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HEAT PUMP

Field
The disclosure herein relates to a heat pump, such as for example may be used in a

heating, venting and air conditioning (HVAC) system.

Background

A heat pump generally refers to a reversible refrigeration circuit. The heat pump
typically includes a compressor, a first heat exchanger (e.g. an indoor heat exchanger), a second
heat exchanger (e.g. an outdoor heat exchanger), one or more expansion devices and a flow
reversing device. In one working mode, e.g. a cooling operation mode, the first heat exchanger
may receive two-phase refrigerant to provide cooling to, for example, an enclosed space or a
process fluid, e.g. water. In another working mode, e.g. a heating operation mode, the first heat
exchanger may receive hot compressed refrigerant to provide heating to, for example, the
enclosed space or the process fluid. In some applications, the heat pump may also be connected

to a hot water heat exchanger to provide utility hot water.

Summary

A heat pump system including a main circuit and a capacity boost circuit is disclosed.
The main circuit and the capacity boost circuit can form a heat exchange relationship so that a
first refrigerant in the main circuit and a second refrigerant in the capacity boost circuit may
exchange heat. The heat pump system may have a plurality of operation modes. Depending on
the operation modes, the main circuit may receive heat from or transfer heat to the capacity boost
system.

In some embodiments, when the heat pump is in operation, the capacity boost circuit may
be configured to form a heat exchange relationship with the main circuit so as to exchange heat
from the second refrigerant in the capacity boost circuit to the first refrigerant in the main circuit.

In some embodiments, the capacity boost circuit may be configured to transfer heat to the main
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circuit when the heat pump is in a heating mode. In some embodiments, the capacity boost
circuit may be configured to take heat away from the main circuit when the heat pump is in a
cooling mode.

In some embodiments, the capacity boost circuit may include a heat exchanger
configured to receive at least a portion of the compressed second refrigerant in the capacity boost
circuit. The heat exchanger may be configured to receive at least a portion of the expanded first
refrigerant from the main circuit, and the portion of the expanded first refrigerant and the portion
of the compressed second refrigerant may form the heat exchange relationship in the heat
exchanger.

In some embodiments, the capacity boost circuit may further include a hot water heat
exchanger, which is configured to receive at least a portion of the compressed second refrigerant
to transfer heat to a fluid (e.g. utility water) directed into the hot water heat exchanger.

In some embodiments, the main circuit further may include a thermal storage circuit
configured to form a heat exchange relationship with the capacity boost circuit when the heat
pump is operated in a thermal storage mode, and the capacity boost circuit may be configured to
receive heat from a storage media in the thermal storage circuit.

The main circuit and the capacity boost circuit may employ different refrigerants, which
may allow the main circuit and the capacity boost circuit to be optimized for different purposes
(e.g. optimized for an operation modes and different operation conditions within an operation
mode, and which can reduce potential environmental impact on the efficiency and performance
of the refrigerant being used). In some embodiments, the first refrigerant may be a fluorinated
gas (F-gas) type refrigerant, such as for example a HFO or HFC/HFO blend, and the like, and in
some cases the first refrigerant may include R22, R134a, and/or R410A. In some embodiments,
the first refrigerant includes other HFOs or HFC/HFO blends, where in some embodiments the
first refrigerant is a type of low global warming potential (GWP) refrigerant. In some
embodiments, the first refrigerant is R32, R1234yf, and/or R1234ze(E) and the like. In some
embodiments, the second refrigerant may be R744 or CO, or comparable performing refrigerant

or the like.
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In some embodiments, a method of operating a heat pump system may include
compressing a first refrigerant; condensing the first refrigerant; expanding the first refrigerant;
compressing a second refrigerant; and transferring heat to the expanded first refrigerant by
forming a heat exchange relationship between the expanded first refrigerant and the compressed
second refrigerant.

Other features and aspects of the systems, methods, and control concepts will become

apparent by consideration of the following detailed description and accompanying drawings.

Brief Description of the Drawings
Reference is now made to the drawings in which like reference numbers represent
corresponding parts throughout.
Figs. 1A and 1B illustrate a heat pump system according to one embodiment. Fig. 1A
illustrates that the heat pump is operated in a heating operation mode. Fig. 1B illustrates that the
heat pump is operated in a cooling mode and/or water heating operation mode.

