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Acquiring a first output capability set when the heat
pump unit reaches a first preset energy efficiency ratio
set at a current ambient temperature
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Acquiring the total demand load required for an indoor
area having a heating demand or a cooling demand

The heat pump unit operates at the total demand load
w— until the total demand load is smaller than the first
output capacity set
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Acquiring the output capability Qc when the heat pump unit
reaches the maxinum energy efficiency ratio COPmax at the
current ambient temperature
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Acquiring the total demand load Qm required for the room with a
heating demand

The heat pump unit operates according to
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HEAT PUMP UNIT AND CONTROL
METHOD THEREOF, CONTROL DEVICE,
HEAT PUMP SYSTEM, AND COMBINED
SUPPLY SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to the technical field
of temperature regulation equipment, and in particular, to a
heat pump unit and a control method thereof, a control
device, a heat pump system and a combined supply system.

BACKGROUND

[0002] At present, the water outlet temperature of the heat
pump unit in the market can not be adjusted adaptively
according to the change of the required load. When the
required load becomes large, the capacity of the unit does
not meet the requirements. When the required load becomes
small, the heat pump unit has a large amount of spare
capacity, and operates at a low efficiency and starts and stops
frequently.

SUMMARY OF THE INVENTION

[0003] In view of at least one of the above disadvantages,
it is an object of the present invention to provide a heat pump
unit and a control method thereof, a heat pump system, and
a combined supply system, to realize energy-saving opera-
tion.

[0004] In order to achieve the above purpose, the present
invention adopts the following technical solution:

[0005] a control method for a heat pump unit, comprising
the following steps of: acquiring a first output capability set
when the heat pump unit reaches a first preset energy
efficiency ratio set at a current ambient temperature;
[0006] acquiring a total demand load demanded by an
indoor area having a heating demand or a cooling demand;
and

[0007] causing the heat pump unit to operate in accor-
dance with the first output capability set when the total
demand load is smaller than the first output capability set.
[0008] As a preferred embodiment, the first preset energy
efficiency ratio set includes at least one value or at least a
value range between a maximum energy efficiency ratio of
0.8 times and a maximum energy efficiency ratio of 1.2
times.

[0009] As a preferred embodiment, the first preset energy
efficiency ratio set includes a maximum energy efficiency
ratio.

[0010] As a preferred embodiment, the first preset energy
efficiency ratio set is a first preset energy efficiency ratio
range, correspondingly, the control method comprises:
[0011] acquiring a first output capability range when the
heat pump unit reaches the first preset energy efficiency ratio
range at a current ambient temperature; and

[0012] causing the heat pump unit to operate in accor-
dance with a minimum value of the first output capability
range when the total demand load is smaller than the
minimum value of the first output capability range.

[0013] As a preferred embodiment, the heat pump unit is
caused to operate in accordance with the total demand load
when the total demand load is greater than the minimum
value of the first output capability range.

[0014] As a preferred embodiment, the heat pump unit is
caused to operate in accordance with the total demand load
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or the first output capability range when the total demand
load is within the first output capability range.

[0015] As a preferred embodiment, the heat pump unit is
caused to operate in accordance with the total demand load
when the total demand load is higher than the first output
capability set.

[0016] As a preferred embodiment, the heat pump unit
operates in accordance with the total demand load until the
total demand load is smaller than the first output capability
set, and then the heat pump unit is caused to operate in
accordance with the first output capability set.

[0017] As a preferred embodiment, the first output capa-
bility set is acquired based on prestored output capability set
data corresponding to a first preset energy efficiency ratio set
at different ambient temperatures.

[0018] As a preferred embodiment, a sum of loads
required for the indoor areas having a heating demand or a
cooling demand is taken as the total demand load.

[0019] As a preferred embodiment, the heat pump unit has
a compressor and a heat exchange module for exchanging
heat between a refrigerant and water; the heat exchange
module has a water outlet port and a water return port;
wherein the control method further comprises:

[0020] shutting down the compressor when an actual
return water temperature of the heat pump unit is not lower
than a set return water temperature.

[0021] As a preferred embodiment, the heat pump unit
further has a water pump for driving water to flow;

[0022] wherein the control method further comprises:
shutting down the compressor and maintaining the water
pump to operate when an actual return water temperature of
the heat pump unit is not lower than a set return water
temperature, and when there is an indoor area having a
heating demand or a cooling demand.

[0023] As a preferred embodiment, the compressor is shut
down, and the water pump is maintained to operate until an
actual room temperature of the indoor area reaches or
exceeds a set room temperature.

[0024] As a preferred embodiment, the compressor is
started to operate in accordance with the first output capa-
bility set when a temperature difference between the actual
return water temperature and the set return water tempera-
ture of the heat pump unit exceeds a predetermined return
water temperature difference, and when there is an indoor
area having a heating demand or a cooling demand.
[0025] As a preferred embodiment, a water outlet port of
the heat exchange module is controllably communicated
with an energy storage module for energy storage;

[0026] the control method comprises: communicating the
water outlet port of the heat exchange module with the
energy storage module when the load is smaller than the first
output capability set when reaching a first preset energy
efficiency ratio set at a current ambient temperature;
[0027] blocking the water outlet port of the heat exchange
module from the energy storage module when the load is
higher than the first output capability set when reaching a
first preset energy efficiency ratio set at a current ambient
temperature.

[0028] As a preferred embodiment, an energy storage
module for storing energy is connected in series to the water
return port of the heat exchange module.

[0029] A control method for a heat pump unit, the control
method comprises: causing the heat pump unit to operate in
accordance with an output capability set that is not lower
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than the output capability set when the heat pump unit
reaches the first preset energy efficiency ratio set at the
current ambient temperature, when there is a heating
demand or a cooling demand and when it is necessary to
cause the compressor of the heat pump unit to operate.
[0030] A control method for a heat pump unit, comprising
the following steps of:

[0031] acquiring a first output capability set when the heat
pump unit reaches a first preset energy efficiency ratio set at
a current ambient temperature;

[0032] acquiring a total demand load demanded by an
indoor area having a heating demand or a cooling demand;
and

[0033] causing the heat pump unit to operate in accor-
dance with a second output capability set when the heat
pump unit reaches a second preset energy efficiency ratio set
at the current ambient temperature, when the load is smaller
than the first output capability set.

