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The present invention relates to a temperature sensing liquid
medium of a liquid-filled temperature control device of a heat
producing apparatus and the temperature control device are
provided. The temperature sensing liquid medium is a mixed
solution of any two or three components of water, methanol or
alcohol, and ethylene glycol. The temperature control device
comprises a temperature sensing part, a power part and a
switching part. The temperature sensing part is a capillary (3).
One end of the capillary (3) is sealed and the other end is
connected with the power part. An enclosed space formed by
the capillary (3) and a cavity of the power part is filled with the
temperature sensing liquid medium. The power part cooper-
ates with the switching part in such a manner that a snap-type
diaphragm (2) combines with a quick flip spring leaf (9). As
a result, the present invention can solve the safety problem in
electric appliance which is caused by the malfunction of the
snap-type diaphragm and the quick flip spring leaf.
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TEMPERATURE SENSING LIQUID MEDIUM
OF LIQUID-FILLED TEMPERATURE
CONTROL DEVICE OF HEAT PRODUCING
APPARATUS AND TEMPERATURE
CONTROL DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a temperature con-
trol device, in particular relates to a liquid-filled temperature
control device of heat producing, which fall within the tech-
nical field of manufacturing temperature control device.

BACKGROUND OF THE PRIOR ART

[0002] To reach the interdependence between the tempera-
ture sensing part and the switching part at different positions
over comparatively long distance, some household electrical
appliances need to use liquid-filled temperature control
device. Such device comprises temperature sensing part,
power part and switching part. Generally, capillary is used as
the temperature sensing part to be communicated with the
power part, and temperature sensing liquid medium as Freon
or oil or fat is infused in the capillary and the power part, so
that the liquid-gas phase transformation of Freon or the ther-
mal expansion of oil liquid will drive the switching part of
temperature control device to operate.

[0003] When low temperature cooling medium such as
Freon is used as the medium, the cooling medium is infused
in an enclosed space of temperature sensing and power parts.
Under certain temperature and pressure, the cooling medium
on the position at the lowest temperature of temperature con-
trol device is in the liquid condensed state. When the tem-
perature rises, the liquid-gas phase transformation of cooling
medium occurs, the gasification quantity increases, so that the
volume of cooling medium increases and thus the cooling
medium pushes the power part to expand and drives the
switching part to operate. However, since the position of this
device at non-lowest temperature has been in gasified state,
the change of temperature will unlikely result in obvious
change in the gasification quantity of cooling medium. There-
fore, such type of temperature control device must use the
position with the lowest temperature as the temperature con-
trol point. Generally, such temperature control device is used
on the cooling apparatuses such as refrigerator, air condi-
tioner and cooling-water machine. When the temperature
control device using low temperature cooling medium is used
in heat producing apparatuses (such as fan warmer and
counter flow warmer) for temperature control, it is also nec-
essary to install and fix the capillary part nearby the air inlet
of warmer (namely, the relative low-temperature area of
sensed room temperature); the switch body is installed on the
relative high-temperature zone at the upper art of the heat
producing part, so as to control the operation of the tempera-
ture control device by using the cooling medium in the low-
temperature area to sense the changes of room temperature.

[0004] When oils and other liquids are used as the tempera-
ture sensing medium for the temperature control device of
heat producing apparatus, the principle of the expansion and
contraction of liquid is used to transmit the volume change
with temperature of liquid in the sensing bulb to the power
part through capillary, thus driving the switching part of the
temperature control device to make on-off action. In order to
reach the required sensitivity of temperature control, it is
necessary to make the liquid to generate adequate volume
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change. Therefore, thermo bulb with bigger volume is needed
to infuse more temperature sensing medium.

[0005] The operation mode of said two types of tempera-
ture sensing liquid medium has the following problem: The
cooling medium such as Freon is merely applicable within
relatively low temperature range, such as below 40°. When it
is used as the temperature control device for heat producing
apparatus, such medium may only be used as the temperature
regulation control for the lowest temperature area. When it is
required to conduct temperature control for high temperature
area, especially when overtemperature protection control is
needed, such cooling medium is not applicable. In the use of
Freon medium, medium leakage in the sections of production
and use may also cause the problem of environmental pollu-
tion. When oils are used as temperature sensing medium,
there are also such problems as big volume of liquid tempera-
ture sensing part and small temperature sensing control area.

