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(57) Abstract: Various embodiments of fast switching multiple evaporator system for an appliance are provided. In one example aspect,
a sealed system charged with a refrigerant fluid includes a single compressor (210) and a first and second evaporator (240, 260) fluidly
coupled in series. A flash tank (270) is positioned between the evaporators (240, 260). One or more valves (280) are fluidly coupled with
and positioned downstream of the flash tank (270) and the second evaporator (260). The valves (280) are operable to selectively switch
the flow of refrigerant fluid between the two evaporators (240, 260) at a frequency such that the temperature rise in the evaporators
(240, 260) is negligible. In another aspect, a sealed system charged with a refrigerant fluid includes a single compressor (310) and
a first and second evaporator (340, 360) fluidly coupled in parallel. One or more valves (380, 381, 382) positioned upstream of the
evaporators (340, 360) and one or more valves (385, 386, 387) are positioned downstream of the evaporators (340, 360) for controlling
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FAST SWITCHING MULTIPLE EVAPORATOR SYSTEM FOR AN APPLIANCE

FIELD OF THE INVENTION
The subject matter of the present disclosure relates generally to a multi-evaporator sealed system for an
appliance.

BACKGROUND OF THE INVENTION

Some appliances include sealed vapor compression systems for conditioning an enclosed space or
chamber. For instance, certain refrigerator appliances include sealed systems for cooling chilled chambers
of the refrigerator appliance. The sealed systems generally include a compressor that compresses a
refrigerant during operation of the sealed system. The compressed refrigerant flows to an evaporator where
heat exchange between the chilled chambers and the refrigerant cools the chilled chambers and food items
located therein.

Manufacturers of appliances continue to push for more energy efficient appliances. The primary path
employed by manufacturers to improve the energy performance of their appliances that run on vapor
compression systems is implementing energy efficient sealed system components, including e.g., advanced
heat exchangers and compressors. However, these advanced sealed system components are quickly
reaching their limits of efficiency. For example, compressor efficiencies of household refrigerators are
peaking around an Energy Efficiency Ratio (EER) of 8. Accordingly, manufacturers have turned to
appliances that utilize multi-evaporator systems (multi-stage cycles) to further energy efficiency
improvements of appliances.

Conventional multi-evaporator sealed systems can include multiple evaporators operating in series,
parallel or a hybrid mode. In parallel and hybrid modes, the evaporators are under sequential operation.
Stated differently, flow is directed through one or more evaporators for several minutes before being
switched to the other evaporator(s) at a different pressure. Simultaneous operation is generally not feasible.
Simultaneous parallel operation with two separate evaporating pressures may have more efficiency benefits
than the above mentioned sequential methods. However, such parallel systems require either the use of
multiple compressors or a complicated design of an ejector or some other means of pressure equalization at
the suction side of the compressor. In the series mode, simultaneous series evaporator operation with a
flash tank also has high potential for efficiency and capacity improvements. However, such systems also
require the use of multiple compressors or a compressor capable of vapor injection or an ejector design.

Accordingly, an improved sealed system for appliance that addresses one or more of the challenges
noted above would be useful.

BRIEF DESCRIPTION OF THE INVENTION

Aspects and advantages of the invention will be set forth in part in the following description, or may be
apparent from the description, or may be learned through practice of the invention.

In one example embodiment, a sealed system for an appliance is provided. The sealed system includes
a compressor having an inlet and an outlet. The sealed system also includes a condenser fluidly coupled
with the outlet of the compressor and operable to receive a refrigerant fluid from the compressor. Further,
the sealed system includes a first expansion device fluidly coupled with an outlet of the condenser and a first
evaporator fluidly coupled with an outlet of the first expansion device and operable to output the refrigerant
fluid at a first outlet pressure. In addition, the sealed system includes a second evaporator fluidly coupled
with the first evaporator in series and operable to output the refrigerant fluid at a second outlet pressure that
is different than the first outlet pressure. Moreover, the sealed system includes a flash tank fluidly coupled
with the first evaporator and the second evaporator and positioned therebetween, the flash tank having a
vapor outlet and a liquid outlet, the second evaporator positioned between the liquid outlet of the flash tank
and the inlet of the compressor. A second expansion device is positioned between and fluidly coupled with
the liquid outlet of the flash tank and the second evaporator. Further, the sealed system includes one or
more valves operable to selectively switch a flow of the refrigerant fluid to the inlet of the compressor
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between: 1) the vapor outlet of the flash tank and the inlet of the compressor, and ii) the liquid outlet of the
flash tank and the inlet of the compressor through the second evaporator, wherein the one or more valves
selectively switch the flow of the refrigerant fluid to the inlet of the compressor at a frequency such that a
temperature increase in the first evaporator and the second evaporator is negligible during operation of the
one or more valves.

In another example embodiment, a sealed system for an appliance is provided. The sealed system
includes a compressor having an inlet and an outlet and a condenser fluidly coupled with the outlet of the
compressor and operable to receive a refrigerant fluid from the compressor. Further, the sealed system
includes a first conduit and a second conduit. The sealed system also includes a first expansion device
positioned along the first conduit and fluidly coupled with the condenser. The sealed system further
includes a first evaporator positioned along the first conduit downstream of the first expansion device, the
first evaporator operable to output the refrigerant fluid at a first outlet pressure. Moreover, the sealed
system includes a second expansion device positioned along the second conduit and fluidly coupled with the
condenser. The sealed system also includes a second evaporator positioned along the second conduit
downstream of the second expansion device and fluidly coupled with the first evaporator in parallel, the
second evaporator operable to output the refrigerant fluid at a second outlet pressure that is different than the
first outlet pressure. In addition, the sealed system includes one or more upstream valves positioned
downstream of the condenser and upstream of the first evaporator and the second evaporator, the one or
more upstream valves operable to selectively allow a flow of the refrigerant fluid along at least one of i) the
first conduit, and ii) the second conduit. Further, the sealed system includes one or more downstream
valves operable to selectively switch the flow of the refrigerant fluid to the inlet of the compressor between: i)
the first conduit and the inlet of the compressor, and ii) the second conduit and the inlet of the compressor,
wherein, in coordination, the one or more downstream valves and the one or more upstream valves
selectively switch the flow of the refrigerant fluid to the inlet of the compressor at a frequency such that a
temperature increase in the first evaporator and the second evaporator is negligible during operation of the
one or more downstream valves and the one or more upstream valves.

In yet another example embodiment, a method for operating a sealed system of an appliance is provided.
The method includes flowing a refrigerant fluid through a refrigerant fluid circuit of the sealed system
having a compressor, a condenser, a first expansion device, a first evaporator, a flash tank, a second
expansion device, and a second evaporator fluidly coupled in series. The refrigerant fluid circuit has a first
supply conduit that fluidly couples a vapor outlet of the flash tank with an inlet of the compressor and a
second supply conduit that fluidly couples a liquid outlet of the flash tank with the inlet of the compressor
through the second evaporator. The second expansion device and the second evaporator are positioned
between the flash tank and the compressor along the second supply conduit and the first evaporator is
positioned between the condenser and the flash tank along the refrigerant fluid circuit.  Further, the method
includes switching one or more valves positioned between the flash tank and the compressor to switch a flow
of the refrigerant fluid to the inlet of the compressor between: i) the vapor outlet of the flash tank and the
inlet of the compressor along the first supply conduit, and ii) the liquid outlet of the flash tank and the inlet
of the compressor along the second supply conduit, wherein the one or more valves selectively switch the
flow of the refrigerant fluid to the inlet of the compressor at a frequency based at least in part on a heat load
applied on the first evaporator and a heat load applied on the second evaporator.

These and other features, aspects and advantages of the present invention will become better understood
with reference to the following description and appended claims. The accompanying drawings, which are
incorporated in and constitute a part of this specification, illustrate embodiments of the invention and,
together with the description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present invention, including the best mode thereof, directed to one
of ordinary skill in the art, is set forth in the specification, which makes reference to the appended figures, in
which:



10

15

20

25

30

35

40

45

50

WO 2020/143629 PCT/CN2020/070714

FIG. 1 provides a front view of a refrigerator appliance according to an example embodiment of the
present subject matter;

FIG. 2 provides a schematic view of a sealed vapor compression system for an appliance according to
an example embodiment of the present subject matter;

FIG. 3 provides another schematic view of the sealed vapor compression system of FIG. 2 and depicts
refrigerant fluid flowing along a first fluid circuit of a refrigerant fluid circuit of the sealed vapor
compression system;

FIG. 4 provides yet another schematic view of the sealed vapor compression system of FIG. 2 and
depicts refrigerant fluid flowing along a second fluid circuit of the refrigerant fluid circuit of the sealed
vapor compression system;

FIG. 5 provides a graph depicting the position of multiway valve as a function of time according to an
example embodiment of the present subject matter;

FIG. 6 provides a graphical depiction of the thermal inertia of an empty evaporator as a function of time
according to an example embodiment of the present subject matter;

FIG. 7 provides a chart depicting a mass flow through a compressor of sealed system and evaporator
temperatures as a function of time during a valve switching operation according to an example embodiment
of the present subject matter;

FIG. 8 provides a schematic view of another sealed vapor compression system for an appliance
according to an example embodiment of the present subject matter;

FIG. 9 provides a schematic view of a sealed vapor compression system having multiple evaporators
fluidly coupled in parallel according to an example embodiment of the present subject matter;

FIGS. 10 through 14 provide schematic views of other sealed vapor compression systems having
multiple evaporators fluidly coupled in parallel according to example embodiments of the present subject
matter; and

FIG. 15 provides a flow diagram of an example method for operating a sealed system of an appliance
according to an example embodiment of the present subject matter.