[0034] As a preferred embodiment, the first preset energy
efficiency ratio set includes at least one value or at least a
value range between a maximum energy efficiency ratio of
0.8 times and a maximum energy efficiency ratio of 1.2
times.

[0035] As a preferred embodiment, the second preset
energy efficiency ratio set includes at least one value or at
least a value range between a maximum energy efficiency
ratio of 0.8 times and a maximum energy efficiency ratio of
1.2 times.

[0036] As a preferred embodiment, when the first preset
energy efficiency ratio set is at least one value, the second
preset energy efficiency ratio set is obtained by adding
and/or subtracting a preset value into/from the first preset
energy efficiency ratio set; and when the first preset energy
efficiency ratio set is at least one value range, the second
preset energy efficiency ratio set is a value range that
coincides with at least a portion of the first preset energy
efficiency ratio set.

[0037] A control device of a heat pump unit, comprising:
the control device configured to execute the method as
described in any of the above embodiments.

[0038] A heat pump unit, comprising a compressor for
compressing a refrigerant, a heat exchange module for
exchanging heat between the refrigerant and water, and the
control device as described above.

[0039] A heat pump system, comprising the heat pump
unit as described in the above embodiment, and a heat
exchange end in communication with the heat pump unit.
[0040] A combined supply system, comprising the heat
pump system as described in the above embodiment and a
wall hung boiler unit, wherein the wall hung boiler unit is
connected in series with a water inlet pipe or a water return
pipe at a heat exchange end, or the wall hung boiler unit is
connected in parallel with the heat pump unit to supply
heat-exchange fluid to the heat exchange end.

[0041] The invention has the following beneficial effects:
[0042] In the control method of the heat pump unit pro-
vided in an embodiment of the invention, a first output
capability set when the heat pump unit reaches a first preset
energy efficiency ratio set at a current ambient temperature
and a total demand load demanded by an indoor area having
a heating demand or a cooling demand are acquired; and the
heat pump unit is caused to operate in accordance with the
first output capability set when the total demand load is
smaller than the first output capability set, so as to cause the
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heat pump unit to operate with a first output capability set in
a first preset energy efficiency ratio set when the total
demand load is small, but not operate at low output capacity
with a low energy efficiency, in this way, the operation
energy efficiency of the heat pump unit is improved when
the total demand load is small, and the energy-saving
operation is realized.

[0043] Specific embodiment of the invention is disclosed
in detail with reference to the following description and the
accompanying drawings, indicating the manner in which the
principles of the invention may be employed. It should be
understood that the embodiment of the present invention is
not thus limited in scope.

[0044] The features described and/or shown for one
embodiment can be used in one or more other embodiments
in the same or similar manner, can be combined with the
features in other embodiments or replace the features in
other embodiments.

[0045] It should be emphasized that, the term “include/
contain” refers to, when being used in the text, existence of
features, parts, steps or assemblies, without exclusion of
existence or attachment of one or more other features, parts,
steps or assemblies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] In order to more clearly explain the embodiments
of the invention or the technical solution in the prior art,
drawings that need to be used in the description in embodi-
ments or the prior art will be simply introduced below,
obviously the drawings in the following description are
merely some examples of the invention, for persons ordi-
narily skilled in the art, it is also possible to obtain other
drawings according to these drawings without making cre-
ative efforts.

[0047] FIG. 1 is a flow schematic diagram of a control
method of a heat pump unit according to an embodiment of
the present invention;

[0048] FIG. 2 is a schematic diagram of a waterway of a
combined supply system according to an embodiment of the
present invention;

[0049] FIG. 3 is a schematic diagram of a waterway of a
combined supply system according to another embodiment
of the present invention;

[0050] FIG. 4 is a flow schematic diagram of heat sup-
plying by a control method of a heat pump unit according to
an embodiment of the present invention;

[0051] FIG. 5 is a graph of energy efficiency ratio versus
output capability of the heat pump unit of FIG. 4 at a certain
ambient temperature.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0052] In order to make those skilled in the art better
understand the technical solutions in the present invention,
the technical solutions in the embodiments of the present
invention will be clearly and completely described in the
following with reference to the accompanying drawings in
the embodiments of the present application. Obviously, the
described embodiments are only a part of the embodiments
of the present invention, but not all of them. Based on the
embodiments of the present invention, all other embodi-



US 2022/0275987 Al

ments that are obtained by persons skilled in the art without
making creative efforts shall fall within the protection scope
of the present invention.

[0053] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meanings as that are
generally understood by those skilled in the art belonging to
the technical field of the present invention. The terms used
herein in the description of the invention are for purposes of
describing specific embodiments only and are not intended
to limit the invention. The terms “and/or” as used herein
include any and all combinations of one or more related
listed items.

[0054] Referring to FIGS. 1 to 3, an embodiment of the
invention provides a control method for a heat pump unit 3,
comprising:

[0055] a step S100: acquiring a first output capability set
when the heat pump unit 3 reaches a first preset energy
efficiency ratio set at a current ambient temperature;
[0056] a step S200: acquiring a total demand load
demanded by an indoor area having a heating demand or a
cooling demand;

[0057] a step S300: causing the heat pump unit to operate
in accordance with the first output capability set when the
total demand load is smaller than the first output capability
set.

[0058] The heat pump unit 3 may include a heat pump
module with a compressor and a heat exchange module. The
heat pump module may be an outdoor unit of the heat pump
unit 3. Specifically, the heat pump unit 3 has a compressor,
an outdoor fan, and an evaporator. In an embodiment, the
heat exchange module may also be integrated with the
outdoor unit.

