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(54)
IMBALANCE AND A METHOD THEREOF

(57)  Aheat pump system (100) for optimizing opera-
tional efficiency without charge imbalance, is disclosed.
The heat pump system (100) includes an indoor HVAC
unit (101) having an indoor coil and an outdoor HVAC unit
(102) in communication with the indoor HVAC unit (101).
The outdoor HVAC unit (102) includes a compressor
(104) in communication with a reversing valve (105),
and an outdoor coil (106) in communication with the

A HEAT PUMP SYSTEM FOR OPTIMIZING OPERATIONAL EFFICIENCY WITHOUT CHARGE

indoor HVAC unit (101) and the compressor (104). The
outdoor coil (106) includes at least one charge storage
circuit (107). During a cooling mode, the liquid refrigerant
flows into the indoor HVAC unit (101) and the at least one
charge storage circuit (107) functions as a subcooling
circuit. During a heating mode, the at least one charge
storage circuit (107) contains liquid refrigerant.
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Description

FIELD OF THE INVENTION

[0001] The invention generally relates to heat pumps.
More particularly, the invention relates to a system and
method for optimizing operational efficiency without
charge imbalance in a heat pump.

BACKGROUND

[0002] Heat pumps are a type of refrigeration system
that offers a versatile solution for both heating and cooling
environments. They operate by utilizing the principles of
thermodynamics and the properties of refrigerants to
transfer heat energy from one place to another. Heat
pumps can extract heat from the outdoor air, ground,
or water sources and deliver it indoors to provide warmth
during colder seasons. Conversely, they can also absorb
heat from indoor spaces and release the heat outside to
cool the air during warmer periods. This dual functionality
makes heat pumps highly efficient and environmentally
friendly, as they can provide both heating and cooling
without using separate systems.

[0003] In a basic heat pump system, a crucial compo-
nentis the compressor, which plays a vital role in the heat
transfer process. The compressor compresses the re-
frigerant, increasing the temperature and pressure of the
refrigerant. The heated refrigerant is then directed
through a refrigerant flow reversing device, typically a
four-way reversing valve, which determines whether the
heat pump operates in heating or cooling mode.

[0004] When the heat pump is in cooling mode, the
refrigerant flows to the outdoor heat exchanger, also
known as the outdoor coil. Here, the refrigerant releases
heat to the outdoor air, causing the refrigerant to cool
down. The cooled refrigerant then passes through an
expansion device, which reduces the pressure of the
refrigerant, and continues to the indoor heat exchanger,
or indoor coil. In the indoor coil, the refrigerant absorbs
heat from the indoor air, cooling the indoor air. The heated
refrigerant flows back to the compressor to start the cycle
anew.

[0005] On the other hand, in heating mode, the refrig-
erant follows a reverse path. The refrigerant moves from
the indoor coil to the expansion device, where the refrig-
erant pressure drops, and then proceeds to the outdoor
coil. In the outdoor coil, the refrigerant absorbs heat from
the outdoor air, even in low temperatures. The heated
refrigerant returns to the compressor, and the cycle con-
tinues.

[0006] Efficiency plays a critical role in the design and
operation of heat pump systems. Maximizing the effec-
tiveness of the heat exchangers, both the indoor and
outdoor coils, directly contributes to enhanced system
efficiency and reduced overall costs. However, achieving
a higher efficiency has become increasingly challenging.
For instance, while increasing the size of the outdoor coil
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canimprove efficiency, the size of the indoor coil is limited
by standardized dimensions for indoor units. This dis-
crepancy in coil sizes can lead to charge imbalances,
negatively impacting heating performance.

[0007] In recent years, manufacturers and designers
are focusing on optimizing heat exchanger designs, im-
proving refrigerant flow distribution, and employing ad-
vanced control algorithms. These efforts aim to strike a
better balance between coil sizes and refrigerant charge
resulting in improved heating performance and overall
system efficiency for heat pump systems. By continually
pushing the boundaries of heat exchanger design, the
industry is striving to unlock greater efficiency potential
and advance the capabilities of heat pump technology.