DETAILED DESCRIPTION

Reference now will be made in detail to embodiments of the invention, one or more examples of which
are illustrated in the drawings. Each example is provided by way of explanation of the invention, not
limitation of the invention. In fact, it will be apparent to those skilled in the art that various modifications
and variations can be made in the present invention without departing from the scope or spirit of the
invention. For instance, features illustrated or described as part of one embodiment can be used with another
embodiment to yield a still further embodiment. Thus, it is intended that the present invention covers such
modifications and variations as come within the scope of the appended claims and their equivalents.

EL

As used herein, terms of approximation, such as “approximately,” “substantially,” or “about,” refer to
being within a ten percent (10%) margin of error of the stated value. Moreover, as used herein, the terms
“first”, “second”, and “third” may be used interchangeably to distinguish one component from another and
are not intended to signify location or importance of the individual components. The terms “upstream’ and
“downstream” refer to the relative direction with respect to fluid flow in a fluid pathway. For example,
“upstream” refers to the direction from which the fluid flows, and “downstream” refers to the direction to
which the fluid flows.

FIG. 1 provides a refrigerator appliance 100 that incorporates a sealed vapor compression system 200
(FIG. 2). It should be appreciated that the term "refrigerator appliance” is used herein in a generic sense to
encompass any type of refrigeration appliance, such as a freezer, refrigerator/freezer combination, and any
style or refrigerator model. In addition, it should be understood that the present subject matter is not
limited to use in refrigeration appliances. For instance, the present subject matter can also be employed in
other types of appliances, such as e.g., air conditioners, water heaters, heat pump dryers, and other
appliances employing sealed vapor compression systems.

In the illustrated example embodiment shown in FIG. 1, refrigerator appliance 100 is depicted as an
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upright refrigerator having a cabinet or casing 102 that defines a number of internal chilled chambers. In
particular, casing 102 of refrigerator appliance 100 defines a fresh food chamber 104 enclosed by doors 106
rotatably mounted to casing 102. Casing 102 also defines a freezer chamber 108 enclosed by an upper
drawer 110 and a lower drawer 112. The drawers 110, 112 can be “pull-out” drawers in that they can be
manually moved into and out of the freezer chamber 108 on suitable slide mechanisms.

FIG. 2 provides a schematic view of sealed vapor compression system 200 according to an example
embodiment of the present subject matter. For instance, the sealed vapor compression system 200 of FIG.
2 can be employed in the refrigerator appliance 100 of FIG. 1 for cooling air within refrigerator appliance
100, e.g., within the chilled chambers 104, 108. Thus, in such embodiments, sealed vapor compression
system 200 can be a sealed refrigeration system. Various components of sealed vapor compression system
200 can be housed within a machinery compartment defined by casing 102 (FIG. 1) of refrigerator appliance
100, for example. Furthermore, the example sealed vapor compression system 200 of FIG. 2 can be
employed in other suitable types of appliances, such as e.g., air conditioners, water heaters, heat pump dryers,
and other appliances employing sealed vapor compression systems. Moreover, the example sealed systems
described herein are not limited to execution of vapor compression refrigeration cycles and may apply to
other types of cycles, such as e.g., a heat pump cycle.

As shown in FIG. 2, sealed system 200 is a multi-evaporator sealed system operable to execute a vapor
compression cycle. Generally, sealed system 200 includes a plurality of conduits fluidly coupling various
components to form a refrigerant fluid circuit 202 charged with a refrigerant fluid. In particular, sealed
system 200 includes a compressor 210 having an inlet 212 and an outlet 214. Compressor 210 is operable
to compress the gaseous refrigerant fluid, e.g., to increase the pressure of the refrigerant fluid. The
compression of the gaseous refrigerant fluid also raises its temperature. Compressor 210 can be any
suitable type of compressor, such as e.g., a linear or rotary compressor. For this embodiment, compressor
210 is the only compressor of sealed system 200.

Sealed system 200 also includes a condenser 220 fluidly coupled with the outlet 214 of compressor 210.
More particularly, for this embodiment, an inlet of condenser 220 is fluidly connected to the outlet 214 of
compressor 210. Condenser 220 is operable to receive refrigerant fluid from compressor 210. More
specifically, the compressed refrigerant fluid flows into compressor 210 where heat exchange with ambient
air takes place so as to cool the refrigerant and cause the refrigerant to condense to a liquid state. For this
embodiment, a condenser fan 222 is operable to move air across condenser 220 so as to provide forced
convection for a more rapid and efficient heat exchange between the refrigerant within condenser 220 and
the ambient air. Increasing air flow across condenser 220 can, e.g., increase the efficiency of condenser
220 by improving cooling of the refrigerant contained therein.

Sealed system 200 also includes a first expansion device 230 fluidly coupled with condenser 220.
Particularly, first expansion device 230 is fluidly connected with an outlet of condenser 220. First
expansion device 230 can be any suitable type of expansion device, such as e.g., a capillary tube, an
expansion valve, etc. For the depicted embodiment of FIG. 2, first expansion device 230 is a capillary tube
operable to reduce the pressure of the refrigerant fluid flowing downstream from condenser 220 and meter
the flow of the refrigerant fluid.

Sealed system 200 further includes multiple evaporators fluidly coupled in series, including a first
evaporator 240 and a second evaporator 260. In other example embodiments, however, sealed system 200
can include more than two (2) evaporators fluidly coupled in series. First evaporator 240 is fluidly coupled
with condenser 220. More specifically, for this embodiment, first evaporator 240 is fluidly connected with
an outlet of first expansion device 230, which is turn fluidly connected with the outlet of condenser 220 as
noted above. Thus, first expansion device 230 is fluidly coupled with and positioned between condenser
220 and first evaporator 240. First evaporator 240 has an inlet side 242 and an outlet side 244. First
evaporator 240 is operable to receive refrigerant fluid at the inlet side 242 and operable to output refrigerant
fluid at outlet side 244 at a first outlet pressure P1. Particularly, upon exiting first expansion device 230
and entering first evaporator 240, the refrigerant fluid in a generally liquid state drops in pressure and
temperature. Due to the pressure drop and phase change of the refrigerant fluid from a generally liquid
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state to a generally vapor state, first evaporator 240 is cool relative to the space to be conditioned, such as
e.g., chilled chambers 104, 108 of refrigerator appliance 100 (FIG. 1). As such, cooled air is produced and
refrigerates the space to be conditioned, e.g., chambers 104, 108 of refrigerator appliance 100. For this
embodiment, a first evaporator fan 246 is operable to move air across first evaporator 240 so as to provide
forced convection to more efficiently move conditioned air, e.g., into a chilled chamber of a refrigerator
appliance. Thus, for this embodiment, first evaporator 240 is a type of heat exchanger that transfers heat
from air passing over first evaporator 240 to refrigerant flowing through first evaporator 240.

Sealed system 200 includes a flash chamber or flash tank 270 fluidly coupled with first evaporator 240
and second evaporator 260 and is positioned therebetween. Flash tank 270 has an inlet 272, a vapor outlet
274, and a liquid outlet 276. Inlet 272 of flash tank 270 is fluidly connected with the outlet side 244 of first
evaporator 240. In this way, refrigerant fluid flows from outlet side 244 of first evaporator 240 to inlet 272
of flash tank 270. A first supply conduit 292 fluidly couples the vapor outlet 274 of flash tank 270 and the
inlet 212 of compressor 210. A second supply conduit 294 fluidly couples the liquid outlet 276 of flash
tank 270 and the inlet 212 of compressor 210. Generally, flash tank 270 is operable to separate a phase of
the refrigerant fluid into a primarily vapor phase VP and a primarily liquid phase LP. The primarily vapor
phase VP can rise to the top of flash tank 270 and the primarily liquid phase LP can settle on the bottom of
flash tank 270. As depicted in FIG. 2, the primarily vapor phase VP can flow to the inlet 212 of
compressor 210 via first supply conduit 292 (depending on the position of one or more valves positioned
downstream of flash tank 270 along first supply conduit 292) and the primarily liquid phase LP can flow to
second evaporator 260 via second supply conduit 294.

For this embodiment, a number of components are positioned along second supply conduit 294.
Specifically, second evaporator 260 is positioned along second supply conduit 294 between the liquid outlet
276 of flash tank 270 and the inlet 212 of compressor 210 and a second expansion device 250 is positioned
between the liquid outlet 276 of flash tank 270 and second evaporator 260 along second supply conduit 294.
Second expansion device 250 is fluidly coupled with the liquid outlet 276 of flash tank 270 and second
evaporator 260. Second evaporator 260 is fluidly coupled with first evaporator 240 in series, as noted
above. Second evaporator 260 has an inlet side 262 and an outlet side 264. Second evaporator 260 is
operable to receive refrigerant fluid at the inlet side 262 and operable to output refrigerant fluid at outlet side
264 at a second outlet pressure P2 that is different than the first outlet pressure P1 output by first evaporator
240. Particularly, for this embodiment, second expansion device 250 meters the flow of the refrigerant
fluid (in the primarily liquid phase LP) and reduces the pressure of the refrigerant flowing along second
supply conduit 294 from liquid outlet 276 of flash tank 270 to the inlet side 262 of second evaporator 260.
Upon exiting second expansion device 250 and entering second evaporator 260, the refrigerant fluid in the
primarily liquid phase LP drops in pressure and temperature. Due to the pressure drop and phase change of
the refrigerant fluid from a generally liquid state to a generally vapor state, second evaporator 260 is cool
relative to the space to be conditioned, such as e.g., one or both of chilled chambers 104, 108 of refrigerator
appliance 100 (FIG. 1). As such, cooled air is produced and refrigerates the space to be conditioned. For
this embodiment, a second evaporator fan 266 is operable to move air across second evaporator 260 so as to
provide forced convection to more efficiently move conditioned air, e.g., into a chilled chamber of a
refrigerator appliance or into an enclosed space. Thus, for this embodiment, second evaporator 260 is a
type of heat exchanger that transfers heat from air passing over second evaporator 260 to refrigerant flowing
through second evaporator 260. Second expansion device 250 can be any suitable type of expansion device,
such as e.g., a capillary tube, an expansion valve, etc. For the depicted embodiment of FIG. 2, second
expansion device 250 is a capillary tube.