[0006] In addition, when said two kinds of medium are
adopted, the change of medium state with temperature is a
gradual change process, while the expansion of the power part
of the temperature control device is also a gradual change
process. Therefore, the power part is generally designed as
peristaltic diaphragm chamber or corrugated structure. How-
ever, the switching part generally adopts quick flip type
energy storage reed, so that the switch contact may make
instantaneous action. The problem in such coordination mode
is that, when the quick flip type energy storage reed has lost
quick flip eftect due to elastic fatigue, the power part cannot
effectively drive the on-off of switch contact, leading to fail-
ure in temperature control or temperature limit and affecting
the safety in use and the safety of equipment.

SUMMARY OF THE INVENTION

[0007] It is the technical objective of the present invention
to provide a liquid-filled temperature control device of the
heat producing apparatus so as to overcome the technical
problems in the prior art. A special mixed solution is used as
the temperature sensing medium for the temperature sensing
part of the liquid-filled temperature control device. In the
mode where the bubble point temperature (phase transition
temperature) of the specific mixed solution is matching with
the required operating temperature, the present invention
solves such problem that the Freon cooling medium and the
liquid medium are not suitable for being used as the tempera-
ture sensing medium for the temperature control or overtem-
perature protection for the high temperature area of heat
producing apparatus. Furthermore, the power part cooperates
with the switching part in such a manner that a snap-type
diaphragm combines with a quick flip spring leaf. So as to
solve the safety problem of electric apparatus caused by the
malfunction of the snap-type diagram or the quick flip spring
leaf.

[0008] The technical objective of the present invention is
realized through the following technical solution:

[0009] The present invention provides a liquid-filled tem-
perature control device of heating producing apparatus, com-
prising a temperature sensing part, a power part and a switch-
ing part, wherein the temperature sensing part is a capillary,
one end of the capillary is sealed, and another end of the
capillary is connected with the power part; the temperature
sensing liquid medium is infused in the enclosed space com-
posed of the capillary and the power part;



US 2013/0105588 Al

[0010] The temperature sensing liquid medium is a mixed
solution, composed of water, ethanol and glycol or two of
these three components;

[0011] or, the temperature sensing liquid medium com-
posed of water, methanol and glycol or two of these three
components;

[0012] the power part is a disk-type shell enclosed by a
close cover and an elastic diaphragm, wherein the top of the
close cover is communicated with the capillary; the enclosed
space is formed by the disk-type shell and the inside of the
capillary;

[0013] the switching part comprises a base, a push rod
guide disc is set at the top of the base, a push rod, which can
move up and down freely in the through hole, is set in the
through hole in the middle of the push rod guide disc; the
elastic diaphragm of the power part is set on the upper end of
the push rod guide disc and corresponds to the upper terminal
of the push rod;

[0014] the switching part also comprises a spring leaf, elec-
tric contactors, an connecting terminal, wherein the connect-
ing terminal is set on the base, one end of the spring leaf is
fixed on the bracket of the first terminal, the another end of the
spring leaf'is a cantilevered end, a fixed contactor is set on the
terminal of the cantilevered end and is opposite to a moving
contactor which is set on the second terminal; lower terminal
of the push rod is supported on the spring leaf.

[0015] Based on the principle that the gasification of spe-
cific mixed solution may occur at certain temperature, the
present invention overcome such problem that the Freon cool-
ing medium and liquid medium are not suitable for being used
as the temperature sensing medium for temperature control or
overtemperature protection for the high temperature area of
heat producing apparatus. The power part cooperates with the
switching part in such a manner that a snap-type diaphragm
combines with a quick flip spring leaf, so as solve the safety
problem in electric appliance which is caused by the malfunc-
tion of the snap-type diaphragm and the quick flip spring leaf.
[0016] The present invention is further described in detail
with reference to the attached drawings and the embodiments.

