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(57) ABSTRACT

A thermostatic control valve assembly for use 1n continuously
mixing a hot first flud with a cold second fluid to continu-
ously produce a mixed fluid at a constant temperature. The
valve assembly includes an improved battled mixing dome
defining a mixing chamber that facilitates thorough mixing of
the hot and cold fluids over a wide range of flow rates. Also
included 1s an improved multiple response thermostat having
a fast response rate adjacent to the entrance of the mixing
dome for responding quickly to the temperature of fluid enter-

ing the mixing dome. The valve assembly further includes a
piston/cylinder configuration which covers and uncovers
internal passageways to control the mixed fluid temperature.
The internal passageways are shaped to cause a non-linear
change in the mixed fluid temperature 1n the mixing dome as
the piston moves 1n the cylinder.

16 Claims, 6 Drawing Sheets
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THERMOSTATIC CONTROL VALVE WITH
FLUID MIXING AND NON-LINEAR
RESPONSE CHARACTERISTICS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

[REFERENCE TO RELATED APPLICATIONS]

[This application is a continuation-in-part application of

my co-pending patent application Ser. No. 07/664,356 filed
Mar. 4, 1991, now U.S. Pat. No. 5,203,496.]

BACKGROUND OF THE INVENTION

The present invention relates to the field of fluid mixing
valve assemblies. More particularly, the mvention concerns
thermostatically controlled mixing valve assemblies in which
a thermostat 1s immersed in the fluid flowing through the
valve.

Thermostatic control valve assemblies are well known 1n
the art and have long been utilized 1n various applications
including group showers, washing stations, hospital hydro-
therapy 1nstallations and 1n many industrial applications
where precision thermostatic water blending 1s essential. In
order to operate properly, the hot and cold water entering such
a valve assembly must be thoroughly blended before the
temperature of the mixture 1s sensed by the thermostat. If the
hot and cold water are not adequately mixed, the valve assem-
bly can behave erratically because the temperature sensor
sees pockets of hot and cold water 1nstead of a mixture that 1s
at a single temperature throughout. One problem that has long
persisted 1n the art 1s the 1nability of most valve assemblies to
adequately mix the hot and cold water over a wide range of
flow rates. Consequently, multiple valves often have to be
used to satisiy flow requirements.

Another problem that has persisted in the art 1s the physical
s1ze of the valve assembly required for a specific application.
Often, the valve assembly 1s simply too large because of the
need for a large mixing chamber to adequately mix the hot
and cold water. What 1s needed 1s a thermostatic control valve
assembly having an improved mixing chamber that has the
ability to thoroughly mix the hot and cold water over a wide
range of tflow rates, and which does so 1n a smaller physical
space than valve assemblies currently known 1n the art.

Still another problem of previously known thermostatic
mixing valves 1s the performance of the mixing valve at low
flow conditions. Because 1inadequate mixing occurs at low
flow conditions, the performance of the valve becomes erratic
due to the resulting temperature fluctuations. Locating the
thermostat further downstream of the valve inlets and mixing
ports improves mixing to reduce the erratic tendencies of the
valve. However, because the fluid must travel further to reach
the thermostat, the response time of the valve increases.
Theretfore, an improved thermostatic mixing valve 1s needed
which promotes mixing at low flow conditions to reduce
erratic tendencies of the valve while still responding quickly
to fluid temperature changes.

SUMMARY OF THE INVENTION

A thermostatic control valve assembly for mixing a hot
fluid and a cold fluid for discharge at a controlled temperature
according to one embodiment of the present invention
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includes a valve housing having a fluid outlet and separate hot
and cold fluid inlets and having a mixing chamber 1n fluid
communication with the outlet. Flow control valve means 1s
flmadly coupled with the hot and cold fluid inlets and the
mixing chamber for controllably mixing hot and cold fluid

received through the hot fluid 1nlet and the cold flmd 1nlet,

respectively, and supplying the mixed fluid to the mixing
chamber. A multiple response thermostat 1s disposed within
the mixing chamber between the outlet and the tlow control
valve means. The multiple response thermostat includes a
first thermostat portion having a first response rate and a
second thermostat portion having a second faster response
rate. The first thermostat portion 1s connected 1n series with
the second thermostat portion, and the second thermostat
portion 1s operably connected to the flow control valve means.