As further shown in FIG. 2, sealed system 200 includes one or more valves. For this embodiment, the
one or more valves of sealed system 200 include a single multiway valve 280. More particularly, for this
example embodiment, the one or more valves include a single, three-way valve. As depicted, first supply
conduit 292 fluidly couples the vapor outlet 274 of flash tank 270 and multiway valve 280 and second
supply conduit 294 fluidly couples the liquid outlet 276 of flash tank 270 and multiway valve 280. A
delivery conduit 296 fluidly couples multiway valve 280 and the inlet 212 of compressor 210.
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Multiway valve 280 is switchable between multiple positions. For this embodiment, multiway valve
280 is switchable between a first open position and a second open position. In some embodiments,
multiway valve 280 can additionally be switchable to a closed position or to other open positions, e.g., so
that other supply conduits in which other evaporators can flow refrigerant fluid to compressor 210.
Notably, the one or more valves of sealed system 200 are operable to selectively switch the refrigerant flow
to the inlet 212 of compressor 210 between: 1) the vapor outlet 274 of flash tank 270 and the inlet 212 of
compressor 210, and ii) the liquid outlet 276 of flash tank 270 and the inlet 212 of compressor 210. More
particularly, for this embodiment, multiway valve 280 is operable to selectively switch the refrigerant flow
to the inlet 212 of compressor 210 between: 1) the vapor outlet 274 of flash tank 270 and the inlet 212 of
compressor 210, and ii) the liquid outlet 276 of flash tank 270 and the inlet 212 of compressor 210.

For instance, as shown best in FIG. 3, multiway valve 280 can be moved or switched to the first open
position to allow refrigerant fluid to flow from vapor outlet 274 of flash tank 270 to the inlet 212 of
compressor 210 along first supply conduit 292 and delivery conduit 296. Thus, refrigerant fluid circuit 202
has a first fluid circuit 204 in which refrigerant fluid can be transmitted through sealed system 200. When
multiway valve 280 is in the first open position, the inlet 212 of compressor 210 has a first suction pressure
SP1 that is associated with the first outlet pressure P1 output by first evaporator 240.

As shown best in FIG. 4, multiway valve 280 can be moved or switched to the second open position to
allow refrigerant fluid to flow from liquid outlet 276 of flash tank 270 to the inlet 212 of compressor 210
along second supply conduit 294 and delivery conduit 296. Thus, refrigerant fluid circuit 202 has a second
fluid circuit 206 in which refrigerant fluid can be transmitted through sealed system 200. When multiway
valve 280 is in the second open position, the inlet 212 of compressor 210 has a second suction pressure SP2
that is associated with the second outlet pressure P2 output by second evaporator 260. As noted above,
second evaporator 260 outputs the refrigerant fluid at a second outlet pressure P2, which is different than the
first outlet pressure P1 output by first evaporator 240. Thus, the inlet 212 of compressor 210 sees differing
suction pressures (e.g., SP1, SP2) depending on the valve position or refrigerant flow through multiway
valve 280.

Returning to FIG. 2, sealed system 200 further includes a controller 290 communicatively coupled with
the one or more valves, and particularly for this embodiment, multiway valve 280. Controller 290 can be
communicatively coupled with multiway valve 280 by any suitable wired and/or wireless connection.
Controller 290 can be communicatively coupled with other components of sealed system 200, including
compressor 210 and first and second evaporator fans 246, 266 (or motors operatively coupled thereto for
driving first and second evaporator fans 246, 266) and condenser fan 222 (or a motor operatively coupled
thereto for driving condenser fan 222). In some embodiments, controller 290 can control or activate first
evaporator fan 246 to move air across first evaporator 240 and second evaporator fan 266 to move air across
second evaporator 260 continuously throughout operation of compressor 210. That is, controller 290 can
activate first and second evaporator fans 246, 266 to move air across their respective first and second
evaporators 240, 260 continuously during the valve switching operation as long as compressor 210 is
running.

In some embodiments, controller 290 includes one or more processor(s) and one or more memory
device(s). The processor(s) of controller 290 can be any suitable processing device, such as a
microprocessor, microcontroller, integrated circuit, or other suitable processing device. The memory
device(s) of controller 290 can include any suitable computing system or media, including, but not limited to,
non-transitory computer-readable media, RAM, ROM, hard drives, flash drives, or other memory devices.
The memory of controller can store information accessible by processor(s) of controller 290, including
instructions that can be executed by processor(s) of controller 290 in order to provide functionality to sealed
system 200. For instance, controller 290 can execute one or more software applications or control logic for
certain functionality operations.

For example, in some embodiments, controller 290 is configured to switch the one or more valves to
selectively switch the refrigerant flow to the inlet 212 of compressor 210 between: i) the vapor outlet 274 of
flash tank 270 and the inlet 212 of compressor 210, and ii) the liquid outlet 276 of flash tank 270 and the
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inlet 212 of compressor 210. Particularly, for this embodiment, controller 290 is configured to switch
multiway valve 280 between the first open position to flow refrigerant fluid from the vapor outlet 274 of
flash tank 270 and the inlet 212 of compressor 210 and the second open position to flow refrigerant fluid
from the liquid outlet 276 of flash tank 270 and the inlet 212 of compressor 210 during operation of
compressor 210. As will be explained further below, controller 290 can control multiway valve 280 to
switch between the first open position and the second open position (or additional open positions) relatively
frequently (e.g., every couple, few, or several seconds depending on the heat load applied on the sealed
system). In some example embodiments, the one or more valves (e.g., multiway valve 280) have a
response time of five hundred milliseconds (500 ms) or less. For instance, in some embodiments, multiway
valve 280 can move between positions within five hundred milliseconds (500 ms) or less when commanded
to do so, e.g., by controller 290.

FIG. 5 provides a graph depicting the position of multiway valve 280 as a function of time according to
an example embodiment of the present subject matter. As shown in FIG. 5, for this example embodiment,
multiway valve 280 is switched between the first open position and the second open position every two (2)
or three (3) seconds during operation of compressor 210. Particularly, multiway valve 280 is positioned or
switched to the first open position to flow refrigerant fluid from the vapor outlet 274 of flash tank 270 and
the inlet 212 of compressor 210 for two (2) seconds (e.g., as shown in FIG. 3) and then switched to the
second open position to flow refrigerant fluid from the liquid outlet 276 of flash tank 270 and the inlet 212 of
compressor 210 for three (3) seconds (e.g., as shown in FIG. 4). Multiway valve 280 is then switched back
and forth between the first and second open positions in the same or similar manner during operation of
compressor 210. In some embodiments, multiway valve 280 can be switched back and forth between the
first and second open positions in the same or similar manner for the entire duration of operation of
compressor 210.

Multiway valve 280 is selectively switched between the first position and the second position to switch
the refrigerant flow to the inlet 212 of the compressor 210 such that a temperature increase in first evaporator
240 and second evaporator 260 is a negligible increase. The temperature increase is negligible due at least
in part due to the thermal inertia from the thermal capacity of the evaporator material of first and second
evaporators 240, 260, and the presence of some liquid refrigerant in the “off” evaporator. In some
embodiments, the thermal response of an evaporator can be slowed by an evaporator fan moving air over the
“off” evaporator. Stated another way, when multiway valve 280 switches the flow to compressor 210, the
thermal inertia or slow thermal response time of the “off” evaporator prevents the “off” evaporator from
increasing in temperature. The thermal inertia prevents the “off”” evaporator from increasing in temperature
but only for a relatively short period of time. Accordingly, in accordance with example aspects of the
present disclosure, the previously “off” evaporator is switched “on” and the previously “on” evaporator is
switched “off.” The relatively frequent switching of multiway valve 280 allows for sealed system 200 to
provide cooling using multiple evaporators at different pressures whilst effectively operating in a sequential
manner using a single compressor, among other benefits.

In some embodiments, a negligible increase in the temperature increase in first evaporator 240 and
second evaporator 260 is less than about five tenths of a degree Fahrenheit (0.5 °F). In yet other
embodiments, a negligible increase in the temperature increase in first evaporator 240 and second evaporator
260 is equal to or less than about two degrees Fahrenheit (2 °F).