DESCRIPTION OF ATTACHED DRAWINGS

[0017] FIG.1 isthe integral structure diagram of the liquid-
filled temperature control device of the present invention;
[0018] FIG. 2 is the top view of the liquid-filled tempera-
ture control device of the present invention;

[0019] FIG. 3 is the sectional view of FIG. 2 along A-A
direction in which the gasification and expansion state does
not occur;

[0020] FIG. 4 is the top view of the base part as shown in
FIG. 3,
[0021] FIG. 5 is the sectional view of FIG. 2 along A-A

direction in which the gasification and expansion state has
occurred.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0022] The mixed solution used by the present invention in
the liquid-filled temperature control device is mainly com-
posed of such components as pure water, ethylene glycol,
ethanol (or methanol). Less than one atmosphere, the boiling
point of water is 100° C., the boiling point of ethylene glycol
is 197.5° C., the boiling point of ethanol is 78° C., and the
boiling point of methanol is 64.5° C. When said solvents are
mixed together in different proportions, there will be changes
in the bubble point temperature (or phase transition tempera-
ture) of mixed solution. According to the need for tempera-
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ture control, the proportion of mixture can be adjusted so that
its bubble point temperature corresponds to the temperature
control point. In the process of application, the mixed solution
is filled in an enclosed space. When the temperature sensed by
the temperature sensing part reaches the required temperature
control point or temperature limit point, the mixed solvent
acting as the temperature sensing medium will become gas-
ified, so that the enclosed space filled with the mixed solution
medium expands, the diaphragm of the power part which is
communicated with it to form an enclosed space to act; the
diaphragm of the power part drives the switching part, so that
a pair of electric contactors of the switching part are discon-
nected. Ethanol, ethylene glycol and other ingredients as well
as anti-freezing role. In order to get temperature control point
of temperature control device, there are many mix mode of
mixed solution. Embodiments as following:

[0023] Embodiment 1: When the temperature control point
of the temperature control device is required to be 120°
C.-140° C., the mixed solution with the volume proportion
(water 0%-20%, ethanol 0%-10% and ethylene glycol 80%-
95%) is used as the temperature sensing medium of the tem-
perature sensing part.

[0024] Embodiment 2: When the temperature control point
of'the temperature control device is required to be 140° C., the
mixed solution with the volume proportion (ethanol 5% and
ethylene glycol 95%) is used as the temperature sensing
medium of the temperature sensing patt.

[0025] Embodiment 3: When the temperature control point
of the temperature control device is required to be 80° C.-95°
C., the mixed solution with volume proportion (water 10%-
30%, ethanol 65%-85% and ethylene glycol 2%-8%) is used
as the temperature sensing medium of the temperature sens-
ing part.

[0026] Embodiment 4: When the temperature control point
of the temperature control device is required to be 82° C., the
mixed solution with the volume proportion (water 18%, etha-
nol 80% and ethylene glycol 2%) is used as the temperature
sensing medium of the temperature sensing part.

[0027] Embodiment 5: When the temperature control point
of the temperature control device is required to be 65° C.-85°
C., mixed solution with volume proportion (water 5%-25%,
methanol 75%-90% and ethylene glycol 2%-5%) is used as
the temperature sensing medium of the temperature sensing
part.

[0028] When the temperature controller is applied in the
convection warmer, to prevent the temperature of the mesh
enclosure at the air inlet from causing scalding to human
being, the inductive control temperature of the capillary is
generally set as 80° C.-150° C. according to the specification
of'the complete appliance as well as the fixed position of the
capillary in the complete appliance. If the adopted operation
temperature is 82° C., the mixed solution in said embodiment
4 can be used as the temperature sensing medium of the
liquid-filled temperature control device.

[0029] According to different needs for the temperature of
the temperature control point, said mixed solution can also be
prepared in various proportions of ingredients. In particular,
since the boiling temperature of ethanol is approximate to that
of methanol, methanol can be used to substitute ethanol in
many cases.

[0030] FIG.1is the integral structure diagram of the liquid-
filled temperature control device of the present invention;
FIG. 2 is the top view of the liquid-filled temperature control
device of the present invention. As shown in FIG. 1 in com-
bination with FIG. 2, the temperature sensing part of the
temperature control device is a capillary 3. The capillary 3 is
connected with asealing cover 1 of the power part, the sealing
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cover 1 is covered on a base 4 of the switching part, with its
periphery being tightly riveted. A first terminal 7 and a second
terminal 8 are set below the base 4.