Fig. 2 illustrates a heat pump system according to another embodiment.

Detailed Description

A heat pump, such as for example may be used in a HVAC system, is a reversible vapor
compression device and may be configured to provide cooling, heating, and thermal energy
transfer (e.g. providing hot utility water) depending on an operation mode of the heat pump.
Typically, the heat pump uses a single refrigerant, e.g. R22, R134a, R410A, as an intermediate
fluid to absorb heat when the refrigerant vaporizes and then to release heat when the refrigerant
condenses. A capacity and/or efficiency of the heat pump can vary depending on, for example,
an ambient temperature, the operation mode, and/or the refrigerant used. Typically, the heat
pump is configured to balance the capacity and/or efficiency in a range of environmental
conditions, such as for example ambient temperatures, operation conditions, and/or the type of

refrigerant used.
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For example, a specific refrigerant may be chosen for optimizing the performance of the
heat pump in a specific range of ambient temperatures. However, when a single refrigerant is
used, it may be difficult to optimize the capacity and/or efficiency in both the cooling operation
mode and the heating operation mode at all operation conditions due to the characteristic(s) of
the refrigerant used (e.g. the critical temperature of the refrigerant). For example, the heat pump
optimized for a cooling operation mode may suffer from loss of capacity and efficiency at a
relatively low ambient temperature as compared to when it may be used in a heating operation
mode. Conversely, the heat pump optimized with a refrigerant for a heating operation mode may
suffer from loss of capacity and efficiency at a relatively high ambient temperature as compared
to when it may be used in a cooling operation mode.

In some applications, for example, when the heat pump is operated in a relatively low
ambient temperature (e.g. below 0 degrees Celsius) a ground source may be employed to supply
enough heat to meet increasing heat demands at the relatively low ambient temperature, which
can significantly increase the cost of providing heating.

Embodiments as disclosed herein are directed to a heat pump that employs at least two
different refrigerants, each of which is optimized for either a cooling operation mode or a heating
operation mode. In some embodiments, low temperature performance of the heat pump can be
enhanced by employing R744 (carbon dioxide) as a refrigerant in a capacity boost circuit to a
main circuit that may employ, for example, a fluorinated gas. The embodiments as disclosed
herein can help increase the capacity and/or efficiency of the heat pump in both the cooling
operation mode and the heating operation mode. In addition, the embodiments as disclosed
herein may also eliminate the need for a ground source in a relatively low ambient temperature
environment.

References are made to the accompanying drawings that form a part hereof, and in which
is shown by way of illustration of the embodiments in which the embodiments may be practiced.
It is to be understood that the terms used herein are for the purpose of describing the figures and

embodiments and should not be regarded as limited in scope.
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Figs. 1A and 1B illustrate a heat pump system 100 that includes a first circuit 110 and a
second circuit 120. The second circuit 120 is configured to increase a capacity and/or efficiency
of the first circuit 110 in a heating operation mode when an ambient temperature is relatively
low.

The first circuit 110 and the second circuit 120 are configured to form a refrigeration
circuit independently. The first circuit 110 may include a first heat exchanger 112, an expansion
device 114, a second heat exchanger 116, a flow reversing device 119 (e.g. a four way valve) and
a compressor 118. The second circuit 120 may include a condenser 122, an expansion device
124, an evaporator 126 and a compressor 128.

The first circuit 110 functions as a main circuit configured to, for example, provide
heating and/or cooling, such as for example to a building or an enclosed space. It is to be
appreciated that the first circuit 110 can be configured to regulate a temperature of a process
fluid (e.g. water) in some embodiments. The second circuit 120 can function as a capacity boost
circuit configured, for example, to boost a capacity and/or efficiency of the first circuit 110.