FIG. 6 provides a graphical depiction of the thermal inertia of an empty evaporator as a function of time
according to an example embodiment of the present subject matter. Particularly, FIG. 6 depicts a time
required for an evaporator to change in temperature by five tenths of a degree Fahrenheit (0.5 °F) as a
function of time according to an example embodiment of the present subject matter. As shown in FIG. 6,
the greater the heat load on an evaporator, the less time that is required for the evaporator to change
temperature by 0.5 °F. In contrast, the smaller the heat load on an evaporator, the more time that is
required for the evaporator to change temperature by 0.5 °F.  Accordingly, in order to maintain a negligible
increase in the first and second evaporators 240, 260 multiway valve 280 is selectively switched between the
first position and the second position to selectively switch the refrigerant flow to the inlet 212 of compressor
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210 at a frequency based at least in part on a heat load applied on first evaporator 240 and second evaporator
260.

In some embodiments, multiway valve 280 selectively switches the refrigerant flow to the inlet 212 of
compressor 210 at least as frequently as every six (6) seconds during operation of compressor 210. That is,
multiway valve 280 selectively switches the refrigerant flow to the inlet 212 of compressor 210 every six (6)
seconds or less during operation of compressor 210. For instance, in one example, if the heat load on first
evaporator 240 is forty watts (40 W) and the heat load on second evaporator 260 is forty watts (40 W),
multiway valve 280 can be switched between the first and second positions at least as frequently as every six
(6) seconds during operation of compressor 210. In this way, neither the first evaporator 240 nor the
second evaporator 260 will increase in temperature beyond a negligible increase (e.g., where a negligible
increase corresponds to a change in evaporator temperature of 0.5 °F.  In yet other embodiments, multiway
valve 280 selectively switches the refrigerant flow to the inlet 212 of compressor 210 at least as frequently as
every twelve (12) seconds during operation of compressor 210.

In another example, if the heat load on first evaporator 240 is eighty watts (80 W) and the heat load on
second evaporator 260 is one hundred twenty watts (120 W), the multiway valve 280 can be switched to the
first position to flow refrigerant from the vapor outlet 272 of flash tank 270 to inlet of compressor 210 for
about two (2) seconds before second evaporator 260 increases in temperature of 0.5 °F.  To prevent second
evaporator 260 from increasing in temperature more than a negligible amount (e.g., by 0.5 °F), multiway
valve 280 is switched to the second position to flow refrigerant from the liquid outlet 274 of flash tank 270,
through second expansion device 250 and second evaporator 260, and to inlet of compressor 210.
Multiway valve 280 holds the second position for about three (3) seconds before first evaporator 240
increases in temperature of 0.5 °F. To prevent first evaporator 240 from increasing in temperature more
than a negligible amount (e.g., by 0.5 °F), multiway valve 280 is switched back again to the first position.
This frequent switching operation can continue continuously for the duration of operation of compressor 210.
In this way, neither the first evaporator 240 or the second evaporator 260 will increase in temperature
beyond a negligible increase (e.g., where a negligible increase corresponds to a change in evaporator
temperature of 0.5 °F and greater overall efficiency in sealed system 200 can be achieved.

In some embodiments, one or more sensors communicatively with controller 290 can be positioned
within the space to be conditioned, such as e.g., chilled chambers 104, 108 of refrigerator appliance 100.
The sensors can sense or measure various parameters indicative of the conditions within the space to be
conditioned. For instances, the one or more sensors can measure the temperature, humidity, etc. of the
space to be conditioned. Controller 290 can receive, from the one or more sensors, signals indicative of the
parameters that describe the conditions within the space to be conditioned. Based on such signals, as well
as other inputs (e.g., the volume of the space to be conditioned, which may be known), controller 290 can
calculate the heat load on first evaporator 240 and second evaporator 260, e.g., in real time. Accordingly,
the switching frequency of multiway valve 280 can be adjusted in accordance with the calculated heat loads.

FIG. 7 provides a chart depicting a mass flow through compressor 210 and evaporator temperatures as a
function of time during a valve switching operation according to an example embodiment of the present
subject matter. As shown, the temperature of first evaporator 240, labeled “EVAP 17 is not affected by the
relatively frequent switching of multiway valve 280 and resultant mass flow changes through compressor
210. Likewise, the temperature of second evaporator 260, labeled “EVAP 2” is not affected by the
relatively frequent switching of multiway valve 280 and resultant mass flow changes through compressor
210. Accordingly, the fast and relatively frequent valve switching operation of the sealed system 200
enables the implementation of advanced energy efficient multistage cycles on a system with a single
compressor and no ejectors. Indeed, such system can achieve more than a ten percent (10%) increase in
efficiency over conventional systems. The energy efficiency of these multistage cycles arises from various
factors, including higher evaporation temperatures, higher cooling capacity of second evaporator 260 due to
application of flash tank 270, lower cycle losses, and higher compression efficiency than conventional
systems due to less superheat. For refrigerator appliances, higher evaporation temperatures can provide
higher humidity levels in the chilled chambers, which may improve food preservation. Further,
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simultaneous multi-stage cycles allows for matching the runtimes in every chilled chamber by adjusting the
cooling capacities of the evaporators, e.g., by adjusting the switching timing of multiway valve 280. Such
systems can be tuned to provide negligible temperature swings in the chilled chambers, especially when the
refrigeration appliance has multiple chambers with different temperature settings. In addition, ice maker
cooling capacity can also be improved since it is possible to extend the runtime of the evaporator dedicated
to cooling the freezer chamber without affecting efficiency. Accordingly, overall, sealed system 200
provides a multistage vapor compression system that can achieve simultaneous cooling of multiple
evaporators at multiple low side pressures.

FIG. 8 provides a schematic view of another sealed vapor compression system 200 for an appliance
according to an example embodiment of the present subject matter. The sealed system 200 of FIG. 8
functions and is configured in substantially the same manner as the sealed system of FIG. 2, except as
provided below.

For the depicted embodiment of FIG. §, the one or more valves of sealed system 200 include a first
valve 282 and a second valve 284. First valve 282 is positioned along first supply conduit 292. For this
embodiment, first valve 282 is fluidly coupled with vapor outlet 272 of flash tank 270 and the inlet 212 of
compressor 210. Second valve 284 is positioned along second supply conduit 294. Second valve 284 is
fluidly coupled with the outlet side 264 of second evaporator 260 and the inlet 212 of compressor 210.
First valve 282 and second valve 284 can each be “ON/OFF” valves, such as e.g., solenoid valves. In some
embodiments, first valve 282 and second valve 284 can each be or check valves, such as e.g., nozzle check
valves.

Controller 290 is communicatively coupled with first valve 282 and second valve 284, e.g., via any
suitable wired or wireless connection. For this embodiment, controller 290 is configured to switch first
valve 282 between an open position and a closed position and second valve 284 between an open position
and a closed position. Particularly, controller 290 is configured to switch first valve 282 between the open
position and the closed position and second valve 284 between the open position and the closed position
such that when: 1) first valve 282 is switched to the open position, second valve 284 is switched to the closed
position; and ii) first valve 282 is switched to the closed position, second valve 284 is switched to the open
position. In this way, when first valve 282 is switched to the open position and second valve 284 is
switched to the closed position, refrigerant fluid can flow from vapor outlet 272 of flash tank 270 to the inlet
212 of compressor 210 for a first period of time (e.g., two (2) seconds) and refrigerant fluid is prevented
from flowing from liquid outlet 274 of flash tank 270 to the inlet 212 of compressor 210 for the first period
of time. And when first valve 282 is switched to the closed position and second valve 284 is switched to
the open position, refrigerant fluid can flow from flowing from liquid outlet 274 of flash tank 270 to the inlet
212 of compressor 210 for a second period of time (e.g., three (3) seconds) and refrigerant fluid is prevented
from flowing from vapor outlet 272 of flash tank 270 to the inlet 212 of compressor 210 for the second
period of time. Thus, first and second valves 282, 284 can be frequently selectively switched between their
respective open and closed positions so that refrigerant fluid can selectively flow along a first fluid circuit
204 (see FIG. 3) and second fluid circuit 206 (see FIG. 4). The first and second valves 282, 284 can be
switched at a frequency such that the temperature increase in first evaporator 240 and second evaporator 260
is a negligible increase (e.g., less than two degrees Fahrenheit (2 °F)). Moreover, first and second valves
282, 284 can be fast switching valves. For instance, in some embodiments, first and second valves 282,
284 can move between their respective open and closed positons within five hundred milliseconds (500 ms)
or less when commanded to do so, e.g., by controller 290.

FIG. 9 provides a schematic view of a sealed vapor compression system 300 having multiple
evaporators fluidly coupled in parallel according to an example embodiment of the present subject matter.
The sealed system 300 of FIG. 9 functions and is configured in a similar manner as the sealed systems
described above having multiple evaporators fluidly coupled in series, except as provided below.

As shown in FIG. 9, sealed system 300 includes a compressor 310 having an inlet 312 and an outlet 314.
Sealed system 300 also includes a condenser 320 fluidly coupled with the outlet 314 of compressor 310 and
operable to receive compressed refrigerant fluid from compressor 310. Moreover, for this embodiment, a
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condenser fan 322 is operable to move air across condenser 320 so as to provide forced convection for a
more rapid and efficient heat exchange between the refrigerant fluid within condenser 320 and the ambient
air.