[0059] Further, as shown in FIG. 2 or 3, the heat pump unit
3 has a water outlet port 32 and a water return port 31.
Specifically, the heat pump unit 3 has a compressor and a
heat exchange module for exchanging heat between the
refrigerant and the water. The heat exchange module has a
water outlet port 32 and a water return port 31. The heat
pump unit 3 further has a water pump for driving water to
flow. The water pump is located on a circulating water path
where the water outlet port 32 and the water return port 31
are located. The heat pump unit 3 can detect return water
temperature and outlet water temperature via a temperature
sensor (e.g., a water temperature sensor), and determines the
outlet water temperature in accordance with a first output
capability. The heat pump unit 3 starts and stops the com-
pressor in accordance with the return water temperature.
[0060] The heat pump unit 3 detects the ambient tempera-
ture (outdoor temperature) by a temperature sensor (e.g., a
temperature probe) located outdoors. Of course, the heat
pump unit 3 can also obtain the local ambient temperature in
real time via the network. The heat pump unit 3 may have
a network module (e.g., a wife module, or a wired network
module), which uses the Inter network to obtain the ambient
temperature in real time.

[0061] The first preset energy efficiency ratio set may also
be regarded as a better COP (Coeficient of Performance) set
of the heat pump unit 3. The heat pump unit 3 can operate
at the first preset energy efficiency ratio set to achieve a
better efficiency.

[0062] In the step S100, the first output capability set is
acquired based on prestored output capability set data cor-
responding to a first preset energy efficiency ratio set at
different ambient temperatures. Wherein the pre-stored cor-
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responding relationship data (the output capability set data
corresponding to the first preset energy efficiency ratio set at
different ambient temperatures) may be obtained under test
conditions, or may be set according to experience. For
example, the corresponding relationship data pre-stored in
the control device of the heat pump unit 3 is shown in Table
1 below:

TABLE 1
ambient temperature  first preset energy first output capability set
°C) efficiency ratio set (KW)
2-5 3.8-4.5 7.4-10
5-7 4-5 7.5-10.5
7-10 4.2-5.5 8-11

[0063] According to the above Table, when there is a
heating demand, when the temperature sensor detects that
the current ambient temperature is 5.5° C., it is determined
that when the output capability of the heat pump unit 3 is 7.5
kilowatts to 10.5 kilowatts, the heat pump unit 3 can achieve
a better energy efficiency ratio, which may be between 4 and
5 at the present ambient temperature.

[0064] Of course, the first output capability (set) corre-
sponding to different ambient temperatures may (only) be
pre-stored in the control device (or storage medium) of the
heat pump unit 3, the first preset energy efficiency ratio set
may be considered as the energy efficiency ratio the heat
pump 3 reached when operating at the first output capability
(set), and thus the first preset energy efficiency ratio (set)
may be selected whether to be pre-stored in the machine as
desired.

[0065] The energy efficiency ratio (COP) of the heat pump
unit 3 has a corresponding relationship with the output
capability. For example, the output capability (Q) versus the
energy efficiency ratio (COP) at a certain ambient tempera-
ture is shown in FIG. 5. It can be seen that the maximum
energy efficiency ratio (COPmax) is reached when the
output capability is Qc. That is, the highest operating effi-
ciency can be achieved by operating at Qc at this ambient
temperature.

[0066] At different ambient temperatures, there is a cor-
responding relationship (curve) between the output capabil-
ity of the heat pump unit 3 and the energy efficiency ratio.
Accordingly, at different ambient temperatures, the heat
pump unit 3 can operate efficiently by being set at an output
capability corresponding to a better energy efficiency ratio.
[0067] The heat pump unit 3 reflects its output capability
by controlling the water temperature of the output water. The
heat pump unit 3 operates in accordance with the first output
capability to produce a corresponding output water tempera-
ture which is an output result of the heat pump unit 3
operating in accordance with the first output capability (set).
Furthermore, the first output capability set may also corre-
spond to the (first) output water temperature set. Further-
more, the pre-stored data relationship may also be a corre-
sponding relationship between the ambient temperature and
the output water temperature, or corresponding relationships
among the ambient temperature and output water tempera-
ture and a pump speed. Of course, the corresponding rela-
tionship (the corresponding relationship between the ambi-
ent temperature and the output water temperature) is also
regarded as the corresponding relationship between the
ambient temperature and the first output capability.
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[0068] In this embodiment, the heat pump unit 3 can meet
the heating or cooling demand of the user. An indoor area
having a heating demand or a cooling demand may be an
indoor area requiring temperature adjustment or mainte-
nance. Specifically, the heat pump unit 3 is connected with
heat exchange ends 2 and 7. Each of the heat exchange ends
2 and 7 corresponds to an indoor area where the temperature
needs to be regulated. Further, the indoor area having a
heating demand or a cooling demand can be judged accord-
ing to whether or not there are heat exchange ends 2 and 7
to be operated. When there are heat exchange ends 2 and 7
to be operated for cooling or heating, it indicates that there
is an indoor area having a heating demand or a cooling
demand.

[0069] In the step S200, a sum of loads required for the
indoor areas having a heating demand or a cooling demand
is taken as the total demand load. When cooling, the load is
the amount of heat that needs to be removed from the room
in a unit time, and when heating, the load is the amount of
heat supplied to the room in a unit time. Accordingly, the
heating load or the cooling load may be calculated by
adopting the existing calculation method, which is not
described in detail in this embodiment.

[0070] In other embodiments, by the control method, the
temperature differences between the indoor areas having a
heating demand or a cooling demand may also be added up
to obtain a total temperature difference by which a corre-
sponding total demand load is obtained.

[0071] It should be noted that there is no clear sequential
execution sequence between the step S100 and the step
S200, wherein the step S100 may be performed before or
after the step S200, of course, the two steps may also be
executed concurrently, and this is not particularly limited in
the embodiment of the present invention.