In another embodiment of the present invention, a valve
assembly for mixing a hot fluid and a cold fluid for discharge
at a controlled temperature includes a valve housing having a
fluid outlet and separate hot and cold fluid inlets. A cylinder
extends longitudinally through the valve housing and defines
a cylindrical bore 1n fluid communication with the outlet. A
piston 1s movably disposed in the cylindrical bore. First and
second fluid passageways tluidly couple the hot and cold fluid
inlets, respectively, to the cylindrical bore. A first fluid orifice
1s disposed 1n either the piston or the cylinder between the first
fluid passageway and the cylindrical bore, and a second fluid
orifice 1s disposed in either the piston or the cylinder between
the second fluid passageway and the cylindrical bore. One of
the first or second fluid onifices has a shape such that the fluid
flow rate through the one of the first or second fluid orifices
varies non-linearly with respect to the tluid tflow rate through
the other of the first or second fluid orifices as the piston
moves 1n the cylindrical bore, thereby causing a correspond-
ing non-linear change 1n the mixed fluid temperature 1n the
cylindrical bore.

A general object of the present invention 1s to provide an
improved thermostatic control valve assembly.

Another more specific object 1s to provide a valve assembly
that more efliciently mixes hot and cold fluids for sensing the
temperature of the mixture.

Yet another object of the present invention 1s to provide a
thermostatic control valve assembly which quickly responds
to changes 1n tluid temperature at low flow conditions.

Still another object of the present invention 1s to provide a
valve assembly having non-linear response characteristics to
provide varying degrees of sensitivity.

Related objects and advantages of the present mvention
will be apparent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a side cross-sectional view of a thermostatic
control valve assembly according to one embodiment of the
present invention.

FIG. 2 shows a side cross-sectional view of a housing
defining an improved mixing chamber for the valve assembly
shown 1n FIG. 1.

FIG. 3 1s a top view along section A-A of FIG. 2 showing a
first baille according to the present invention.

FIG. 4 1s a top view along section B-B of FIG. 2 showing a
second ballle according to the present invention.

FIG. 5 1s a top view along section C-C of FIG. 2 showing a
third battle according to the present invention.

FIG. 6 shows a side cross-sectional view of a thermostatic
control valve assembly according to a second embodiment of
the present invention.
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FIG. 6a shows a side elevational view of an alternate ther-
mostat for use with the control valve assembly of FIG. 6.

FIG. 7a 1s a partial side cross-sectional view taken along
line 7-7 1n the direction of the arrows indicated 1n FIG. 6 of a
piston 1 a nominal position equally covering hot and cold
circular tluid passageways.

FIG. 7b1s a partial side cross-sectional view of the piston in
FIG. 7a 1n a non-linear position covering a majority of the
cold circular passageway and uncovering a majority of the hot
circular tluid passageway.

FI1G. 7¢ 1s apartial side cross-sectional view of the piston in
FIG. 7a 1n a non-linear position uncovering a majority of the
cold circular passageway and covering a majority of the hot
circular tluid passageway.

FIG. 8a 1s a partial side cross-sectional view taken along
line 7-7 1n the direction of the arrows indicated 1n FIG. 6 of an
alternate embodiment in which the piston 1s shown 1n a nomi-
nal position equally covering hot and cold hexagonal fluid
passageways.

FIG. 8b1s a partial side cross-sectional view of the piston in
FIG. 8a 1n a linear position uncovering a majority of the cold
hexagonal fluid passageway and covering a majority of the
hot hexagonal fluid passageway.

FIG. 8c 1s a partial side cross-sectional view of the piston in
FIG. 8a 1n a non-linear position uncovering a majority of the

cold hexagonal fluid passageway and covering a majority of
the hot hexagonal fluid passageway.

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 1llustrated 1n the drawings and specific lan-
guage will be used to describe the same. It will nevertheless
be understood that no limitation of the scope of the invention
1s thereby intended, such alterations and further modifica-
tions 1n 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 1n the art
to which the invention relates.

