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THERMOSTATIC EXPANSION VALVES AND METHODS OF CONTROL

BACKGROUND

[0001] The subject matter disclosed herein generally relates to thermostatic expansion
valves and, more particularly, to control and operation of thermostatic expansion valves in
refrigeration systems.

[0002] In a typical refrigeration system, high pressure liquid refrigerant is expanded
in an expansion valve incorporated in a liquid refrigerant line between a condenser and an
evaporator. The low pressure, low temperature refrigerant discharged from the expansion
valve is then directed through the evaporator for absorbing heat and thus refrigerating the
space surrounding the evaporator. The expansion valve is adjusted to control the refrigerant
flowing into the evaporator to a rate sufficient to maintain a desired temperature of the
evaporator. More specifically, a thermostatic expansion valve meters the flow of refrigerant
into the evaporator in proportion to the rate of evaporation of the refrigerant in the
evaporator, and is responsive to the temperature of the refrigerant leaving the evaporator and
to the pressure in the evaporator. In this manner, a thermostatic expansion valve can control
the refrigerant leaving the evaporator at a predetermined superheat.

[0003] Generally, the superheat of the refrigerant is a measure of the heat contained in
the refrigerant vapor above its heat content at the boiling point (saturation temperature) at the
existing pressure (i.e., the heat content of the refrigerant vapor exiting the evaporator coil
which is in excess of the heat content of the vapor which normally could be expected at the
refrigerant pressure as it exits the evaporator). By ensuring that the condition of the
refrigerant entering a suction line from the evaporator (i.e., evaporator outlet) is at a desired
superheat level, the performance of the refrigeration system can be efficient and the return of
liquid to a compressor may be prevented.

[0004] A thermostatic expansion valve typically includes a spring-biased metering
valve which regulates the flow of liquid refrigerant through the expansion port to the
evaporator. A thermostatic bulb charged with a volatile substance is positioned in heat
exchange relation with the suction line of the refrigeration system at the outlet of the
evaporator. The thermostatic bulb is interconnected by means of a capillary tube to a
diaphragm actuator included on the thermostatic expansion valve with the diaphragm actuator
being mechanically interconnected to the metering valve of the thermostatic expansion valve.
A rise in the evaporator temperature will increase the temperature of the evaporated gas

passing through the suction line (i.e., increase its superheat) which in turn is sensed by the
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thermostatic bulb. The thermostatic bulb absorbs heat and the volatile substance therein
increases its pressure and thus causes the diaphragm actuator to open the metering valve of
the expansion valve and to thus proportionately increase the flow of refrigerant. Upon cooling
of the evaporator, the temperature of the refrigerant discharged from the evaporator will
decrease which in turn is sensed by the thermostatic bulb thereby resulting in the metering
valve of the thermostatic expansion valve to at least partially close and to block at least a

portion of the refrigerant flowing to the evaporator.

SUMMARY

[0005] According to one embodiment a method of operating a refrigeration system is
provided. The method includes activating an evaporator heater, monitoring a pressure
differential within the refrigeration system, when the pressure differential reaches a
predetermined value, deactivating the evaporator heater, and activating one or more
evaporator fans, after deactivating the evaporator heater, to cause a thermostatic expansion
valve to open.

[0006] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that the pressure differential is monitored between an input
side and an output side of an evaporator.

[0007] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that the predetermined value is 50 psi.

[0008] In addition to one or more of the features described above, or as an alternative,
further embodiments may include determining that the refrigeration system failed to start
prior to activating the evaporator heater.

[0009] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that determining that the refrigeration system failed to start
is based on a detected current draw of a compressor.

[0010] In addition to one or more of the features described above, or as an alternative,
further embodiments may include starting a compressor of the refrigeration system after the
thermostatic expansion valve is open.

[0011] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, after starting the compressor, starting a condenser and then

starting an evaporator.
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[0012] In addition to one or more of the features described above, or as an alternative,
further embodiments may include activating one or more condenser fans after activating the
evaporator heater.

[0013] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, when the pressure differential reaches the predetermined
value, deactivating the one or more condenser fans.

