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This invention relates to- power elements of the type
which comprise a casing having an intérnal chamber and
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a-piston arranged to move into and out of the casing ii

accordance with variations in .chamber volume:

In such power elements the internal chamber is com-
monly charged with a material having a'high coefficient
of thermal expansion, such as wax; so that when the mate-
rial 'is heated (as by an ‘electric resistance heafer) the
piston ‘moves forward out-of the casing; when the expan-
sion material is cooled, as by the ambient atmosphere,
the. piston returns into the casing under the influence of
the external load against which the piston is*working.
The load can be any device which it is desired to control
by mechanical motion, as for example a.liquid valve.-

One object. of the present invention -is to ‘provide -a
power element wherein the forward piston stroke is ob-

o tained with a-relatively small heat input, thereby neces-

sitating -only a relatively small subtraction. of heat to
effect the reverse cooling stroke. ‘

An additional object is to provide a power element ‘hav-
ing a relatively fast piston motion, both on the heating
stroke and on the cooling stroke. ‘

-Another object is to provide a power element wherein
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turn transmits the pressure'to a squeezable rubber-plug 18
which is arranged above a piston-20. :

The resistance heater may be varied as to design. How-
ever, as shown, the heater includes two pin-like terminals
19 and 21, and a generally cylindrical coil of resistance
wire 23 wrapped therearound so that one end of the wire
connects directly with terminal 19 and the other end ex-
tends along the wall of casing 17, as at 25; before connect-
ing with terminal 21. Each terminal pin is preferably
provided with a sleeve-like insulator 27. -

As semi-schematically shown in the drawing, power
element 10 .is mounted atop a liquid valve 22 which is
provided with an inlet chamber 24, an outlet chamber 26,
and a port 28.  The piston 28 of the power ¢lement is
arranged to engage the diaphragm seal 30 which is inter-
connected with a stem 32 and poppet valve element 34;

+, Thus, thermal expansion of material 12 causes . a down-
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ward movement: of piston 28 and a corresponding mové-
ment of valve element 34.. Upon cooling of the expan-
sion material the valve element may be returned to-its
closed position by the liguid pressure in inlet 24 and/or
the compression spring 36.- - Thus, assuming a continually
large liquid head in inlet 24, the diaphragm 30 (because
of its relatively ‘large area compared to the port area)
tends-to move-the valve element 34 to the closed position.

Preferably, although not necessarily, electric heater 14

. is-in:circuit with. a first- on-off control switch 35, and a
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the expansion material is conditioned to undergo rapid

cooling, thereby facilitating a rapid piston return stroke.

A further object is to provide a:power element wherein
the expansion material is utilized near its critical tem-
perature such that each incremental heat input produces
a. relatively - large  pressure change -in the expansion
material. o

A still further object is to provide 'a power: element
wherein the expansion material is effective to.move. the
piston outwardly only after the material has ireached a
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relatively high temperature, whereby the subsequent ¢ool- -

ing.cycle is accomplished by a relatively largs ‘tempera-
ture-differential - between the expansion material and the
ambient atmosphere.

Other objects of: this invention will appear ‘from the
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following description and appended claims,; reference be- .-

.. ing had to the accompanying drawings forming-a part of
\Ehis specification wherein like reference characters desig-
nate: corresponding parts in-the several views.
In. the drawings:
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FIGURE 1 is a séctional view taken through a power : .

element- of this invention and showing same in position
for opening and closing a conventional liquid valve;

FIG. 2 is"a chart plotting the pressure-enthalpy char-
acteristic-of the expansion material utilized in the FIG. 1
power element. -

Before explaining the present invention in- detail, it is
to be understood .that'the invention is not limited in its
application to the details of consiruction and arrangement
of parts illustrated in the accompanying drawings, since
the invention is capable of other embodiments and of be-
ing practiced or carried ocut in various ways. - Also, it is
to-be understood that the phraseology or terminology em-
ployed herein is for the purpose of description-and not
of limitation. ‘

