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This invention relates to valves and particularly to a 
heat motor operated valve. ‘ 

Various important objects of this invention are to pro 
vide a heat motor operated valve which produces large 
forces for opening and closing the valve to achieve posi 
tive and reliable operation; which produces a large valve 
movement for full and restricted ?ow through the valve 
‘and to avoid collection of foreign material around the 
valve seat; and which is simple in construction and eco 
nomical to manufacture. 
Another object of this invention is to provide a heat 

motor operated valve having an improved arrangement 
for controlling the temperature of the heat motor to pre 
vent overheating of the heat motor Without requiring aux 
iliary controls for de-energizing the heat motor when the 
valve is ‘actuated. 
A more particular object of this invention is to provide 

a heat motor operated valve in which the heat motor is 
mounted on the valve body to be cooled thereby and 
which is so arranged as to prevent spurious cycling of the 
valve due to the sudden cooling ‘action of the liquid which 
?ows through the valve upon opening of the same. 

These, together with other objects and advantages of 
this invention will be appreciated as the same becomes 
better understood by reference to the following detailed 
description when taken in connection with the accom 
panying drawings wherein: 

FIG. 1 is a diagrammatic view illustrating the ‘heat 
motor operated valve 10 employed as a drain valve in a 
control system for a water treatment apparatus; ‘ 

. FIG. 2 is a fragmentary sectional view through the 
valveillustrating the same in its closed position; 
FIG. 3 is a sectional view through the valve illustrating 

the same in its open position; and 
FIG. 4 is a graph indicating the motion-temperature 

relation in the heat motor. 
While the heat motor operated valve of the present 

invention is generally adapted for controlling the ?ows of 
liquids, it is particularly designed for use as a drain valve 
for a control system of a Water treatment apparatus, and 
is illustrated ‘applied to such a system in FIG. 1. In gen 
eral, the water treatment apparatus includes a treatment 
tank 11 having top and bottom tank connecting conduits 
12 and 13, and a main control valve 14 for reversibly con 
trolling the ?ows of ?uid through the treatment tank. 
The valve includes an inlet chamber 15 and top and bottom 
ports 16 and 17 and a valve member 18 movable from a 
position closing the lower port 17 to a position closing the 
upper port 16. When‘ the valve member is in its lower 
position, raw water passes from the inlet chamber 15 
through the upper chamber 19 and outlet 21 to the upper 
conduit 12. Treated‘water from the lower end of the 
tank passes through the loWer conduit 13 into the passage 
22 in the valve and past a check valve 23 to a service 
outlet 24. A drain, passage 25 communicates with the 
upper chamber 19 and a means such as the plunger 26 is 
connected to the valve member 18 to raise the valve mem 
ber when the drain valve is ‘open, to thereby reverse the 
flow through the treatment tank. When the valve member 
is in its raised position, raw water flows from the inlet 
chamber 15 through the lower chamber 28 and ejector 29 " 
to the bottom of the tank and the et?uent‘ifrom the top of 
the tank ?ows through the upper chamber 19 to the drain 
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25. The heat motor operated valve 10 is provided in the 
drain line 30 to control the ?ow of ?uid therethrough. 
The heat motor is conveniently automatically operated as 
under the control of a timer 31. 

Referring now more speci?cally to the heat motor 
operated valve 10 illustrated in FIGS. 2 and 3, the heat 
motor valve includes a valve casing having a body 33 and 
a cap 34 attached to one end of the body. The cap is 
conveniently threadedly attached to the body and is sealed 
thereto as by an O-ring 35. The body has a ?ow chamber 
37 extending therethrough and has an outlet passage 38 
communicating therewith intermediate the ends of the ?ow 
chamber. The inlet end of the valve body is counterbored 
at 41 and provides a valve seat 42 around the ?ow cham 
ber 37. The other end of the valve body is shaped for 
forming a seat for the heat motor capsule and, advan 
tageously, the end of the valve body is counterb‘ored at 
43 to receive the end of the heat motor capsule to be de 
scribed hereinafter. An inlet opening 44 is formed in the 
cap 34 and is 1adapted for connection to the drain pipe 30 
and a valve member 45 is provided for controlling ?ow 
through the port 42 to the drain passage 38. As shown, 
the valve member includes a stem 46 having a socket 47 
at ‘one end and a reduced diameter extension 48 at the 
other end and which receives a valve element 49 carrying 
a gasket 51. A compression spring 52, conveniently of 
conical con?guration, is interposed between the cap 34 and 
the valve member 45 to yieldably urge the valve member 
to its closed position shown in FIG. 2. 
The heat motor capsule includes a generally annular 