[0014] In accordance with another embodiment, a refrigeration system includes a
compressor, a condenser having one or more condenser fans, an evaporator having an
evaporator heater and one or more evaporator fans, a thermostatic expansion valve, a fluid
path fluidly connecting the compressor, the condenser, the evaporator, and the thermostatic
expansion valve, and a controller. The controller is configured to activate the evaporator
heater, monitor a pressure differential within the fluid path, when the pressure differential
reaches a predetermined value, deactivate the evaporator heater, and activate the one or more
evaporator fans to cause the thermostatic expansion valve to open.

[0015] In addition to one or more of the features described above, or as an alternative,
further embodiments of the refrigeration system may include that the controller is configured
to determine that the compressor failed to start prior to activating the evaporator heater.

[0016] In addition to one or more of the features described above, or as an alternative,
further embodiments of the refrigeration system may include that the controller monitors a
current draw of the compressor to determine the compressor failed to start.

[0017] In addition to one or more of the features described above, or as an alternative,
further embodiments of the refrigeration system may include that the controller is configured
to perform a start attempt of the compressor after the thermostatic expansion valve is opened.

[0018] In addition to one or more of the features described above, or as an alternative,
further embodiments of the refrigeration system may include that the controller is further
configured to, after starting the compressor, start the condenser and then start the evaporator.

[0019] In addition to one or more of the features described above, or as an alternative,
further embodiments of the refrigeration system may include that the controller is configured
to activate the one or more condenser fans after activating the evaporator heater.

[0020] In addition to one or more of the features described above, or as an alternative,
further embodiments of the refrigeration system may include that the controller is configured
to, when the pressure differential reaches the predetermined value, deactivate the one or more

condenser fans.
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[0021] In addition to one or more of the features described above, or as an alternative,
further embodiments of the refrigeration system may include that the pressure differential is
monitored between an input side and an output side of the evaporator.

[0022] In addition to one or more of the features described above, or as an alternative,
further embodiments of the refrigeration system may include that the predetermined value is
50 psi.

[0023] In addition to one or more of the features described above, or as an alternative,
further embodiments of the refrigeration system may include at least one sensor configured to
sense a pressure differential within the fluid path.

[0024] According to another embodiment, a method of operating a refrigeration
system is provided. The method includes determining that the refrigeration system failed to
start, increasing a temperature at a bulb of a thermostatic expansion valve system within the
refrigeration system, increasing a suction pressure at an inlet side of an evaporator in the
refrigeration system, opening a thermostatic expansion valve, and starting a compressor of
the refrigeration system.

[0025] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that increasing the temperature comprises activating an
evaporator heater.

[0026] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that increasing the suction pressure comprises activating
one or more condenser fans.

[0027] In addition to one or more of the features described above, or as an alternative,
further embodiments may include monitoring a pressure differential within the refrigeration
system and when the pressure differential reaches a predetermined value, activating one or
more evaporator fans to cause the thermostatic expansion valve to open.

[0028] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that the pressure differential is monitored between an input
side and an output side of the evaporator.

[0029] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that the predetermined value is 50 psi.

[0030] In addition to one or more of the features described above, or as an alternative,
further embodiments may include that determining that the refrigeration system failed to start

is based on a detected current draw of the compressor.
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[0031] In addition to one or more of the features described above, or as an alternative,
further embodiments may include, after starting the compressor, starting a condenser and then
starting the evaporator.

[0032] Technical effects of embodiments of the present disclosure include an
refrigeration system having a thermostatic expansion valve that may be electro mechanically
manipulated such that the refrigeration system may easily be restarted after shut-down.

[0033] The foregoing features and elements may be combined in various
combinations without exclusivity, unless expressly indicated otherwise. These features and
elements as well as the operation thereof will become more apparent in light of the following
description and the accompanying drawings. It should be understood, however, the following
description and drawings are intended to be illustrative and explanatory in nature and non-

limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The subject matter is particularly pointed out and distinctly claimed at the
conclusion of the specification. The foregoing and other features, and advantages of the
present disclosure are apparent from the following detailed description taken in conjunction
with the accompanying drawings in which:

[0035] FIG. 1 is a schematic illustration of an refrigeration system in accordance with
an example embodiment of the present disclosure;

[0036] FIG. 2 is a plot schematic of pressure, temperature, and time of a system in
accordance with an example embodiment of the present disclosure; and

[0037] FIG. 3 is a process of operating a refrigeration unit in accordance with an

example embodiment of the present disclosure.