Referting in ‘greater detail to the drawings, there is
shown a power element 16 having a charge of thermally
expdnsible material 12 which is arranged to be heated by
an eledtric resistance heater 14, whereby to develop a fluid
pressure on the flexible diaphragm 16." Diaphragm 16 in
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second ‘limit switch 37. Switch 37 includes a. first ter-
minal 38, a second terminal 49, and a switch blade 42
having a portion thereof -in registry: with-the shoulder
formed by dielectric washer 44, - With such an arrange-
ment, when heater 14 is energized-the resultant expan-
sion of material 12 causes the piston to be moved down-
wardly until- the shoulder at 44 engages the blade 42 and
thus interrupts the: circuit between terminals 38 and 40,
thereby - de-energizing the heater. With switch 35 in-a
closed condition the piston 28 will cycle rapidly a very
short distance under the control of limit switch 37.

As will be evident, when the heater is de-energized by
switch 35 the ambient atmosphere surrounding the power
element, casing 17 acts to cool material 1Z and thus per-
mits . the power element piston 20 to return to its illus-
trated position under -the influence of spring 36 and/or
the liquid pressure in inlet chamber 24. .
In the illustrated power element the expansion material
12 . may consist. of . dichlorodifluoromethane ((CCl,F,)
which -is -a. common -material - obtainable;- for. example,
from the Du Pont Company under the tradename “Freon
12.* As indicated in-FIG. 1, the CCLF, is initially
charged into chamber 15 in' a liguid condition so as to
occupy only a fractional part of the chamber 15 volume.
At one atmosphere: pressure the CCLF, boils at approxi-
mately —21° F., and the charging operation is therefore
preferably carried out at this temperature or slightly there-
below. Preferably the charging operation is carried out
in a'manner to exclude air from chamber 15. . This may
be accomplished either by charging under vacuum: or at
a-temperature high enough to allow .the formation of
CCIyF, vapor: in'the casing. - For example, with cup ele-
ment. 27" disposed in an upright position dissociated. from
the other components, liquid CClL,Fy may be sprayed .into
the cup element to produce a mild vaporizing action there-
in. The CClyF, vapor is heavier than air so that it sits
in the cup.and excludes the air.-from the cup interior.
After: charging the cup: element may be assembled with
the: other casing parts to form the completed casing. -

CCLyF, is of interest as a power element expansion ma-
terial because it has a relatively low specific héat, rela-
tively low.critical temperature, and-relatively. large pres-
sure chaingé per unit temperature change at temperatures
near its critical temperature.: ~Another material having

similar advantageous properties is methyl alcobol..
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The term “critical temperature” is used herein to indi-
cate the temperature above which it is impossible for the
material to remain liquid whether: pressure is impressed
thereon. The critical volume is the specific volume of the
material exrstmg at the critical temperature.

As known in the art, any material when in the liquid
state has attactive forces between its molecules which pre-
dominate over the translational Kinetic energy forces
which tend to separate the molecules.
forces increase with increasing temperature, and when they
predminate .over the intermolecular-attractive forces the
material is vaporized. = At relativély low temperatures pres-

The kinetic energy -
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sure may be applied to force the molecules toward one

another in spité of the kinetic energy forces; thus the pres-
siire brings the molecules close enough together so that the

15

intermolecular -attractive forces can hold the material in

a liquid condition. However when the temperature is in-
creased above a critical value it is impossible by the ap-
plication of high pressures to overcome the kinetic energy
forces; the kinetic energy forces predominate as though
the intermolecular forces were not present. For this rea-
son, when the material approaches or reaches its critical
‘temperature each unit temperature change is potentially
capable of producing a relatively large free kinetic energy
change and large pressure change. In the present inven-
tion this characteristic is utilized to produce a power ele-
ment having improved operating efﬁcxency