Referring now to FIG. 1, there 1s shown a thermostatic
control valve assembly 10 with fluid mixing according to the
preferred embodiment of the present invention. Valve assem-
bly 10 1ncludes a hot imnlet 11, a cold inlet 12 and an outlet 13.
Inlets 11 and 12 are connected to opposite sides of flow
control valve 14 and open to annular cavities 15 and 16,
respectively, within the flow control valve. The inner wall of
annular cavities 15 and 16 1s defined by a cylindrically shaped
liner 17. Liner 17 1s open at both ends and includes a plurality
of openings or slots 18 which are distributed around its cir-
cumierence 1n commumnication with cavities 15 and 16.

Slideably mounted within liner 17 1s a cylindrically shaped
piston 19 which 1s open at its upper end. Piston 19 1s prefer-
ably pressure balanced and 1includes a plurality of openings or
slots 20 that are distributed around its circumierence. Prefer-
ably, each opening 20 through piston 19 has a counterpart
opening 18 1n liner 17. Modulation of the piston 19 within the
liner 17 variably opens the cavities 15 and 16 to the interior of
the piston 19, which communicates the combined hot and
cold fluid to the outlet 14a of the tlow control valve.

Flow control valve 14 also includes a bottom plug 21 which
can be removed to allow access to repair, replace or clean the
interior parts of flow control valve 14. Bottom plug 21 defines
a cavity 22 therein which substantially recerves compressed
valve spring 23. Valve spring 23 1s supported at one end by
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bottom plug 21 and 1s connected at 1ts other end to the base 24
of piston 19. The spring 23 applies a return force to piston 19.

Also connected to base 24 1s push rod 25. The opposite end
of pushrod 25 1s connected to a thermostat 26. Thermostat 26
can be of many types known 1n the art, such as a thermal coil
or a temperature sensitive bellows. Such a thermostat i1s
designed to expand or contract along the axis defined by push
rod 25 1n linear proportion to a change 1n the temperature of
fluid surrounding the thermostat. In this embodiment, ther-
mostat 26 1s connected to adjustment screw 27 via shait 28.
Adjustment screw 27 acts against spring 23 and thus allows
the vertical position of the thermostat 26 and ultimately of the
piston 19 to be adjusted, which in turn alters the relative
proportions of hot and cold flmd passing through openings
20.

A mixing dome 29 1s engaged over the outlet 14a of the
flow control valve 14. The mixing dome 29 defines a mixing
chamber 30 therein which 1s preferably cylindrical 1n con-
figuration. An important feature of the present invention s the
inclusion 1 the mixing dome 29 of means for turning the fluid
flow through the mixing chamber 30 to ensure complete
mixing of the hot and cold fluid exiting the flow control valve
14. Complete fluid mixing assures a uniform temperature
throughout the fluid discharged through outlet 13. According
to the invention, the means for turming the fluid includes a
plurality of batiles 31 that are integrally formed as part of
housing 32.

The shape and relative arrangement of bailles 31 are
intended to induce more thorough blending of the hot and
cold fluids 1n mixing chamber 30 before the mixture contacts
thermostat 26, particularly at low flow rates. One problem
that has persisted in the art 1s the mability of valve assemblies
to operate properly over a wide range of tlow rates. In other
words, a flow control valve assembly 1s only useful over the
range of flow rates that the device 1s able to thoroughly blend
the hot and cold tluids before the mixture contacts the ther-
mostat. While many known mixing valve assemblies are
capable of adequate tluid mixing at high flows, a need remains
for a valve assembly that 1s also capable of thorough hot and
cold fluud mixing at low flow rates, such as below 10 g.p.m.

In order to reliably react to a change 1n the temperature of
the fluid mixture, the thermostat must be immersed 1n the
mixture, and the mixture must have a substantially uniform
temperature throughout rather than consisting merely of hot
and cold pockets. The problem of inadequate mixing occurs
primarily at low flow rates. Bailles 31 of the present invention
tend to induce turbulence into the flow that results 1n a sub-
stantially uniform fluid mixture and temperature prior to
flowing around the fluid-immersed thermostat.

