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(54) INTEGRATED HEAT PUMP SYSTEM AND CONTROL METHOD THEREFOR

(57) The present application provides an integrated
heat pump system and a control method therefor. The
integrated heat pump system (100) comprises: an
air-conditioning indoor unit (110) having a first indoor
heat exchanger set (111a, 111b) and a first throttle valve
assembly (112a, 112b); a display cabinet indoor unit
(120) having a second indoor heat exchanger set (121a,
121b)and asecond throttle valve assembly (122a, 122b);
and an outdoor unit (130) connected to the air-condition-
ing indoor unit and the display cabinetindoor unit through
pipelines. The outdoor unit comprises: at least two com-
pressors (133a, 133b); an outdoor heat exchanger set
(131); a third throttle valve assembly (132); and a mode
switch valve assembly configured to switch at least one
of the first indoor heat exchanger set and the outdoor
heat exchanger set to be connected to the downstream
of at least two compressors.

I.}Fﬁe
=

138D 4384

138F
\

139¢ 139d

138a

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 879 204 A1 2

Description

[0001] The present invention relates to the field of in-
tegrated equipment for air conditioning and refrigeration
and freezing. More specifically, the present invention re-
lates to an integrated heat pump system and a control
method therefor.

[0002] At present, there are two types of refrigeration
or heat pump systems with mature technologies that are
widely applied. One is a refrigeration system with rela-
tively low temperature used in the refrigeration and freez-
ing field, and the other is a heat pump system that reg-
ulates air temperature by refrigeration and heating used
in homes or commercial buildings. Considering that there
is a constant demand for refrigeration for the equipment
in the refrigeration and freezing field, whereas there may
also be a demand for heating in the domestic or com-
mercial field (i.e., there is the possibility of recycling the
cold energy wasted when producing heatin the domestic
or commercial field), the prior art has focused on inte-
grating these two types of systems to recycle the heat to
some extent, so as to improve system efficiency. A com-
monly used solution is to provide corresponding outdoor
units and indoor units for the two systems, and to form
pipeline connections between multiple outdoor units and
indoor units, thereby achieving heat recovery in partial
operating modes. However, the integration level of this
type of equipment is low, and the units take up a lot of
space, so it is not inconvenient in application.

[0003] The present invention provides an integrated
heat pump system and a control method therefor, so as
to improve the integration problem of the integrated heat
pump system.

[0004] According to a first aspect of the presentinven-
tion, an integrated heat pump system is provided, which
comprises: an air-conditioning indoor unit having a first
indoor heat exchanger set and a first throttle valve as-
sembly for controlling the on-off of flow paths and throt-
tling degree; a display cabinet indoor unit having a sec-
ond indoor heat exchanger set and a second throttle
valve assembly for controlling on-off of flow paths and
throttling degree, wherein the second indoor heat ex-
change sets have a temperature regulating setpoint dif-
ferent from that of the first indoor heat exchanger set;
and an outdoor unit connected to the air-conditioning in-
door unitand the display cabinetindoor unit through pipe-
lines. The outdoor unit comprises: at least two compres-
sors connected in parallel and configured to provide dif-
ferentevaporation temperatures respectively; an outdoor
heat exchanger set; a third throttle valve assembly con-
figured to control the on-off of flow paths and throttling
degree of the outdoor heat exchanger set; and a mode
switch valve assembly configured to guide refrigerant
flowing out of the at least two compressors into at least
one of the firstindoor heat exchanger set and the outdoor
heat exchanger set by switching pipeline connections.
[0005] Optionally, in a refrigeration mode: the mode
switch valve assembly is configured to guide the refrig-
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erant flowing out of the at least two compressors into the
outdoor heat exchanger set by switching pipeline con-
nections; the third throttle valve assembly is controlled
to turn on the flow paths, and the throttling degree of at
least one of the first throttle valve assembly and the sec-
ond throttle valve assembly is controlled.

