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(54) MULTI‑CIRCUIT HEAT PUMP

(57) Amulti-circuit heat pump (100) is disclosed. The
heat pump comprises an evaporator (102), a plurality of
condensers (104‑1, 104‑2, 104‑3) fluidically connected in
series, and a plurality of compressor units (106‑1, 106‑2,

106‑3) configured between the evaporator and the plur-
ality of condensers such that one of the compressor units
is fluidically configured between the evaporator and one
of the condensers.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This patent application claims the benefit of US Provisional Patent Application No 63/508,967, filed on Jun 19,
2023, which is incorporated by reference herein in its entirety.

BACKGROUND

[0002] This invention relates to the field of heat pumps, and more particularly, embodiments of the invention provide a
simple, improved, and efficient multi-circuit heat pump.
[0003] Heat pumps generally consist of a single unit having a single evaporator and a single condenser fluidically
connected by a compressor, ormultiple units including the single units (single evaporator, condenser, and compressor) in
a series counterflow arrangement. For high-temperature heat pump applications, the single unit with a single evaporator
andcondensermayhavea lowcoefficient of performance (COP). The temperature lift in the high-temperatureheat pumps
may result in a high-pressure ratio between the evaporator and the condenser and a low COP. Moreover, the series
counterflow arrangement may require multiple units, which may increase the cost.

SUMMARY

[0004] According to a first aspect there is provided amulti-circuit heat pump. The heat pump comprises an evaporator, a
plurality of condensers fluidically connected in series, and a plurality of compressor units configured between the
evaporator and the plurality of condensers, such that one of the compressor units is fluidically configured between the
evaporatorandoneof thecondensers.That is, eachcompressorunit is fluidically configuredbetween theevaporatoranda
respective condenser.
[0005] Optionally, eachof thecompressorunits comprisesacompressoroperativelycoupled toamotor,whereineachof
the motors is configured to be independently operated at a predefined speed.
[0006] Optionally, the heat pump comprises a plurality of economizers, wherein one of the economizers is fluidically
configured between the evaporator, one of the condensers, and the respective compressor. That is, each of the
economizers is fluidically configured between the evaporator, a respective condenser, and a respective compressor.
[0007] Optionally, at least one of the plurality of condensers is a multi-pass heat exchanger.
[0008] Optionally, at least one of the plurality of condensers is a single-pass heat exchanger.
[0009] Optionally, each of the condensers comprises a conduit having a predefined number of turns and passes,
disposedwithin ahousingof the condenser and in thermal contactwitha refrigerant coil associatedwith the corresponding
condenser, wherein the conduit is configured for flow of a working-fluid therethrough.
[0010] Optionally, an outlet of the conduit associatedwith one of the condensers is fluidically connected to an inlet of the
conduit associated with an adjacent condenser to connect the plurality of condensers in series.
[0011] Optionally, an outlet of the conduit associated with each of the condensers is adapted to facilitate tapping of the
working-fluid from the respective condensers.
[0012] Optionally, the heat pump comprises a controller operatively coupled to one or more of the motors of the
compressor unit, the evaporator, and the plurality of condensers, wherein the controller is configured to independently
operate the motor of the compressor unit associated with each of the condensers based on temperature of the working-
fluid to be maintained in and tapped from the conduit across each of the condensers.
[0013] Optionally, the working-fluid is water and the plurality of condensers comprises a water-cooled condenser.
[0014] Optionally, the working-fluid is air and the plurality of condensers comprises an air-cooled condenser.
[0015] According to a second aspect there is provided a multi-circuit heat pump. The heat pump comprises an
evaporator, a condenser comprising a housing having a plurality of compartments isolated from each other and arranged
in series within the housing, wherein each of the compartments comprises a refrigerant coil, and a plurality of compressor
units configured between the evaporator and the plurality of compartments of the condenser, such that one of the
compressor units is fluidically configured between the evaporator and one of the compartments. That is, each compressor
unit is fluidically configured between the evaporator and a respective compartment.
[0016] Optionally, each of the compressor units comprises a compressor operatively coupled to a motor, wherein the
motor of each compressor is configured to be independently operated at a predefined speed.
[0017] Optionally, the heat pump comprises a plurality of economizers, wherein one of the economizers is fluidically
configured between the evaporator, one of the compartments, and the respective compressor. That is, each of the
economizers is fluidically configured between the evaporator, a respective compartment, and a respective compressor.
[0018] Optionally, the condenser comprises a conduit having a predefined number of turns and passes disposed of
within the housing and extending through each of the compartments, wherein the conduit is in thermal contact with the
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condenser coil of each of the compartments and configured to facilitate flow of a working-fluid therethrough.
[0019] Optionally, the conduit is adapted to facilitate tapping of the working-fluid from each of the compartments.
[0020] Optionally, the condenser comprises one or more partition walls disposed of within the housing to create and
isolate the plurality of compartments, wherein the conduit extends through the one or more partition walls.
[0021] Optionally, the heat pump comprises a controller operatively coupled to one or more of the motors of the
compressor unit, the evaporator, and the condenser, wherein the controller is configured to independently operate the
motor of the compressor unit associated with each of the compartments based on temperature of the working-fluid to be
maintained in and tapped from the conduit across each of the compartments.
[0022] Optionally, the working-fluid is water and the condenser is a water-cooled condenser.
[0023] Optionally, the working-fluid is air and the condenser is an air-cooled condenser.
[0024] The foregoingsummary is illustrativeonlyand isnot intended tobe inanyway limiting. Inaddition to the illustrative
aspects, embodiments, and features described above, further aspects, embodiments, features, and techniques of the
invention will become more apparent from the following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings are included to provide a further understanding of the present invention and are
incorporated in and constitute a part of this specification. The drawings illustrate exemplary embodiments of the invention
and, together with the description, serve to explain the principles of the invention.
[0026] In the drawings, similar components and/or features may have the same reference label. Further, various
components of the same typemay be distinguished by following the reference label with a second label that distinguishes
among the similar components. If only the first reference label is used in the specification, the description is applicable to
any one of the similar components having the same first reference label irrespective of the second reference label.