The mixing dome 29 1s shown in more detail in FI1G. 2. The
housing 32 defines the mixing chamber 30 therein and a flow
path 33 therethrough. The housing 32 1s provided with a
mating surface 35 and an annular flange 36 that enable the
housing to be mated to flow control valve 14 by conventional
means. Housing 32 also defines an opening 37 at its top which
permits an adjustment means, such as screw 27 and shaft 28,
to be connected to the thermostat, as better shown 1n FIG. 1.
In operation, the fluid leaving flow control valve 14 enters
housing 32 through inlet 34. Immediately afterwards, the
fluid encounters bailles 37, 38 and 39 in successive order. The
fluid mixture then continues upward along tlow path 33 until
finally exiting housing 32 through outlet 13.

The outlet 13 1s positioned at the end of the mixing cham-
ber or fluid flow path to ensure that the thermostat 26 1s
substantially immersed in the fluid exiting the valve assembly
10. Moreover, the thermostat 26 1s disposed downstream of
the sequential battles, preferably by a distance greater than
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the distance between successive baflles. Thus, the hot and
cold fluids are substantially mixed prior to the thermostat, and
substantially all of the thermostat 1s exposed to the fluid
mixture to assure that the thermostat recetves a proper indi-
cation of the temperature of the exiting flud.

A more detailed view of each ballle 1s provided in the
sectioned views of FIGS. 3,4 and 5. Each battle 1s disc shaped
and defines an elongated or oblong opening 40, 41 and 42
respectively therethrough. Oblong openings 40, 41 and 42 are
substantially similar 1n shape and size, except for the two
notches 43 and 44 integral with opeming 41 1n baitle 38. The
two notches 43 and 44 are situated on opposite ends and sides
of the opeming 41, as shown 1n FIG. 4, and each includes a
respective face 43a and 44a that 1s aligned with the major axis
of symmetry (45 1 FIG. 3) of the third baitle 39. Notches 43
and 44 facilitate manufacture of the housing 32 and baitles by
conventional casting techniques, such as sand casting.

Each respective oblong opening 40, 41 and 42 also defines
a corresponding major axis of symmetry 45, 46 and 47 which
1s usetul 1n 1llustrating the helical arrangement of battfles 37,
38 and 39 1 tlow path 33. In this embodiment, each succes-
stve major axis of symmetry 1s rotated through an angle 48,
which in this case 1s 45 degrees, to produce a generally helical
tlow path through the baitles. Each baille alone tends to create
some turbulence 1n a fluid passing therethrough due to the
fluid restriction through the bafile opening. However, the
helical pattern of successive bailles creates an overall amount
of mixing which 1s greater than the sum of the individual
baftles acting alone.

The s1ze of the openings must be sulliciently large as to not
significantly impede fluid flow through the openings, but
suificiently small to induce adequate mixing of the hot and
cold flud passing through the mixing chamber.

In one specific embodiment of the invention, the housing
32 is of sand-cast bronze and defines a cylindrical mixing
chamber 2.0 inches in diameter and about 10.0 inches 1n
length from the base of the mixing chamber to the center of
the outlet opening 13. Each of the opemings 40-42 1n the
battles 37-39, respectively, are oblong with a length of 1.8
inches and a width of 1.0 inches. The battles are spaced about
1 inch apart. The valve assembly 10 of the specific embodi-
ment 1s capable of accurately controlling the outlet fluid tem-
perature at flows of 2-80 g.p.m. The fluid mixing provided by
the batiles 1s particularly important at the low flow rates since
the fluid flow can “short-circuit” the thermostat 1n which the
entire thermostat 1s not immersed 1n the fluid tlow prior to the
outlet 13.

Referring now to FIG. 6, there 1s shown a thermostatic
control valve assembly 110 according to another embodiment
of the present invention. Similar to control valve assembly 10,
valve assembly 110 includes generally a housing comprising,
a mixing dome 112 and a flow control valve 114. Control
valve 114 includes a hot inlet 116, a cold inlet 118 and an
outlet 120. Inlets 116 and 118 are connected to opposite sides
of flow control valve 114 and open to annular cavities 120 and
122, respectively, within the flow control valve. A cylindrical
bore 124 extends longitudinally through the mixing dome and
control valve and 1s 1n fluild communication with the outlet
120.