SUMMARY

[0008] This summary is provided to introduce a selec-
tion of concepts in a simplified format that are further
described in the detailed description of the invention. This
summary is not intended to identify key or essential
inventive concepts of the specification, nor is it intended
for determining the scope of the invention, which is as set
out in the appended claims.

[0009] According to a first aspect of the invention there
is provided a heat pump system for optimizing opera-
tional efficiency without charge imbalance. The heat
pump system includes an indoor HVAC unit having an
indoor coil and an outdoor HVAC unit in communication
with the indoor HVAC unit. The outdoor HVAC unit in-
cludes a compressor in communication with a reversing
valve, and an outdoor coil in communication with the
indoor HVAC unit and the compressor. The outdoor coil
includes at least one charge storage circuit. During a
cooling mode, the liquid refrigerant flows into the indoor
HVAC unit and the at least one charge storage circuit
functions as a subcooling circuit. During a heating mode,
the at least one charge storage circuit contains liquid
refrigerant.

[0010] Optionally, the outdoor coil includes a plurality
of fluid circuits and the atleast one charge storage circuit.
[0011] Optionally, the outdoor HVAC unit also includes
an expansion valve located between the at least one
charge storage circuit and the plurality of fluid circuits.
[0012] Optionally, the plurality of fluid circuits are
spaced apart from each other in a linear direction.
[0013] Optionally, the number of plurality of fluid cir-
cuits are greater than the number of the at least one
charge storage circuit.

[0014] Optionally, when operating in the cooling mode,
the indoor HVAC unit is adapted to receive liquid refrig-
erant from the outdoor coil and supply vapor refrigerant to
the compressor before returning to the outdoor coil.
[0015] Optionally, when operating in the heating mode,
the indoor HVAC unit is adapted to receive vapor refrig-
erant exiting the compressor and return liquid refrigerant
to the outdoor HVAC unit.

[0016] According to a second aspect of the invention
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there is provided an outdoor HVAC unit including an
outdoor coil in communication with an indoor HVAC unit
and a compressor. The outdoor coil includes a plurality of
fluid circuits and at least one charge storage circuit. An
expansion valve is located between the at least one
charge storage circuit and the plurality of fluid circuits.
During a cooling mode, the liquid refrigerant flows into the
indoor HVAC unit and the at least one charge storage
circuit functions as a subcooling circuit. During a heating
mode, the at least one charge storage circuit contains
liquid refrigerant.

[0017] Accordingtoathird aspectofthe invention there
is provided a method for optimizing operational efficiency
of a heat pump system without charge imbalance. The
method includes operating the heat pump system in at
least one of a heating mode and a cooling mode. The heat
pump system includes an indoor HVAC unit having an
indoor coil and an outdoor HVAC unit in communication
with the indoor HVAC unit. The outdoor HVAC unit in-
cludes an outdoor coil, a compressor in communication
with areversing valve, a vapor line in communication with
the indoor HVAC unit and the compressor, such that the
outdoor coil includes at least one charge storage circuit.
The liquid refrigerant is supplied into the indoor HVAC
unit during the cooling mode. The at least one charge
storage circuit is configured to function as a subcooling
circuit during the cooling mode. The at least one charge
storage circuit is configured to contain liquid refrigerant
during the heating mode.

[0018] Optionally, the outdoor coil includes a plurality
of fluid circuits and the at least one charge storage circuit.
[0019] Optionally, the method includes spacing the
plurality of fluid circuits apart from each other in a linear
direction.

[0020] Optionally, the number of plurality of fluid cir-
cuits are greater than the number of the at least one
charge storage circuit.

[0021] Optionally, when operating in the cooling mode,
the method includes configuring the indoor HVAC unit to
receive liquid refrigerant from the outdoor coil and supply
vapor refrigerant to the compressor before returning to
the outdoor coil.