The heat pump system 100 also includes a coupling circuit 130 that is configured to form
a heat exchange relationship between the first circuit 110 and the second circuit 120. As
illustrated, the coupling circuit 130 is connected to the first circuit 110 through a first flow
regulating device (e.g. herein valve) 132 and a second flow regulating device (e.g. herein valve)
134. When the first valve 132 and the second valve 134 are in an open state, a first refrigerant
from the first circuit 110 can be directed into the coupling circuit 130. In the coupling circuit
130, the first refrigerant from the first circuit 110 is directed into the condenser 122 of the second
circuit 120 to form a heat exchange relation with a second refrigerant in the second circuit 120 so
that, for example, heat can be transferred from the second refrigerant to the first refrigerant. In
some embodiments, the condenser 122 is a part of the coupling circuit 130, along with the first
and second valves 132, 134 and fluid lines, to form the heat exchange relationship of the first
circuit 110 with the second circuit 120.

The coupling circuit 130 may be used when, for example, the first circuit 1101sin a

heating operation mode and an ambient temperature is relatively low (where the first circuit may
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be susceptible to reduced capacity and/or efficiency depending on the type of refrigerant
employed). In the illustrated embodiment, in the heating operation mode, the first heat
exchanger 112, which functions as a condenser in the heating operation mode, receives
compressed high temperature first refrigerant from the compressor 118 and releases heat from
the first refrigerant. The first refrigerant is then expanded by the expansion device 114 to reduce
the temperature. Generally, (e.g. when the first and second valves 132, 134 are in a closed state),
the expanded first refrigerant is directed into the second heat exchanger 116, which functions as
an evaporator in the heating operation mode, to absorb heat. The second heat exchanger 116 is
typically exposed to an outdoor environment. When the ambient temperature is relatively low,
the capacity and/or efficiency of the second heat exchanger 116 in some cases can be relatively
low.

Referring to Fig. 1A, to boost the operation of the first circuit 110 in the heating
operation mode, at least a portion of the first refrigerant is directed into the coupling circuit 130
by opening the valves 132, 134, where the first refrigerant can form a heat exchange relationship
with the second refrigerant in the second circuit 120 via the condenser 122 of the second circuit
120.

In the second circuit 120, the condenser 122 receives the compressed second refrigerant
from the compressor 128. The high temperature second refrigerant can exchange heat with the
first refrigerant in the condenser 122 to vaporize the first refrigerant. Hence, the condenser 122
of the second circuit 120 functions as part of the coupling circuit 130 as an “evaporator” for the
first circuit 110. The heat exchange efficiency in the condenser 122 may not be affected by the
ambient temperature, because the condenser 122 is not exposed to the ambient temperature, e.g.
the outdoors. The second circuit 120 can be configured to have a heat exchange capacity that is
higher than the heat exchange capacity of the second heat exchanger 116 when the ambient
temperature is relatively low. The capacity of the first circuit 110 therefore can be increased in
the heating operation mode when the coupling circuit 130 is used to help a heat exchange

relationship between the first circuit 110 and the second circuit 120.
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When the ambient temperature is relatively high, the first and second valves 132, 134 can
be closed, so that the first refrigerant is directed through the second heat exchanger 116. In such
an example, it will be appreciated that the second circuit 120 may not be running in some cases
(see e.g. Fig. 1B).

Referring to Fig. 1B, when the second circuit 120 is not needed for boosting the capacity
of the first circuit 110, for example when the first circuit 110 is in a cooling operation mode as
illustrated in Fig. 1B, the second circuit 120 may be optionally used, for example, to make utility
hot water. The second circuit 120 may include a flow regulating device (e.g. by-pass valve) 129.
The by-pass valve 129 can selectively direct at least a portion of the second refrigerant to a hot
water heat exchanger 125. It is to be understood that the by-pass valve 129 can also configured
to direct the second refrigerant directly into the evaporator 122, by-passing the hot water heat
exchanger 125 (e.g. in the heating operation mode).

In operation, when the second circuit 120 is not needed for boosting the capacity of the
first circuit 110, the by-pass valve 129 can direct at least a portion of the second refrigerant
toward the hot water heat exchanger 125 to exchange heat with a process fluid 180 (e.g. utility
water). The hot water heat exchanger 125 may function as an evaporator in this operation mode
to have heat exchange with, e.g. evaporate, fluid flowing through the hot heat exchanger 125.
When the second circuit 120 is needed for boosting the capacity of the first circuit 110, the by-
pass valve 129 can direct the second refrigerant toward the heat exhanger 122 directly, by-
passing the hot water heat exchanger 125 (as illustrated in Fig. 1A).

