
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
45

0 
89

9
A

1
*EP004450899A1*

(11) EP 4 450 899 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
23.10.2024 Bulletin 2024/43

(21) Application number: 24168835.7

(22) Date of filing: 05.04.2024

(51) International Patent Classification (IPC):
F25B 47/02 (2006.01) F25B 49/02 (2006.01)

(52) Cooperative Patent Classification (CPC): 
F25B 49/02; F25B 47/025; F25B 2700/13; 
F25B 2700/191; F25B 2700/1933; F25B 2700/197; 
F25B 2700/21173; F25B 2700/21174 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
GE KH MA MD TN

(30) Priority: 07.04.2023 US 202363494936 P

(71) Applicant: Carrier Corporation
Palm Beach Gardens, FL 33418 (US)

(72) Inventor: CLUFF, Charles
Indianapolis, 46231 (US)

(74) Representative: Dehns
St. Bride’s House
10 Salisbury Square
London EC4Y 8JD (GB)

(54) METHOD AND SYSTEM FOR TRIGGERING DEFROST

(57) A method for determining when to initiate a de-
frost mode of a heat pump (20) includes monitoring a
heating capacity of a heat exchanger of the heat pump
during operation of the heat pump in a heating mode,
initiating the defrost mode when the heating capacity of
the heat exchanger is less than or equal to a reduced

defrost threshold when a capacity demand of the heat
exchanger is less than a maximum capacity demand,
and initiating the defrost mode when the heating capacity
of the heat exchanger is less than or equal to a maximum
defrost threshold when the capacity demand of the heat
exchanger is equal to the maximum capacity demand.
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Description

BACKGROUND

[0001] The present disclosure pertains to the art of
heating, ventilation, and air conditioning (HVAC) sys-
tems, and more particularly, to a defrost cycle of an HVAC
system.
[0002] Heat pumps are used in a variety of settings,
for example, in heating, ventilation, and air conditioning
(HVAC) systems that provide a desired air temperature
in a facility. Such heat pumps commonly include a com-
pressor, evaporator, expansion device, and condenser.
The heat pumps input work to the refrigerant, e.g., by
driving the compressor, thereby enabling the refrigerant
to move heat from a colder heat reservoir to a warmer
heat sink.
[0003] Some heat pumps are provided as "split" sys-
tems, having a first heat exchanger arranged inside of
the building to be conditioned and a second heat ex-
changer located outside of the building to be conditioned.
When such a heat pump operates in a heating mode, the
second heat exchanger operating as an evaporator is
disposed outside the building. "Frosting" of the evapora-
tor is a common problem seen in such heat pump split
systems. Frosting is caused by moisture accumulation
on the evaporator when the evaporator temperature is
at or below freezing, for example, at or below 0°C. Ac-
cumulation of frost obstructs the flow of air through the
evaporator and reduces heat transfer between the evap-
orator and the air flowing through, both of which reduce
operating efficiency.
[0004] Frost may be removed by performing periodic
defrost cycles. A defrost cycle typically proceeds by re-
versing the flow of the refrigerant in the heat pump, such
that the condenser and evaporator conceptually ex-
change roles. The result is that the refrigerant warms the
evaporator, thereby eliminating, or at least reducing, any
accumulated frost.
[0005] Existing heat pumps typically perform a defrost
cycle in response to a transition decision based on one
or more control parameters. This transition decision may
be based on the capacity of the evaporator, which typi-
cally reduces as frost accumulates thereon. Once the
requested capacity of the evaporator is maximized, an
auxiliary heater is typically relied upon to compensate for
lost heat pump capacity.