Sealed system 300 also includes a first conduit 392 and a second conduit 394. A first evaporator 340
is fluidly coupled with condenser 320 and is positioned along first conduit 392. A first expansion device
330 is positioned along first conduit 392 upstream of first evaporator 340. First evaporator 340 is fluidly
connected with an outlet of first expansion device 330. First evaporator 340 has an inlet side 342 and an
outlet side 344. First evaporator 340 is operable to receive refrigerant fluid at the inlet side 342 and
operable to output refrigerant fluid at outlet side 344 at a first outlet pressure P1.  Specifically, upon exiting
first expansion device 330 and entering first evaporator 340, the refrigerant fluid in a generally liquid state
drops in pressure and temperature. Due to the pressure drop and phase change of the refrigerant fluid from
a generally liquid state to a generally vapor state, first evaporator 340 is cool relative to the space to be
conditioned, such as e.g., chilled chambers 104, 108 of refrigerator appliance 100 (FIG. 1). As such,
cooled air is produced and refrigerates the space to be conditioned. For this embodiment, a first evaporator
fan 346 is operable to move air across first evaporator 340 so as to provide forced convection to more
efficiently move conditioned air, e.g., into a chilled chamber of a refrigerator appliance.

A second evaporator 360 is positioned along second conduit 394 and is fluidly coupled with first
evaporator 340 in parallel as shown in FIG. 9. Moreover, second evaporator 360 is fluidly coupled with
condenser 320. A second expansion device 350 is positioned along second conduit 394 upstream of second
evaporator 360. Second evaporator 360 is fluidly connected with an outlet of second expansion device 350.
Second evaporator 360 has an inlet side 362 and an outlet side 364. Second evaporator 360 is operable to
receive refrigerant fluid at the inlet side 362 and operable to output refrigerant fluid at outlet side 364 at a
second outlet pressure P2 that is different than the first outlet pressure P1 output by first evaporator 340.
Specifically, upon exiting second expansion device 350 and entering second evaporator 360, the refrigerant
fluid in a generally liquid state drops in pressure and temperature. Due to the pressure drop and phase
change of the refrigerant fluid from a generally liquid state to a generally vapor state, second evaporator 360
is cool relative to the space to be conditioned, such as e.g., chilled chambers 104, 108 of refrigerator
appliance 100 (FIG. 1). As such, cooled air is produced and refrigerates the space to be conditioned. For
this embodiment, a second evaporator fan 366 is operable to move air across second evaporator 360 so as to
provide forced convection to more efficiently move conditioned air, e.g., into a chilled chamber of a
refrigerator appliance. Although two evaporators are shown in parallel in FIG. 9, in other example
embodiments, sealed system 300 can include more than two (2) evaporators fluidly coupled in parallel.

As further depicted in FIG. 9, sealed system 300 includes one or more upstream valves positioned
downstream of condenser 320 and upstream of first evaporator 340 and second evaporator 360. For this
embodiment, the one or more upstream valves include a multiway valve 380 fluidly coupled with condenser
320, first conduit 392, and second conduit 394. More particularly, multiway valve 380 is fluidly connected
with an outlet of condenser 320, an inlet of first expansion device 330 via first conduit 392, and an inlet of
second expansion device 350. Multiway valve 380 is movable or switchable between a first open position
and a second open position. In some embodiments, multiway valve 380 is movable or switchable to a
closed position as well. Multiway valve 380 is operable to selectively allow a refrigerant flow along at
least one of 1) the first conduit 392, and ii) the second conduit 394. For instance, when multiway valve 380
is moved to the first open position, multiway valve 380 selectively allows refrigerant fluid to flow from the
outlet of condenser 320 to first conduit 392 and prevents refrigerant fluid from flowing from the outlet of
condenser 320 to second conduit 394. When multiway valve 380 is moved to the second open position,
multiway valve 380 selectively allows a refrigerant fluid to flow from the outlet of condenser 320 to second
conduit 394 and prevents refrigerant fluid from flowing from the outlet of condenser 320 to first conduit 392.
Accordingly, multiway valve 380 is operable to switch the flow of refrigerant flow through sealed system
300 between first conduit 392 and second conduit 394. In alternative embodiments in which sealed system
300 includes more than two (2) evaporators fluidly coupled in parallel and positioned along their respective
conduits, multiway valve 380 is operable to selectively allow a refrigerant flow along at least one of 1) the
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first conduit 392, ii) the second conduit 394, and iii) the other conduits along which the other evaporators are
positioned.

Sealed system 300 also includes one or more downstream valves positioned downstream of first
evaporator 340 and second evaporator 360 and upstream of the inlet 312 of compressor 310. For this
embodiment, the one or more downstream valves include a multiway valve 385 fluidly coupled with first
conduit 392, second conduit 394, and the inlet 312 of compressor 310. More particularly, multiway valve
385 is fluidly connected with the outlet side 344 of first evaporator 340 via first conduit 392, the outlet side
364 of second evaporator 360, and the inlet 312 of compressor 310. Multiway valve 385 is movable or
switchable between a first open position and a second open position. In some embodiments, multiway
valve 385 is movable or switchable to a closed position as well. Multiway valve 385 is operable to
selectively switch the refrigerant flow to the inlet 312 of compressor 310 between: i) the first conduit 392
and the inlet 312 of the compressor 310, and ii) the second conduit 394 and the inlet 312 of compressor 320.
For instance, when multiway valve 385 is moved to the first open position, multiway valve 385 selectively
allows refrigerant fluid to flow from first conduit 392 to the inlet 312 of compressor 310 and prevents
refrigerant fluid from flowing from second conduit 394 to the inlet 312 of compressor 310. When
multiway valve 385 is moved to the second open position, multiway valve 385 selectively allows refrigerant
fluid to flow from second conduit 394 to the inlet 312 of compressor 310 and prevents refrigerant fluid from
flowing from first conduit 392 to the inlet 312 of compressor 310. Accordingly, multiway valve 380 is
operable to selectively switch the flow of refrigerant flow to compressor 310.

Controller 390 is communicatively coupled with multiway valve 380 and multiway valve 385, e.g., via
any suitable wired or wireless connection. For this embodiment, controller 390 is configured to switch
multiway valve 380 between the first and second open positions and multiway valve 385 between the first
and second open positions. Particularly, controller 390 is configured to switch multiway valve 380
between the first and second open positions and multiway valve 385 between the first and second open
positions such that when: i) multiway valve 380 is switched to the first open position, multiway valve 385 is
switched to the first open position, and ii) multiway valve 380 is switched to the second open position,
multiway valve 385 is switched to the second open position. Controller 390 can switch the multiway
valves 380, 385 in accordance with the control scheme above and at a frequency such that the temperature
increase in first evaporator 340 and second evaporator 360 is a negligible increase (e.g., less than two
degrees Fahrenheit (2 °F)). In some embodiments, multiway valve 385 selectively switches the refrigerant
flow to the inlet 312 of compressor 310 at least as frequently as every twelve (12) seconds during operation
of compressor 310. In yet other embodiments, multiway valve 385 selectively switches the refrigerant flow
to the inlet 312 of compressor 310 at least as frequently as every six (6) seconds during operation of
compressor 310. Moreover, multiway valves 380, 385 can be fast switching valves. For instance, in some
embodiments, multiway valves 380, 385 can move between their respective open positions within five
hundred milliseconds (500 ms) or less when commanded to do so, e.g., by controller 390.

In some embodiments, the multiway valves 380, 385 can be switched to their respective open positions
at the same time. For instance, multiway valve 380 and multiway valve 385 can both be switched to their
respective first positions at the same time and controlled to remain open for a first predetermined time (e.g.,
two (2) seconds). This allows refrigerant fluid to flow from condenser 320 along first conduit 392, through
first expansion device 330 and first evaporator 340, and to the inlet 312 of compressor 310. The inlet 312
of compressor 310 sees a suction pressure associated with the first outlet pressure P1 output at the outlet side
346 of first evaporator 340. Then, multiway valve 380 and multiway valve 385 can both be switched to
their respective second positions at the same time and controlled to remain open for a second predetermined
time (e.g., three (3) seconds). This allows refrigerant fluid to flow from condenser 320 along second
conduit 394, through second expansion device 350 and second evaporator 360, and to the inlet 312 of
compressor 310. The inlet 312 of compressor 310 sees a suction pressure associated with the second outlet
pressure P2 output at the outlet side 366 of second evaporator 360. This switching operation can continue
for the duration of operation of compressor 310. Thus, multiway valve 380 and multiway valve 385 can be
frequently selectively switched (e.g., on the order of seconds) to their respective positions at the same time
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during operation of the compressor 310.

In some alternative embodiments, the multiway valves 380, 385 can be switched at offset times. For
instance, to flow refrigerant fluid along first conduit 392 to compressor 310, multiway valve 380 can be
switched to the first open position at a first time and multiway valve 385 can be switched to the first open
position at a second time that is later in time than the first time. Then, to flow refrigerant fluid along
second conduit 394 to compressor 310, multiway valve 380 can be switched to the second open position at a
first time and multiway valve 385 can be switched to the second open position at a second time that is later
in time than the first time. The timing offset between the opening of the multiway valves 380, 385 to their
respective open positions can depend on the compressor used, the type of refrigerant used, the length of the
fluid conduits of sealed system 300, and other parameters that affect the mass flow rate of the refrigerant
fluid through sealed system 300.

Positioning multiway valve 380 upstream of first evaporator 340 and second evaporator 360 provides a
number of advantages over sealed systems that do not include such a control device upstream of the fluidly
coupled first and second evaporators 340, 360. For instance, positioning multiway valve 380 upstream of
first evaporator 340 and second evaporator 360 can prevent a decrease in mass flow of the refrigerant fluid
through the “on” evaporator and compressor 310 and thus is not subject to efficiency penalties experienced
by systems without one or more valves positioned upstream of first evaporator 340 and second evaporator
360. Stated differently, if sealed system 300 did not include multiway valve 380 upstream of first
evaporator 340 and second evaporator 360, then refrigerant fluid would flow from condenser 320 into both
first and second conduits 392, 394 and first and second evaporators 340, 360 regardless of the position of
multiway valve 385 positioned downstream of first and second evaporators 340, 360. Thus, there would be
less mass flow of the refrigerant fluid through the “on” evaporator as well as compressor 310.  Accordingly,
sealed systems without one or more valves positioned upstream of the evaporators have reduced mass flow
rates of refrigerant fluid through the “on” evaporator and compressor, and consequently, the “on” evaporator
has less cooling capacity and the overall sealed system is less efficient overall.