It is noted that the first and second refrigerants can be different. The main circuit and the
capacity boost circuit may employ different refrigerants, which may allow the main circuit and
the capacity boost circuit to be optimized for different purposes.

In some embodiments, the first refrigerant may be a fluorinated gas (F-gas) type
refrigerant, such as for example a HFO or HFC/HFO blend, and the like, and in some cases the
first refrigerant may include R22, R134a, and/or R410A or other fluorinated gas. In some
embodiments, the first refrigerant includes other HFO or HFC/HFO blend, where in some

embodiments the first refrigerant is a type of low global warming potential (GWP) refrigerant.
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In some embodiments, the first refrigerant has a GWP is 0-675, or in some embodiments it is 675
or less, or in some embodiments is 150 or less. In some embodiments, the first refrigerant is
R32, R1234yf, and/or R1234ze(E) and the like. In some embodiments, the second refrigerant
may be R744 or CO, or comparable performing refrigerant or the like. In some embodiments,
the second refrigerant may have a higher critical point than the first refrigerant.

The second circuit 120 may be coupled to an existing system to boost the capacity of the
existing system. In some embodiments, a refrigerant in the existing system may be replaced by
another refrigerant (for example, a more environment friendly refrigerant e.g. a low GWP
refrigerant). The refrigerant replacement may cause the capacity of the existing system to be
comprised. The second circuit 120 can be employed to compensate the possible capacity loss
due to refrigerant replacement to ensure the performance of the existing system after the
refrigerant replacement.

The second circuit 120 can generally help optimize the performance of the first circuit
110 in both the heating operation mode and the cooling operation mode in a wide range of
ambient temperatures. In some embodiments, the second circuit 120 can help optimize the
performance when the first circuit 110 employs relatively low global warming potential (GWP)
refrigerants (e.g. HFO, HFC refrigerants). The first circuit 110 can still be employed as an air
cooled device, eliminating the need for a ground heat source. The second circuit 120 can be
modular and can be installed depending on geographic climate and refrigerant options. For
example, in some geographic climate (e.g. in a tropical region), the second circuit 120 may not
be necessary. In some other geographic climate (e.g. in northern region), the second circuit 120
may be installed.

Fig. 2 illustrates another embodiment of a heat pump system 200, which includes a first
circuit 210 and a second circuit 220 that are in a heat exchange relationship via a coupling circuit
230. The second circuit 220 includes a reversing device 270 (e.g. a four way valve) that enables
the second circuit 210 to operate in a reversed operation mode with respect to the operation as
illustrated in Figs. 1A and 1B. Itis to be understood that the second circuit 220 can operate in

the similar operation mode as illustrated in Figs. 1A and 1B by changing the reversing device
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270. The heat pump system 200 can allow heat to be transferred from a first refrigerant in the
first circuit 210 to a second refrigerant in the second circuit 220, and/or transferred from the
second refrigerant to the first refrigerant, depending on, for example, an operation mode of the
heat pump system 200.

In the illustrated operation in Fig. 2, the second circuit 220 can help boost the capacity of
the first circuit 210 when the first circuit is operated in a cooling operation mode. As illustrated,
a first heat exchanger 226 functions as a condenser that receives the compressed high
temperature second refrigerant, and a second heat exchanger 222 functions as an evaporator that
receives the relatively low temperature second refrigerant.

By opening flow regulating devices (e.g. valves) 234 and 236, at least a portion of the
compressed high temperature first refrigerant from a compressor 218 may be delivered to the
second heat exchanger 222 to exchange heat with the second refrigerant with the relatively low
temperature. The heat exchange may help lower the temperature of the first refrigerant, boosting
the capacity of the first circuit 210 in the cooling operation mode.