[0022] Optionally, when operating in the heating mode,
the method includes configuring the indoor HVAC unit to
receive vapor refrigerant exiting the compressor and
return liquid refrigerant to the outdoor HVAC unit.
[0023] To further clarify the advantages and features of
the methods, systems, and apparatuses, a more parti-
cular description of the methods, systems, and appara-
tuses will be rendered by reference to specific embodi-
ments thereof, which are illustrated in the appended
drawings. It is appreciated that these drawings depict
only typical embodiments of the invention and are there-
fore not to be considered limiting of its scope, which is as
set out in the appended claims. The invention will be
described and explained with additional specificity and
detail with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and other features, aspects, and advan-
tages of the invention will become better understood
when the following detailed description is read with re-
ference to the accompanying drawings in which like
characters represent like parts throughout the drawings.
Certain exemplary embodiments will now be described in
greater detail by way of example only and with reference
to the accompanying drawings in which:

FIG. 1A exemplarily illustrates a schematic view of a
heat pump system for optimizing operational effi-
ciency without charge imbalance during a heating
mode;

FIG. 1B exemplarily illustrates a schematic view of
the heat pump system for optimizing operational
efficiency without charge imbalance during a cooling
mode; and

FIG. 2 exemplarily illustrates a flowchart indicating a
method for optimizing operational efficiency without
charge imbalance in the heat pump system operat-
ingin atleastone of the heating mode and the cooling
mode.

[0025] Further, skilled artisans will appreciate that ele-
ments in the drawings are illustrated for simplicity and
may not have necessarily been drawn to scale. For
example, the flow charts illustrate the method in terms
of the most prominent steps involved to help to improve
understanding of aspects of the invention. Furthermore,
in terms of the construction of the device, one or more
components of the device may have been represented in
the drawings by conventional symbols, and the drawings
may show only those specific details that are pertinent to
understanding the embodiments of the invention so as
notto obscure the drawings with details that will be readily
apparent to those of ordinary skill in the art having the
benefit of the description herein.

DETAILED DESCRIPTION

[0026] Forthe purpose of promoting an understanding
ofthe principles of the specification, reference will now be
made to the various embodiments and specific language
will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention
is thereby intended, such alterations and further modifi-
cations in the illustrated system, and such further appli-
cations of the principles of the specification as illustrated
therein being contemplated as would normally occur to
one skilled in the art to which the invention relates.
[0027] It will be understood by those skilled in the art
that the foregoing general description and the following
detailed description are explanatory of the invention and
are not intended to be restrictive thereof.



5 EP 4 521 037 A1 6

[0028] Reference throughout this specification to "an
aspect", "another aspect” or similar language means that
a particular feature, structure, or characteristic described
in connection with the embodiment is included in at least
one embodiment of the invention. Thus, appearances of
the phrase "in an embodiment", "in another embodi-
ment", "some embodiments", "one or more embodi-
ments" and similar language throughout this specifica-
tion may, but do not necessarily, all refer to the same
embodiment.

[0029] The terms "comprises", "comprising", or any
other variations thereof, are intended to cover a non-
exclusive inclusion, such that a process or method that
comprises a list of steps does notinclude only those steps
but may include other steps not expressly listed or in-
herent to such process or method. Similarly, one or more
devices or sub-systems or elements or structures or
components proceeded by "comprises... a" does not,
without more constraints, preclude the existence of other
devices or other sub-systems or other elements or other
structures or other components or additional devices or
additional sub-systems or additional elements or addi-
tional structures or additional components.

[0030] Embodiments of the invention will be described
below in detail with reference to the accompanying draw-
ings.

[0031] Heat pump systems are a type of refrigeration

system that offers a versatile solution for both heating and
cooling environments. They operate by utilizing the prin-
ciples of thermodynamics and the properties of refriger-
ants to transfer heat energy from one place to another.
The heat pump system may extract heat from the outdoor
air, ground, or water sources and deliver the extracted
heat indoors to provide warmth during colder seasons.
Conversely, they can also absorb heat from indoor
spaces and release the heat outside to cool the air during
warmer periods. This dual functionality makes the heat
pump systems highly efficient and environmentally
friendly, as they can provide both heating and cooling
without using separate systems.