DETAILED DESCRIPTION

[0038] As shown and described herein, various features of the disclosure will be
presented. Various embodiments may have the same or similar features and thus the same or
similar features may be labeled with the same reference numeral, but preceded by a different
first number indicating the figure to which the feature is shown. Thus, for example, element
“a” that is shown in FIG. X may be labeled “Xa” and a similar feature in FIG. Z may be
labeled “Za.” Although similar reference numbers may be used in a generic sense, various

embodiments will be described and various features may include changes, alterations,
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modifications, etc. as will be appreciated by those of skill in the art, whether explicitly
described or otherwise would be appreciated by those of skill in the art.

[0039] FIG. 1 is a schematic illustration of a refrigeration system in accordance with
an example embodiment. The refrigeration system 100 includes a compressor 102, a
condenser 104, and an evaporator 106 that are fluidly connected by a flow path 108. Located
between the condenser 104 and the evaporator 106 is a thermostatic expansion valve
assembly 110. Flow of a fluid in the flow path 108, such as a coolant or refrigerant, may be
controlled by the thermostatic expansion valve assembly 110. The condenser 104 and the
evaporator 106 may include one or more fans. In some embodiments the fans of the
evaporator 106 may be high speed fans.

[0040] The thermostatic expansion valve assembly 110 includes a valve 112 at an
input side 114 of the evaporator 106 along the flow path 108. The thermostatic expansion
valve assembly 110 also includes a sensor bulb 116 at an output side 118 of the evaporator
106 along the flow path 108. The valve 112 meters flow of the fluid to the evaporator 106
based on a temperature of the fluid that has passed through the evaporator 106, as sensed by
the sensor bulb 116. For example, if the fluid sensed by the sensor bulb 116 is above a
predetermined temperature, then the valve 112 will be opened to permit fluid to pass through
the evaporator 106, thereby cooling the evaporator 106. If the fluid is sensed to be below the
predetermined temperature, the valve 112 will close to prevent the evaporator 106 from
becoming over cooled. Additionally, as shown in FIG. 1, an evaporator heater 120 may be
thermally connected to the evaporator 106 and configured to prevent overcooling of the
evaporator 106.

[0041] Because of the temperature comparison, and dependency, of the thermostatic
expansion valve assembly 110, there may be situations where the valve 112 may not open
when it is desired to be opened. For example, during use the valve 112 may be closed, in
order to prevent overcooling of the refrigeration system. However, when the refrigeration
system 100 is shut down after use, the valve 112 may remain closed. When the valve is
closed, the pressure in the refrigeration system 100 may not be able to equalize. Then, when
the refrigeration system 100 is attempted to be restarted, due to the high pressure, the
compressor 102 may draw a high current to operate. This may cause a safety feature to
activate, thus preventing the refrigeration system 100 from starting.

[0042] Those of skill in the art will appreciate that the schematic and configuration
shown in FIG. 1 is merely an example and other components or configurations are possible.

For example, refrigeration systems may include controllers, receivers, filters, dryers,
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additional valves, heat exchangers, sensors, indicators, etc. without departing from the scope
of the present disclosure.

[0043] Embodiments of the present disclosure are configured to enable starting of a
refrigeration system, even when the pressure within the system is unequal across a
thermostatic expansion valve assembly. In some embodiments, the evaporator heaters are
utilized to raise the saturation temperature in the evaporator coil above a return air
temperature. Then, turning on the evaporator fans after the heat is removed, the saturation
pressure is lowered quickly and the thermal bulb temperature of the thermostatic expansion
valve assembly remains warm, creating a sensed high superheat causing the valve of the
thermostatic expansion valve assembly to open. When the valve opens, the discharge pressure
is lowered by flowing refrigerant back into the evaporator and reducing the differential
pressure. Thus, the refrigeration system may be started without pulling too much current.