In some embodiments, the first circuit 210 may include a thermal storage circuit 240.
The thermal storage circuit 240 can be used in a cold storage operation, where the thermal
storage circuit 240 is generally configured to receive a relatively low temperature first refrigerant
(e.g. the first refrigerant that is expanded by an expansion device) to, for example, lower a
temperature of a thermal storage media (e.g. water). When the cooling demand is high, for
example, the thermal storage media may be used to boost the capacity of the first circuit 210.
The second circuit 220 can help boost the cooling capacity of the first circuit 210 during the cold
storage operation. In some embodiments, the cold storage operation may be operated at a non-
peak hour (e.g. non-peak electrical hours, such as at night). In some embodiments, the thermal
storage circuit 240 includes additional valves, which may be closed for thermal storage charging
or open for thermal storage use.

In some examples, such as in the cooling mode, Fig. 2 shows that the capacity boost
circuit or second circuit 220 can be activated to be useful for example, where the first heat

exchanger 226 is used to make hot water. In such cases, the refrigerant that may be sometimes
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employed is R744 in the second circuit 220. It will be appreciated that refrigerants other than

R744 may be employed for example to augment the cooling operation.

Aspects
It will be appreciated that any one or more of aspects 1 to 6 may be combined with any one or
more of aspects 7 to 22, aspect 7 may be combined with any one or more of aspects 8 to 22,
aspect 8 may be combined with any one or more of aspects 9 to 22, any one or more of aspects 9
to 19 may be combined with any one or more of aspects 20-22, aspect 20 may be combined with

any one or more of aspects 21 and 22, and aspect 21 may be combined with aspect 22.

Aspect 1. A heat pump system, comprising:

a main circuit including a first refrigerant; and

a capacity boost circuit including a second refrigerant, the capacity boost circuit
configured to form a heat exchange relationship with the main circuit when the heat pump
system is in operation so as to transfer heat from the second refrigerant to the first refrigerant in

the main circuit.

Aspect 2. The heat pump system of aspect 1, wherein the capacity boost circuit includes a heat
exchanger configured to receive at least a portion of the compressed second refrigerant in the
capacity boost circuit, the heat exchanger is configured to receive at least a portion of the
expanded first refrigerant from the main circuit, and the portion of the expanded first refrigerant
and the portion of the compressed second refrigerant form the heat exchange relationship in the

heat exchanger.

Aspect 3. The heat pump system of aspects 1-2, wherein the capacity boost circuit further
includes a hot water heat exchanger, which is configured to receive at least a portion of the
compressed second refrigerant to transfer heat to a fluid directed into the hot water heat

exchanger.

10



10

15

20

25

WO 2016/112275 PCT/US2016/012626

Aspect 4. The heat pump system of aspects 1-3, wherein the main circuit further includes a
thermal storage circuit configured to form a heat exchange relationship with the capacity boost
circuit, and the capacity boost circuit is configured to receive heat from a storage media in the

thermal storage circuit.

Aspect 5. The heat pump system of aspects 1-4, wherein the first refrigerant is a low GWP

refrigerant.

Aspect 6. The heat pump system of aspects 1-5, wherein the second refrigerant is R744.

Aspect 7. A method of operating a heat pump system, comprising:
compressing a first refrigerant;
condensing the first refrigerant;
expanding the first refrigerant;
compressing a second refrigerant; and
transferring heat to the expanded first refrigerant by forming a heat exchange relationship

between the first refrigerant and the compressed second refrigerant.

Aspect 8. A heat pump system, comprising:

a main circuit including a first refrigerant; and

a capacity boost circuit including a second refrigerant, the capacity boost circuit
configured to form a heat exchange relationship with the main circuit when the heat pump
system is in a first operation mode so as to exchange heat from the second refrigerant to the first

refrigerant in the main circuit.