Within the flow control valve 114, the inner wall of annular
cavities 120 and 122 1s a continuation of cylindrical bore 124
defined specifically by a cylindrically shaped liner 126. Simi-
lar to liner 17 of valve assembly 10, liner 126 1s open at both
ends and includes a plurality of orifices 128 and 130 which are
distributed around its circumierence 1n communication with
annular cavities 120 and 122. However, unlike liner 17, ori-
fices 128 and 130 are not necessarily rectangular or other like
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slots but, instead, are of generally geometric shapes which
provide a valve having non-linear response characteristics
hereinafter described in conjunction with FIGS. 7-8.

A cylindrically shaped piston 132 1s disposed generally
within cylindrical bore 124 and, in particular, 1s slideably
mounted within liner 126. Modulation of the piston 132
within the liner 126 results 1n the piston covering one of the
fluid passageways 128 or 130 and uncovering the other
respective tluid passageway, thereby variably combining hot
and cold fluid for supply withuin the piston and cylindrical
bore 124 and to the outlet 120 of the valve assembly. Prefer-
ably, piston 132 1s pressure balanced and includes orifices 134
that are distributed around 1ts circumierence.

A multiple response thermostat 140 1s connected to piston
132 via a push rod 141. Unlike the linear thermostat 26 of
valve assembly 10, thermostat 140 1s segmented to provide
multiple response rates tailored to the desired operational
characteristics of the thermostatic control valve.

Generally, thermostat 140 includes a first thermostat por-
tion 142 connected in series with a second thermostat portion
143. Thermostat portion 143 has a faster response but smaller
travel than portion 142 to provide immediate, accurate control
nearest the discharge of flow control valve 114, where at low
flows the hot and cold flmds may not be fully mixed. Con-
versely, thermostat portion 142 has a slower response but
greater travel than portion 143 to provide subsequent control
way from the discharge of tlow control valve 114, where the
hot and cold fluids are more tully mixed.

Thermostat 140 1s a variation of the thermal coil variety
wherein the thermostat 1s designed to expand or contract
along the axis defined by push rod 141 1n response to a change
in the temperature of the fluid surrounding the thermostat.
Similar to control valve assembly 10, control valve assembly
110 includes a spring 123 to assist in oppositely biasing piston
132. Also contemplated, however, are other segmented ther-
mostats. For example, a temperature sensitive bellows type
thermostat which includes varying spring rate bellows for

tailoring the response of the bellows type thermostat to the
thermostatic control valve can be substituted for thermostat
140.

In operation, with thermostat 140 properly adjusted via
adjustment screw 156, thermostat portion 143 1s immediately
responsive to small changes 1n fluid temperature adjacent to
control valve 114 and accurately adjusts piston 132 relative to
orifices 128 and 130 of liner 126. As such, thermostat 140
initially responds as a smaller thermostat to provide an imme-
diate small degree of travel of piston 132 in response to small
fluid temperature variations. Subsequently, thermostat por-
tion 142 senses the fully mixed fluid downstream from con-
trol valve 114 and provides greater travel of piston 132 in
response to large temperature variations in order to achieve
the desired discharge fluid temperature.

Referring now to FIG. 6a, in an alternate embodiment,
thermostat 155 includes coiled tubing 144 wrapped about
first, second and third hollow cylindrical portions 145, 146
and 147 corresponding to first, second and third thermostat
portions 148, 149 and 150, respectively. The hollow cylindri-
cal portions together define a longitudinal bore for slideably
receiving connecting rod 156 therein. Coiled tubing 144 1s
filled with a temperature sensitive fluid and 1s sealed at one
end 151 and 1s fluidly coupled at 1ts other end 153 with an
internal control piston (not shown) contained within the hol-
low bore of cylindrical portion 145 of first thermostat portion
148. The temperature sensitive fluid expands with heat addi-
tion to advance the internal control piston which 1n turn acts
on connecting rod 156 to advance piston 1358.
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Cylindrical sections 145, 146 and 147 are of differing
diameters and differing lengths to provide a response rate
tailored to the desired mixing valve operational characteris-
tics. For example, a cylindrical portion with an increased
diameter and length has more wraps of tubing 144 and, there-
fore, an increased volume of temperature sensitive fluid to
provide greater travel, but slower response for a given fluid
temperature 1n bore 124. Conversely by reducing the diameter
and length, fewer wraps of tubing 144 are required and the
volume of temperature sensitive fluid 1s reduced to provide
faster response, but smaller travel. The response rates of the
various thermostat portions can be further tailored by varying,
the cross-sectional diameter of tubing 144. For example, the
cross-sectional diameter of tubing 144 wrapped about the
third thermostat portion 150 1s reduced over that wrapped
about the first and second thermostat portions 148 and 149 to
turther reduce the volume of temperature sensitive fluid and
provide an even faster response.