[0072] Inthe step S300, the total demand load is compared
with the first output capability (set) to determine whether the
current total demand load is within a better energy efficiency
ratio range. When the total demand load is smaller than the
first output capability set, if the operation is directly based
on the total load demand, although the heating or cooling
demand can be satisfied, the operation cannot be performed
with a better energy efficiency ratio, and the loss is more. To
avoid this problem, the operation is performed in accordance
with the first output capability set, and the corresponding
water temperature is output, which can not only meet the
heating or cooling demand, but also enable the heat pump
unit 3 to be in a better energy efficiency ratio to achieve the
energy saving effect.

[0073] In the control method of the heat pump unit 3
provided in the embodiment, a first output capability set
when the heat pump unit 3 reaches a first preset energy
efficiency ratio set at a current ambient temperature and a
total demand load demanded by an indoor area having a
heating demand or a cooling demand are acquired; and the
heat pump unit 3 is caused to operate in accordance with the
first output capability set when the total demand load is
smaller than the first output capability set, so as to cause the
heat pump unit 3 to operate with a first output capability set
in a first preset energy efficiency ratio set when the total
demand load is small, but not operate at low output capacity
with a low energy efficiency, in this way, the operation
energy efficiency of the heat pump unit 3 is improved when
the total demand load is small, and the energy-saving
operation is realized.
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[0074] In the case where the total demand load is greater
than (or equal to) the first output capability (set), in order to
avoid the drawback that it is difficult to meet the cooling or
heating load demand by operating in accordance with the
first output capability set, the control method further com-
prises a step S350 of causing the heat pump unit 3 to operate
according to the total requirement load when the total
demand load is greater than (or equal to) the first output
capability (set).

[0075] Furthermore, when the total demand load is greater
than (or equal to) the first output capability (set), the heat
pump unit 3 operates in accordance with the total demand
load until the total demand load is smaller than the first
output capability set, and then the heat pump unit 3 is caused
to operate in accordance with the first output capability set.
[0076] In the control method of the heat pump unit, the
heat pump unit 3 operates at a better energy efficiency ratio
according to the first output capability set corresponding to
a first preset energy efficiency ratio set, so as to achieve the
energy saving effect. Specifically, the first preset energy
efficiency ratio set includes at least one value or at least a
value range between a maximum energy efficiency ratio of
0.8 times and a maximum energy efficiency ratio of 1.2
times. The first preset energy efficiency ratio set may be
either a single value (a point value) or a value range.
[0077] For the first output capability set corresponding to
the first preset energy efficiency ratio set, in the case where
the first preset energy efficiency ratio set is a single value,
the first output capability set may be a single value or
multiple values (for example, as can be seen from the graph
of FIG. 5, one energy efficiency value may correspond to
two capability values). If the first preset energy efficiency
ratio set is a value range, the first output capability set is also
a value range.

[0078] For example, in an embodiment, the first preset
energy efficiency ratio set includes a maximum energy
efficiency ratio. In this embodiment, as shown in FIG. 5, the
optimum output capability (Qc) of the heat pump unit 3 at
the maximum energy efficiency ratio (COPmax) at different
ambient temperatures is tested, so as to pre-store the corre-
sponding relationship data between the different ambient
temperatures and the optimum output capability in the
control device (such as a controller, PL.C, a processor and
etc.) of the heat pump unit 3. When it is necessary to operate
the compressor of the heat pump unit 3, the heat pump unit
3 may be operated at an output water temperature not lower
than that corresponding to the optimum output capability.
[0079] In another preferred embodiment, the first preset
energy efficiency ratio set is a value range. Wherein the first
preset energy efficiency ratio set is a first preset energy
efficiency ratio range. Accordingly, the control method com-
prises: a step S101 of acquiring a first output capability
range when the heat pump unit 3 reaches the first preset
energy efficiency ratio range at a current ambient tempera-
ture; a step S200 of acquiring a total demand load demanded
by an indoor area having a heating demand or a cooling
demand; a step S300 of causing the heat pump unit 3 to
operate in accordance with a minimum value of the first
output capability range when the total demand load is
smaller than the minimum value of the first output capability
range.

[0080] In this embodiment, the heat pump unit 3 is caused
to operate in accordance with the total demand load when
the total demand load is greater than the minimum value of
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the first output capability range. Furthermore, the heat pump
unit 3 is caused to operate in accordance with the total
demand load or the first output capability range when the
total demand load is within the first output capability range.
In this case, the heat pump unit 3 can be operated at any
value within the first output capability range, and this value
can be artificially set and is pre-stored in the control device
of the heat pump unit 3.

[0081] In this embodiment, the heat pump unit 3 is caused
to operate in accordance with the total demand load when
the total demand load is greater than the maximum value of
the first output capability range. Specifically, the heat pump
unit 3 operates in accordance with the total demand load
until the total demand load is smaller than the first output
capability set, and then the heat pump unit 3 is caused to
operate in accordance with the first output capability set.
[0082] Continuing to refer to FIG. 1, in this embodiment,
the control method further comprises: a step S400 of shut-
ting down the compressor when an actual return water
temperature of the heat pump unit 3 in a heating mode is not
lower than a set return water temperature or the actual return
water temperature in a cooling mode is not higher than the
set return water temperature. Wherein, when the return
water temperature exceeds the set return water temperature
as desired, the compressor is shut down, and at this time, the
water pump can be continuously operated to continuously
heat or cool the room by the water in the circulating water
path. Of course, the operation of the water pump may be
judged according to whether or not the indoor temperature
reaches the set temperature.