Aspect 9. A heat pump system, comprising:

11
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a first refrigeration circuit having a first refrigerant, the first refrigeration circuit
including a compressor, a flow reversing device in fluid communication with the compressor, a
first heat exchanger in fluid communication with the flow reversing device in a heating operation
mode, an expansion device in fluid communication with the first heat exchanger in the heating
operation mode, a second heat exchanger in communication with the expansion device in the
heating operation mode, the second heat exchanger is in fluid communication with the flow
reversing device in the heating operation mode to return the first refrigerant to the compressor,

the second heat exchanger is in fluid communication with the flow reversing device in an
operation mode different from the heating operation mode, the expansion device is in fluid
communication with the second heat exchanger in the operation mode, the first heat exchanger is
in fluid communication with the expansion device in the operation mode, the first heat exchanger
is in fluid communication with the flow reversing device to return the first refrigerant to the
COMpressor;

a second refrigeration circuit having a second refrigerant, the second refrigerant circuit
including a compressor, a first heat exchanger in fluid communication with the compressor, an
expansion device in fluid communication with the first heat exchanger, a second heat exchanger
in fluid communication with the expansion device and in fluid communication with the
compressor to return the second refrigerant to the compressor; and

a capacity boost circuit that forms a heat exchange relationship between the first
refrigerant and the second refrigerant, the capacity boost circuit is formed by a first flow
regulating device in fluid communication with the second heat exchanger of the first
refrigeration circuit, and which is in fluid communication with the first heat exchanger of the
second refrigeration circuit, and a second flow regulating device in fluid communication with the
first heat exchanger of the second refrigeration circuit, wherein, in the capacity boost circuit, the
first refrigerant forms a heat exchange relationship with the second refrigerant through the first
heat exchanger of the second refrigeration circuit to provide a capacity boost to the first
refrigeration circuit through the heat exchange relationship of the first refrigerant and the second

refrigerant.

12
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Aspect 10.  The heat pump system of aspect 9, wherein, in the capacity boost circuit, the first
heat exchanger of the second refrigeration circuit is configured to receive at least a portion of the
second refrigerant, the first heat exchanger of the second refrigeration circuit is configured to
receive at least a portion of the first refrigerant, and the portion of the first refrigerant and the
portion of the second refrigerant form the heat exchange relationship in the first heat exchanger
of the second refrigeration circuit,

the portion of the first refrigerant is either expanded or compressed refrigerant, and the

portion of the second refrigerant is either compressed or expanded refrigerant.

Aspect 11.  The heat pump system of aspect 9 or 10, further comprising a hot water heat
exchanger in fluid communication with the first heat exchanger of the second refrigeration
circuit, the hot water heat exchanger is configured to receive at least a portion of the second
refrigerant compressed by the compressor of the second refrigeration circuit, to transfer heat
from the second refrigerant to a fluid directed into the hot water heat exchanger, and to direct the

portion of the second refrigerant to the first heat exchanger of the second refrigeration circuit.

Aspect 12. The heat pump system of aspect 11, further comprising a bypass valve in fluid
communication with the compressor of the second refrigeration circuit and the hot water heat

exchanger.

Aspect 13. The heat pump system of any one or more of aspects 9 to 12, further comprising a
thermal storage circuit in fluid communication with the second heat exchanger of the first
refrigeration circuit and in fluid communication with the first heat exchanger of the first
refrigeration circuit, the thermal storage circuit is configured to receive a portion of the first
refrigerant from the capacity boost circuit, where, in the capacity boost circuit, the portion of the
first refrigerant is in heat exchange relationship with a portion of expanded refrigerant of the

second refrigerant.

13
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Aspect 14. The heat pump system of aspect 13, wherein the second refrigeration circuit

includes a flow reversing device.

Aspect 15. The heat pump system of any one or more of aspects 9 to 14, wherein the first

refrigerant is a HFC or HFC/HFO blend with a low global warming potential.

Aspect 16.  The heat pump system of any one or more of aspects 9 to 15, wherein the second
refrigerant is R744 or other refrigerant that has a higher critical temperature than the first

refrigerant.

Aspect 17. The heat pump system of any one or more of aspects 9 to 16, wherein the first
heat exchanger of the first refrigeration circuit is an indoor heat exchanger, and the second heat

exchanger of the first refrigeration circuit is an outdoor heat exchanger.

Aspect 18.  The heat pump system of any one or more of aspects 9 to 17, wherein the capacity
boost circuit boosts the capacity of the first refrigerant in the heating operation mode of the first

refrigeration circuit.