[0032] When trying to achieve higher efficiency in the
heat pump systems, there are a couple of factors that limit
improvements in efficiency. Firstly, outdoor coils of the
heat pump system may be limited in size when compared
to indoor coils to prevent charge imbalance in a heating
mode. Secondly, refrigerant flow in both directions is
desirable in existing heat pump systems which typically
prevents the use of a subcooler in a cooling mode.
[0033] FIG.1Aexemplarilyillustrates a schematic view
of a heat pump system 100 for optimizing operational
efficiency without charge imbalance during a heating
mode according to one or more embodiments of the
invention. The heat pump system 100 for optimizing
operational efficiency without charge imbalance includes
an indoor HVAC unit 101 having an indoor coil and an
outdoor HVAC unit 102 in communication with the indoor
HVAC unit 101. The outdoor HVAC unit 102 includes a
vapor header 103, a compressor 104 in communication
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with a reversing valve 105, and an outdoor coil 106 in
communication with the indoor HVAC unit 101 and the
compressor 104.

[0034] The outdoor coil 106 includes at least one
charge storage circuit 107. During the heating mode,
the at least one charge storage circuit 107 stores refrig-
erant charge. In an embodiment, the outdoor coil 106
may also include a plurality of fluid circuits 106a instead of
a single fluid circuit in addition to the at least one charge
storage circuit 107. The plurality of fluid circuits 106a may
be spaced apart from each otherin alinear direction. The
number of plurality of fluid circuits 106a are kept greater
than the number of the at least one charge storage circuit
107. By optionally increasing the number of the plurality
of fluid circuits 106a in comparison to the number of the at
least one storage circuit, the heating efficiency of the heat
pump system 100 is improved. However, it may be ap-
preciated that the number of fluid circuits may not be
greater than the number of charge storage circuits to be
an effective method for reducing charge imbalance.
[0035] The function of the at least one charge storage
circuit 107 in the heating mode is to contain liquid refrig-
erant in the outdoor coil 106 before the liquid refrigerant
gets to an expansion valve 108. In an embodiment, the
expansion valve 108 is located between the at least one
charge storage circuit 107 and the plurality of fluid circuits
106a. Since liquid has a higher density than vapor, this
allows the outdoor coil 106 to hold more refrigerant
charge than if all the plurality of fluid circuits 106a and
the at least one charge storage circuit 107 were being
used for evaporation and thus helps reduce charge im-
balance. As such, the orientation of the charge storage
circuits 107 with regards to the fluid evaporating circuits
106a contributes to the heat being recaptured from the
warmer liquid refrigerant in the charge storage circuits
107. As shown in FIG. 1A, air blows across the outdoor
coil 106 from left to right. The warmer refrigerant in the at
least one charge storage circuit 107 will add heat to the air
that gets blown onto the inner row of the plurality of fluid
circuits 106a.

[0036] Whentheindoor HVAC unit 101 functions as the
condenser (the heat pump system 100 is in the heating
mode of operation), the outdoor HVAC unit 102 operates
as an evaporator. When the indoor HVAC unit 101 oper-
ates as the condenser, the high pressure refrigerant
vapor condenses to a refrigerant liquid in the indoor
HVAC unit 101. During the heating cycle, the compressed
refrigerant vapor flows from the compressor 104 and then
into the indoor HVAC unit 101. This means when operat-
ing in the heating mode, the indoor HVAC unit 101 is
adapted to receive vapor refrigerant exiting the outdoor
coil 106 via the compressor 104. Moreover, the indoor
HVAC unit 101 is adapted to return liquid refrigerant to the
outdoor HVAC unit 102. After passing through the indoor
HVAC unit 101 and the outdoor HVAC unit 102, the
refrigerant from the outdoor HVAC unit 102 returns to
the suction line of the compressor 104 via the reversing
valve 105. In an embodiment, the reversing valve 105
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may be provided to reverse refrigerant flow when the heat
pump system 100 alternates between the heating mode
and the cooling mode. Inthe heat pump system 100, most
ofthe charge ends up being contained in whichever coil is
acting as the condenser. When the outdoor coil 106
contains a significant amount more volume than the in-
door coil, this can lead to a charge imbalance. When the
heat pump system 100 operates with a charge imbal-
ance, the heat pump system 100 causes the indoor coil to
contain more refrigerant than is optimal which causes the
heat pump system 100 to operate at higher pressure to
contain the refrigerant. This higher pressure can lead to
less efficient heating operation or even cause the heat
pump system 100 to shut down from high discharge
pressure protection.