[0083] Furthermore, a step 401 of shutting down the
compressor and maintaining the water pump to operate
when an actual return water temperature of the heat pump
unit 3 is not lower than a set return water temperature, and
when there is an indoor area having a heating demand or a
cooling demand. There is a heating demand or a cooling
demand when the temperature of the indoor area needs to be
adjusted or maintained at the target temperature. In this
embodiment, the compressor is shut down when the actual
return water temperature detected by the water temperature
sensor reaches or exceeds the set return water temperature.
When the actual indoor temperature does not reach the set
indoor temperature, the water pump is maintained to oper-
ate. At this time, the water in the circulating water path is
used to continuously adjust the indoor temperature until the
indoor temperature reaches the set indoor temperature,
thereby avoiding frequent starting and stopping of the com-
pressor and improving the user experience.

[0084] Furthermore, the compressor is shut down, and the
water pump is maintained to operate until an actual room
temperature of the indoor area (all indoor areas where there
is a need for cooling or heating) reaches or exceeds a set
room temperature. Of course, when there is at least one
indoor area having a heating demand or a cooling demand,
the operation of the compressor is controlled according to
the actual return water temperature, and the water pump is
maintained in operation.

[0085] Of course, a fluctuating temperature difference
(typically 1-2° C., even lower than 1° C.) is provided for the
indoor area to maintain the set room temperature. During
shutdown of the compressor and water pump, the actual
room temperature gradually (undesirably) changes (in-
creases when cooling is required or decreases when heating
is required) until the temperature difference (actual tempera-
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ture difference) between the actual room temperature and the
set room temperature exceeds the fluctuating temperature
difference, at this time, the steps S100 to S400 are performed
again until the actual room temperature reaches or exceeds
the set room temperature.

[0086] In order to restart the compressor for heating or
cooling, when the temperature difference between the actual
return water temperature of the heat pump unit 3 and the set
return water temperature (actual return water temperature
difference) exceeds a predetermined return water tempera-
ture difference, the compressor is started to operate in
accordance with the first output capability set. To accurately
restart the compressor (outdoor unit) and avoid starting the
compressor by mistake, in this embodiment, in the control
method, when it is also desirable to have an indoor area
having a heating demand or a cooling demand in the
condition that the actual return water temperature difference
exceeds the predetermine return water temperature differ-
ence, the compressor is started to operate in accordance with
the first output capability set.

[0087] For example, when the predetermined return water
temperature difference (compressor start temperature differ-
ence) is 5° C., and the difference between the actual return
water temperature and the set return water temperature is
higher than 5° C., if the actual indoor temperature reaches
the set indoor temperature at this time, it is unnecessary to
restart the compressor, and correspondingly, the water pump
can also be shut down. When the temperature difference
between the actual indoor temperature and the set indoor
temperature exceeds the predetermined temperature differ-
ence (there is a temperature regulation demand), and it is
determined that there is a heating demand or a cooling
demand, the compressor and the water pump are started to
adjust or maintain the indoor temperature.

[0088] In this embodiment, the purpose of improving the
energy efficiency is achieved by providing a first output
capability set exceeding the total demand load of the room,
wherein the first output capability set has energy that
exceeds the total demand load of the room, and in order to
avoid the waste of surplus energy and improve the energy
utilization efficiency, the heat exchange module is further
connected with an energy storage module 9. The energy
storage module 9 may be an energy storage tank, in which
an energy storing medium is stored. Specifically, the energy
storage tank may be communicated in a waterway and stores
energy internally by storing water.

[0089] The heat pump unit 3 can be applied to a combined
supply system of the patent application entitled “Combined
Supply System and Control Method thereof”’, with the
application number 2020112186312, filed on Nov. 4, 2020.
[0090] As shown in FIG. 2 or 3, the water outlet port 32
of the heat exchange module may be a water outlet pipe that
communicates with heat exchange ends 2 and 7 such as a fan
coil 2, a floor heating coil 7, heating radiators and the like,
and the water outlet port 31 may be a water return pipe that
communicates with the heat exchange ends 2 and 7.
Wherein, the water outlet pipe has a water outlet trunk and
water outlet branches 13 and 72 communicating with respec-
tive heat exchange ends 2 and 7, and correspondingly the
water return pipe has a water return trunk 33 and water
return branches 14 and 71 communicating with respective
heat exchange ends 2 and 7. The water outlet branches 13
and 72 and the water return branches 14 and 71 form a
plurality of parallel branches connected in parallel between
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the water outlet trunk and water return trunk 33. Each
parallel branch is provided with one or more heat exchange
ends 2 and 7. The different heat exchange ends 2 and 7 are
connected in parallel, so that the heat exchange ends 2 and
7 can be independently controlled.

[0091] In the embodiment as shown in FIG. 2, a water
outlet port 32 of the heat exchange module is controllably
communicated with an energy storage module 9 for energy
storage. The energy storage module 9 is located in the
circulating water path where the water pump is located. The
energy storage module 9 is communicated to the water outlet
trunk, and is connected in parallel with a bypass pipe 92
which can be connected or blocked. The water inlet end of
the bypass pipe 92 is communicated upstream of the energy
storage module 9, and the water outlet end thereof is
communicated downstream of the energy storage module 9.
The water inlet end of the bypass pipe 92 and the water inlet
end of the energy storage module 9 (or the water inlet end
of'the pipe where the energy storage module 9 is located) are
communicated to the water outlet port 32 of the heat
exchange module through a three-way valve 91. The three-
way valve 91 may be a three-way solenoid valve that is
electrically controlled.

[0092] In this embodiment, in the control method, the
water outlet port 32 of the heat exchange module is com-
municated with the energy storage module 9 when the load
is smaller than the first output capability set when reaching
a first preset energy efficiency ratio set at a current ambient
temperature. At this time, the three-way valve 91 commu-
nicates the water inlet end of the energy storage module 9
with the water outlet port 32 by the action of the valve core,
and blocks the water inlet end of the bypass pipe 92 from the
water outlet port 32.

[0093] The water outlet port 32 of the heat exchange
module is blocked from the energy storage module 9 when
the load is higher than the first output capability set when
reaching a first preset energy efficiency ratio set at a current
ambient temperature. The three-way valve 91 blocks the
water inlet end of the energy storage module 9 from the
water outlet port 32 by the action of the valve core, and
communicates the water inlet end of the bypass pipe 92 with
the water outlet port 32.