To further mix the fluid exiting control valve 114, mixing
dome 112 includes batiles 131 similar to bafiles 31 of valve
assembly 10. However, baiiles 131 may not be required 1n
some applications where an even faster response time 1s
desired. In such an application, thermostat 140 1s contem-
plated as having a fast response portion 146 directly adjacent
to control valve 114 to provide a near-zero time lag for
responding to changes 1n fluid temperature.

Referring now to FIGS. 7a-7c, onifices 128 and 130 are
shown 1n greater detail and at various axial positions of piston
132. In the preferred embodiment, orifices 128 and 130 are
circular to provide anon-linear response throughout the range
of motion for piston 132. As shown 1 1 FIG. 7a, piston 132
1s 1n a nominal position 1n which 1t covers and uncovers equal
portions of circular orifices 128 and 130. As such, the fluid
flow rate through the uncovered semi-circular portion of ori-
fice 128 1s equal to the tluid flow rate through the uncovered
semi-circular portion of orifice 130, thus yielding a nominal
mixed fluid temperature. In FI1G. 7b, piston 132 1s shown in a
position which covers a majority of circular orifice 128 and
uncovers a majority of circular orifice 130, thus yielding a
change 1n fluid flow rate through orifices 128 and 130 to cause
a mixed fluid temperature warmer than the nominal fluid
temperature. Because the shape of the covered and uncovered
portions are generally arcuate or circular, the fluid flow rate
through orifice 128 further varies non-linearly with piston
position as does the fluid flow rate through orifice 130. As
such, the mixed fluid temperature varies non-linearly warmer
than nominal with movement of piston 132. Conversely, with
piston 132 in the position shown in FIG. 7c¢ uncovering a
majority of orifice 128 and covering a majority of orifice 130,
the mixed fluid temperature varies non-linearly cooler than
nominal with movement of piston 132.

Both orifices 128 and 130 need not be circular to achieve
similar non-linear operational characteristics. For example, a
circular orifice 128 and a rectangular slot 130 would still
result 1n a non-linear change in fluid flow rate between the
uncovered portions of orifices 128 and 130 as piston 132
moves relative thereto.

Other non-linear operational characteristics are contem-
plated as well. Referring now to FIGS. 8a-8c, hexagonal
orifices 129 and 131 are shown partially covered by piston
132. By including orifices which are partially rectangular 1n
shape, a partially linear valve response 1s created when piston
132 is at a first portion of 1ts travel within the rectangular
regions generally indicated at mid-portions 133 and 135 of
hexagonal orifices 129 and 131, respectively. Between the
positions of piston 132 indicated at FIGS. 8a and 8b, the valve
response remains linear since the uncovered flow areas and

10

15

20

25

30

35

40

45

50

55

60

65

8

corresponding flow rates through orifices 129 and 131 vary
linearly as the piston moves relative thereto. Conversely, as
shown 1n 1n FIG. 8c, with further movement of piston 132 the
valve response becomes non-linear since the uncovered flow
areas and flow rates change non-linearly with piston move-
ment; 1.€., piston 132 moving to a position beyond one of
rectangular mid-portions 133 and 135. Simailar to orifices 128
and 130, onifices 129 and 131 need not each be hexagonally
shaped. For example, orifice 129 can be hexagonally shaped
and orifice 131 can be rectangular while still yielding both
linear and non-linear operational characteristics.