BRIEF DESCRIPTION

[0006] According to a first aspect of the invention, a
method for determining when to initiate a defrost mode
of a heat pump includes monitoring a heating capacity
of a heat exchanger of the heat pump during operation
of the heat pump in a heating mode, initiating the defrost
mode when the heating capacity of the heat exchanger
is less than or equal to a reduced defrost threshold when
a capacity demand of the heat exchanger is less than a

maximum capacity demand, and initiating the defrost
mode when the heating capacity of the heat exchanger
is less than or equal to a maximum defrost threshold
when the capacity demand of the heat exchanger is equal
to the maximum capacity demand.
[0007] Optionally, monitoring the heating capacity of
the heat exchanger further comprises monitoring at least
one parameter or operating condition of the heat pump
associated with the heating capacity.
[0008] Optionally, the at least one parameter or oper-
ating condition is a refrigerant mass flow.
[0009] Optionally, the at least one parameter or oper-
ating condition comprises a temperature of an air dis-
charged from the heat exchanger.
[0010] Optionally, the at least one parameter or oper-
ating condition comprises at least one of a pressure at
an outlet of the heat exchanger, a pressure at an inlet of
a compressor arranged directly downstream from the
heat exchanger relative to a fluid flow through the heat
pump in the heating mode, and a pressure between the
outlet of the heat exchanger and the inlet of the compres-
sor.
[0011] Optionally, the at least one parameter or oper-
ating condition comprises at least one of a pressure at
an inlet of the heat exchanger, a pressure at an outlet of
an expansion device, the expansion device being ar-
ranged directly upstream from the heat exchanger rela-
tive to a fluid flow through the heat pump in the heating
mode, and a pressure between the outlet of the expan-
sion device and the inlet of the heat exchanger.
[0012] Optionally, the at least one parameter or oper-
ating condition comprises a temperature at an inlet of the
heat exchanger, at an outlet of an expansion device, the
expansion device being arranged directly upstream from
the heat exchanger relative to a fluid flow through the
heat pump in the heating mode, or between the outlet of
the expansion device and the inlet of the heat exchanger.
[0013] According to a second aspect of the invention,
a system for conditioning air includes a refrigeration cir-
cuit including a compressor, and expansion valve, and a
heat exchanger. A controller is configured to transition
the refrigeration circuit between operation in a heating
mode and a defrost mode. The controller is configured
to transition the refrigeration circuit from the heating
mode to the defrost mode in response to a heating ca-
pacity of the heat exchanger reaching a first defrost
threshold when the capacity demand of the heat ex-
changer is less than the maximum capacity demand. The
controller is also configured to transition the refrigeration
circuit from the heating mode to the defrost mode in re-
sponse to the heating capacity of the heat exchanger
reaching a second defrost threshold when the capacity
demand of the heat exchanger is equal to the maximum
capacity demand.
[0014] Optionally, at least one sensor is operably cou-
pled to the controller, the at least one sensor is configured
to monitor at least one parameter or operating condition
of the system associated with the heating capacity.
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[0015] Optionally, the at least one parameter or oper-
ating condition is a refrigerant mass flow.
[0016] Optionally, the at least one parameter or oper-
ating condition comprises a temperature of an air dis-
charged from the heat exchanger.
[0017] Optionally, the at least one parameter or oper-
ating condition comprises at least one of a pressure at
an outlet of the heat exchanger, a pressure at an inlet of
the compressor arranged directly downstream from the
heat exchanger relative to a fluid flow through the system
in the heating mode, and a pressure between the outlet
of the heat exchanger and the inlet of the compressor.
[0018] Optionally, the at least one parameter or oper-
ating condition comprises at least one of a pressure at
an inlet of the heat exchanger, a pressure at an outlet of
an expansion device, the expansion device being ar-
ranged directly upstream from the heat exchanger rela-
tive to a fluid flow through the system in the heating mode,
and a pressure between the outlet of the expansion de-
vice and the inlet of the heat exchanger.
[0019] Optionally, the at least one parameter or oper-
ating condition comprises a temperature at an inlet of the
heat exchanger, at an outlet of an expansion device, the
expansion device being arranged directly upstream from
the heat exchanger relative to a fluid flow through the
heat pump in the heating mode, or between the outlet of
the expansion device and the inlet of the heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The following descriptions should not be con-
sidered limiting in any way; rather, the scope of protection
is defined by the appended claims. With reference to the
accompanying drawings, in which like elements are num-
bered alike:

FIG. 1 is a schematic diagram of an exemplary heat
pump;

FIG. 2A is a schematic diagram of an exemplary heat
pump in a first mode;

FIG. 2B is a schematic diagram of an exemplary heat
pump in a second mode;

FIG. 3 is a schematic diagram of a control system of
a heat pump;

FIG. 4 is a graphic representation of the capacity of
the second heat exchanger over time relative to a
reduced demand threshold and a maximum demand
threshold; and

FIG. 5 is a flow diagram of a method of determining
when to initiate operation of the heat pump in a de-
frost cycle.

DETAILED DESCRIPTION

[0021] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.
[0022] With reference now to FIG. 1, a schematic dia-
gram of an example of a basic vapor compression cycle
of an air conditioning system 20 is illustrated. The vapor
compression cycle includes one or more compressors
22, a first heat exchanger 24, an expansion device 26,
and a second heat exchanger 28. A fluid, such as a re-
frigerant for example, is configured to circulate through
the vapor compression cycle, such as in a counterclock-
wise direction for example.
[0023] In operation, the compressor 22 receives a re-
frigerant vapor from the second heat exchanger 28 and
compresses it to a high temperature and pressure. The
relatively hot refrigerant vapor is then delivered to the
first heat exchanger 24 where it is cooled and condensed
to a liquid state via heat exchange relationship with a
cooling medium C, such as air or water. Accordingly,
when the first heat exchanger 24 receives the refrigerant
output from the compressor 22, the first heat exchanger
functions as a condenser. The cooled liquid refrigerant
flows from the first heat exchanger 24 to the expansion
device 26, such as an expansion valve for example, in
which the refrigerant is expanded to a lower pressure
where the temperature is reduced and the refrigerant
may exist in a two-phase liquid/vapor state. From the
expansion device 26, the refrigerant is provided to the
second heat exchanger 28. Because heat is transferred
from a secondary medium, such as air for example, to
the refrigerant within the second heat exchanger 28,
causing any refrigerant in the liquid phase to vaporize,
the second heat exchanger 28 functions as an evapora-
tor. From the second heat exchanger 28, the low-pres-
sure vapor refrigerant returns to the compressor 22 so
that the cycle may be repeated.
[0024] In embodiments where the air conditioning sys-
tem 20 is a heat pump, the flow of refrigerant within the
vapor compression cycle may be reversed. In such em-
bodiments, the refrigerant may flow clockwise from the
compressor 22 to the second heat exchanger 28, the
expansion device 26, and the first heat exchanger 24
sequentially. In such instances, the refrigerant within the
second heat exchanger 28 is cooled and condensed to
a liquid state and the refrigerant within the first heat ex-
changer is heated to form a low-pressure vapor. Accord-
ingly, when operating in this reverse flow direction, the
second heat exchanger 28 functions as the condenser
and the first heat exchanger 24 functions as the evapo-
rator of the vapor compression cycle.
[0025] With reference now to FIGS. 2A-2B, a schemat-
ic diagram of an air conditioning system, such as a heat
pump for example, is shown. In the illustrated, non-lim-