[0037] In an embodiment, the outdoor coil 106 of the
outdoor HVAC unit 102 includes the plurality of fluid
circuits 106a and the at least one charge storage circuit
107. The expansion valve 108 is located between the at
least one charge storage circuit 107 and the plurality of
fluid circuits 106a. During the heating mode, the at least
one charge storage circuit 107 contains liquid refrigerant.
[0038] FIG. 1B exemplarilyillustrates a schematic view
of the heat pump system 100 for optimizing operational
efficiency during a cooling mode according to one or
more embodiments of the invention. During the cooling
mode, the liquid refrigerant flows into the indoor HVAC
unit 101 and the at least one charge storage circuit 107
functions as a subcooling circuit. This means when op-
erating in the cooling mode, the indoor HVAC unit 101 is
adapted to receive liquid refrigerant from the outdoor coil
106. Moreover, the indoor HVAC unit 101 is adapted to
supply vapor refrigerant to the compressor 104 that will
compress the refrigerant and then condense the vaporin
the outdoor coil 106.

[0039] When the outdoor HVAC unit 102 is operating
as the condenser, (the heat pump system 100 is in the
cooling mode of operation), the indoor HVAC unit 101
operates as the evaporator. When operating as the eva-
porator, the liquid refrigerant goes through the expansion
valve 108 and then is changed to a vaporous gas in the
indoor HVAC unit 101. The compressed refrigerant is
passed from the compressor 104 into the outdoor coil 106
where the refrigerant condenses. The liquid refrigerant
then flows to the indoor HVAC unit 101, which functions
as the evaporator. The gaseous refrigerant passes from
the indoor HVAC unit 101 into the suction line of the
compressor 104 via the reversing valve 105.

[0040] In an embodiment, the outdoor coil 106 of the
outdoor HVAC unit 102 includes the plurality of fluid
circuits 106a and the at least one charge storage circuit
107. The expansion valve 108 is located between the at
least one charge storage circuit 107 and the plurality of
fluid circuits 106a. During the cooling mode, the expan-
sion device is bypassed and not used for expansion.
[0041] The plurality of fluid circuits 106a apart from the
at least one charge storage circuit 107 have refrigerant
with the highest vapor content that causes a higher
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pressure drop. By increasing the number of fluid circuits
106a, the pressure drop may be reduced significantly.
After most of the refrigerant vapor has condensed into
liquid, the pressure drop is reduced significantly. This
means the refrigerant can be passed through fewer
circuits to finish condensing and then be subcooled. By
using the plurality of fluid circuits 106a when the refrig-
erant is mostly vapor, the refrigerant vapor exchanges
maximum heat. Moreover, when the refrigerant vapor
reaches the at least one charge storage circuit 107,
the refrigerant vapor is mostly condensed to refrigerant
liquid. Therefore, the provision of the at least one charge
storage circuit 107 thatis less in number than the plurality
of fluid circuits, the atleast one charge storage circuit 107
functions as a subcooling circuit thereby improving the
cooling efficiency of the heat pump system 100.