As before stated, one suitable expansion material: which
lerids - itself to operation near its critical temperature is
CCL:F, In FIG. 2 thére is shown a chart which plots the
.. pressure against enfhalpy for CClyF,. It will be seen that
when the material is in a saturated liquid condition, at
relatrvely low temiperatures each unit temperature change
is accompamed by -a relatively small pressure change,
whereas in: higher. temperature ranges each unit tempera-
ture change effects a relatively large pressure change.
* “In the lower temperature ranges, as for example from
80°F. to 120° F., the rate of pressure change. is relative-
1y Tow, being in the neighborhood of about 2 p.si. per
degree F. change. In the temperature range from 200°
to the critical temperature of 233.6° the pressure changes
from about 430 p.s.i. to about 597 p.s.. which represents
‘an average rate of pressure change of about 5 p.s.i. per
degree F. At temperatures above the critical temperature
the rate of pressure change per unit temperature change
is relatively high, being in the neighborhood of 10 p.s.i.
per degree F. change or higher.

I have found that if the power element is fully charged

with liquid ‘CCI,F, the thermal expansion results in vol~

ume increase while the material is still in a relatively low
temperature condition; operation is then on pure liquid
expansion where the piston motion per unit temperature
change is relatively small. However, I have noted that'if
‘power elemeént chamber 15 is only partially charged with
liquid CCLF, the substantially vacant or vapor space in
the chamber will absorb the initial low temperature expan-
sion so that pressure development. will be delayed until
the material is in-a relatively high temperature condition.

By thus delaying the pressure development I am able to-

operate at temperatures -above 200 degrees F. (near the
critical temperature) where the rate of pressure change
per unit temperature change is relatively hrgh

Operating near the critical temperature is advantageous
in'producing a relatively rapid outward stroke of the pis-
ton. Additionally the high operating temperatures create
a relatively large temperature differential between the
CCI,F; -and the ambient: atmosphere so-that Tapid cooling

20

25

30

35

4

charged into chamber 15 is dependent-on several factors;
including the nature of the material, the required pressure .
to be applied on diaphragm 16, and the required increase
in chamber volume necessary for the desired piston stroke.
When working with CCI,;F, and a power element needing
an internal pressure of 1,000 p.s.i. and a twenty percent
increase in chamber volume, I have found that chambér
15 may be initially charged. about one-half to two-thirds
full with liquid CCl,F;. Such a charge leaves sufficient

-vacant space in the chamber:so that the operating stroke

of the piston takes place in a temperature range somewhat

above 200° F., which is the preferred operating range.
In one experimental arrangement the power élement

was constructed to have a piston diameter of about one-

_quarter inch and a piston stroke of about two-tenths inch:.-

The piston was provided with an external load of about
thirty-five pounds, and the frictional resistance offered by
plug 18 'was about fifteen pounds; thus the total load was
about fifty pounds. The internal pressure in chamber IS
necessary to produce a satlsfactory piston movement is
approximately 1,000 p.s.i.

To evaluate the performance of this expenmental pow—
er element the element was charged with differing quanti-
ties of CCLF,, and measurements taken of the tempera- .
tures and piston stroke times.  The temperatures were
taken with thermocouples applied to the outer surface of
cup 27°.

In power elements havinhg internal resistance heaters the...
piston stioke time is different in the same element: de-
pending on how frequently the element is cycled  For ex- -
ample, if the element is cycled for a oné minute period
during every fifteen operational minutes, the walis of thé
element will tend to rise only a few degrees above room
temperature throughout each -cycle, and the piston will
have a relatively slow outstroke and fast return stroke; this
allows the electrically-produced heat to be easily dissipated
through the power element walls.  If on the other hand

. the element is cycled substantially continuously the walls
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takes place when heater 14-is de-energized; this promotes . '

a rapid return stroke of the ‘piston. A rapid return stroke
is also promoted by the fact that a relatively small quantity
of material’ 12 is present-in chamber  15.- Thus, with
-small amounts of maferial 12 léss heat is needed to ‘be
subtracted from the material to attain a desued otate of
¢ooliriz and- pressure reductmn

The exact: quantrty of exparnsion material needed o be
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of the element will tend to have a higher average tempera-
ture which tendsto promote a relatively fast outstroke and
slow return stroke. In the case of the described experi-
mental:-power elemerit the piston stroke timies Wwere meas-
ured both with the element cycled only infrequently and
with the element cycled continuously.