iting embodiment, the heat pump 20 includes a first or
indoor portion 30 positioned inside a building to be con-
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ditioned and a second or outdoor portion 32 positioned
outside of the building. It should be understood that em-
bodiments where the heat pump 20 is installed in a single
casing located partially or completely inside or outside
of the building are also within the scope of the disclosure.
[0026] As shown, the at least one compressor 22 is
located within the outdoor portion 32. The one or more
compressors 22 may be any suitable single or multistage
compressor, including, but not limited to a screw com-
pressor, reciprocating compressor, centrifugal compres-
sor, scroll compressor, rotary compressor or axial-flow
compressor. The compressor(s) 22 may be driven by an
electrically powered motor, or another suitable energy
source.
[0027] The first heat exchanger 24 is also arranged
within the first or indoor portion 30 and is directly or indi-
rectly fluidly coupled to the one or more compressors 22.
The first heat exchanger 24 may be any suitable type of
heat exchanger configured to transfer heat between a
refrigerant and air or another medium. For example, the
first heat exchanger 24 may include one or more coils of
thermally conductive material, such as copper, alumi-
num, alloys thereof, or combinations thereof. In other em-
bodiments, the first heat exchanger 24 may be a shell-
and tube heat exchanger, a printed circuit heat exchang-
er, a plate-fin heat exchanger, or any combination there-
of. In the illustrated, non-limiting embodiment, the air or
other medium is moved (drawn or blown) over the first
heat exchanger 24 via a first movement mechanism 34,
such as a fan for example.
[0028] The heat pump 20 includes at least one expan-
sion device 26. Although a single expansion device 26
is illustrated, it should be understood that embodiments
having a separate indoor expansion device positioned
within the indoor portion and an outdoor expansion de-
vice positioned within the outdoor portion are also con-
templated herein. The first heat exchanger 24 is fluidly
coupled to the expansion device 26.
[0029] The second heat exchanger 28 is arranged
within the second or outdoor portion 32 of the heat pump
20 and is also fluidly coupled to the expansion device 26.
In embodiments including a separate indoor expansion
device and outdoor expansion device 26, the first heat
exchanger 24 is fluidly coupled to a first (indoor) expan-
sion device and the second heat exchanger 28 is fluidly
coupled to a second (outdoor) expansion device. In such
embodiments, refrigerant is only configured to flow
through one of the expansion devices in each direction
of flow through the refrigeration circuit.
[0030] Similar to the first heat exchanger 24, the sec-
ond heat exchanger 28 may be any suitable type of heat
exchanger configured to transfer heat between a refrig-
erant and air or another medium. In the illustrated, non-
limiting embodiment, the second heat exchanger 28 is
disposed about the outer extent of the outdoor portion
32. However, embodiments where the second heat ex-
changer 28 is arranged at another location, such as within
or proximal to the outdoor portion 32 are also contem-