[0042] In an embodiment, the heat pump system 100
may include four charge storage circuits 107 and eight
fluid circuits 106a. Each of the four charge storage cir-
cuits 107 and each of the eight fluid circuits include eight
tubes. Therefore, the total number of tubes of the heat
pump system 100 equals 96 in number. So, of the 96
tubes in the coil of the outdoor HVAC unit 102, 32 of them
function as charge storage circuits 107 in heating and the
remaining 64 tubes of the eight fluid circuits 106a are
used to evaporate refrigerant after expansion. When the
entire coil is used as an evaporator, the coil holds some-
where around 1.5t0 2.0 Ibs. (0.7 to 0.9 kg) of refrigerant.
With 32 of the 96 tubes holding liquid, the coil of the
outdoor HVAC unit may hold about 8 Ibs. (4 kg) of re-
frigerant. Furthermore, with the configuration of the sub-
cooling circuits in the outer row of the coil, the heat that is
lost while the liquid is in the subcooling circuits can be
recaptured by the tubesin the inner row. Advantageously,
this design ensures lower implementation cost than in-
corporating a traditional charge compensator in the out-
door HVAC unit 102.

[0043] FIG. 3 exemplarily illustrates a flowchart indi-
cating a method 200 for optimizing operational efficiency
without charge imbalance in the heat pump system 100
operating in at least one of the heating mode and the
cooling mode. The method 200 for optimizing operational
efficiency of the heat pump system 100 without charge
imbalance, is disclosed.

[0044] At Step 201, the heat pump system 100 is
operated in at least one of the heating mode and the
cooling mode. The heat pump system 100 includes the
indoor HVAC unit 101 having the indoor coil and the
outdoor HVAC unit 102 in communication with the indoor
HVAC unit 101. The outdoor HVAC unit 102 includes the
outdoor coil 106, the compressor 104 in communication
with the reversing valve 105, and the outdoor coil 106 in
communication with the indoor HVAC unit 101 and the
compressor 104. The outdoor coil 106 includes at least
one charge storage circuit 107. In an embodiment, the
outdoor coil 106 includes a plurality of fluid circuits 106a
and the at least one charge storage circuit 107. In an
embodiment, the plurality of fluid circuits 106a may be
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spaced apart from each other in a linear direction.
[0045] AtStep 202, theliquid refrigerantis suppliedinto
the indoor HVAC unit 101 during the cooling mode. In an
embodiment, the indoor HVAC unit 101, when operating
in the cooling mode, is configured to receive liquid re-
frigerant from the outdoor coil 106 and supply vapor
refrigerant to the compressor 104 before returning to
the outdoor coil 106.

[0046] At Step 203, the at least one charge storage
circuit 107 is configured to function as the subcooling
circuit during the cooling mode.

[0047] At Step 204, the at least one charge storage
circuit 107 is configured to contain refrigerant charge
during the heating mode. In an embodiment, the indoor
HVAC unit 101, when operating in the heating mode, is
configured to receive vapor refrigerant exiting the com-
pressor 104 and return liquid refrigerant to the outdoor
HVAC unit 102.

[0048] While specific language has been used to de-
scribe the subject matter, any limitations arising on ac-
count thereto, are not intended. As would be apparent to
aperson in the art, various working modifications may be
made to the method in order to implement the inventive
concept as taught herein. The drawings and the fore-
going description give examples of embodiments. Those
skilled in the art will appreciate that one or more of the
described elements may well be combined into a single
functional element. Alternatively, certain elements may
be split into multiple functional elements. Elements from
one embodiment may be added to another embodiment.

Claims

1. Aheat pump system (100) for optimizing operational
efficiency without charge imbalance, the heat pump
system comprising:

an indoor HVAC unit (101) comprising an indoor
coil; and

an outdoor HVAC unit (102) in communication
with the indoor HVAC unit, the outdoor HVAC
unit comprising:

a compressor (104) in communication with
a reversing valve (105); and

an outdoor coil (106) in communication with
the indoor HVAC unit and the compressor,
the outdoor coil comprising at least one
charge storage circuit (107),

wherein, during a cooling mode, the liquid
refrigerant flows into the indoor HVAC unit
and the at least one charge storage circuit
functions as a subcooling circuit, and
wherein, during a heating mode, the at least
one charge storage circuit contains liquid
refrigerant.
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2. The heat pump system of claim 1, wherein the out-
door coil (106) comprises:

a plurality of fluid circuits (1 06a); and
the at least one charge storage circuit (107).