With- the power element charged with liquid CC12F2 to
about forty-ore percent of the chamber volume the cold
element cycled out in about fifteen seconds and back in
about five seconds; after a period of continuous cycling
the piston outsiroke time droppéd to about eight seconds,
and the return stroke time increased to about twelve sec-
onds: The piston started its outstroke at about 233° F,,
and completed its outstroke at about 250° F. -

With ‘the power element charged with liquid CCIZFZ
to about fifty-eight percent of the chamber volume. the
cycle times were about the same as with the -forty-one
percent charge. However the temperatures were some-
what reduced, ranging from 222° F. at the start of the
piston outstroke to about 240° F. at completion. of the
piston outstroke.

With the power element charged with liquid- CCl,F,
to' about seventy-one percent of the chamber volume the
cycle times were considerably increased to values in ex-
cess of thirty seconds. ~The piston began its outstroke at
about 166° F. and completed its outstroke at about 190° F,

With the power element charged with liquid CCLF, to
about. seventy-eight percent of the chamber volume the
piston stroke times were further increased, especially- on
the cooling stroke. On. the heating -stroke the piston
began its movément at about 140° F.

. Of the various charges tested to ﬁfty-elohf percent

'charge appears to be the most satisfactory from the stand-

point of quick operating timiés and safe.cperational tem-
peratures. -The forty-one percent charge attains a_ rela-
tively high temperature which could in some arrangements
cause. breakdown of the rubber parts and/or décomposiz
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. tion of the CCLF, after a period of service; this is espe--

cially true since the temperatures” within the CCl,F, are
- .-somewhat higher than those: registered on the power ele-
ment outer surface. - The seventy-one percent and séventy-
eight percent charges are believed unsatisfactory for many
applications because of their long operating times. - On
the basis-of experimental evidence a partial charge of fifty
percent to sixty-five percent appears to be most practical.

The partially charged CCl,F, element is believed to
represent considerable improvement over known construc-
tions.  For example, ‘wax-charged elements and water-
charged elements have ‘unider. generally similar loads re-
quired relatively long piston forward stroke times in the
neighborhood of one minute, and return stroke times of
thirty seconds to one minute or more. Oil-charged ele-
ments have in certain instances had response times vary-
ing from one minute to three or four minutes. In such
‘elements the usable expansions have been obtained at tem-
peratures appreciably ‘below-the critical' temperature of
the charged material, and it was therefore not possible
to achieve the high'internal pressures and response times
which characterize the operation of the described element.

“During the description reference has been made particu-
larly to the material CClyF,. - This material is particu-
larly useful because it has a relatively low critical tem-
perature and low specific heat. It is contemplatéd how-
ever that other materials might'be employed while still
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practicing the invention. ~One material ‘which is"of some