shell 53 which is closed at one end by an end wall 54- and 
which has an outwardly extending peripheral ?ange 55 
at its other end. A plunger guide member, conveniently 
in the form of a disk 56, overlies the ?anged end of the 
shell and is at?xed to the shell as by having the rim 57 
rolled or crimped over the periphery of the guidemember. 
A thermally expansible material, preferably of the type 
which changes to a state when heated to a preselected 
operating temperature, for example, from a solid to a 
liquid state, is disposed within the shell 53. A plunger 63 
is slidably mounted in a bore 64 in the guide member and 
has the inner end thereof extending into the shell. A resil 
ient body 65 is disposed in the shell between the thermally 
expansible material 61 and the plunger 63 to apply the 
pressure from the thermally expansible material to the 
plunger. The other end of the plunger 63 extends into 
the socket 47 in the valve stem. The plunger is conven 
iently slidably received in the socket in the valve stem and 
engages and moves the stem after an initial relatively small 
lost motion, as is clearly shown in FIGS. 2 and 3. 

Heat motors are relatively slow acting due to the time 
delay in bringing the expansible material up to tempera 
ture to operate the plunger 64, and the time delay in cool 
ing the expansible material to allow retraction of the 
plunger. In order to improve the speed of response in 
opening the valve, it is necessary to heat the capsule at a 
rate somewhat in excess of the minimum rate which would 
be required over a long period to raise the capsule tem 
perature to the proper operating level. Similarly, in 
order to improve the speed at which the valve will close, 
it is also preferable to cool the heat motor at a rate some 
what greater than the rate at which the heat motor would 
cool in ambient air. In order to prevent overheating of 
the valve and to also improve the speed at which the valve 
will close, the heat motor is mounted in a manner to be 
cooled by the main valve body and the liquid ?owing 
therethrough. Di?iculties, however, were encountered 
due to the tendency of the heat motor and valve to cycle 
or hunt. As the heat motor opens the valve, the liquid 
?ow through the valve commences with a corresponding 
increase in the cooling action on the valve. In accord 
ance with the present invention, an improved mounting 
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for the heat motor is provided which provides a controlled 
cooling of the heat motor and avoids cycling of the heat 
motor and valve. For this purpose, a heat insulating disk 
71, advantageously formed of a gasket material such as 
rubber or the like, is disposed between the guide member 
56 and the seat on the end of the valve body to thermally 
insulate the capsule from direct contact with the liquid in 
the ?ow passage 37 and to also thermally insulate the cap 
sule from direct metal-to-metal contact with the valve 
body. In addition, the disk 71 also functions to seal the 
interface between the capsule and the valve body to pre 
vent the leakage of fluid thereby. A further ring 72 of 

' insulating material is interposed between the periphery of 
the capsule and the walls of the counterbore 43 to prevent 
direct metal~to-metal contact therebetween. A heat con 
ducting metal clamp ring 75 is mounted as by threading 
on the end of the valve body and has a ?ange portion “rs 
overlying the ?ange portion 55 of the shell to clamp the 
capsule to the valve body and to also provide a metal-to 
metal heat conduction path between the shell and the 
body. The valve body is also peripherally ‘grooved at 78 
closely adjacent the capsule seat, to form a thin walled 
portion 79 around the flow chamber 37 and a thin gener 
ally radially extending ?ange portion 80 underlying the 
heat motor and forming the seat therefor. As will be 
noted, the ring 75, flange portion 81} and thin walled por 
tion 79 form a controlled heat conduction path that ex 
tends from the shell through the ?anged ring 75, the cap 
sule seat and thin walled portion 79 to the main body of 
the valve. The latter is cooled by the liquid flowing 
through the valve and thus functions to limit the temper 
ature rise of the heat motor during actuation of the same 
without requiring auxiliary controls for de-energizing the 
heat motor. The thermally expansible material in the 
shell is heated as by heating element 81 conveniently en 
cased in a ceramic shell 82. The heating element is con 
nected as by conductors 83 to a source'of power (not 
shown) under the control of the timer 31. The heater 
extends around the shell and maintained in heat conduct 
ing relation therewith as by a split heat conducting metal 
sleeve 34. The heating element is thermally insulated 
from the clamp ring 75 as by an insulating disk 86 to 
prevent heating of the clamp ring during energization of 
the heating element and is encased in a casing 91 conven 
iently detachably mounted on the ring 75. 
When a heat motor is heated, the expansible material 

begins to expand at a temperaturesuch as shown at t1 in 
FIG. 4 and the material continues to expand and move 
the plunger at a relatively rapid rate until the heat motor 
reaches a temperature such as t2 when the change of state 
of the expansible material is substantially completed. 
Further heating of the heat motor produces a relatively 
small additional motion. However, if the heat motor 
capsule is heated above a preselected temperature such 
as indicated at t4, permanent distortion or damage to the 
capsule will occur. Heating element 81 is selected to 
have a heating capacity somewhat greater than necessary 
to heat the capsule to an operating temperature range 
above the knee in the curve of FIG. 4 and below the tem 
perature t4 at which permanent damage will occur. Such 
a range is indicated between t2 and t3 in FIG. 4. Thus, 
in the absence of the aforedescribed cooling arrangement, 
as the heating element is energized, the temperature of the 
capsule will tend to continue to rise. However, the afore 
mentioned clamp ring 75 and thin walled portion 79 of 
the valve body provide a controlled heat conduction path 
which limits the temperature rise of the heat motor to a 
level in the range t2-t3 which is below that at which per 
manent deformation or damage to the heat motor will 
occur. ' i ‘ 