FIGS. 10 through 14 provide schematic views of other sealed vapor compression systems 300 having
multiple evaporators fluidly coupled in parallel according to example embodiments of the present subject
matter. The sealed systems 300 depicted in FIGS. 10 through 14 function and are configured in
substantially the same manner as the sealed system of FIG. 9, except as provided below.

As shown in FIG. 10, in some embodiments, instead of multiway valve 385 (FIG. 9), the one or more
downstream valves of sealed system 300 can include a first downstream valve 386 positioned along first
conduit 392 downstream of first evaporator 340. First downstream valve 386 can be an “ON/OFF” valve,
such as e.g., a solenoid valve. In some embodiments, first downstream valve 386 can be a check valve,
such as e.g., a nozzle check valve.

First downstream valve 386 can be selectively switched (e.g., by controller 390) in coordination with
multiway valve 380 to selectively switch the refrigerant flow to the inlet 312 of compressor 310 between: 1)
first conduit 392 and the inlet 312 of compressor 310, and ii) second conduit 394 and the inlet 312 of
compressor 310, wherein, in coordination, multiway valve 380 and first downstream valve 386 selectively
switch the flow of the refrigerant fluid to the inlet 312 of compressor 310 at a frequency such that the
temperature increase in first evaporator 340 and second evaporator 360 is negligible during the switching
operation of first downstream valve 386 and upstream multiway valve 380. In some alternative
embodiments, instead of multiway valve 385 (FIG. 9), the one or more downstream valves of sealed system
300 can include a second downstream valve (not shown) positioned along second conduit 394 downstream
of second evaporator 360.

As shown in FIG. 11, in some embodiments, instead of multiway valve 385 (FIG. 9), the one or more
downstream valves of sealed system 300 can include a first downstream valve 386 positioned along first
conduit 392 downstream of first evaporator 340 and a second downstream valve 387 positioned along
second conduit 394 downstream of second evaporator 360. First downstream valve 386 and second
downstream valve 387 can both be “ON/OFF” valves, such as e.g., solenoid valves. In some embodiments,
first downstream valve 386 and second downstream valve 387 can be check valves, such as e.g., nozzle
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check valves.

First downstream valve 386 and second downstream valve 387 can be selectively switched (e.g., by
controller 390) in coordination with multiway valve 380 to selectively switch the refrigerant flow to the inlet
312 of compressor 310 between: i) first conduit 392 and the inlet 312 of compressor 310, and ii) second
conduit 394 and the inlet 312 of compressor 310. In such embodiments, in coordination, multiway valve
380, first downstream valve 386, and second downstream valve 387 selectively switch the flow of the
refrigerant fluid to the inlet 312 of compressor 310 at a frequency such that the temperature increase in first
evaporator 340 and second evaporator 360 is negligible during the switching operation of first downstream
valve 386 and upstream multiway valve 380.

As shown in FIG. 12, in some embodiments, instead of multiway valve 380 (FIG. 9), the one or more
upstream valves of sealed system 300 can include a first upstream valve 381 and a second upstream valve
382. First upstream valve 381 is positioned along first conduit upstream 392 of first evaporator 340 and
second upstream valve 382 is positioned along second conduit 394 upstream of second evaporator 360.
Further, the one or more downstream valves of sealed system 300 can include multiway valve 385 fluidly
coupled with the first conduit 392, the second conduit 394, and the inlet 312 of compressor 310. First
upstream valve 381 and second upstream valve 382 can both be “ON/OFF” valves, such as e.g., solenoid
valves.

First upstream valve 381 and second upstream valve 382 can be selectively switched (e.g., by controller
390) in coordination with multiway valve 385 to selectively switch the refrigerant flow to the inlet 312 of
compressor 310 between: 1) first conduit 392 and the inlet 312 of compressor 310, and ii) second conduit 394
and the inlet 312 of compressor 310. In such embodiments, in coordination, first upstream valve 381,
second upstream valve 382, and multiway valve 385 can selectively switch the flow of the refrigerant fluid
to the inlet 312 of compressor 310 at a frequency such that the temperature increase in first evaporator 340
and second evaporator 360 is negligible during the switching operation of first upstream valve 381, second
upstream valve 382, and downstream multiway valve 385.

As shown in FIG. 13, in some embodiments, instead of multiway valve 380 (FIG. 9), the one or more
upstream valves of sealed system 300 can include a second upstream valve 382 positioned along second
conduit 394 upstream of second evaporator 360. Further, instead of multiway valve 385 (FIG. 9), the one
or more downstream valves can include first downstream valve 386 positioned along first conduit 392
downstream of first evaporator 340.

Second upstream valve 382 can be selectively switched (e.g., by controller 390) in coordination with
first downstream valve 386 to selectively switch the refrigerant flow to the inlet 312 of compressor 310
between: i) first conduit 392 and the inlet 312 of compressor 310, and ii) second conduit 394 and the inlet
312 of compressor 310. When second upstream valve 382 is switched to an open position, first
downstream valve 386 is switched to the closed position such that second evaporator 360 is the “on”
evaporator and first evaporator 340 is the “off” evaporator. In contrast, when second upstream valve 382 is
switched to a closed position, first downstream valve 386 is switched to an open position such that second
evaporator 360 is the “off” evaporator and first evaporator 340 is the “on” evaporator. In such
embodiments, in coordination, second upstream valve 382 and first downstream valve 386 can selectively
switch the flow of the refrigerant fluid to the inlet 312 of compressor 310 between the different evaporators
at a frequency such that the temperature increase in first evaporator 340 and second evaporator 360 is
negligible during the switching operation of second upstream valve 382 and first downstream valve 386.

In some alternative embodiments, although not shown, instead of multiway valve 380 (FIG. 9), the one
or more upstream valves of sealed system 300 can include first upstream valve 381 positioned along first
conduit 392 upstream of first evaporator 340. Further, instead of multiway valve 385 (FIG. 9), the one or
more downstream valves can include second downstream valve 387 positioned along second conduit 394
downstream of second evaporator 360.

As shown in FIG. 14, in some embodiments, instead of multiway valve 380 (FIG. 9), the one or more
upstream valves of sealed system 300 can include first upstream valve 381 and second upstream valve 382.
First upstream valve 381 is positioned along first conduit upstream 392 of first evaporator 340 and second
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upstream valve 382 is positioned along second conduit 394 upstream of second evaporator 360. Further, in
such embodiments, instead of multiway valve 385 (FIG. 9), the one or more downstream valves of sealed
system 300 can include first downstream valve 386 positioned along first conduit 392 downstream of first
evaporator 340 and second downstream valve 387 positioned along second conduit 394 downstream of
second evaporator 360. Each of the valves can be “ON/OFF” valves, such as e.g., solenoid valves. In
some embodiments, the downstream valves 386, 387 can be check valves, such as e.g., nozzle check valves.

First upstream valve 381 and second upstream valve 382 can be selectively switched (e.g., by controller
390) in coordination with first downstream valve 386 and second downstream valve 387 to selectively
switch the refrigerant flow to the inlet 312 of compressor 310 between: 1) first conduit 392 and the inlet 312
of compressor 310, and ii) second conduit 394 and the inlet 312 of compressor 310. In such embodiments,
in coordination, first upstream valve 381, second upstream valve 382, first downstream valve 386, and
second downstream valve 387 can selectively switch the flow of the refrigerant fluid to the inlet 312 of
compressor 310 at a frequency such that the temperature increase in first evaporator 340 and second
evaporator 360 is negligible during the switching operation of the valves, (e.g., a temperature increase of less
than three degrees Fahrenheit (3 °F)).

FIG. 15 provides a flow diagram of an example method (400) for operating a sealed system of an
appliance. For instance, method (400) can be employed to operate sealed system 200 described herein for
any suitable appliance, such as e.g., a refrigerator appliance. In addition, FIG. 15 depicts steps performed
in a particular order for purposes of illustration and discussion. Those of ordinary skill in the art, using the
disclosures provided herein, will understand that the various steps of any of the methods disclosed herein can
be modified, adapted, expanded, rearranged and/or omitted in various ways without deviating from the scope
of the present disclosure.

At (402), the method (400) includes flowing a refrigerant fluid through a refrigerant fluid circuit of the
sealed system having a compressor, a condenser, a first expansion device, a first evaporator, a flash tank, a
second expansion device, and a second evaporator fluidly coupled in series, wherein the refrigerant fluid
circuit has a first supply conduit that fluidly couples a vapor outlet of the flash tank with an inlet of the
compressor and a second supply conduit that fluidly couples a liquid outlet of the flash tank with the inlet of
the compressor through the second evaporator, wherein the second expansion device and the second
evaporator are positioned between the flash tank and the compressor along the second supply conduit and the
first evaporator is positioned between the condenser and the flash tank along the refrigerant fluid circuit.