FIG. 1A illustrates an exemplary representation of a multi-channel heat pump comprising a single evaporator
connected to multiple series connected condensers having two passes.
FIG. 1B illustrates an exemplary representation of a multi-channel heat pump comprising a single evaporator
connected to multiple series connected condensers having a single pass and two passes.
FIG. 2 illustrates an exemplary representation of a multi-channel heat pump comprising a condenser having multiple
partitioned compartments, each connected to a single evaporator.
FIG. 3 illustrates an exemplary functional block diagram of the heat pump of any of FIGs. 1A to 2.

DETAILED DESCRIPTION

[0027] The following is a detailed description of embodiments of the invention depicted in the accompanying drawings.
The embodiments are in such detail as to clearly communicate the invention. However, the amount of detail offered is not
intended to limit the anticipated variations of embodiments; on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the scope of the invention as defined by the appended claims.
[0028] Various terms are used herein. To the extent a term used in a claim is not defined below, it should be given the
broadest definition persons in the pertinent art have given that term as reflected in printed publications and issued patents
at the time of filing.
[0029] In the specification, referencemay bemade to the spatial relationships between various components and to the
spatial orientationof variousaspectsof componentsas thedevicesaredepicted in theattacheddrawings.However, aswill
be recognizedby thoseskilled in theart after a complete readingof thesubject disclosure, thecomponents of this invention
described herein may be positioned in any desired orientation. Thus, the use of terms such as "above," "below," "upper,"
"lower," "first", "second" or other like terms to describe a spatial relationship between various components or to describe
the spatial orientationof aspectsof suchcomponents shouldbeunderstood todescribea relative relationshipbetween the
components or a spatial orientation of aspects of such components, respectively, as the heat pump, evaporator,
condenser, compartments of condenser, conduit, coil, compressor unit, economizer, and corresponding components,
described herein may be oriented in any desired direction.
[0030] Heat pumps are generally employed for district heating, water heating, waste heat recovery, and the like in
buildings, and for industrial applications. Existing heat pumps may have a single-unit arrangement including a single
condenser fluidically connected to a single evaporator by a compressor. The heat pumps may be of a multiple-unit
arrangement including a plurality of the single-units in a series counterflow arrangement, where each unit has a single
evaporator fluidically connected to a single condenser by a compressor. The temperature lift in a high-temperature single-
unit heat pump may be high, which may result in a high-pressure ratio between the evaporator and the condenser along
with a low coefficient of performance (COP). In addition, the series counterflow arrangement may require multiple units
eachhavinganevaporator, a condenser, andacompressor,which increases theoverall cost,while alsobeingbulky. Thus,
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there is aneed to lower thepressure ratio between theevaporator andcondenser and improve theCOPof theheat pumps,
particularly for high-temperature applications, while keeping the heat pump cost-effective and space-saving.
[0031] Embodiments of this invention provide a simple, improved, efficient, and cost-effective multi-circuit heat pump
that has a lower pressure ratio between the evaporator and condenser and an improved coefficient of performance. The
heat pumpmay include a single evaporator fluidically connected tomultiple series connected condensers. As a result, the
heat pump may involve smaller condensers compared to the condensers involved in the existing single-unit heat pump,
whichmay further allow theuseof smaller compressormotors compared to theexisting single-unit heat pump for the same
capacity.Moreover, for thesamecapacity, since thecondenser in theheatpumpmaybekept smaller than thecondenserof
the existing single unit, the stall behavior in the heat pumpmay be easier tomanage. Furthermore, since the evaporator is
common for all the condensers in the heat pump, the architecture of the heat pump may have cost and space-saving
advantages compared to the existing multiple-unit heat pump.
[0032] Referring to FIGs. 1A and 1B, themulti-circuit heat pump "heat pump" 100 is disclosed. The heat pump 100may
include a plurality of condensers 104‑1 to 104‑3 (collectively referred to as condensers 104, herein) that may be fluidically