The rate of heat conduction from the shell to the body 
will increase as the temperature of the capsule increases 

a relative to the body, and the aforedescribed heat conduc 
tion path is proportioned and correlated with the heat in 
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put from the heating element so as to conduct heat’from 
the capsule to- the body at a rate su?icient to maintain the 
temperature in the range t2—t3. As will be noted, tem 
perature changes in this range do not produce a large 
movement of the valve rnember._ Because of the rel 
atively long length of the heat conduction path, the cap 
sule is not cooled suddenly by the initial flow of liquid 
as the valve begins to open and, accordingly, spurious re 
closing of the valve after its initial opening is avoided. 
Further, since the valve movement is small for temper 
ature changes in the range i243, there is little or no hunt 
ing or cycling of the valve, due to moderate changes in 
liquid temperature or rate of flow; 

1. A valve comprising a heat conducting metal valve 
casing de?ning a ?ow chamber opening at one side of 
the casing, said casing having an inlet passage and an 
outlet passage communicating with said chamber and 

.a valve port intermediate said inlet and outlet passages, 
a valve member for controlling flow through said port, 
spring means yieldably urging said valve member to 
one position, a heat motor capsule including a rigid an 
nular heat conducting metal shell closed at one end and 
having a rigid plunger guide member closing its other 
end, a plunger slidably mounted in said guide member 
and engaging said valve member for moving the same, 
a thermally expansible material in the shell and a resilient 
member extending across said other end of the shell and 
engaging said plunger for transmitting pressure from the 
thermally expansible material to the plunger, 'means in 
cluding an electrical heating element for heating the 
expansible material in the capsule, said capsule being 
disposed at said one side of said casing, with’ said‘ guide 
member extending across said’ open end of said ?ow~ 
chamber, heat insulating means insulating said guide 
member from contact with the liquid in said chamber and 
insulating said shell from. direct metal-to-metal contact 
with said valve casing, and means including a heat con“ 
ducting metal ring engaging said shell and said valve 
casing for clamping the capsule to the casing and for 
providing a metal-to-metal heat conduction path between 
the shell and said casing for limiting the temperature 
rise in said shell. 

2. A valve comprising a heat conducting metal valve 
casing de?ning a ?ow chamber opening at one side of 
the casing, said casing having an inlet passage and an ’ 
outlet passage communicating with said chamber and a 
valve port intermediate said inlet and outlet passages, a 
valve member for controlling ?ow through said port, 
spring means yieldably urging said valve member to. 
one position, a heat motor capsule including a rigid an 
nular heat conducting metal shell closed at one end and 
having a rigid plunger guide member closing its other‘ 
end, a plunger slidably ‘mounted in said guide member‘ 
and engaging said valve member for moving the same, 
a thermally expansible material in the shell and a resilient 
member extending across said other end of the shell 
and engaging said plunger for transmitting pressure from 
the thermally expansible material to the plunger, means 
including an electrical heating element for heating the 
expansible material in the capsule, said casing having 
a counterbore at said one side around said open end of 
said ?ow chamber, said capsule havingone end disposed 
in said counterbore with said guide member extending 
across said open end of said flow chamber, heat insulat-‘ 
ing means insulating said guide member from contact 
with the liquid in said ?ow-chamber and insulating said 
shell from direct metal-to-metal contact with the walls 
of said counterbore, and means including a heat conduct 
ing metal ring engaging said shell and said valve casing 
for clamping the capsule to the casing, and for providing 
a metal-to-metal heat conduction path between the shell 
and the valve casing. ’ 