interest is methy! alcohol. :
It is contemplated that the invention can be utilized
- in other power elemient constructions:than the one speci-
fically shown in the drawing, For.example, it'is possible
to locate the heated portion-of the element remote. from
the 'diaphragm-plug portion, ‘in. which case the heated
portion can be provided with a capillary tube connection
to the diaphfagm chamber portion. - Such an arrangement
is-advantageous in achieving low diaphragm temperatures;
As-previously noted, the invention has. as iis ‘principal
objects- the provision of a power element which can be
operated with a relatively” small heat -input: and Wwhich
attains a relatively- high operating temperature and pres-
sure near .or above the critical temperature and pressure;
.- whereby to promote a rapid piston forward stroke and a
rapid piston return stroke under high'load conditions., By
utilizing the concepts of this invention it is. believed that
these objects have been achieved. - P
What is claimed is: oo
1. In a heat-actuated power element having a chamber-
- forming-casing, a lodded power member extending from
said casing, ‘and a thermal expansion. substance within
.+ the chamber: the improvement comprising’ the. thermal
~\.,e}q_r)ansion substance filling only a predetermined fractional
“portion’ of ‘the chamber in a liguid ‘condition when the
-power element is beléw. its operating témperature range:
the. power-member having a loading which prevents sub-
stantial power member motion until the chamber pressure
reaches a predetermined value; and the gxpansion liquid
- 'substance having'an expansion up to its. critical tempera-
ture which produces a chamber pressure less than. said
predetermined pressure, whereby substantial -motion is
¢ produced -only as the Critical temperature is approached;
"« 2. In a héat-actuated power element having a chamber-
forming casing; an ¢lectric heater-within said casing for
-heating the chamber ‘interjor, a loaded piston®extending
from said casing, and a thermal expansion‘substance with-

in the chamber; the-improvement comprising the utiliza~
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tion of dichlorodifluoromethane as-the thermal expansion
substance, said substance havinga:-mass which causes:it
to occupy.approximately sixty percent of the chamber vol-
ume when in a lquid condition at its normal boiling point;
the piston having a loading -which requires an internal
chamber pressure of ‘approximately 1,000 p.s.i. for the -
attainment.of outward piston motion, whereby energiza-
tion of the electric heater effects piston movement only
after the chamber temperature is-above 200° F.
3..In a heat-actuated power element having a chamber-
forming casing, a loaded power member extending from
said casing, and a thermal expansion substance within the
chamber: the improvement comprising the thermal ex-
pansion substance occupying bétween 50% and 65% of the
chamber volume when in a liquid condition at its normal
boiling peint; the power member having a loading which
prevents substantiai power member motion until the cham-
er pressure reaches a predetermined value; and the ex-
pansion liquid: 'substance- having an expansion up to its
critical temperature’ which produces’ a chamber pressure
less ‘than said predetermined  pressure, - whereby substan-
tial motion is produced only as:the critical temperature is
approached. : ;
4. In a heat-actuated power ¢lement having a chamber-
forming casing 2" loaded power member-extending from
said casing, and a thermal expansion substance within the

‘chamber: the improvement comprising the thermal ex-

pansion substance occupying approximately 60% ‘of the
chamber volume when in a liquid condition at its normal
boiling point; the power member having a loading which
prevernts substantial power member motion until the cham-
ber pressure:reaches a predetermined value; and the ex-
pansion liquid substance having ‘an expansion up to its
critical temperature which produces a chamber pressure
léss than said predetermined pressure; whereby substantial
motion is produced only as the critical temperature i$ ap-
proached. o ‘

5./ In a -heat-actuated power element having a chamber-

“forming casing, a loaded’ power member’ extending from

said casing, a thermial -expansion- substance within the

.. chamber, an electrical resistance heating -element within
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the chamber for causing the expansion substance to move
the power member in one direction, and electrical switch.-
means controlling the heating element in response o said ~
one direction movement of the power member ‘whereby
to ‘permit the expansion substance fo cool "and allow
the loading to return the power member in the opposite
direction: the improvement comprising the thermal exs
pansion’ substance filling only a predetermined fractional
portion of the: chamber in'a liquid condition when the:

- power ‘element -is below its-operating temperature range;

the power. mémber having a loading which -prevents sub-
stantial power member motion until the chamber pres-
sure: reaches a predetermined value; and the expansion
liquid-substance having an"expansion up to.its critical
temperature which produces a chamber pressure Iess than
the -predetermined - pressure, whereby ‘substantial motion
is produced only as the critical temperature is approached.
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