Aspect 19. The heat pump system of aspect 11, wherein the first and second flow regulating
devices of the capacity boost circuit are closed in a cooling operation mode of the first

refrigeration circuit.

Aspect 20. A method of operating a heat pump system, comprising:
in a first refrigeration circuit, compressing a first refrigerant;
condensing the first refrigerant;

expanding the first refrigerant;

14
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in a second refrigeration circuit compressing a second refrigerant that is different from
the first refrigerant; and

transferring heat to a portion of the expanded first refrigerant by forming a heat exchange
relationship between the expanded first refrigerant and the compressed second refrigerant,

wherein the compressed second refrigerant boosts the capacity of the first refrigerant

through the heat exchange relationship.

Aspect21. A method of operating a heat pump system, comprising:

in a first refrigeration circuit, compressing a first refrigerant;

condensing the first refrigerant;

expanding the first refrigerant;

in a second refrigeration circuit compressing a second refrigerant that is different from
the first refrigerant; and

transferring heat to a portion of the condensed first refrigerant by forming a heat
exchange relationship between the condensed first refrigerant and the compressed second
refrigerant,

wherein the compressed second refrigerant boosts the capacity of the first refrigerant

through the heat exchange relationship.

Aspect22. A method of boosting capacity of a main refrigeration circuit, comprising:

replacing a refrigerant in a first refrigeration circuit with a first refrigerant; and

coupling the first refrigeration circuit to a second refrigeration circuit, the second
refrigeration circuit has a second refrigerant different from the first refrigerant;

the coupling includes fluidly communicating the first refrigeration circuit with a capacity
boost circuit having a heat exchanger, and fluidly communicating the second refrigeration circuit
with the capacity boost circuit, forming a heat exchange relationship between the first refrigerant

and the second refrigerant through the heat exchanger of the capacity boost circuit,

15
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wherein the second refrigerant is to boost the capacity of the first refrigerant during

operation of the first refrigeration circuit.

With regard to the foregoing description, it is to be understood that changes may be made
in detail, without departing from the scope of the present invention. It is intended that the
specification and depicted embodiments are to be considered exemplary only, with a true scope

and spirit of the invention being indicated by the broad meaning of the claims.
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Claims
1. A heat pump system, comprising:

a first refrigeration circuit having a first refrigerant, the first refrigeration circuit
including a compressor, a flow reversing device in fluid communication with the compressor, a
first heat exchanger in fluid communication with the flow reversing device in a heating operation
mode, an expansion device in fluid communication with the first heat exchanger in the heating
operation mode, a second heat exchanger in communication with the expansion device in the
heating operation mode, the second heat exchanger is in fluid communication with the flow
reversing device in the heating operation mode to return the first refrigerant to the compressor,

the second heat exchanger is in fluid communication with the flow reversing device in an
operation mode different from the heating operation mode, the expansion device is in fluid
communication with the second heat exchanger in the operation mode, the first heat exchanger is
in fluid communication with the expansion device in the operation mode, the first heat exchanger
is in fluid communication with the flow reversing device to return the first refrigerant to the
COMpressor;

a second refrigeration circuit having a second refrigerant, the second refrigerant circuit
including a compressor, a first heat exchanger in fluid communication with the compressor, an
expansion device in fluid communication with the first heat exchanger, a second heat exchanger
in fluid communication with the expansion device and in fluid communication with the
compressor to return the second refrigerant to the compressor; and

a capacity boost circuit that forms a heat exchange relationship between the first
refrigerant and the second refrigerant, the capacity boost circuit is formed by a first flow
regulating device in fluid communication with the second heat exchanger of the first
refrigeration circuit, and which is in fluid communication with the first heat exchanger of the
second refrigeration circuit, and a second flow regulating device in fluid communication with the
first heat exchanger of the second refrigeration circuit, wherein, in the capacity boost circuit, the
first refrigerant forms a heat exchange relationship with the second refrigerant through the first

heat exchanger of the second refrigeration circuit to provide a capacity boost to the first
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refrigeration circuit through the heat exchange relationship of the first refrigerant and the second

refrigerant.