[0094] In the embodiment as shown in FIG. 3, the energy
storage module 9 for storing energy is connected in series to
the water return port 31 of the heat exchange module. The
energy storage module 9 is connected in series onto the
water return trunk 33 to which the water return port 31 is
connected. In this embodiment, it is not necessary to provide
the bypass pipe 92 illustrated in FIG. 2. During the operation
of the water pump, the energy storage module 9 can always
remain in communication with the water return port 31.
[0095] Taking this embodiment as an example, the control
method of the heat pump unit 3 in the heating mode
according to a specific embodiment of the present invention
will be described in detail with reference to FIGS. 3, 4, and
5, so as to better understand the invention.

[0096] After the user turns on the heating mode, the heat
pump unit 3 obtains the output capability Qc when the
maximum energy efficiency ratio COPmax is reached at the
current ambient temperature, and obtains the total demand
load Qm of all the rooms having the heating demand. If
Qm>Qc, the heat pump unit 3 directly performs heating
supply according to the water temperature output by the Qm
operation. At this time, the heat pump module (such as a

Sep. 1, 2022

compressor, an outdoor fan and other outdoor units) of the
heat pump unit 3 and the water pump of the heat exchange
module are both in operation. The water outlet port 32 of the
heat pump unit 3 outputs water at corresponding water
temperature to the fan coil 2 through the water outlet pipe.
The fan coil 2 supplies heating to the room, which enters the
water return pipe (branches) via the fan coil 2 and then
enters the water return trunk 33 and enters the energy storage
tank for energy storage. The water in the energy storage tank
flows out through the water return port 31 into the heat pump
unit 3 again for heat exchange.

[0097] As the heating operation continues, Qm gradually
decreases and when Qm<Qc, the heat pump unit 3 directly
performs heating in accordance with the Qc operation. In
this process, due to the large amount of heat required in the
room, the actual return water temperature of the heat pump
unit 3 is always lower than the set return water temperature,
the compressor and the water pump need to be continuously
operated.

[0098] With the continuous operation of the heating, the
heat demand of the room gradually decreases, the water
temperature output according to Qc has far exceeded the
load demand of the room, and the excess energy can also be
gradually stored in the energy storage tank. When the actual
return water temperature reaches the set return water tem-
perature, it indicates that the energy of the energy storage
tank is fully stored, and at this time, the compressor is
stopped and the water pump is maintained operating. The
room is heated by the energy in the circulating water path
(mainly the energy storage tank) until the actual room
temperature reaches the set room temperature, or the room
heating demand may be met by maintaining the water pump
to operate.

[0099] When the temperature difference between the
actual return water temperature and the set return water
temperature exceeds the set return water temperature differ-
ence, it indicates that the energy in the energy storage tank
has been used up. At this time, the above control flow is
executed again, so that the actual room temperature can be
maintained at the set room temperature required by the user.

[0100] Of course, if Qm is smaller than Qc when the heat
pump unit is turned on to perform heating, the heating pump
unit 3 directly performs heating in accordance with the Qc
operation.

[0101] An embodiment of the invention further provides a
control method for a heat pump unit, the control method
comprises: causing the heat pump unit to operate in accor-
dance with an output capability set that is not lower than the
first preset energy efficiency ratio set that the heat pump unit
reaches at the current ambient temperature, when there is a
heating demand or a cooling demand and when it is neces-
sary to cause the compressor of the heat pump unit to
operate.

[0102] The invention further provides a control method of
a heat pump unit, comprising: a step S100' of acquiring a
first output capability set when the heat pump unit reaches
a first preset energy efficiency ratio set at a current ambient
temperature; a step S200' of acquiring a total demand load
demanded by an indoor area having a heating demand or a
cooling demand; and a step S300' of causing the heat pump
unit to operate in accordance with a second output capability
set when the heat pump unit reaches a second preset energy
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efficiency ratio set at the current ambient temperature, when
the total demand load is smaller than the first output capa-
bility set.

[0103] The first output capability set may be different from
or the same as the second output capability set. The heat
pump unit can achieve a better energy efficiency ratio when
operating under the first output capability set or the second
output capability set, so as to achieve the energy saving
effect. The second output capability is greater than the total
demand load. In this embodiment, the first preset energy
efficiency ratio set includes at least one value or at least a
value range between a maximum energy efficiency ratio of
0.8 times and a maximum energy efficiency ratio of 1.2
times. The second preset energy efficiency ratio set includes
at least one value or at least a value range between a
maximum energy efficiency ratio of 0.8 times and a maxi-
mum energy efficiency ratio of 1.2 times.

[0104] Further, when the first preset energy efficiency ratio
set (the first output capability set) is at least one value, the
second preset energy efficiency ratio set (the second output
capability set) is obtained by the first preset energy effi-
ciency ratio set added with and/or subtracted by a preset
value. For example, when the first preset energy efficiency
ratio set is a single value (the first preset energy efficiency
ratio), the second preset energy efficiency ratio set may be
any value within the preset range of the first preset energy
efficiency ratio. When the first preset energy efficiency ratio
set is at least one value range, the second preset energy
efficiency ratio set is a value range that coincides with at
least a part of the range of the first preset energy efficiency
ratio set.