[0031] According to the need for the temperature sensing of
matching heat producing apparatus and for the arrangement
oftemperature control area, the capillary 3 is designed to have
length of 0.5-2 meter and outside diameter of 1.5-2.5 mm,
which is made of copper tube or stainless steel tube or metal
capillary. For example, for an elongated convection type elec-
tric warmer in length of more than 1 meter, an air inlet is set
atits bottom surface while a hot-blast outlet is set on the upper
side. To prevent the whole air outlet or any section of it from
being covered or being excessively heated due to abnormal
voltage, the capillary 3 is arranged between the heating part
and the upper air outlet. When the temperature sensing on any
position of the warmer along the length of capillary exceeds
the limit, the temperature sensing solution will be gasified and
expanded, thus causing the switching part of the temperature
control deviceto operate and realize the objective of tempera-
ture control (or the objective of overheating protection for the
heat producing apparatus). Since the position with the highest
temperature is used as the temperature sensing point for tem-
perature control, it is applicable to the temperature limit and
temperature control for the electric heating device, so that the
whole area where the capillary is located is also provided with
temperature control or overtemperature protection.

[0032] FIG. 3 is the sectional view of FIG. 2 along A-A
direction in which the gasification and expansion state does
not occur; FIG. 4 is the top view of the base part as shown in
FIG. 3. As shown in FIG. 3, the middle part of the sealing
cover 1isdiscoid. The sealing cover 1 and the periphery of the
elastic membrane 2 are welded into an enclosed hollow disk
type shell. The through hole set at the top of the sealing cover
1 is communicated with the capillary 3, and another end of the
capillary 3 is sealed. The enclosed space composed of the disk
type shell and the capillary is filled with the mixed solution
14. The elastic diaphragm 2 is snap-type. When the tempera-
ture rises but has not reached the operating temperature, its
shape moves upwards and recesses into the sealing cover 1 (as
shown in FIG. 3). When the temperature has reached the
operating temperature, the mixed solution is gasified. At the
moment of expansion due to gasification, the elastic dia-
phragm bulges against the sealing cover 1. Upon temperature
reduction and elimination of gasification, it is recovered to
recess state. The sealing cover 1 can be made of stainless steel
material in thickness of 0.5 mm, while the elastic diaphragm
2 is made of elastic stainless steel material in thickness 0£0.12
mm.

[0033] Thepower partofthe fluid filled temperature control
apparatus is a snap-type diaphragm, which can be used in
coordination with slowing-moving switch spring leaf. How-
ever, such coordination mode has such problem that, in case
of fatigue or malfunction of the snap-type diaphragm due to
long-term repeated motion or poor manufacturing quality, the
snap-type diaphragm is unable to timely push the slow-mov-
ing spring leaf and thus allow the electric contactors to be
disengaged to the pre-set safe position, arcing/ electric arc
will occur between electric contactors and electromagnetic
noise to electric network will be generated. Therefore, quick
flip energy storage spring leaf structure is advisable.

[0034] As shown in FIG. 4 in combination with FIG. 3, a
push rod guide disc 5 is set at the top of the base 4; a push rod
6, which can move up and down freely in the through hole, is
set in the through hole in the middle of the push rod guide disc
5; the upper end of the push rod 6 corresponds to elastic
diaphragm 2; the lower end of the push rod 6 is supported on
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the spring leaf 9. The base 4, the push rod guide disc 5 and the
push rod 6 are mode of insulating materials such as Bakelite
and plastic.