For instance, the refrigerant fluid circuit can be the fluid refrigerant circuit 202 of the sealed system 200
of FIG. 2 or 8. The compressor can be the compressor 210, the condenser can be a condenser 220, the first
expansion device can be first expansion device 230, the first evaporator can be first evaporator 240, the flash
tank can be flash tank 270, the second expansion device can be second expansion device 250, and the second
evaporator can be second evaporator 260. The various components of sealed system 200 can be arranged in
serial fluid communication as shown in FIG. 2 or FIG. 8. Moreover, as shown in the embodiments of
sealed system 200 of FIGS. 2 and 8, the refrigerant fluid circuit 202 has first supply conduit 292 that fluidly
couples vapor outlet 274 of flash tank 270 with the inlet 212 of compressor 210. In addition, the refrigerant
fluid circuit 202 has second supply conduit 294 that fluidly couples liquid outlet 276 of flash tank 270 with
the inlet 212 of compressor 210. Second expansion device 250 and second evaporator 260 are positioned
along second supply conduit 294. More particularly, second expansion device 250 is positioned upstream
of second evaporator 260 along second supply conduit 294. First evaporator 240 is positioned between
condenser 220 and flash tank 270 along refrigerant fluid circuit 202. Compressor 210 is operable to flow
the refrigerant fluid through the refrigerant fluid circuit 202.

In some implementations, sealed system 200 is employed and a refrigerator appliance having a fresh
food chamber and a freezer chamber. For instance, sealed system 200 can be employed in the refrigerator
appliance 100 of FIG. 1. In such implementations, first evaporator 240 can be associated with cooling fresh
food chamber 104 and second evaporator 260 can be associated with cooling freezer chamber 108. As will
be explained further below, method (400) provides a means for cooling first evaporator 240 and second
evaporator 260 simultaneously using a single compressor.
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At (404), the method (400) includes switching one or more valves positioned between the flash tank
and the compressor to switch a flow of the refrigerant fluid to the inlet of the compressor between: i) the
vapor outlet of the flash tank and the inlet of the compressor along the first supply conduit, and ii) the liquid
outlet of the flash tank and the inlet of the compressor along the second supply conduit, wherein the one or
more valves selectively switch the flow of the refrigerant fluid to the inlet of the compressor at a frequency
based at least in part on a heat load applied on the first evaporator and a heat load applied on the second
evaporator.

For instance, the one or more valves can include a single multiway valve 280 positioned between flash
tank 270 and compressor 210 as shown in FIG. 2 and FIG. 8. Moreover, multiway valve 280 is positioned
downstream of second evaporator 260 along refrigerant fluid circuit 202. During operation of compressor
210, a controller 290 can control multiway valve 280 to switch the flow of the refrigerant fluid to the inlet
212 of compressor 210 between the different evaporators relatively frequently (e.g., on the order of seconds).
That is, the refrigerant flow is switched such that compressor 210 sees a suction pressure SP1 associated
with the first outlet pressure P1 output by first evaporator 240 for a first period of time, and then when
multiway valve 280 is switched, the compressor 210 sees a suction pressure SP2 associated with the second
outlet pressure P2 output by second evaporator 260 for a second period of time and the switching operation
continues for the duration of operation of compressor 210.

More particularly, when multiway valve 280 is switched to a first position (e.g., so that first evaporator
240 is the “on” evaporator and second evaporator 260 is the “off” evaporator), the refrigerant fluid in a
primarily vapor phase exits the vapor outlet 274 of flash tank 270 and flows along first supply conduit 292
and through multiway valve 280 to the inlet of the compressor 210. When multiway valve 280 is switched
to a second position (e.g., so that first evaporator 240 is the “off” evaporator and second evaporator 260 is
the “on” evaporator), the refrigerant fluid in a primarily liquid phase exits the liquid outlet 276 of flash tank
270 and flows along second supply conduit 294. The primarily liquid phase refrigerant fluid is expanded
by second expansion device 250 and then travels downstream to second evaporator 260 to provide cooling.
The now primarily vapor phase refrigerant fluid exits second evaporator 260 and continues along second
supply conduit 294 where the flow passes through multiway valve 280 to the inlet 212 of compressor 210.
Controller 290 causes multiway valve 280 to selectively switch the flow of the refrigerant fluid to the inlet
212 of compressor 210 at a frequency based at least in part on a heat load applied on first evaporator 240 and
a heat load applied on the second evaporator 260. Controller 290 can also cause multiway valve 280 to
selectively switch the flow of the refrigerant fluid to the inlet 212 of compressor 210 at the frequency such
that a temperature increase in the first evaporator 240 and the second evaporator 260 is negligible during
operation of multiway valve 280.

For instance, with reference to FIG. 5, if the heat load on the first evaporator 240 is sixty watts (60W)
and the heat load on the second evaporator is one hundred twenty watts (120 W), then controller 290
determines that multiway valve 280 must switch to the first position at least every four (4) seconds and to the
second position at least every two (2) seconds to prevent an increase in temperature of the evaporator by five
tenths of a degree Fahrenheit (0.5 °F), which in this example is considered more than a negligible
temperature increase. Thus, the multiway valve 280 can be switched back and forth between the first and
second positions to prevent temperature increases in the evaporators 240, 260 during operation of
compressor 210. It will be appreciated that multiway valve 280 provided in the example above is for
example only and that other valve configurations and valve control schemes are possible, such as e.g., the
valve configuration shown in FIG. 8. Advantageously, the relatively frequent switching of the valves
described in method (400) allows for a sealed system having multi-evaporators fluidly coupled in series to
simultaneously cooling the evaporators whilst effectively operating in a sequential manner using a single
COMPpIessor.

This written description uses examples to disclose the invention, including the best mode, and also to
enable any person skilled in the art to practice the invention, including making and using any devices or
systems and performing any incorporated methods. The patentable scope of the invention is defined by the
claims, and may include other examples that occur to those skilled in the art. Such other examples are
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intended to be within the scope of the claims if they include structural elements that do not differ from the
literal language of the claims, or if they include equivalent structural elements with insubstantial differences
from the literal languages of the claims.
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CLAIMS

1. A sealed system for an appliance, comprising:

a compressor having an inlet and an outlet;

a condenser fluidly coupled with the outlet of the compressor and operable to receive a refrigerant fluid
from the compressor;

a first expansion device fluidly coupled with an outlet of the condenser;

a first evaporator fluidly coupled with an outlet of the first expansion device and operable to output the
refrigerant fluid at a first outlet pressure;

a second evaporator fluidly coupled with the first evaporator in series and operable to output the
refrigerant fluid at a second outlet pressure that is different than the first outlet pressure;

a flash tank fluidly coupled with the first evaporator and the second evaporator and positioned
therebetween, the flash tank having a vapor outlet and a liquid outlet, the second evaporator positioned
between the liquid outlet of the flash tank and the inlet of the compressor;

a second expansion device positioned between and fluidly coupled with the liquid outlet of the flash
tank and the second evaporator; and

one or more valves operable to selectively switch a flow of the refrigerant fluid to the inlet of the
compressor between: 1) the vapor outlet of the flash tank and the inlet of the compressor, and ii) the liquid
outlet of the flash tank and the inlet of the compressor through the second evaporator, wherein the one or
more valves selectively switch the flow of the refrigerant fluid to the inlet of the compressor at a frequency
such that a temperature increase in the first evaporator and the second evaporator is negligible during
operation of the one or more valves.

2. The sealed system of claim 1, wherein the temperature increase in the first evaporator and the second
evaporator is negligible where the temperature increase is less than or equal to about two degrees Fahrenheit
(2 °F).

3. The sealed system of claim 1, wherein the temperature increase in the first evaporator and the second
evaporator is negligible where the temperature increase is less than or equal to about five tenths of a degree
Fahrenheit (0.5 °F).

4. The sealed system of claim 1, wherein the one or more valves selectively switch the refrigerant flow
to the inlet of the compressor every twelve (12) seconds or less during operation of the compressor.

5. The sealed system of claim 1, wherein the one or more valves selectively switch the refrigerant flow
to the inlet of the compressor at the frequency based at least in part on a heat load applied on the first
evaporator and a heat load applied on the second evaporator.

6. The sealed system of claim 1, further comprising:

a controller communicatively coupled with the one or more valves, the controller configured to:

switch the one or more valves to selectively switch the refrigerant flow to the inlet of the compressor
between: 1) the vapor outlet of the flash tank and the inlet of the compressor, and ii) the liquid outlet of the
flash tank and the inlet of the compressor through the second evaporator at the frequency such that the
temperature increase in the first evaporator and the second evaporator is negligible during operation of the
one or more valves.

7. The sealed system of claim 1, further comprising:

a first evaporator fan operable to move air across the first evaporator; and

a second evaporator fan operable to move air across the second evaporator, and

wherein the first evaporator fan moves air across the first evaporator and the second evaporator moves
air across the second evaporator fan continuously throughout operation of the compressor.

8. The sealed system of claim 1, wherein the one or more valves have a response time of five hundred
milliseconds (500 ms) or less.

9. The sealed system of claim 1, wherein the one or more valves comprise a multiway valve, and
wherein the sealed system further comprises:

a first supply conduit fluidly coupling the vapor outlet of the flash tank and the multiway valve;
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a second supply conduit fluidly coupling the liquid outlet of the flash tank and the multiway valve; and

a delivery conduit fluidly coupling the multiway valve with the inlet of the compressor.

10. The sealed system of claim 1, wherein the one or more valves comprise a first valve and a second
valve, and wherein the sealed system further comprises:

a first supply conduit fluidly coupling the vapor outlet of the flash tank and the inlet of the compressor,
the first valve positioned along the first supply conduit;

a second supply conduit fluidly coupling the liquid outlet of the flash tank and the inlet of the
compressor through the second evaporator.