3. Theheat pump system according to claim 2, wherein
the outdoor HVAC unit (102) further comprises an
expansion valve (108) located between the at least
one charge storage circuit (107) and the plurality of
fluid circuits (106a).

4. The heat pump system of claim 2 or 3, wherein the
plurality of fluid circuits (106a) are spaced apart from
each other in a linear direction.

5. The heat pump system of any of claims 2 to 4,
wherein the number of plurality of fluid circuits
(106a) are greater than the number of the at least
one charge storage circuit (107).

6. The heat pump system of any preceding claim,
wherein, when operating in the cooling mode, the
indoor HVAC unit (101) is adapted to:

receive liquid refrigerant from the outdoor coil
(106); and

supply vapor refrigerant to the compressor (104)
before returning to the outdoor coil.

7. The heat pump system of any preceding claim,
wherein, when operating in the heating mode, the
indoor HVAC unit (101) is adapted to:

receive vapor refrigerant exiting the compressor
(104); and

return liquid refrigerant to the outdoor HVAC unit
(102).

8. An outdoor HVAC unit (102) comprising:

a compressor (104);

an outdoor coil (106) in communication with an
indoor HVAC unit (101) and the compressor, the
outdoor coil comprising:

a plurality of fluid circuits (106a);

at least one charge storage circuit (107);
and

an expansion valve (108) located between
the at least one charge storage circuit and
the plurality of fluid circuits,

wherein, during a cooling mode, the liquid
refrigerant flows into the indoor HVAC unit
and the at least one charge storage circuit
functions as a subcooling circuit, and
wherein, during a heating mode, the atleast
one charge storage circuit contains liquid
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refrigerant.

A method for optimizing operational efficiency of a
heat pump system (100) without charge imbalance,
the method comprising:

operating (201) the heat pump system, in atleastone
of a heating mode and a cooling mode, the heat
pump system comprising:

an indoor HVAC unit (101) comprising an indoor
coil; and

an outdoor HVAC unit (102) in communication
with the indoor HVAC unit, the outdoor HVAC
unit comprising:

a compressor (104) in communication with
a reversing valve (105); and
an outdoor coil (106) in communication with
the indoor HVAC unit and the compressor,
the outdoor coil comprising at least one
charge storage circuit (107);

supplying (202) liquid refrigerant into the indoor
HVAC unit during the cooling mode;
configuring (203) the atleast one charge storage
circuit to function as a subcooling circuit during
the cooling mode; and

configuring (204) the atleast one charge storage
circuit to contain liquid refrigerant during the
heating mode.

The method of claim 9, wherein the outdoor coil (106)
comprises:

a plurality of fluid circuits (106a); and
the at least one charge storage circuit (107).

The method of claim 10, including spacing the plur-
ality of fluid circuits (106a) apart from each otherin a
linear direction.

The method of claim 10 or 11, wherein the number of
plurality of fluid circuits (106a) are greater than the
number of the at least one charge storage circuit
(107).

The method of any of claims 9 to 12, further compris-
ing when operating in the cooling mode, configuring
the indoor HVAC unit (101) to:

receive liquid refrigerant from the outdoor coil
(106); and

supply vapor refrigerant to the compressor (104)
before returning to the outdoor coil.

The method of any of claims 9 to 13, further compris-
ing when operating in the heating mode, configuring
the indoor HVAC unit (101) to:
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12

receive vapor refrigerant exiting the outdoor coil
(106) via the compressor (104); and
return liquid refrigerant to the outdoor coil.
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