[0044] Turning to FIG. 2, a temperature-pressure-time plot is shown. On this plot,
pressure is shown on the left vertical axis, temperature is shown in the right vertical axis, and
time progresses from time zero and increases to the right in FIG. 2. The plot 200 represents a
time period beginning at To when a compressor of a refrigeration system is attempted to be
started, but fails to start. Such a situation may occur when a pressure differential in the
system is too high to enable the valve of a thermostatic expansion valve assembly to open. In
accordance with the shown example in FIG. 2 the process is an example of automatically
starting the refrigeration system after a failed start. For example, the process described with
respect to FIG. 2 may be performed on a system similar to that shown in FIG. 1.

[0045] In FIG. 2, line 202 represents the discharge pressure or the pressure of a fluid
at the outlet of the evaporator over time (e.g., at output side 118 of FIG. 1). For example, this
may be the pressure at the bulb. Line 204 represents the temperature at the bulb over time
(e.g., at bulb 116 of FIG. 1). Line 206 represents the suction pressure or the pressure at the
inlet to the evaporator (e.g., at input side 114 of FIG. 1).

[0046] As noted above, at Ty the compressor of a refrigeration system is attempted to
be started, but fails to start. Then, at time T; the evaporator heat (e.g., evaporator heater 120
of FIG. 1) is turned on. Additionally, at time T, the fans of the condenser are turned on. As
shown in FIG. 2, at time T; a pressure differential AP; between the discharge pressure 202
and the suction pressure 206 is present.

[0047] Between time T; and time T, the suction pressure 206 may increase, the
discharge pressure may decrease slightly and/or plateau and the temperature at the bulb may

significantly increase. The temperature increase in the bulb may be a result of the operation
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of the fans and the heaters. For example, the heaters may heat the temperature of a fluid
within the evaporator and the condenser fans may blow or more the heated air through the
evaporator and toward the bulb. Accordingly, the saturation temperature in the evaporator
may be raised above the return air temperature, i.e., at the outlet.

[0048] At time T a critical pressure differential is created. For example, at time T, a
pressure differential AP, may be present between the discharge pressure 202 and the suction
pressure 206. As shown, the differential pressure AP, is less than the differential pressure AP,
at time T;. When the differential pressure, e.g. differential pressure AP,, reaches a
predetermined pressure differential, the evaporator heater and the condenser fans are turned
off. In some embodiments the predetermined pressure differential may be 50 psi, although the
pressure differential may be set at any value depending on the needs of the system. At the
same time, the evaporator fans are turned on. Further, at time T, the bulb temperature 204 is
much higher than the return air temperature.

[0049] After the heater and condenser fans are turned off and the evaporator fan is
turned on, the saturation pressure is lowered quickly while the bulb temperature remains
warm. This results in a sensed high superheat that causes the thermostatic expansion valve to
open at time T,. The opening lowers the discharge pressure 202, as shown after time T,, by
flowing fluid back into the evaporator and keeping the differently pressure low (for example,
at or below the predetermined differential pressure AP,). With the thermostatic expansion
valve open, the compressor of the refrigeration system may be started easily at time Ts.

[0050] Turning now to FIG. 3, a process 300 in accordance with the present
disclosure is shown. Process 300 may be similar to the process described with respect to FIG.
2 and may be performed with a refrigeration system similar to the shown in FIG. 1 or
variations thereof.

[0051] The process begins when a compressor is attempted to be started, but fails to
start (step 302). As described above, this may occur when attempting to restart the
compressor after shutdown, and the pressure differential within the system causes a valve of a
thermostatic expansion valve assembly is closed and cannot be opened. It will be appreciated
by those of skill in the art that this situation may arise, for certain systems, during a period
after shutdown of the compressor. The period may be, in some examples, twelve hours or
less, and in some other systems it may be six hours or less. This time period is a result of the
natural equilibrium that is obtained over time after a shut down. However, if the system is
attempted to be activated within this time period, the pressure remaining in the system may

prevent the valve from opening and thus prevent the compressor from starting.
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[0052] A determination is made that the compressor failed to start (step 304). To
determine if the system failed to start, the current drawn by the compressor may be
monitored. If a predetermined current is exceeded by the draw of the compressor, it may be
indicated that an attempt was made but the compressor failed to start. As such, a current draw
at the time of startup that exceeds a predetermined level may trigger the remaining steps of
process 300.