plated herein.
[0031] The second heat exchanger 28 may have any
suitable configuration. For example, the second heat ex-
changer 28 may include one or more coils of thermally
conductive material, such as copper, aluminum, alloys
thereof, or combinations thereof. In other embodiments,
the second heat exchanger 28 may be a shell-and tube
heat exchanger, a printed circuit heat exchanger, a plate-
fin heat exchanger, or any combination thereof.
[0032] In the illustrated, non-limiting embodiment, the
outdoor portion 32 includes a second movement mech-
anism 36, such as a fan assembly for example, to move
air or another medium over the second heat exchanger
28. The second movement mechanism 36 may be ar-
ranged adjacent a top 38 of the outdoor portion 32, as
shown, or may be positioned near a bottom 40 of the
outdoor portion, or at any point between the top 38 and
the bottom 40 to push or pull air through the outdoor
portion.
[0033] The heat pump 20 additionally includes a re-
versing valve 42 configured to redirect the flow of refrig-
erant R therein. In the illustrated embodiment, the revers-
ing valve 42 is arranged within the outdoor portion 32
and includes a fluidly separate first flow path and second
flow path. In a first state, as shown in FIG. 2A, the first
flow path fluidly connects an outlet of the one or more
compressors 22 to the first heat exchanger 24, and the
second flow path fluidly connects the second heat ex-
changer 28 to an inlet of the one or more compressors
22. In a second state, the first flow path fluid connects
the outlet of the one or more compressors 22 to the sec-
ond heat exchanger 28 and the second flow path fluidly
connects the first heat exchanger 24 to the inlet of the
one or more compressors 22 (FIG. 2B). It should be un-
derstood that the heat pump 20 illustrated and described
herein is intended as an example only and that a heat
pump having another configuration and/or additional
components arranged along the fluid flow path are also
within the scope of the disclosure.
[0034] During normal operation of the heat pump 20,
the heat pump is operable in a "heating" mode (FIG. 2A).
When the reversing valve 42 is in the first state, refriger-
ant is configured to flow through the closed refrigeration
circuit from the compressor 22 to the first heat exchanger
24 acting as a condenser. Within the first heat exchanger
24, heat is transferred from the refrigerant to the air mov-
ing across the first heat exchanger 24 by the first move-
ment mechanism 34. This warmed air may be used to
heat one or more areas to be conditioned within the build-
ing. The partially or fully condensed liquid refrigerant is
provided from the first heat exchanger 24 to the expan-
sion device 26 where the pressure is reduced causing
the refrigerant to be expanded and cooled to a temper-
ature below the ambient temperature. Within the second
heat exchanger 28, heat is transferred to the refrigerant
from the air moving across the second heat exchanger
28 by the second movement mechanism 36. This heat
causes the liquid portions of the refrigerant to evaporate
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to a gaseous phase. From the second heat exchanger
28, the refrigerant is returned to the compressor 22 via
the reversing valve 42.
[0035] During normal operation of the heat pump 20,
frost can accumulate on the second heat exchanger 28.
When frost accumulates on the second heat exchanger
28, the frost impedes heat transfer from the air to the
heat exchanger and therefore provides undesirable in-
sulating properties to the heat exchanger. The undesir-
able insulating properties result in an increase in the tem-
perature difference between the temperature of the air
and the temperature of the heat exchanger. As the extent
and thickness of frost increases, the degree of insulating
properties of the frost increases. Accordingly, the tem-
perature of the second heat exchanger 28 will continue
to decrease indefinitely as frost continues to accumulate.
[0036] As frost accumulates on the second heat ex-
changer 28 and the operating temperature of the second
heat exchanger 28 decreases, the operating temperature
of the refrigerant within the second heat exchanger 28
decreases as a result. Given a fixed amount of superheat,
the density of the refrigerant vapor leaving the second
heat exchanger 28 decreases as the temperature of the
vapor decreases. Decreasing vapor density for a given
volume flow results in decreasing refrigerant mass flow,
and the heating capacity of the refrigerant system de-
creases. Therefore, the extent and thickness of the pres-
ence of frost will directly relate to a decrease in mass
flow and heating capacity.
[0037] To eliminate, or at least mitigate, this frost, the
heat pump 20 may transition to a defrost mode, such as
by switching the reversing valve 42 to the second state.
With the reversing valve 42 in the second state, shown
in FIG. 2B, the direction of flow of refrigerant through the
closed refrigerant circuit is reversed. Accordingly, the
warm, high pressure refrigerant output from the at least
one compressor 22 is routed to the second heat exchang-
er 28 such that the second heat exchanger 28 functions
as a condenser rather than as an evaporator. In the de-
frost mode, the second movement mechanism 36 may
be disabled to prevent air movement through the second
heat exchanger 28, thus enabling the temperature of the
second heat exchanger 28 to increase to a greater de-
gree above the ambient air temperature. From the sec-
ond heat exchanger 28, the refrigerant is expanded in an
expansion device 26, such as the indoor expansion de-
vice (not shown), and then is delivered to the first heat
exchanger 24, which is configured to operate as an evap-
orator. Within the first heat exchanger 24, the refrigerant
can absorb heat from the medium moving across the first
heat exchanger 24 via the first movement mechanism
34. In an embodiment, the heat pump 20 includes an
auxiliary heater 44 configured to heat the cool air output
from the first heat exchanger 24 during a defrost cycle
to meet the heating demands of the area being condi-
tioned. From the first heat exchanger 24, the refrigerant
is returned to the compressor 22 via the reversing valve
42.