connected in series. The heat pump 100 may further include a single evaporator 102 that may be common for all
condensers 104.Thecommonevaporator 102maybefluidically connected to eachof the condensers 104usingaplurality
of compressor units 106‑1 to 106‑3 (collectively referred to as compressor unit 106, herein) such that one of the
compressor units 106 is fluidically configured between the evaporator 102 and one of the condensers 104, resulting
inmultiple circuits with a common evaporator 102. That is, each compressor unit 106 is fluidically configured between the
evaporator 102 and a respective condenser 104. For instance, as illustrated, the compressor 106‑1 may be associated
with common evaporator 102 and the condenser 104‑1 in the first circuit, the compressor 106‑2 may be associated with
commonevaporator 102and the condenser 104‑2 in thesecondcircuit, and thecompressor 106‑3maybeassociatedwith
commonevaporator 102 and the condenser 104‑3 in the third circuit. Accordingly,multiple circuitsmay be implemented in
the heat pump 100. The compressor unit 106 may include a compressor (also designated as 106, herein) fluidically
connectedbetweenoneof the condensers 104and theevaporator 102andamotor operatively coupled to the compressor
106. Accordingly, the refrigerant from the common evaporator 102may be compressed and delivered to each condenser
104 by a separate compressor 106, resulting in multiple circuits with varying temperature lifts. In one or more embodi-
ments, each of the motors may be configured to be operated independently at a predefined speed or rotation per minute
(RPM) to independently control the operation of the compressors 106 based on the temperature and pressure of the
refrigerant to be maintained in the multiple circuits or components of the heat pump 100.
[0033] Each of the condensers 104 may include a working-fluid conduit "conduit" (shown in dotted lines) having a
predefinednumberof turnsand/or passes, disposedwithin ahousingof the condenser 104. Theworking-fluid conduitmay
be configured to allow flow of a working-fluid therethrough.
[0034] In one or more embodiments, the working-fluid may be water and the plurality of condensers 104 may include
water-cooled condensers, whichmaybe implemented to heatwater and supply the heatedor conditionedwater to anarea
of interest (AOI). In other embodiments, the working-fluid may be air and the plurality of condensers 104 may include air-
cooled condensers, whichmay be implemented to heat air and supply the heated or conditioned air to anAOI. Further, the
working-fluidmay be any fluid thatmay be conditioned by the heat pump. Theworking-fluid conduit of the condensers 104
maybe in thermal contactwitha refrigerant coil (condenser coil) (not shown)associatedwith thecorresponding condenser
104 within the housing of the condenser 104. Further, the refrigerant coil of each condenser 104 may be fluidically
connected to the coils (evaporator coil) of the common evaporator 102 via the compressor 106, the economizer, and a
piping system in each circuit to enable the flow of the refrigerant between the evaporator 102 and the corresponding
condensers 104, thereby enabling the exchange of heat therebetween and adjusting the temperature of the working-fluid
at predefined temperatures in different condensers 104.
[0035] In one or more embodiments, (not shown in FIGs. 1A and 1B) the heat pump 100may include an economizer in
each of the circuits. One economizer may be fluidically configured between the common evaporator 102, one of the
condensers 104, and the respective compressor in each circuit, thereby forming themulti-circuit heat pump 100. The heat
pump 100 may additionally include (not shown) a filter drier, an accumulator, a receiver, an expansion valve, and the like
being configured in each circuit.
[0036] Anoutlet of the conduit associatedwith the condensers 104maybe fluidically connected to an inlet of the conduit
associated with an adjacent condenser 104 in the heat pump 100 to connect the plurality of condensers 104 in series. For
instance, as illustrated, the outlet of the conduit associated with the condenser 104‑1 may be fluidically connected to an
inlet of the conduit associated with the adjacent condenser 104‑2, and the outlet of the conduit associated with the
condenser104‑2maybefluidically connected toan inlet of theconduit associatedwith theadjacent condenser104‑3 in the
heat pump100 to connect the plurality of condensers 104‑1 to 104‑3 in series. In one ormore embodiments, at least one of
the condensers 104 may be a multi-pass condenser or heat exchanger, where the working-fluid conduit has multiple
passes. In other embodiments, at least one of the condensers 104 may be a single-pass condenser or heat exchanger