2. The heat pump system of claim 1, wherein, in the capacity boost circuit, the first heat
exchanger of the second refrigeration circuit is configured to receive at least a portion of the
second refrigerant, the first heat exchanger of the second refrigeration circuit is configured to
receive at least a portion of the first refrigerant, and the portion of the first refrigerant and the
portion of the second refrigerant form the heat exchange relationship in the first heat exchanger
of the second refrigeration circuit,

the portion of the first refrigerant is either expanded or compressed refrigerant, and the

portion of the second refrigerant is either compressed or expanded refrigerant.

3. The heat pump system of claim 1, further comprising a hot water heat exchanger in fluid
communication with the first heat exchanger of the second refrigeration circuit, the hot water
heat exchanger is configured to receive at least a portion of the second refrigerant compressed by
the compressor of the second refrigeration circuit, to transfer heat from the second refrigerant to
a fluid directed into the hot water heat exchanger, and to direct the portion of the second

refrigerant to the first heat exchanger of the second refrigeration circuit.

4. The heat pump system of claim 3, further comprising a bypass valve in fluid
communication with the compressor of the second refrigeration circuit and the hot water heat

exchanger.

5. The heat pump system of claim 1, further comprising a thermal storage circuit in fluid
communication with the second heat exchanger of the first refrigeration circuit and in fluid
communication with the first heat exchanger of the first refrigeration circuit, the thermal storage

circuit is configured to receive a portion of the first refrigerant from the capacity boost circuit,
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where, in the capacity boost circuit, the portion of the first refrigerant is in heat exchange

relationship with a portion of expanded refrigerant of the second refrigerant.

6. The heat pump system of claim 5, wherein the second refrigeration circuit includes a flow

reversing device.

7. The heat pump system of claim 1, wherein the first refrigerant is a HFC or HFC/HFO

blend with a low global warming potential.

8. The heat pump system of claim 1, wherein the second refrigerant is R744 or other

refrigerant that has a higher critical temperature than the first refrigerant.

9. The heat pump system of claim 1, wherein the first heat exchanger of the first
refrigeration circuit is an indoor heat exchanger, and the second heat exchanger of the first

refrigeration circuit is an outdoor heat exchanger.

10. The heat pump system of claim 1, wherein the capacity boost circuit boosts the capacity

of the first refrigerant in the heating operation mode of the first refrigeration circuit.

11.  The heat pump system of claim 3, wherein the first and second flow regulating devices of

the capacity boost circuit are closed in a cooling operation mode of the first refrigeration circuit.

12. A method of operating a heat pump system, comprising:
in a first refrigeration circuit, compressing a first refrigerant;
condensing the first refrigerant;
expanding the first refrigerant;
in a second refrigeration circuit compressing a second refrigerant that is different from

the first refrigerant; and
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transferring heat to a portion of the expanded first refrigerant by forming a heat exchange
relationship between the expanded first refrigerant and the compressed second refrigerant,
wherein the compressed second refrigerant boosts the capacity of the first refrigerant

through the heat exchange relationship.

13. A method of operating a heat pump system, comprising:

in a first refrigeration circuit, compressing a first refrigerant;

condensing the first refrigerant;

expanding the first refrigerant;

in a second refrigeration circuit compressing a second refrigerant that is different from
the first refrigerant; and

transferring heat to a portion of the condensed first refrigerant by forming a heat
exchange relationship between the condensed first refrigerant and the compressed second
refrigerant,

wherein the compressed second refrigerant boosts the capacity of the first refrigerant

through the heat exchange relationship.

14. A method of boosting capacity of a main refrigeration circuit, comprising:

replacing a refrigerant in a first refrigeration circuit with a first refrigerant; and

coupling the first refrigeration circuit to a second refrigeration circuit, the second
refrigeration circuit has a second refrigerant different from the first refrigerant;

the coupling includes fluidly communicating the first refrigeration circuit with a capacity
boost circuit having a heat exchanger, and fluidly communicating the second refrigeration circuit
with the capacity boost circuit, forming a heat exchange relationship between the first refrigerant
and the second refrigerant through the heat exchanger of the capacity boost circuit,

wherein the second refrigerant is to boost the capacity of the first refrigerant during

operation of the first refrigeration circuit.
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