[0038] With reference to FIG. 3, in an embodiment, the
heat pump 20 includes a control system 50 configured
to monitor one or more operating conditions of the heat
pump 20 during the heating mode. With reference to FIG.
3, the control system 50 of the heat pump 20 includes a
controller 52 having one or more of a microprocessor,
microcontroller, application specific integrated circuit
(ASIC), or any other form of electronic controller known
in the art. The controller 52 is operably coupled to the
compressor 22, the first and second movement mecha-
nisms 34, 36, the reversing valve 42, and any other suit-
able components. In an embodiment, the control system
50 additionally includes at least one sensor S operable
to monitor one or more operating parameters or operating
conditions (referred to collectively herein as parameters)
of the heat pump 20 that correlate to or are associated
with determining the heating capacity of the second heat
exchanger 28. The at least one sensor S may be config-
ured to continuously monitor and communicate a respec-
tive parameter to the controller, or alternatively, may be
configured to intermittently monitor and communicate a
respective parameter to the controller 52.
[0039] Existing heat pumps 20 typically transition be-
tween a heating mode in which the reversing valve 42 is
in the first state and a defrost mode in which the reversing
valve 42 is in the second state upon determining that the
capacity of the second heat exchanger 28 is reduced.
This transition, however, may result in the use of the aux-
iliary heater 44 before the capacity of the second heat
exchanger is reduced to less than or equal to a primary
or minimum defrost threshold.
[0040] To optimize the run time of the heat pump in a
heating mode, the heating capacity of the second heat
exchanger 28 can be monitored (directly or indirectly)
during a heating cycle. A comparison of the heating ca-
pacity of the second heat exchanger 28 during operation
of the heating cycle and the heating capacity of the sec-
ond heat exchanger 28 when no frost is present will in-
dicate the reduction in heating capacity due to frost ac-
cumulation on the second heat exchanger 28. The control
system 50 may be operable to monitor any of the param-
eters associated with a reduction in capacity of the heat
exchanger as described in U.S. Provisional Patent Ap-
plication Serial No. 63/288896, filed on December 13,
2021, the entire contents of which are incorporated here-
in by reference. Examples of the parameters that may
be monitored include, but are not limited to, a temperature
of an air discharged from the second heat exchanger 28,
at least one of a pressure at an outlet of the second heat
exchanger 28, a pressure at an inlet of a compressor 22
arranged directly downstream from the second heat ex-
changer 28 relative to a fluid flow through the heat pump
20 in the heating mode, and a pressure between the out-
let of the second heat exchanger 28 and the inlet of the
compressor 22, at least one of a pressure at an inlet of
the second heat exchanger 28, a pressure at an outlet
of an expansion device 26 arranged directly upstream
from the second heat exchanger 28 relative to a fluid flow
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through the heat pump 20 in the heating mode, and a
pressure between an outlet of the expansion device 26
and the inlet of the second heat exchanger 28, and a
temperature at an outlet of an expansion device 26 ar-
ranged directly upstream from the second heat exchang-
er 28 relative to a fluid flow through the heat pump 20 in
the heating mode.
[0041] The controller 52 is configured to evaluate the
available heating capacity of the second heat exchanger
28 from the monitored parameter. With reference to FIG.
4, when the current capacity demand on the second heat
exchanger 28 is less than a maximum capacity demand,
in an embodiment, the controller 52 will compare the
heating capacity to a first or primary defrost threshold
(labeled "Lower Demand Threshold") to determine when
to initiate or trigger operation in the defrost mode. As
used herein, the term "monitored parameter" is intended
to include parameters or operating conditions that are
measured via one or more sensors S, or alternatively,
parameters or operating conditions that are calculated
using the monitored parameters or operating conditions.
In an embodiment, the controller 52 is configured to tran-
sition the heat pump 20 from the heating mode to the
defrost mode automatically in response to the heating
capacity crossing the first or primary defrost threshold
(also referred to herein as the reduced demand thresh-
old) indicative that the capacity of the heat exchanger is
below an acceptable level. In another embodiment, the
defrost mode is initiated when the heating capacity cross-
es the reduced demand threshold and remains less than
or equal to the reduced demand threshold for a minimum
period of time. Examples of a minimum period of time
include anywhere from about zero minutes to about ten
minutes. The minimum period of time may vary based
on the parameter being monitored, such as pressure or
temperature for example.
[0042] To further improve the operation of the heat
pump and reduce the use of an auxiliary heat source
such as auxiliary heater 44, in an embodiment, the control
system 50 is configured to implement another or second-
ary defrost trigger threshold (labeled "Upper Demand
Threshold" in FIG. 4) based on to the capacity demand
on the system. In an embodiment, implementation of the
secondary defrost trigger is conditional on the demand
on the system being at a maximum capacity demand. In
such embodiments, when the current capacity demand
of the second heat exchanger 28 is equal to the maximum
capacity demand, the controller 52 is configured to com-
pare the heating capacity of the second heat exchanger
28 to the second defrost threshold (also referred to herein
as a maximum demand threshold) to determine when to
initiate or trigger operation in the defrost mode. As shown,
the maximum demand threshold is increased relative to
the first capacity threshold. It should be understood that
although the thresholds are referred to herein as a first
or reduced demand threshold and a second or maximum
demand threshold, the capacity of the heat exchanger is
configured to cross the maximum demand threshold be-