where theworking-fluid conduit hasasinglepass.For instance,asshown inFIG.1B, thecondensers104‑1and104‑2may
be single-pass condensers, and the condenser 104‑3may be a two-pass condenser. Further, as shown in FIG. 1A, all the
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condensers 104‑1 to 104‑3 may be two-pass condensers.
[0037] As illustrated in FIGs. 1A and 1B, ’ECWT’ may be the condenser water entering the first condenser 104‑1,
‘LCWT1’maybe the condenser water leaving the first condenser 104‑1, ’LCWT2’may be the condenserwater leaving the
second condenser 104‑2, and ’LCWT3’ may be the condenser water leaving the third condenser 104‑3. Further, ’EEWT’
maybe thecoolwater (fluid) entering theevaporator 102, and ’LEWT’maybe theheatedwater leaving theevaporator 102.
Similarly (not shown), in other embodiments, the condensers 104‑1 to104‑3maybeair-cooled condensers andairmaybe
circulated through the condensers 104‑1 to 104‑3 to heat or condition the air.
[0038] In one or more embodiments, the outlet of the conduit associated with each of the condensers 104 may be
adapted to facilitate tapping (not shown) of the working-fluid from the respective condensers 104. As themulti-circuit heat
pump 100 enables heating of theworking-fluid at different temperatures (T1 to T4) in different condensers 104‑1 to 104‑3,
the taps connected to the conduit in each condenser 104‑1 to 104‑3 may allow users to tap out the working-fluid of the
variable temperature range (T1-T4). For instance, as shown in FIGs. 1A and 1B, the temperature of the working fluid
entering the first condenser 103‑1 through the conduit may be T1 (say 60 °C), where the first condenser 104‑1 may raise
the temperature of the working-fluid to T2 (say 70 °C) and supply the heated working-fluid (say 70 °C) to the inlet of the
second condenser 104‑2. Further, the second condenser 104‑2may raise the temperature of theworking-fluid fromT2 (70
°C) to T3 (say 80 °C) and supply the heatedworking-fluid T3 (80 °C) to the inlet of the third condenser 104‑3. Furthermore,
the third condenser 104‑3may raise the temperature of the working-fluid from T3 (80 °C) to T4 (say 90 °C) and supply the
heated working-fluid T4 (say 90 °C) through the outlet of the third condenser 104‑3. Thus, themulti-circuit heat pump 100
allows users to tap out the heatedworking-fluid in a range of 60 °C to 90 °C. Accordingly, the number of condensers 104 in
the heat pump 100 may be selected based on the temperature or temperature range of the working-fluid to be achieved
using the heat pump 100.
[0039] In one or more embodiments, the heat pump 100 may include additional valves configured with the conduit to
control the flow rate and volume of the working-fluid flowing through the conduit in different condensers 104 and further
allowcontrolled tappingor outflowofworking fluid fromeachcondenser 104. In addition, asshown inFIG.3, theheat pump
100 may include temperature sensors 304‑1 and flow meters/pressure sensors 304‑2 to monitor the temperature and
pressure of one or more of the working-fluid flowing through the condensers 104 and the refrigerant flowing through the
evaporator 102, compressors 106, and condensers 104 of the heat pump 100.
[0040] In one or more embodiments, the plurality of condensers 104‑1 to 104‑3 associated with the heat pump 100 of
FIGs. 1A and 1B may be installed as a single condenser unit at an area of interest (AOI) to heat the AOI to a predefined
temperature or supply water heated in the predefined temperature range, and the like. In other embodiments, each of the
condensers 104‑1 to 104‑3 associatedwith the heat pump100 of FIGs. 1Aand 1Bmaybe installed at different locations in
the AOI to heat the locations to different predefined temperatures or supply water heated in the predefined temperature
range to the locations, but not limited to the like.
[0041] Referring to FIG. 2, the multi-circuit heat pump "heat pump" 200 including a single condenser 104 unit having
multiple partitioned compartments 202 is disclosed. The heat pump 200 may be substantially similar to heat pump 100.
The common components of heat pumps 100, 200may be referred to using the same reference numerals. However, heat
pump 200 includes a single condenser 104. The heat pump 200 may include a condenser 104 having a plurality of
compartments 202‑1 to 202‑3 (collectively referred to as compartments 202, herein) thatmay be connected in series. The
condenser 104may include oneormore partitionwalls 204‑1and 204‑2disposedwithin the housing of the condenser 104
to create and physically and thermally isolate the compartments 202‑1 to 202‑3 in a series arrangement. In addition, each
compartment 202may have a separate refrigerant coil disposed in the housing. Further, a working fluid conduit (shown in