[0105] The first preset energy efficiency ratio set may be
regarded as a judgment energy efficiency ratio set, and the
corresponding first output capability set is a judgment output
capability set. The second preset energy efficiency ratio set
is an operation energy efficiency ratio set, and the corre-
sponding second output capability set is an operation output
capability set. The heat pump unit determines whether to
operate according to the second output capability set reach-
ing the second preset energy efficiency ratio set by judging
the total demand load according to the first output capability
set reaching the first preset energy efficiency ratio set.
[0106] In (the control device of) the heat pump unit, there
may be pre-stored data corresponding to the ambient tem-
perature, the first output capability set, and the second output
capability set one by one. After the current ambient tem-
perature is obtained, the first and second output capability
sets can be obtained according to the pre-stored data. For
example, the corresponding relationship data pre-stored in
the control device of the heat pump unit is shown in Table
2 below:

TABLE 2
ambient temperature  first output capability second output capability
(°C) (KW) (KW)
2-5 9 8.7
5-7 8.5 8
7-10 8.2 7.4-10.5

[0107] For example, when indoor heating is required, the
current ambient temperature detected by the temperature
probe of the outdoor unit is 6 degrees Celsius. The heat
pump unit determines that the (judgment) output capability
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at the current ambient temperature is 8.5 kW, the operation
output capability is 8 kW, and the total demand load to be
provided for the heat exchange ends (such as a fan coil or
heating radiators) to be heated indoors is 7.5 kW. In the case
of 8.5 kW greater than 7.5 kW, the heat pump unit can
operate at 8 kW capability.

[0108] The invention further provides a control device of
a heat pump unit, comprising: the control device configured
to execute the control method described in any one of the
above embodiments.

[0109] The invention further provides a heat pump unit,
comprising a compressor for compressing a refrigerant, a
heat exchange module for exchanging heat between the
refrigerant and water, and a control device. The control
device may be the control device in the above-described
embodiment.

[0110] The invention further provides a heat pump system,
comprising a heat pump unit and a heat exchange end
communicated to the heat pump unit. The heat pump unit in
any of the above embodiments may be used. The heat
exchange end can be a heating or cooling terminal such as
a fan coil, a heating radiator, a ground heating coil, and etc.
[0111] As shown in FIG. 2 or FIG. 3, an embodiment of
the present invention further provides a combined supply
system, which comprises the heat pump system described in
any of the above embodiments, and the wall hung boiler unit
1. Wherein, the wall hung boiler unit 1 is connected in series
to the water inlet pipe or the water return pipe at the heat
exchange end. In other embodiments, the wall hung boiler
unit 1 is connected in parallel to the heat pump unit 3, to
supply heat exchange fluid to the heat exchange ends 2 and
7. The water way diagram of the combined supply system
may be as shown in FIG. 2 or FIG. 3.

[0112] Specifically, the combined supply system may be a
combined supply system of the patent application entitled
“Combined Supply System and Control Method thereof”,
with the application number 2020112186312, filed on Nov.
4, 2020, the entire disclosure of which are incorporated
herein by reference.

[0113] Any numerical value referred to herein includes all
values of a lower value and an upper value that are incre-
mented by one unit from a lower limit value to an upper limit
value, with an interval of at least two units between any
lower value and any higher value. For example, if it is stated
that the number of components or process variables such as
temperature, pressure, time, etc., have a value from 1 to 90,
preferably from 20 to 80, more preferably from 30 to 70, the
purpose is to illustrate that the equivalents such as 15 to 85,
22 to 68, 43 to 51, 30 to 32 are also explicitly recited in the
specification. For values smaller than 1, one unit is suitably
considered to be 0.0001, 0.001, 0.01, 0.1. These are merely
intended to be explicitly expressed examples, and it may be
considered that all possible combinations of numerical val-
ues enumerated between the lowest value and the highest
value are explicitly set forth in a similar manner in this
specification.

[0114] Unless otherwise stated, all ranges include end
points and all numbers between the end points. The “about”
or “approximate” used with the range is suitable for both end
points of the range. Thus, “about 20 to 30 is intended to
cover “about 20 to about 30,” including at least the indicated
end points.

[0115] All articles and references disclosed, including
patent applications and publications, are incorporated herein
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by reference for all purposes. The term “consisting essen-
tially of” to describe a combination should include the
elements, components, parts or steps determined and other
elements, components, parts or steps that do not substan-
tially affect the substantially novel features of the combina-
tion. The use of the terms “comprising” or “including” to
describe combination of the elements, components, parts or
steps herein also contemplates embodiments that consist
essentially of such elements, components, parts or steps. The
use of the term “may” herein is intended to illustrate that any
of the described attributes that may be included are optional.
[0116] The plurality of elements, components, parts or
steps can be provided by a single integrated element, com-
ponent, part or step. Alternatively, the single integrated
element, component, part or step may be divided into
separate multiple elements, components, parts or steps. A
disclosed “a” or “an” used to describe an element, a com-
ponent, a part or a step does not mean to exclude other
elements, components, parts or steps.

[0117] It should be understood that the above description
is for purposes of illustration and not for purposes of
limitation. Many embodiments and many applications other
than the examples provided will be apparent to those skilled
in the art from reading the above description. Accordingly,
the scope of the present teachings should not be determined
with reference to the above description, but should be
determined with reference to the appended claims and the
full scope of equivalents owned by these claims. The dis-
closure of all articles and references, including patent appli-
cations and publications, is incorporated herein by reference
for purposes of completeness. The omission of any aspect of
the subject matter disclosed herein in the foregoing claims is
not intended to waive the subject matter and the inventor
should not be deemed to have considered the subject matter
as a part of the disclosed subject matter.

What is claimed is:

1. A control method for a heat pump unit, characterized in
comprising the following steps of:

acquiring a first output capability set when the heat pump

unit reaches a first preset energy efficiency ratio set at
a current ambient temperature;
acquiring a total demand load demanded by an indoor
area having a heating demand or a cooling demand; and
causing the heat pump unit to operate in accordance with
the first output capability set when the total demand
load is smaller than the first output capability set.

2. The control method according to claim 1, characterized
in that, the first preset energy efficiency ratio set includes at
least one value or at least a value range between a maximum
energy efficiency ratio of 0.8 times and a maximum energy
efficiency ratio of 1.2 times.

3. The control method according to claim 1, characterized
in that, the first preset energy efficiency ratio set includes a
maximum energy efficiency ratio.