[0053] When it is determined that the compressor failed to start upon initiation, a
thermostatic expansion valve of the refrigeration system may be manipulated. For example,
to force the thermostatic expansion valve to open, a heater of an evaporator and fans of a
condenser may be turned on (step 306). This process may heat up the temperature near a bulb
of the thermostatic expansion valve assembly, and may further alter the pressure differential
across the evaporator. As the components of step 306 are run, the pressure differential across
the evaporator may be monitored (step 308).

[0054] When it is determined that the pressure differential reaches a predetermined
value (step 310), the evaporator heater and the condenser fans may be turned off (step 312).
In some embodiments, the pressure differential may be monitored until a 50 psi differential
exists.

[0055] Alternatively, at steps 308/310, rather than monitor a pressure differential, a
predetermined amount of time may elapse. That is, when the evaporator heater and condenser
fans (step 306) are operated for a predetermined amount of time, the components may
automatically shut off (alternative step 312)

[0056] At the same time, or shortly after step 312, the evaporator fans may be turned
on (step 314). As a result, the bulb of the thermostatic expansion valve assembly may sense a
high superheat which causes the thermostatic expansion valve to open. A starting attempt
may be repeated (step 316). If the starting attempt fails (step 316), the process may return to
steps 302/304.

[0057] After the compressor is started (step 316) additional steps may be performed
as part of process 300. For example, after the compressor is started, the condenser may then
be activated, and then the evaporator may be activated. In some embodiments, the staggered
or staged start up may have each component start-up separated by a predetermined amount of
time.

[0058] As will be appreciated by those of skill in the art, a controller may be
configured with a refrigeration system to perform process 300, as detailed above. That is, in

FIG. 1, the refrigeration system 100 may include a processor or other control device, as
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known in the art, to control the system. The controller may be configured as part of the
compressor 102, part of the condenser 104, and/or part of the evaporator 106, or may be
separate from the components of the refrigeration system 100, but in communication
therewith.

[0059] Such controller may be in communication with one or more sensors or other
devices that may enable the process to be performed. Such controller system is known in the
art and is not shown or further described herein. However, it will be appreciated that the
controller system may be configured to perform the steps of process 300 and/or carry out the
process described with respect to FIG. 2, and/or variations thereof.

[0060] Advantageously, embodiments described herein provide a refrigeration system
that is configured to easily restart after a failed starting attempt. Further, advantageously,
embodiments disclosed herein allow for an electromechanical manipulation of the
thermostatic expansion valve to equalize system pressure. Further, advantageously,
embodiments disclosed herein may reduce the amount of current required to start the
compressor after a failed start attempt. Further, advantageously, embodiments disclosed
herein may enable equalization of the pressure ratio across a compressor and lower the
condenser pressure to give the compressor the opportunity to start under a lighter load.

[0061] Further, advantageously, those of skill in the art will appreciate that the
systems, methods, and processes may be used for other purposes. For example, the systems,
methods, and processes described herein may be used to improve compressor reliability. For
example, the pressure within the system, e.g., the delta pressure, may be lowered across
compressor for each start of the compressor, for the life-time of the compressor, or for some
other period or other specified start times. As such, the embodiments described herein are not
required to be used for failed starts, but may be used to control the pressure differential
within the system for any desired purpose.

[0062] While the present disclosure has been described in detail in connection with
only a limited number of embodiments, it should be readily understood that the present
disclosure is not limited to such disclosed embodiments. Rather, the present disclosure can be
modified to incorporate any number of variations, alterations, substitutions, combinations,
sub-combinations, or equivalent arrangements not heretofore described, but which are
commensurate with the spirit and scope of the present disclosure. Additionally, while various
embodiments of the present disclosure have been described, it is to be understood that aspects

of the present disclosure may include only some of the described embodiments.
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[0063] For example, although only one simple configuration of a refrigeration system
is shown and described, those of skill in the art will appreciate that other components and/or
features may be added to the system without departing from the scope of the disclosure.
Further, configurations of the components may be used without departing from the scope of
the disclosure. Moreover, although described in a specific order of steps and/or timeliness,
those of skill in the art will appreciate that these are merely examples, and the process may be
varied depending on the needs and configurations that employ the process.