fore the reduced demand threshold as the capacity re-
duces.
[0043] With reference now to FIG. 5, a flow diagram
100 of a method of determining whether to transition the
heat pump from a heating cycle to a defrost cycle is il-
lustrated. As shown in block 102, the controller 52 will
determine a heating capacity of the second heat ex-
changer 28 using the one or more monitored parameters
previously described herein. The controller 52 will then,
in block 104, determine if the capacity demand is equal
to a maximum capacity demand. If the capacity demand
is less than the maximum capacity demand, the method
will proceed to block 106, where the heating capacity is
compared to the reduced demand threshold. If the heat-
ing capacity is less than or equal to the reduced demand
threshold, the controller 52 will transition the heat pump
20 from a heating mode to a defrost mode, as shown in
block 108. However, if the heating capacity of the second
heat exchanger 28 is greater than the reduced demand
threshold, the method will return to block 102.
[0044] If at block 106, the capacity demand is deter-
mined to be equal to the maximum capacity demand, the
method will proceed to block 110, where the heating ca-
pacity is compared to the maximum demand threshold.
If the heating capacity is less than or equal to the maxi-
mum demand threshold, the controller 52 will transition
the heat pump 20 from a heating mode to a defrost mode,
as shown in block 112. However, if the heating capacity
of the second heat exchanger 28 is greater than the max-
imum demand threshold, the method will return to block
102.
[0045] A heat pump or air conditioning system 20 as
described herein allows for the use of a first, reduced
defrost threshold as a defrost trigger when the full capac-
ity of the heat pump is not required to meet the capacity
demand on the system. However, by including a second,
maximum demand threshold associated with the maxi-
mum capacity demand, the heat pump 20 is able to per-
form more frequent defrost cycles when the capacity de-
mand on the heat pump 20 is high. More frequent defrost
cycles reduces the need to use the auxiliary heating
methods, thereby improving the overall system efficien-
cy.
[0046] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application.
[0047] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a," "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
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ations, element components, and/or groups thereof.
[0048] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
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 depart-
ing from the scope of the appended claims. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closure without departing from the scope of the appended
claims. Therefore, it is intended that the present disclo-
sure not be limited to the particular embodiment dis-
closed as the best mode contemplated for carrying out
this present disclosure, but that the present disclosure
will include all embodiments falling within the scope of
the claims.