dotted line)mayextend through the partitionwalls and the housing of the condenser 104 to allow the flowof aworking-fluid
through the compartments 202‑1 to 202‑3 of the condenser 104. The heat pump 200 may further include a single
evaporator 102 that may be common for all the compartments 202. The common evaporator 102 may be fluidically
connected to refrigerant coils in each of the compartments 202‑1 to 202‑3 using a plurality of compressor units 106‑1 to
106‑2 such that one of the compressor units 106‑1 to 106‑3 (collectively referred to as compressor units 106, herein) is
fluidically configuredbetween theevaporator 102andoneof thecompartments202‑1 to202‑3, resulting inmultiplecircuits
with the common evaporator 102. That is, each compressor unit 106 is fluidically configured between the evaporator 102
and a respective compartment 202. The compressor unit 106may include a compressor (also designated as 106, herein)
fluidically connected between one of the compartments 202‑1 to 202‑3 and the evaporator 102 andmotors 110‑1 to 110‑3
(collectively referred to as motors 110, herein) operatively coupled to the compressors 106‑1 to 106‑3, respectively.
Accordingly, the refrigerant from thecommonevaporator102maybecompressedanddelivered toeachcompartment202
by a separate compressor 106, resulting in multiple circuits with varying temperature lifts. In one or more embodiments,
each of the motors 110 may be configured to be operated independently at a predefined speed or rotation per minute
(RPM) to independently control theoperationof thecompressors106‑1 to106‑3basedon the temperatureandpressureof
the refrigerant to be maintained in the multiple circuits or components of the heat pump 200.
[0042] In one or more embodiments, the working-fluid conduit of the condenser 104 may have a predefined number of
turns andpasses, disposedwithin the housing of the condenser 104 andextending through the compartments 202. In one
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or more embodiments, the working-fluid may be water and the condenser 104 may be a water-cooled condenser, which
may be implemented to heat the water and supply the heated or conditioned water to an area of interest (AOI). In other
embodiments, the working-fluid may be air and the condenser 104 may be an air-cooled condenser, which may be
implemented to heat the incoming air and supply heated or conditioned air to an AOI. As illustrated in FIG. 2, ’ECWT’may
be the condenser water entering the first compartment 202‑1, ’LCWT1’ may be the condenser water leaving the first
compartment 202‑1, ’LCWT2’may be the condenser water leaving the second compartment 202‑2, and ’LCWT3’ may be
the condenser 104 water leaving the third compartment 202‑3. Further, ‘EEWT’ may be the cool water (fluid) entering the
evaporator 102, and ’LEWT’ may be the heated water leaving the evaporator 102. Similarly (not shown), in other
embodiments, the condenser 104 may be an air-cooled condenser and air may be circulated through the compartments
202‑1 to 202‑3 to heat or condition the air.
[0043] In oneormoreembodiments, theheat pump200may includeaneconomizer 108‑1 to108‑3 (collectively referred
to as economizers 108, herein) in each of the circuits. One economizer 108‑1 to 108‑3 may be fluidically configured
between the common evaporator 102, one of the compartments 202‑1 to 202‑3 of the condenser 104, and the respective
compressor 106‑1 to 106‑3 in each circuit, thereby forming the multi-circuit heat pump 200. The heat pump 200 may
additionally include (not shown) a filter drier, an accumulator, a receiver, an expansion valve, and the like being configured
in each circuit.
[0044] The working-fluid conduit of the condensers 104 may be in thermal contact with the refrigerant coil (condenser
coil) (not shown) configured in the corresponding compartments 202 of the condenser 104. Further, the refrigerant coil of
each compartment 202 may be fluidically connected to the coils (evaporator coil) (not shown) of the common evaporator
102 via the compressor 106, the economizer 108, and a piping system in each circuit to enable the flow of the refrigerant
between the coils of the evaporator 102 and the corresponding compartments 202, thereby enabling the exchange of heat
therebetween and adjusting the temperature of the working-fluid at predefined temperatures in different condensers 104.
[0045] In one ormore embodiments, at least one of the compartments 202 of the condenser 104may have theworking-
fluid conduit having multiple passes. In other embodiments, at least one of the compartments 202 of the condenser 104
may have the working-fluid conduit having a single pass. In one or more embodiments, the heat pump 200 may include