4. The control method according to claim 1, characterized
in that, the first preset energy efficiency ratio set is a first
preset energy efficiency ratio range, correspondingly, the
control method comprises:

acquiring a first output capability range when the heat

pump unit reaches the first preset energy efficiency ratio
range at a current ambient temperature; and

causing the heat pump unit to operate in accordance with

a minimum value of the first output capability range
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when the total demand load is smaller than the mini-
mum value of the first output capability range.

5. The control method according to claim 4, characterized
in comprising causing the heat pump unit to operate in
accordance with the total demand load when the total
demand load is greater than the minimum value of the first
output capability range.

6. The control method according to claim 4, characterized
in comprising causing the heat pump unit to operate in
accordance with the total demand load or the first output
capability range when the total demand load is within the
first output capability range.

7. The control method according to claim 1, characterized
in comprising causing the heat pump unit to operate in
accordance with the total demand load when the total
demand load is higher than the first output capability set.

8. The control method according to claim 7, characterized
in that the heat pump unit operates in accordance with the
total demand load until the total demand load is smaller than
the first output capability set, and then the heat pump unit is
caused to operate in accordance with the first output capa-
bility set.

9. The control method according to claim 1, characterized
in comprising acquiring the first output capability set based
on prestored output capability set data corresponding to a
first preset energy efficiency ratio set at different ambient
temperatures.

10. The control method according to claim 1, character-
ized in comprising taking a sum of loads required for the
indoor areas having a heating demand or a cooling demand
as the total demand load.

11. The control method according to claim 1, character-
ized in that, the heat pump unit has a compressor and a heat
exchange module for exchanging heat between a refrigerant
and water; the heat exchange module has a water outlet and
a water return port; wherein the control method further
comprises:

shutting down the compressor when an actual return water

temperature of the heat pump unit in a heating mode is
not lower than a set return water temperature or the
actual return water temperature in a cooling mode is not
higher than the set return water temperature.

12. The control method according to claim 11, character-
ized in that, the heat pump unit has a water pump for driving
water to flow;

wherein the control method further comprises: shutting

down the compressor and maintaining the water pump
to operate when the actual return water temperature of
the heat pump unit in the heating mode is not lower
than the set return water temperature or the actual
return water temperature in the cooling mode is not
higher than the set return water temperature, and when
there is an indoor area having a heating demand or a
cooling demand.

13. The control method according to claim 12, character-
ized in comprising shutting down the compressor and main-
taining the water pump to operate until an actual room
temperature of the indoor area reaches or exceeds a set room
temperature.

14. The control method according to claim 13, character-
ized in comprising starting to operate the compressor when
a temperature difference between the actual return water
temperature and the set return water temperature of the heat
pump unit exceeds a predetermined return water temperature
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difference, and when there is an indoor area having a heating
demand or a cooling demand.

15. The control method according to claim 11, character-
ized in that, a water outlet of the heat exchange module is
controllably communicated with an energy storage module
for energy storage;

the control method comprises: communicating the water

outlet of the heat exchange module with the energy
storage module when the total demand load is smaller
than the first output capability set; and

blocking the water outlet of the heat exchange module

from the energy storage module when the total demand
load is higher than the first output capability set.
16. The control method according to claim 11, character-
ized in that, an energy storage module for storing energy is
connected in series to the water return port of the heat
exchange module.
17. A control method for a heat pump unit, characterized
in that, the control method comprises: causing the heat pump
unit to operate in accordance with an output capability set
that is not lower than the output capability set when the heat
pump unit reaches a first preset energy efficiency ratio set at
a current ambient temperature, when there is a heating
demand or a cooling demand and when it is necessary to
cause a compressor of the heat pump unit to operate.
18. A control method for a heat pump unit, characterized
in comprising the following steps of:
acquiring a first output capability set when the heat pump
unit reaches a first preset energy efficiency ratio set at
a current ambient temperature;

acquiring a total demand load demanded by an indoor
area having a heating demand or a cooling demand; and

causing the heat pump unit to operate in accordance with
a second output capability set when the heat pump unit
reaches a second preset energy efficiency ratio set at the
current ambient temperature, when the total demand
load is smaller than the first output capability set.

19. The control method according to claim 17, character-
ized in that, the first preset energy efficiency ratio set
includes at least one value or at least a value range between
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a maximum energy efficiency ratio of 0.8 times and a
maximum energy efficiency ratio of 1.2 times.

20. The control method according to claim 18, character-
ized in that, the second preset energy efficiency ratio set
includes at least one value or at least a value range between
a maximum energy efficiency ratio of 0.8 times and a
maximum energy efficiency ratio of 1.2 times.

21. The control method according to claim 18, character-
ized in that, when the first preset energy efficiency ratio set
is at least one value, the second preset energy efficiency ratio
set is obtained by adding and/or subtracting a preset value
into/from the first preset energy efficiency ratio set; and
when the first preset energy efficiency ratio set is at least one
value range, the second preset energy efficiency ratio set is
a value range that coincides with at least a portion of the first
preset energy efficiency ratio set.

22. A control device of a heat pump unit, characterized in
that,

the control device is configured to execute the method

according to claim 1.

23. A heat pump unit, characterized in comprising a
compressor for compressing a refrigerant, a heat exchange
module for exchanging heat between the refrigerant and
water, and control device according to claim 22.

24. A heat pump system, characterized in comprising a
heat pump unit according to claim 23, and a heat exchange
end in communication with the heat pump unit.

25. A combined supply system, characterized in compris-
ing the heat pump system according to claim 24 and a wall
hung boiler unit, wherein the wall hung boiler unit is
connected in series with a water inlet pipe or a water return
pipe at a heat exchange end, or the wall hung boiler unit is
connected in parallel with the heat pump unit to supply
heat-exchange fluid to the heat exchange end.

26. The control method according to claim 18, character-
ized in that, the first preset energy efficiency ratio set
includes at least one value or at least a value range between
a maximum energy efficiency ratio of 0.8 times and a
maximum energy efficiency ratio of 1.2 times.
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