Claims

1. A method for determining when to initiate a defrost
mode of a heat pump (20), the method comprising:

monitoring (102) a heating capacity of a heat
exchanger (28) of the heat pump during opera-
tion of the heat pump in a heating mode;
initiating (108) the defrost mode when the heat-
ing capacity of the heat exchanger is less than
or equal to a reduced defrost threshold when a
capacity demand of the heat exchanger is less
than a maximum capacity demand; and
initiating (112) the defrost mode when the heat-
ing capacity of the heat exchanger is less than
or equal to a maximum defrost threshold when
the capacity demand of the heat exchanger is
equal to the maximum capacity demand.

2. The method of claim 1, wherein monitoring the heat-
ing capacity of the heat exchanger further comprises
monitoring at least one parameter or operating con-
dition of the heat pump associated with the heating
capacity.

3. The method of claim 2, wherein the at least one pa-
rameter or operating condition is a refrigerant mass
flow.

4. The method of claim either claim 2 or claim 3, where-
in the at least one parameter or operating condition
comprises a temperature of an air discharged from
the heat exchanger.

5. The method of any of claims 2-4, wherein the at least
one parameter or operating condition comprises at
least one of a pressure at an outlet of the heat ex-
changer, a pressure at an inlet of a compressor (22)
arranged directly downstream from the heat ex-
changer relative to a fluid flow through the heat pump

in the heating mode, and a pressure between the
outlet of the heat exchanger and the inlet of the com-
pressor.

6. The method of any of claims 2-5, wherein the at least
one parameter or operating condition comprises at
least one of a pressure at an inlet of the heat ex-
changer, a pressure at an outlet of an expansion
device (26), the expansion device being arranged
directly upstream from the heat exchanger relative
to a fluid flow through the heat pump in the heating
mode, and a pressure between the outlet of the ex-
pansion device and the inlet of the heat exchanger.

7. The method of any of claims 2-6, wherein the at least
one parameter or operating condition comprises a
temperature at an inlet of the heat exchanger, at an
outlet of an expansion device, the expansion device
being arranged directly upstream from the heat ex-
changer relative to a fluid flow through the heat pump
in the heating mode, or between the outlet of the
expansion device and the inlet of the heat exchang-
er.

8. A system (20) for conditioning air comprising:

a refrigeration circuit including a compressor
(22), and expansion valve (26), and a heat ex-
changer (28);
a controller (52) configured to transition the re-
frigeration circuit between operation in a heating
mode and a defrost mode;
wherein the controller is configured to:

transition the refrigeration circuit from the
heating mode to the defrost mode in re-
sponse to a heating capacity of the heat ex-
changer reaching a first defrost threshold
when the capacity demand of the heat ex-
changer is less than the maximum capacity
demand; and
transition the refrigeration circuit from the
heating mode to the defrost mode in re-
sponse to the heating capacity of the heat
exchanger reaching a second defrost
threshold when the capacity demand of the
heat exchanger is equal to the maximum
capacity demand.

9. The system of claim 8, further comprising at least
one sensor (S) operably coupled to the controller,
the at least one sensor being configured to monitor
at least one parameter or operating condition of the
system associated with the heating capacity.

10. The system of claim 9, wherein the at least one pa-
rameter or operating condition is a refrigerant mass
flow.
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11. The system of either claim 9 or claim 10, wherein
the at least one parameter or operating condition
comprises a temperature of an air discharged from
the heat exchanger.

12. The system of any of claims 9-11, wherein the at
least one parameter or operating condition compris-
es at least one of a pressure at an outlet of the heat
exchanger, a pressure at an inlet of the compressor
arranged directly downstream from the heat ex-
changer relative to a fluid flow through the system in
the heating mode, and a pressure between the outlet
of the heat exchanger and the inlet of the compres-
sor.

13. The system of any of claims 9-12, wherein the at
least one parameter or operating condition compris-
es at least one of a pressure at an inlet of the heat
exchanger, a pressure at an outlet of an expansion
device, the expansion device being arranged directly
upstream from the heat exchanger relative to a fluid
flow through the system in the heating mode, and a
pressure between the outlet of the expansion device
and the inlet of the heat exchanger.

14. The system of any of claims 9-13, wherein the at
least one parameter or operating condition compris-
es a temperature at an inlet of the heat exchanger,
at an outlet of an expansion device, the expansion
device being arranged directly upstream from the
heat exchanger relative to a fluid flow through the
heat pump in the heating mode, or between the outlet
of the expansion device and the inlet of the heat ex-
changer.
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