3. A valve comprising a heat conducting metal valve 
casing de?ning a flow chamber having an opening at one 
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side of the casing, said casing including an integral body 
having a seat portion at said one side of said body around 
the open end of said flow chamber, a main body portion, 
and a thin walled portion around said ?ow chamber con 
necting said seat portion to said main body portion, said 
thin walled portion having a substantially thinner wall 
section than said main body portion to provide a re 
stricted heat conduction path between the main body 
portion and said seat portion, said valve casing having 
an inlet passage and an outlet passage communicating 
with said flow chamber and a valve port intermediate 
said inlet and outlet passages, a valve member for con 
trolling ?ow through said port, means yieldably urging 
said valve member to one position, a heat motor capsule 
including a rigid annular heat conducting metal shell 
closed at one end and having a rigid plunger guide mem 
ber closing its other end, a plunger slidably mounted in 
said guide member and engaging said valve member for 
moving the same, a thermally expansible material in said 
shell and a resilient member extending across said other 
end of said shell and engaging said plunger for trans 
mitting pressure from the thermally expansible material 
to the plunger, means including an electrical heating 
element for heating the expansible material, said capsule 
being mounted on said seat portion with said guide mem 
ber extending across said open end of said ?ow chamber, 
heat insulating means insulating said guide member from 
contact with the liquid in said flow chamber and insulat 
ing said shell from direct metal-toemetal contact with said 
valve casing, and means including a heat conducting metal 
ring engaging said shell and said seat portion of said 
valve casing for clamping the capsule to the seat por 
tion, said ring member and said thin walled portion of 
the valve casing providing a controlled heat conduction 
path between the shell and the main body portion for 
preventing overheating of the shell. 

4. A valve comprising a heat conducting metal valve 
casing de?ning a ?ow chamber having an opening at 

, one side of the casing, said casing including an integral 
body having a seat portion at said one side of said body 
around the open end of said flow chamber, a main body 
portion, and a thin walled portion around said ?ow cham 
ber connecting said seat portion to said main body por 
tion, said thin walled portion having a substantially 
thinner wall section than said main body portion tov 
provide a restricted heat conduction path between the 
main body portion and said seat portion, said valve 
casing having an inlet passage and an outlet passage 
communicating with said ?ow chamber and a valve port 
intermediate said inlet and outlet passages, a valve mem 
ber for controlling ?ow through said port, means yield 
ably urging said valve member to one position, a heat 
motor capsule including a rigid annular heat conducting 
metal shell closed at one end and having a rigid plunger 
guide member closing its other end, a plunger slidably 
mounted in said guide member and engaging said valve 
member for moving the same, a thermally expansible 
material in said shell and a resilient member extending 
across said other end of said shell and engaging said 
plunger for transmitting pressure from the thermally ex 
pansible material to the plunger, means including an 
electrical heating element for heating the expansible ma 

' terial, said seat portion of said valve casing including a 
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counterbore around said open end of said ?ow chamber, 
said capsule having one end disposed in said counter 
bore with said guide member extending across said open 
end of said flow chamber, heat insulating means insulat 
ing said guide member from contact with the liquid in 
said flow chamber and insulating said shell from direct 
metal-to-metal contact with said seat portion, and means 
including a heat conducting metal ring engaging said 
shell and said seat portion of said valve casing for clamp 
ing the capsule to the seat portion, said ring member and 
said thin walled portion of the valve casing providing a 
controlled heat conduction path between the shell and 
the main body portion for preventing over-heating of 
the shell. _ 

5. The combination of claim 4 wherein said electrical 
heating element extends around the outside of said shell, 
and heat insulating means is disposed between the heating 
element and said ring member. 

6. A valve comprising, a heat conducting metal valve 
body having a valve port at one side and a capsule seat 
at the other side and a flow chamber extending between 
said valve port and said capsule seat, said body having 
an inlet communicating with said valve port and an 
outlet communicating with said ?ow chamber intermedi 
ate said valve port and said capsule seat, a valve member 
for controlling flow through said port, means yieldably 
urging said valve member to a position closing said port, 
a heat motor capsule including a rigid annular heat con 
ducting metal shell closed at one end and having a periph~ 
eral outwardly extending ?ange at the other end, a rigid 
plunger guide member attached to the ?ange on said shell 
and overlying said capsule seat, a plunger slidably 
mounted in said guide member and extending into said 
?ow chamber into engagement with said valve member 
for moving the same, a thermally expansible material in 
said shell and a resilient member extending across said 
other end of the shell and engaging said plunger for 
transmitting pressure from the thermally expansible ma 
terial to the plunger, means including an electrical heat 
ing element for heating the expansible material in the 
shell, means insulating said guide member from con 
tact with the liquid in the chamber, a heat conducting 
metal ring member engaging said ?ange on said capsule 
and said casing for clamping the capsule thereto, said 
body having a relatively thinner walled portion around 
said ?ow chamber adjacent said seat and forming a part 
of a controlled heat conduction path between the shell 
and the main portion of the valve body for limiting the 
temperature rise of the capsule. 

7. The combination of claim 6 including a cap attached 
to said valve body around said inlet passage and having 
an opening therein adapted for connection to a liquid 
supply pipe, said means yieldably urging said valve mem 
ber to a closed position including a spring disposed be 
tween said cap and said valve member. 
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