[0035] A first terminal 7 and a second terminal 8 are set
below the base 4. A U-shaped bracket is formed at the upper
part of the first terminal 7. One end of the spring leaf9 is fixed
in the slot on one side of the U-shaped bracket 7.1 of the first
terminal 7, and the middle tongue bending 9.1 of the spring
leaf 9 is supported in the slot on the another side of the
U-shaped bracket 7.1 of the first terminal 7, so that a cantile-
ver is formed. A moving contactor 11 is set on its cantilevered
end and is opposite to the fixed contactor 10 set on the second
terminal. Both ends can be made of copper material. The
spring leaf 9 can be made of beryllium copper material in
thickness of 0.15 mm. The electric contactors are made coo-
per matrix, and its contact surface is made of composite silver
layer. The middle tongue of spring leaf 9 adopts energy stor-
age arc-like bending. When the body of the spring leaf 9 is
pressed down by the push rod 6 and move across the slot pivot
of U-shaped bracket of between the arc-like tongue and the
firstterminal 7, the spring leaf'9 will quickly moves across the
center point under the action of elastic force. Therefore, it is
called as quick-flip spring leaf. The quick-flip spring leaf
differs from the slow-moving spring leaf in that, the slow-
moving spring leaf only has spring piece with pre-deforma-
tion but has no arc-like tongue. The pre-deformation provides
the electric contactors with contact pressure, so that the spring
leaf only moves with the push from external force and thus
itself unlikely has operation of sudden reverse. The quick-flip
spring leaf can drive the moving electric contactor to make
quick make-and-break, so that it can effectively reduce such
problems as arc erosion and EMI and improve the contact
endurance. When the snap type diaphragm turns into creep-
age or fails to jump in place due to disappearance of internal
stress after long-term repeated action or poor manufacturing
quality, the instantaneous action of the quick-flip spring leaf
can be used to enable the electric contactors to be quickly
disengaged and move to safe position.

[0036] A contactor clearance adjusting screw 13 is set atthe
base 4 on the lower part of the moving contactor 11. This
adjusting screw is used to adjust the spacing distance between
the moving contactor 11 and the fixed contactor 10 after
disconnection, so that this distance reaches the safe range for
the electric apparatus.

[0037] A pivot adjusting screw 12 is set at the bottom sur-
face on the U-shaped bracket 7.1 of first terminal 7 nearby the
tongue pivot. This adjusting screw 12 is used to push the slot
on the bracket (namely the pivot position of spring Leaf) to
make up and down movement in minute quantities, so that the
spring leaf 9 is below the contactor clearance in the action
center composed of the spring leaf and the pivot, namely the
spring leaf is at the critical position for action. When the push
rod 6 has not acted on the spring leaf 9, the electric contactors
are kept in switched on position, and the spring leafis made to
reverse in the concave-convex travel of the elastic diaphragm
2, so that the quick-flip spring leaf 9 can realize quick make-
and-break of a pair of electric contactors.

[0038] The operating process of the liquid-filled tempera-
ture control device in the present invention is briefly
described below:

[0039] FIG. 3 shows the state where the temperature sens-
ing medium in the enclosed space composed of disk type shell
and capillary has not gasified and expanded. At this moment,
the quick-flip elastic diaphragm 2 is in the recess state in
relative to the sealing cover and is not contacted with the
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upper end of the push rod 6, the fixed contactor 10 is in contact
with the moving contactor 11, and the temperature control
device is in on-state.

[0040] FIG. 5 shows the state where the temperature sens-
ing medium in the enclosed space composed of disk type shell
and capillary has been gasified and expanded. When partial
temperature sensing medium in the enclosed space formed by
the disk type shell and the capillary is gasified and expanded
at preset temperature, the snap-type elastic diaphragm 2 will
instantaneously turn from recess state to projecting state and
thus push the push rod 6 to move downwards, and then the
push rod 6 pushes the spring leaf'9 to move downwards. Since
the snap-type spring leaf is used, when the body ofthe spring
leaf 9 moves down and gets across the pivot of the tongue, it
will make instantaneous reversal under the elastic force of the
arc-like tongue, so that the fixed contactor 10 and the moving
contactor 11 are quickly disengaged, and the temperature
control apparatus is in the off state.

[0041] With the power-off of the matching electric heater,
the temperature of the heat producing apparatus will fall, the
medium of mixed solution will return to liquefied state and
thus reduces in volume; the elastic diaphragm 2 will auto-
matically recover to the recess state, the push force applied by
the push rod 6 on the spring leaf 9 will be released; the spring
leaf'9 will be quickly rebounded under the driving force of the
arc-like tongue, so that two electric contactors return to con-
tact state, and thus the heating body is once again switched on
and starts heating.

[0042] The present invention adopts a mixed solution being
composed of wide range of solvents and water. The solution
components can be adjusted according to the temperature of
different temperature control points if necessary, so that the
mixed solution has wide scope of application. Furthermore,
the coordination between the power part and the switching
part can guarantee the safety of electric apparatus.