[0064] Accordingly, the present disclosure is not to be seen as limited by the

foregoing description, but is only limited by the scope of the appended claims.
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CLAIMS:

1. A method of operating a refrigeration system comprising:

determining that the refrigeration system failed to start based on a detected current
draw of a compressor;

activating an evaporator heater;

monitoring a pressure differential within the refrigeration system;

when the pressure differential reaches a predetermined value, deactivating the
evaporator heater;

activating one or more evaporator fans, after deactivating the evaporator heater, to
cause a thermostatic expansion valve to open; and

restarting the refrigeration system.

2. The method of claim 1, wherein the pressure differential is monitored between

an input side and an output side of an evaporator.

3. The method of any of the preceding claims, wherein the predetermined value
is 50 psi.
4. The method of any of the preceding claims, further comprising starting a

compressor of the refrigeration system after the thermostatic expansion valve is open.

5. The method of claim 4, further comprising, after starting the compressor,
starting a condenser and an evaporator.

6. The method of any of the preceding claims, further comprising activating one
or more condenser fans after activating the evaporator heater.

7. The method of claim 6, further comprising, when the pressure differential
reaches the predetermined value, deactivating the one or more condenser fans.

8. A refrigeration system comprising:

a compressor;

a condenser having one or more condenser fans;

an evaporator having an evaporator heater and one or more evaporator fans;

a thermostatic expansion valve;

a fluid path fluidly connecting the compressor, the condenser, the evaporator, and the
thermostatic expansion valve; and

a controller configured to:

determine that the refrigeration system failed to start based on a measured current
draw of the compressor;

activate the evaporator heater;

12



monitor a pressure differential within the fluid path;

when the pressure differential reaches a predetermined value, deactivate the
evaporator heater;

activate the one or more evaporator fans to cause the thermostatic expansion valve to
open; and

restart the refrigeration system.

9. The system of claim 8, wherein the controller is further configured to, after
starting the compressor, start the condenser and the evaporator.

10. The system of claim 8 or claim 9, wherein the controller is configured to
activate the one or more condenser fans after activating the evaporator heater.

11. The system of claim 10, wherein the controller is configured to, when the
pressure differential reaches the predetermined value, deactivate the one or more condenser
fans.

12. The system of any one of claims 8-11, wherein the pressure differential is
monitored between an input side and an output side of the evaporator.

13. The system of any one of claims 8-12, wherein the predetermined value is 50
psi.

14. The system of any one of claims 8-13, further comprising at least one sensor
configured to sense a pressure differential within the fluid path.

15. A method of operating the refrigeration system of any one of claims 8-14,
comprising:

determining that the refrigeration system failed to start;

increasing a temperature at a bulb of the thermostatic expansion valve system within
the refrigeration system;

increasing a suction pressure at an inlet side of the evaporator in the refrigeration
system;

opening the thermostatic expansion valve; and

starting the compressor of the refrigeration system.

16. The method of claim 15, wherein increasing the temperature comprises
activating an evaporator heater.

17. The method of claim 15 or claim 16, wherein increasing the suction pressure
comprises activating one or more condenser fans.

18. The method of any one of claims 15-17, further comprising monitoring a

pressure differential within the refrigeration system and when the pressure differential

13



reaches a predetermined value, activating one or more evaporator fans to cause the
thermostatic expansion valve to open.

19. The method of claim 18, wherein the pressure differential is monitored
between an input side and an output side of the evaporator.

20. The method of claim 18 or claim 19, wherein the predetermined value is 50
psi.

21. The method of any one of claims 15-20, wherein determining that the
refrigeration system failed to start is based on a detected current draw of the compressor.

22. The method of any one of claims 15-21, further comprising, after starting the

compressor, starting a condenser and the evaporator.
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