additional valves (not shown) configured with the conduit to control the flow rate and volume of the working-fluid flowing
through the conduit in different compartments 202and further allowcontrolled tappingor outflowofworking fluid fromeach
compartment. In addition, as shown in FIG. 3, the heat pump200may include temperature sensors 304‑1 and flowmeters
304‑2 tomonitor the temperature and pressure of one or more of the working-fluid flowing through the compartments 202
and the refrigerant flowing through the evaporator 102, compressor 106, and compartments 202 of the heat pump 200.
[0046] In one or more embodiments, (not shown) a section of the conduit in each compartment of the condensers 104
may be adapted to facilitate tapping (not shown) of the working-fluid from the respective compartment 202. As the multi-
circuit heat pump 200 enables heating of the working-fluid at different temperatures in different compartments 202, the
taps connected to the conduit in each compartment may allow users to tap out working-fluid of the variable temperature
range. For instance, but not limited to the like, the temperature of the working fluid entering the first compartment 202‑1
may beat T1 (say 60 °C), where the first compartmentmay raise the temperature of theworking-fluid to T2 (say 70 °C) and
supply theheatedworking-fluidT2 (70 °C) to thesecondcompartment202‑2.Further, thesecondcompartment 202‑2may
raise the temperature of theworking-fluid fromT2 (70 °C) to T3 (say 80 °C) and supply the heatedworking-fluid T3 (80 °C)
to the third compartment 202‑3. Furthermore, the third compartment 202‑3may raise the temperature of the working-fluid
from T3 (80 °C) to T4 (say 90 °C) and supply the heated working-fluid (90 °C) through the outlet of the third compartment
202‑3. Thus, themulti-circuit heat pump 200 allows users to tap out heated working-fluid in a range of T1 (60 °C) to T4 (90
°C). Accordingly, the number of compartments 202 in the condenser 104 may be selected based on the temperature or
temperature range T1 to T4 of the working-fluid to be achieved using the heat pump 200.
[0047] Referring to FIG. 3, the heat pumps 100, 200 of FIGs. 1A and 2,may include a controller 302 operatively coupled
to oneormoreof themotors 110of the compressor units 106, the commonevaporator 102, and the condenser(s) 104. The
controller 302may include a processor operatively coupled to amemory storing instructions executable by the processor
to enable the controller 302 to perform one or more designated operations. The controller 302 may be in communication
with the temperaturesensors304‑1andflowmeters/pressure sensors304‑2 installed in theheatpump100,200 to receive
thepressure and temperature data associatedwith theworking-fluid and the refrigerant flowing in theheat pump100, 200.
The controller 302may be in further communication with a thermostat 306 provided at the AOI where the heat pump 100,
200 is installed and/or with mobile devices of one or more users at the AOI. The controller 302 may receive, from the
thermostat 306 or mobile devices of the users, a set of instructions pertaining to the temperature of air or temperature of
working-fluid (water or air) to be provided or maintained at the AOI. The controller 302 may accordingly independently
actuate the different compressors 106 and valves 112 associated with the heat pump to independently operate the
compressors 106 at different or same RPM to compress refrigerant received from the evaporator 102 and further enable
the supply of the compressed refrigerant to the condenser(s) 104 and supply of the refrigerant from the condenser(s) 104
back to the evaporator 102 or economizer 108, to heat theworking-fluid at user-defined temperature or temperature range
at the condenser end.
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[0048] Thecontroller 302 is configured to independently operate themotors 110of the compressor units 106associated
with each of the condensers 104 based on the temperature of the working-fluid to be maintained in and tapped from the
conduit across eachof the condensers, and/or basedon temperature to bemaintainedacross eachof the condensers 104
or compartments 202, and/or based on a pressure ratio to be maintained between the evaporator 102 and each of the
condensers 104.
[0049] The number of condensers in the heat pump 100 of FIGs. 1A and 1B and/or the number of compartments 202 in
the condenser of the heat pump 200 of FIG. 2 may be selected based on COP to be achieved and the temperature or
temperature range of the working-fluid (water/air) to be maintained using the heat pump 100, 200. The improvement in
COP achieved by the heat pump 100, 200 for the different number of condensers 104 in FIG. 2 or the different number of
compartments 202 in the condenser 104 of FIG. 2 is shown in the Table below.