11. The sealed system of claim 10, further comprising:

a controller communicatively coupled with the first valve and the second valve, the controller
configured to:

switch the first valve between an open position and a closed position and the second valve between an
open position and a closed position, and

wherein the controller is configured to switch the first valve between the open position and the closed
position and the second valve between the open position and the closed position such that when:

i) the first valve is switched to the open position, the second valve is switched to the closed position;
and ii) the first valve is switched to the closed position, the second valve is switched to the open position.

12. The sealed system of claim 1, wherein the compressor is the only compressor of the sealed system.

13. The sealed system of claim 1, further comprising:

a first supply conduit fluidly coupling the vapor outlet of the flash tank and the inlet of the compressor;

a second supply conduit fluidly coupling the liquid outlet of the flash tank and the inlet of the
compressor, and

wherein the second evaporator is positioned along the second supply conduit, and wherein the flash
tank is operable to separate a phase of the refrigerant fluid into a primarily vapor phase and a primarily
liquid phase, and wherein the primarily vapor phase flows to the inlet of the compressor via the first supply
conduit and the primarily liquid phase flows to the second evaporator via the second supply conduit.

14. A sealed system for an appliance, comprising:

a compressor having an inlet and an outlet;

a condenser fluidly coupled with the outlet of the compressor and operable to receive a refrigerant fluid
from the compressor;

a first conduit;

a second conduit;

a first expansion device positioned along the first conduit and fluidly coupled with the condenser;

a first evaporator positioned along the first conduit downstream of the first expansion device, the first
evaporator operable to output the refrigerant fluid at a first outlet pressure;

a second expansion device positioned along the second conduit and fluidly coupled with the condenser;

a second evaporator positioned along the second conduit downstream of the second expansion device
and fluidly coupled with the first evaporator in parallel, the second evaporator operable to output the
refrigerant fluid at a second outlet pressure that is different than the first outlet pressure;

one or more upstream valves positioned downstream of the condenser and upstream of the first
evaporator and the second evaporator, the one or more upstream valves operable to selectively allow a flow
of the refrigerant fluid along at least one of 1) the first conduit, and ii) the second conduit; and

one or more downstream valves operable to selectively switch the flow of the refrigerant fluid to the
inlet of the compressor between: i) the first conduit and the inlet of the compressor, and ii) the second
conduit and the inlet of the compressor, wherein, in coordination, the one or more downstream valves and
the one or more upstream valves selectively switch the flow of the refrigerant fluid to the inlet of the
compressor at a frequency such that a temperature increase in the first evaporator and the second evaporator
is negligible during operation of the one or more downstream valves and the one or more upstream valves.

15. The sealed system of claim 14, wherein the one or more upstream valves comprise a multiway valve
fluidly coupled with the condenser, the first conduit, and the second conduit, and wherein the one or more
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downstream valves comprise a multiway valve fluidly coupled with the first conduit, the second conduit, and
the inlet of the compressor.

16. The sealed system of claim 14, wherein the one or more upstream valves comprise a multiway valve
fluidly coupled with the condenser, the first conduit, and the second conduit, and wherein the one or more
downstream valves comprise a first downstream valve positioned along the first conduit downstream of the
first evaporator.

17. The sealed system of claim 14, wherein the one or more upstream valves comprise a multiway valve
fluidly coupled with the condenser, the first conduit, and the second conduit, and wherein the one or more
downstream valves comprise a first downstream valve and a second downstream valve, wherein the first
downstream valve is positioned along the first conduit downstream of the first evaporator and the second
downstream valve is positioned along the second conduit downstream of the second evaporator.

18. The sealed system of claim 14, wherein the one or more upstream valves comprise a first upstream
valve and a second upstream valve, wherein the first upstream valve is positioned along the first conduit
upstream of the first evaporator and the second upstream valve is positioned along the second conduit
upstream of the second evaporator, and wherein the one or more downstream valves comprise a multiway
valve fluidly coupled with the first conduit, the second conduit, and the inlet of the compressor.

19. The sealed system of claim 14, wherein the one or more upstream valves comprise a second
upstream valve, wherein the second upstream valve is positioned along the second conduit upstream of the
second evaporator, and wherein the one or more downstream valves comprise a first downstream valve,
wherein the first downstream valve is positioned along the first conduit downstream of the first evaporator.

20. The sealed system of claim 14, wherein the one or more upstream valves comprise a first upstream
valve and a second upstream valve, wherein the first upstream valve is positioned along the first conduit
upstream of the first evaporator and the second upstream valve is positioned along the second conduit
upstream of the second evaporator, and wherein the one or more downstream valves comprise a first
downstream valve and a second downstream valve, wherein the first downstream valve is positioned along
the first conduit downstream of the first evaporator and the second downstream valve is positioned along
the second conduit downstream of the second evaporator.

21. The sealed system of claim 14, wherein the one or more downstream valves selectively switch the
refrigerant flow to the inlet of the compressor every twelve (12) seconds or less during operation of the
COMPpIessor.

22. The sealed system of claim 14, wherein the one or more downstream valves selectively switch the
refrigerant flow to the inlet of the compressor at the frequency based at least in part on a heat load applied on
the first evaporator and a heat load applied on the second evaporator.

23. The sealed system of claim 14, wherein the one or more upstream valves and the one or more
downstream valves have a response time of five hundred milliseconds (500 ms) or less.

24. A method for operating a sealed system of an appliance, the method comprising:

flowing a refrigerant fluid through a refrigerant fluid circuit of the sealed system having a compressor, a
condenser, a first expansion device, a first evaporator, a flash tank, a second expansion device, and a second
evaporator fluidly coupled in series, wherein the refrigerant fluid circuit has a first supply conduit that
fluidly couples a vapor outlet of the flash tank with an inlet of the compressor and a second supply conduit
that fluidly couples a liquid outlet of the flash tank with the inlet of the compressor through the second
evaporator, wherein the second expansion device and the second evaporator are positioned between the flash
tank and the compressor along the second supply conduit and the first evaporator is positioned between the
condenser and the flash tank along the refrigerant fluid circuit; and

switching one or more valves positioned between the flash tank and the compressor to switch a flow of
the refrigerant fluid to the inlet of the compressor between: 1) the vapor outlet of the flash tank and the inlet
of the compressor along the first supply conduit, and ii} the liquid outlet of the flash tank and the inlet of the
compressor along the second supply conduit, wherein the one or more valves selectively switch the flow of
the refrigerant fluid to the inlet of the compressor at a frequency based at least in part on a heat load applied
on the first evaporator and a heat load applied on the second evaporator.
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FLOWING A REFRIGERANT FLUID THROUGH A REFRIGERANT FLUID CIRCUIT OF THE SEALED SYSTEM
HAVING A COMPRESSOR, A CONDENSER, A FIRST EXPANSION DEVICE, A FIRST EVAPORATOR, A FLASH
TANK, A SECOND EXPANSION DEVICE, AND A SECOND EVAPORATOR FLUIDLY COUPLED IN SERIES,
WHEREIN THE REFRIGERANT FLUID CIRCUIT HAS A FIRST SUPPLY CONDUIT THAT FLUIDLY COUPLES
A VAPOR OUTLET OF THE FLASH TANK WITH AN INLET OF THE COMPRESSOR AND A SECOND SUPPLY
CONDUIT THAT FLUIDLY COUPLES A LIQUID QUTLET OF THE FLASH TANK WITH THE INLET OF THE
COMPRESSOR THROUGH THE SECOND EVAPORATOR, WHEREIN THE SECOND EXPANSION DEVICE AND
THE SECOND EVAPORATOR ARE POSITIONED BETWEEN THE FLASH TANK AND THE COMPRESSOR ALONG
THE SECOND SUPPLY CONDUIT AND THE FIRST EVAPORATOR IS POSITIONED BETWEEN THE CONDENSER
AND THE FLASH TANK ALONG THE REFRIGERANT FLUID CIRCUIT

404

| /

SWITCHING ONE OR MORE VALVES POSITIONED BETWEEN THE FLASH TANK AND (OMPRESSOR

TN CWITAU A CINW AC TUE DECDIACDANT CHTIN TN TUE TMILET NC TUL FNAMDDECCAD DETMECM. :\ TUL
TU JWLILIT A TLUW UT I1IC REFRIUCRNANT TULLY 1V ITIC INLET UT THC CUMTRCIJUR DLCIVELN. Il HIL

VAPOR OUTLET OF THE FLASH TANK AND THE INLET OF THE COMPRESSOR ALONG THE FIRST SUPPLY

CONDUTT ANMD &YTHE LTQUTR QUTIET OF THE FLACH TANK AND THE TMNIET OF THE (OMPRECCAR

I‘IJUI.I nnw II INL LIWUILIY VUILLI VI THIL TLAJID TRANN RIYD DTHIE IINLLT VI TR VWV RLJJUVIL

AI.ONG THE SE(OND SUPPLY CONDUIT, WHEREIN THE ONE OR MORE VALVES SELECTIVELY SWITCH
THE FLOW OF THE REFRIGERANT FUILD TO THE INLET OF THE COMPRESSOR AT A FREQUENCY BASED AT
LEAST IN PART ON A HEAT LOAD APPLIED ON THE FIRST EVAPORATOR AND A HEAT LOAD APPLIED ON
THE SECOND EVAPORATOR

Fig. 15
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