While the invention has been 1llustrated and described 1n
detail in the drawings and foregoing description, the same 1s
to be considered as 1llustrative and not restrictive in character,
it being understood that only the preferred embodiment has
been shown and described and that all changes and modifi-
cations that come within the spirit of the invention are desired
to be protected.

For instance, 1n the preferred embodiment, the baftles 37,
38 and 39 are integrally formed 1n the housing 32 by known
casting techniques. The mvention further contemplates that
cach baftle 1s 1tsell a separate disc that 1s suitably mounted
within a cylindrical cavity 1n the housing. For instance, the
separate baitle discs could be held 1n position using snap rings
engaged within snap ring grooves formed in the housing.

Moreover, the invention contemplates incorporating addi-
tional batiles sequentially disposed along the tlow path. The
clongated openings 1n the bafliles, including the additional
baftles, preferably have their respective axes of symmetry
arranged 1n the helical pattern described above. Thus, while
the oblong openings 40-42 of the preferred embodiment are
rotated 45° relative to each other, the addition of more battles
permit smaller relative angular displacements between con-
secutive baiflles.

Further, other means for varying the fluid flow rate non-
linearly between the hot and cold fluid passageways as the
piston moves 1n the cylindrical bore are contemplated. For
example, piston 132 and liner 126 of bore 124 may cooperate
so that movement of piston 132 within liner 126 covers and
uncovers passageways within the piston; 1.e., piston 132
includes Circular or hexagonal holes. Thus, means for vary-
ing the tluid flow rate non-linearly 1s provided as long as a
piston traverses within a cylinder to cause fluid orifices to be
covered and uncovered such that the fluid flow rate through
one of the orifices varies non-linearly with respect to piston
movement, thereby yielding a more sensitive mixing valve.

What 1s claimed 1s:

1. A thermostatic control valve assembly for mixing a hot
fluid and a cold fluid for discharge at a controlled temperature,
the valve assembly comprising:

a valve housing having a fluid outlet and separate hot and

cold fluid inlets:

said valve housing including a mixing chamber in fluid

communication with said outlet;

flow control valve means, fluidly coupled with said hot and

cold fluid inlets and said mixing chamber, for controlla-
bly mixing hot and cold fluid recerved through said hot
fluid 1nlet and said cold fluid inlet, respectively, and
supplying the mixed fluid to said mixing chamber; and
a multiple response thermostat disposed within said mix-
ing chamber between said outlet and said tlow control
valve means, said multiple response thermostat includ-
ing a first thermostat portion having a first response rate
and a second thermostat portion having a second faster
response rate, said first thermostat portion being con-
nected 1n series with said second thermostat portion and
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said second thermostat portion being operably con-
nected to said tlow control valve means.
2. The thermostatic control valve assembly of claim 1,
wherein said multiple response thermostat includes a thermal
coil containing first and second volumes of temperature sen-
sitive tluid corresponding to said first and second response
rates, respectively.
3. The thermostatic control valve assembly of claim 2,
wherein:
said first thermostat portion includes a first cylinder having
a first external diameter:

said second thermostat portion mcludes a second cylinder
attached to said first cylinder and having a second
smaller external diameter; and

said thermal coil 1s wrapped about said first and second

cylinders.

4. The thermostatic control valve assembly of claim 3,
wherein said thermal coil includes a first cross-sectional
diameter corresponding to said first response rate of said first
thermostat portion and a second smaller cross-sectional
diameter corresponding to said second response rate of said
second thermostat portion.

5. The thermostatic control valve assembly of claim 1, and
turther comprising means for turning the fluid flow through
said mixing chamber, said means for turning including a
plurality of bailles sequentially arranged in said mixing
chamber between said flow control valve means and said
multiple response thermostat.