TABLE

No of compartments/ No. of condensers COP (%)

1 (Existing Single unit heat pump) 2.37

2 2.61

3 2.7

4 2.74

5 2.74

6 2.74

[0050] Thus, the heat pump 100, 200 of FIGs. 1A and 2 provides a simple, improved, efficient, and cost-effective multi-
circuit heat pump that has a lower pressure ratio between the evaporator and condenser and an improved coefficient of
performance.As theheatpump includesasingleevaporator fluidically connected tomultiple condensersorcompartments
that are connected in series, asa result, theheat pump involves smaller condensers compared to the condensers involved
in theexistingsingle-unit heat pump.Thismay further allow theuseof smaller compressormotors compared to theexisting
single-unit heat pump for the same capacity. In addition, for the same capacity, as the condenser in the heat pumpmay be
kept smaller than the condenser of the existing single unit, the stall behavior in the heat pump is also easier to manage.
Further, since theevaporator is common for all thecondensers in theheat pump, thearchitectureof theheatpumphascost
and space-saving advantages compared to the existingmultiple-unit heat pump. Furthermore, in an event of failure of any
of the condensers, the remaininghealthy condensersmayoperatewith reduced load,while keeping theoverall heat pump
active.
[0051] While the invention has been describedwith reference to exemplary embodiments, it will be understood by those
skilled in the art that various changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention as defined by the appended claims. Modifications may be made to adopt a
particular situation or material to the teachings of the invention without departing from the scope thereof. Therefore, it is
intended that the invention not be limited to the particular embodiment disclosed, but that the invention includes all
embodiments falling within the scope of the invention as defined by the appended claims.
[0052] In interpreting the specification, all terms should be interpreted in the broadest possible manner consistent with
the context. In particular, the terms "comprises" and "comprising" should be interpreted as referring to elements,
components, or steps in a non-exclusive manner, indicating that the referenced elements, components, or steps may
be present, or utilized, or combined with other elements, components, or steps that are not expressly referenced. Where
the specification claims refer to at least one of something selected from the group consisting of A, B, C ....and N, the text
should be interpreted as requiring only one element from the group, not A plus N, or B plus N, etc.

Claims

1. A multi-circuit heat pump (100) comprising:

an evaporator (102);
a plurality of condensers (104‑1, 104‑2, 104‑3) fluidically connected in series; and
a plurality of compressor units (106‑1, 106‑2, 106‑3) configured between the evaporator and the plurality of
condensers such that one of the compressor units is fluidically configured between the evaporator and one of the
condensers.
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2. The heat pump of claim 1, wherein each of the compressor units (106‑1, 106‑2, 160‑3) comprises a compressor
operatively coupled to amotor, wherein each of themotors is configured to be independently operated at a predefined
speed.

3. The heat pump of claim 1 or 2, wherein the heat pump (100) comprises a plurality of economizers, wherein one of the
economizers is fluidically configured between the evaporator (102), one of the condensers (104‑1, 104‑2, 104‑3), and
the respective compressor (106‑1, 106‑2, 106‑3).

4. The heat pump of any preceding claim, wherein at least one of the plurality of condensers (104‑1, 104‑2, 104‑3) is a
multi-pass heat exchanger; and/or
wherein at least one of the plurality of condensers (104‑1, 104‑2, 104‑3) is a single-pass heat exchanger.

