetermined
flow levels of 4, 6, 8 and 10 gallons per minute, depending upon the size of the
plumbing system being provided with temperate-conditioned fluid. it is appreciated
that these values are by way of example only, and not to be considered as limiting.

In yet further embodiments, flow sensor 196 can be any type of sensor that is
capable of providing an electrical signal to controller 190 to indicate that flow is
exceeding a predetermined limit. For example, in some embodiments, flow sensor
196 is a sensor (such as a turbine flow meter) that provides a variable signal
corresponding to a range of flows, unlike some paddle-type switches that operate in
terms of on and off. In yet other embodiments, flow sensor 196 can be a pressure
sensor, especially a pressure differential sensor, that is responsive to flow past
Sensor.

In yet other embodiments, the electronic control loop will not become active
unless pump 124 is operating. In such systems, controller 190 receives a signal
from switch box 194 that indicates whether or not power is being provided to pump
124. It is further understood that in yet other embodiments, the sensing of pump
motor electrical power can be replaced with another flow sensor that receives flow

from recirculation input 123. In such systems, the electronic control loop cannot go
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active if the recirculated flow is above a predetermined level. In some embodiments,
control box 194 includes a relay 195 that is in electrical communication with flow
switch 196. In such embodiments, both flow out of system 120 must exceed the
predetermined level expressed by flow switch 196, and further the motor of pump 24
must not be powered to operate the pump.

FIGS. 10A and 10B depict various states of a graphical user interface 100
according to one embodiment of the present invention. FIG. 10A shows GUI 100 in
a first mode of operation. This GUI, shown at the location of the remote controller,
informs the operator that there is a predetermined time delay between the remote
logic and controller 190. In some embodiments, this time delay is about five
seconds. Further, the GUI 100 informs the operator that the remote controller has a
predetermined shut-off with regards to the ability to remotely set the equilibrium
system of 120. This feature helps prevent inadvertent changes in temperature
should the remote user leave the remote controller program to perform other
activities. GUI 100 includes instructions to the remote operator that the recirculation
pump 124 needs to be turned off prior to attempting to set a new equilibrium
temperature. Further, if there is insufficient demand on the plumbing systems such
that flow switch 196 does not indicate flow above a predetermined level, then the
operator should create sufficient demand in the plumbing system until the flow
sensor indicates sufficient flow.

GUI 100 shows that the remote operator is provided with a readout of the

current set point, and further of the actual temperature being sensed by sensor 198.
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In addition, there are input switches, such as by touch screen, to change the set
point up or down. Further switches are provided to operate the remote controller
either in the set mode (in which the equilibrium temperature is reset) or to operate in
normal fashion (i.e., with the hydromechanical closed loop in control of valve exit
temperature). Further, the operator can turn off the recirculation pump. Readouts
are also provided for temperatures provided at the valve hot inlet and cold inlet, and
indicators as to whether or not there is sufficient FLOW through sensor 196, and
whether any alarm has been triggered. GUI 100’ of FIG. 10B shows the remote
controller software status after it has synchronized with remote controller 190.

FIG. 11 is a schematic representation of an electrical system 219 for a flow
system 220 according to another embodiment of the present invention. System 220
includes an electronic controller 290 such as a NANODAC™ electronic controller
that provides electronic control of the temperature exiting valve 230 by way of closed
loop electronic control. Controller 290 further includes software and a user interface
for data acquisition and recording.

While the inventions have been illustrated and described in detail in the
drawings and foregoing description, the same is to be considered as illustrative and
not restrictive in character, it being understood that only certain embodiments have
been shown and described and that all changes and modifications that come within

the spirit of the invention are desired to be protected.
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The embodiments of the invention in which an exclusive property or privilege is
claimed are defined as follows:

1. An apparatus for providing thermostatically-controlled water, comprising:

a hot water inlet and a cold water inlet;

a valve movable over a range of valve positions to vary the relative mixing of
water received from the hot water inlet with water received from the cold water inlet;

a thermostat operably connected to said valve to move said valve in response to
the temperature of the mixed water and provide water mixed to a temperature set point;

an electronic controller providing an electrical signal; and

an electrical actuator actuatable by the electrical signal to a predetermined
actuator position within a range of actuator positions corresponding to a range of
temperature set points, and operably connected to said thermostat to establish the
temperature set point in response to the electrical signal,

wherein said electrical actuator is adapted and configured to maintain the
predetermined actuator position when the electrical signal is removed, and said
thermostat is adapted and configured to continue to move said valve in response to the
temperature of the mixed water and provide water mixed to the predetermined

temperature set point after the electrical signal is removed.

2. The apparatus of claim 1 wherein said valve moves linearly in a direction, and
said thermostat moves said valve in the direction and said actuator includes a member

that moves in the direction.

3. The apparatus of claim 1 wherein said valve is biased in a direction by a spring

and said thermostat moves said valve in an opposite direction.

4, The apparatus of any one of claims 1 to 3 wherein said electrical actuator
includes a rotatable electric motor.

5. The apparatus of claim 4 wherein said electrical motor rotates in response to a

DC voltage.
21
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6. The apparatus of claim 4 wherein said electric actuator is adapted and
configured to convert rotation of said motor to a linear movement of said valve.

7. The apparatus of claim 3 wherein the force of the spring is unable to change the
position of the actuator.

8. The apparatus of claim 1 wherein said valve includes a linearly sliding piston
movable relative to said hot water inlet and said cold water inlet to vary the relative

mixing of the hot and cold water.

9. The apparatus of claim 8 wherein said valve includes a static liner and said

piston moves within said liner.

10. The apparatus of any one of claims 1 to 9 wherein said electronic controller is a
digital electronic controller.

11. The apparatus of any one of claims 1 to 9 wherein said electronic controller is an
analog electronic controller.

22
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