[0043] Finally, it must be mentioned that said embodiments
are merely used to describe rather than limit the present
invention. Although the present invention is described in
detail with reference to the embodiments, those skilled in the
art shall understand that, all the modifications or equivalent
replacements made to the present invention with deviation
from the spirit and range of the present invention shall fall
within the claims of the present invention.

1. A liquid-filled temperature control device of heating
producing apparatus, comprising a temperature sensing part,
a power part and a switching part, wherein the temperature
sensing part is a capillary (3), one end of the capillary (3) is
sealed, and another end of the capillary is connected with the
power part, characterized in that, an enclosed space formed
by the capillary (3) and a cavity ofthe power part is filled with
temperature sensing liquid medium;

the temperature sensing liquid medium is a mixed solution

composed of water, ethanol and ethylene glycol or two
of these three components;

or, the temperature sensing liquid medium is a mixed solu-

tion composed of water, methanol and ethylene glycol or
two of these three components;

the power part is a disk-type shell enclosed by a close cover

(1) and an elastic diaphragm (2), wherein the top of the
close cover (1) is communicated with the capillary (3);
the enclosed space is formed by the disk-type shell and
the inside of the capillary (3);
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the switching part comprises a base (4), a push rod guide
disc (5) is set at the top of the base (4), a push rod (6),
which can move up and down freely in the through hole,
is set in the through hole in the middle of the push rod
guide disc (5); the elastic diaphragm (2) of the power
part is set on the upper end of the push rod guide disc (5)
and corresponds to the upper terminal of the push rod
(6);

the switching part also comprises a spring leaf (9), electric
contactors, an connecting terminal, wherein the con-
necting terminal is set on the base (4), one end of the
spring leaf (9) is fixed on the bracket (7.1) of the first
terminal (7), the another end of the spring leaf (9) is a
cantilevered end, a fixed contactor (10) is set on the
terminal of the cantilevered end and is opposite to a
moving contactor (11) which is set on the second termi-
nal (8); lower terminal of the push rod (6) is supported on
the spring leaf (9).

2. The liquid-filled temperature control device of heat pro-
ducing apparatus of claim 1, characterized in that, volume
proportion of the mixed solution is as follows: water
0%-20%, ethanol 0%-10% and ethylene glycol 80%-95%.

3. The liquid-filled temperature control device of heat pro-
ducing apparatus of claim 2, characterized in that, the volume
proportion of the mixed solution s as follows: ethanol 5% and
ethylene glycol 95%.

4. The liquid-filled temperature control device of heat pro-
ducing apparatus of claim 1, characterized in that, volume
proportion of the mixed solution is as follows: water 10%-
30%, ethanol 65%-85% and ethylene glycol 2%-8%.

5. The liquid-filled temperature control device of heat pro-
ducing apparatus of claim 4, characterized in that, the volume
proportion of the mixed solution is as follows: water 18%,
ethanol 80% and ethylene glycol 2%.

6. (canceled)

7. The liquid-filled temperature control device of heat pro-
ducing apparatus of claim 1, characterized in that, volume
proportion of the mixed solution is as follows: water
5%-25%, methanol 70%-90% and ethylene glycol 2%-8%.

8. (canceled)

9. The liquid-filled temperature control device of heat pro-
ducing apparatus of claim 1, characterized in that, the capil-
lary (3) is a metal tube with external diameter of 1.5-2.5 mm;

the elastic diaphragm (2) is a snap-type diaphragm, which

is in the shape of concave arc under free state and sud-
denly become convex arc when its surface is subject to
gasified expansion pressure.

10. (canceled)

11. The liquid-filled temperature control device of heating
producing apparatus of claim 1, characterized in that, an
arc-shaped tongue piece (9.1) is set on the cantilevered end of
the spring leaf (9), one end of the arc-shaped tongue piece is
connected with the terminal of the cantilevered end, and
another end of the arc-shaped tongue piece is supported in the
groove of the bracket (7.1) of the first terminal.

12. The liquid-filled temperature control device of heat
producing apparatus of claim 11, characterized in that, a
bracket adjusting screw (12) is set at the bottom surface of the
bracket (7.1) of the first terminal.
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