5. The heat pump of any preceding claim, wherein each of the condensers (104‑1, 104‑2, 104‑3) comprises a conduit
having a predefined number of turns and passes, disposed within a housing of the condenser and in thermal contact
with a refrigerant coil associatedwith the corresponding condenser, wherein the conduit is configured to facilitate flow
of a working-fluid therethrough.

6. Theheatpumpof claim5,whereinanoutlet of theconduit associatedwithoneof thecondensers (104‑1,104‑2,104‑3)
is fluidically connected to an inlet of the conduit associated with an adjacent condenser to connect the plurality of
condensers in series; and/or
wherein an outlet of the conduit associated with each of the condensers (104‑1, 104‑2, 104‑3) is adapted to facilitate
tapping of the working-fluid from the respective condensers.

7. The heat pump of claim 2, or any of claims 3 to 6 when dependent upon claim 2, wherein the heat pump (100)
comprises a controller (302) operatively coupled to one or more of the motors of the compressor unit (106‑1, 106‑2,
106‑3), the evaporator (102), and the plurality of condensers (104‑1, 104‑2, 104‑3),
wherein the controller is configured to independently operate themotor of the compressor unit associatedwith eachof
the condensers based on temperature of the working-fluid to be maintained in and tapped from the conduit across
each of the condensers.

8. The heat pump of any preceding claim, wherein the working-fluid is water and the plurality of condensers (104‑1,
104‑2, 104‑3) are water-cooled condensers; or
wherein the working-fluid is air and the plurality of condensers (104‑1, 104‑2, 104‑3) are air-cooled condensers.

9. A multi-circuit heat pump (200) comprising:

an evaporator (102);
a condenser (104) comprising a housing having a plurality of compartments (202‑1, 202‑2, 202‑3) isolated from
each other and arranged in series within the housing, wherein each of the compartments comprises a refrigerant
coil; and
a plurality of compressor units (106‑1, 106‑2, 106‑3) configured between the evaporator and the plurality of
compartments of the condenser such that one of the compressor units is fluidically configured between the
evaporator (102) and one of the compartments (202‑1, 202‑2, 202‑3).

10. The heat pump of claim 9, wherein each of the compressor units (106‑1, 106‑2, 106‑3) comprises a compressor
operatively coupled to a motor (110‑1, 110‑2, 110‑3), wherein each of the motors is configured to be independently
operated at a predefined speed.

11. The heat pump of claim 9 or 10, wherein the heat pump (200) comprises a plurality of economizers (108‑1, 108‑2,
108‑3), wherein one of the economizers is fluidically configured between the evaporator (102), one of the compart-
ments (202‑1, 202‑2, 202‑3), and the respective compressor (106‑1, 106‑2, 106‑3).

12. Theheat pumpof anyof claims 9 to 11,wherein the condenser (104) comprises a conduit having apredefinednumber
of turns and passes disposed of within the housing and extending through each of the compartments (202‑1, 202‑2,
202‑3),wherein theconduit is in thermal contactwith the refrigerant coil of eachof thecompartmentsandconfigured to
facilitate flow of a working-fluid therethrough; optionally wherein the conduit is adapted to facilitate tapping of the
working-fluid from each of the compartments (202‑1, 202‑2, 202‑3).
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13. The heat pump of claim 12, wherein the condenser (104) comprises one ormore partition walls disposed of within the
housing to create and isolate the plurality of compartments (202‑1, 202‑2, 202‑3), wherein the conduit extends
through the one or more partition walls.

14. The heat pump of claim 10, or any of claims 11 to 13 when dependent upon claim 10, wherein the heat pump (200)
comprises a controller (302) operatively coupled to one ormore of themotors (110‑1, 110‑2, 110‑3) of the compressor
unit (106‑1, 106‑2, 106‑3), the evaporator (102), and the condenser (104),
wherein the controller is configured to independently operate themotor of the compressor unit associatedwith eachof
the compartments (202‑1, 202‑2, 202‑3) based on temperature of the working-fluid to be maintained in and tapped
from the conduit across each of the compartments.

15. The heat pump of any of claims 9 to 14, wherein the working-fluid is water and the condenser (104) is a water-cooled
condenser; or
wherein the working-fluid is air and the condenser (104) is an air-cooled condenser.
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