6. A valve assembly for mixing a hot fluid and a cold fluid
for discharge at a controlled temperature, the valve assembly
comprising;

a valve housing having a flmid outlet and separate hot and

cold fluid inlets;

a cylinder extending longitudinally through said valve
housing and defining a cylindrical bore 1n fluid commu-
nication with said outlet;

a pi1ton movably disposed 1n said cylindrical bore;

a first fluid passageway tluidly coupling said hot fluid inlet
to said cylindrical bore;

a first fluid ornifice disposed 1n either said piston or said
cylinder between said first fluid passageway and said
cylindrical bore;

a second tluid passageway fluidly coupling said cold fluid
inlet to said cylindrical bore; and

a second orifice disposed 1n erther said piston or said cyl-
inder between said second fluid passageway and said
cylindrical bore;

wherein one of said first or second tluid orifices has a shape
such that the fluid tlow rate through said one of said first
or second tluid orifices varies linearly with respect to the
fluid tlow rate through the other of said first or second
fluid orifices as said piston moves through a first piston
of 1ts travel 1 said cylindrical bore and varies non-
linearly with respect to the fluid flow rate through the
other of said first or second fluid orifices as said piston
moves through a second portion of its travel in said
cylindrical bore.

7. The valve assembly of claim 6, wherein said shape 1s

hexagonal.

8. The valve assembly of claim 6, and further comprising
means for turning the fluid flow through said cylmdrlcal bore,
said means for turning including a plurality of batiles sequen-
tially arranged 1n said cylindrical bore.

9. A thermostatic control valve assembly for mixing a hot
fluid and a cold tluid for discharge at a controlled temperature,
the valve assembly comprising:
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a valve housing having a fluid outlet and separate hot and
cold fluid inlets;

a cylinder extending longitudinally through said valve
housing and defining a cylindrical bore 1n fluid commu-
nication with said outlet;

a piston movably disposed 1n said cylindrical bore;

a multiple response thermostat disposed within said cylin-
drical bore, said multiple response thermostat including
a first thermostat portion having a first response rate and
a second thermostat portion having a second faster
response rate, said first thermostat portion being con-
nected 1n series with said second thermostat portion and
said second thermostat portion being operably con-
nected to said piston;

a first tluid passageway fluidly coupling said hot fluid nlet
to said cylindrical bore;

a first fluid orifice disposed 1n eirther said piston or said
cylinder between said first fluid passageway and said
cylindrical bore;

a second tluid passageway fluidly coupling said cold fluid
inlet to said cylindrical bore; and

a second fluid orifice disposed 1n eirther said piston or said
cylinder between said second fluid passageway and said
cylindrical bore;

wherein one of said first or second fluid orifices has a shape
such that the fluid flow rate through said one of said first
or second fluid orifices varies non-linearly with respect
to the fluid flow rate through the other of said first or
second fluid orifices as said piston moves 1n said cylin-
drical bore, thereby causing a corresponding non-linear
change 1n the mixed fluid temperature in said cylindrical
bore.

10. The thermostatic control valve assembly of claim 9,
wherein said multiple response thermostat includes a thermal
coil containing first and second volumes of temperature sen-
sitive tluid corresponding to said first and second response
rates, respectively.

11. The thermostatic control valve assembly of claim 10,
wherein:

said first thermostat portion includes a first cylinder having,
a first external diameter:;

said second thermostat portion includes a second cylinder
attached to said first cylinder and having a second
smaller external diameter; and

said thermal coil 1s wrapped about said first and second
cylinders.

12. The thermostatic control valve assembly of claim 11,
wherein said thermal coil includes a first cross- sectlonal
diameter corresponding to said first response rate of said first
thermostat portion and a second smaller cross-sectional
diameter corresponding to said second response rate of said
second thermostat portion.

13. The thermostatic control valve assembly of claim 9,
wherein said shape 1s circular.

14. The valve assembly of claim 9, wherein one of said first
or second tluid orifices has a shape such that the fluid flow rate
through said one of said first or second fluid orifices varies
linearly with respect to the fluid flow rate through the other of
said first or second fluid orifices as said piston moves through
a first portion of 1ts travel 1n said cylindrical bore and varies
non-linearly with respect to the fluid flow rate through the
other of said first or second fluid orifices as said piston moves
through a second portion of 1ts travel 1n said cylindrical bore.

15. The valve assembly of claim 14, wherein said shape 1s
hexagonal.

16. The valve assembly of claim 9, and further comprising
means for turning the fluid flow through said cylindrical bore,




said means for turning including a plurality of ba
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les sequen-

tially arranged 1n said cylindrical bore between said piston

and said multiple response thermostat.
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