[0006] Optionally, the refrigeration mode comprises
one or more of the following modes: an air-conditioning
refrigeration mode: wherein the mode switch valve as-
sembly is configured to guide the refrigerant flowing out
of the at least two compressors into the outdoor heat
exchanger set by switching pipeline connections; the
third throttle valve assembly turns on the flow paths, the
first throttle valve assembly provides a controlled throt-
tling degree, and the second throttle valve assembly
turns off the flow paths; and the first compressor of the
at least two compressors is activated; a display cabinet
refrigeration mode: wherein the mode switch valve as-
sembly is configured to guide the refrigerant flowing out
of the at least two compressors into the outdoor heat
exchanger set by switching pipeline connections; the
third throttle valve assembly turns on the flow paths, the
second throttle valve assembly provides a controlled
throttling degree, and the first throttle valve assembly
turns off the flow paths; and the second compressor of
the at least two compressors is activated; a cooperative
refrigeration mode: wherein the mode switch valve as-
sembly is configured to guide the refrigerant flowing out
of the at least two compressors into the outdoor heat
exchanger set by switching pipeline connections; the
third throttle valve assembly turns on the flow paths, the
first throttle valve assembly and the second throttle valve
assembly provide a controlled throttling degree respec-
tively; and the at least two compressors are activated;
and an outdoor unit defrost mode: operating any one of
the air-conditioning refrigeration mode, the display cab-
inet refrigeration mode, and the cooperative refrigeration
mode.

[0007] Optionally, in the heating mode: the mode
switch valve assembly is configured to guide the refrig-
erant flowing out of the at least two compressors into the
firstindoor heat exchanger set by switching pipeline con-
nections; the first throttle valve assembly are controlled
to turn on the flow paths; and the throttling degree of at
least one of the second throttle valve assembly and the
third throttle valve assemblies is controlled.

[0008] Optionally, the heating mode comprises one or
more of the following modes: an air-conditioning heating
mode: wherein the mode switch valve assembly is con-
figured to guide the refrigerant flowing out of the at least
two compressors into the first indoor heat exchanger set
by switching pipeline connections; the first throttle valve
assembly turns on the flow paths, the third throttle valve
assembly provides a controlled throttling degree, and the
second throttle valve assembly turns off the flow paths;
and the first compressor of the at least two compressors
is activated; a heat rejection and heat recovery mode:
wherein the mode switch valve assembly is configured
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to guide the refrigerant flowing out of the at least two
compressors into the firstindoor heat exchanger set and
the outdoor heat exchanger set by switching pipeline con-
nections; the first throttle valve assembly and the third
throttle valve assembly turn on the flow paths, and the
second throttle valve assembly provides a controlled
throttling degree; and the at least two compressors are
activated; a compensation heat recovery mode: wherein
the mode switch valve assembly is configured to guide
the refrigerant flowing out of the at least two compressors
into the outdoor heat exchanger set by switching pipeline
connections; the first throttle valve assembly turns on the
flow paths, and the second throttle valve assembly and
the third throttle valve assembly provide a controlled
throttling degree respectively; and the at least two com-
pressors are activated; a total heat recovery mode:
wherein the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least two
compressors into the first indoor heat exchanger set by
switching pipeline connections; the first throttle valve as-
sembly turns on the flow paths, the second throttle valve
assembly provides a controlled throttling degree, and the
third throttle valve assembly turns off the flow paths; and
the at least two compressors are activated.

[0009] Optionally, the mode switch valve assembly
comprises: a first four-way valve and a second four-way
valve arranged in parallel; wherein, the first four-way
valve has a first port connected to the exhaust ports of
the at least two compressors, a second port connected
to the suction ports of the at least two compressors, a
third port connected to the second four-way valve, and
a fourth port connected to the second port through cap-
illary tubes; and wherein the second four-way valve has
a fifth port connected to the exhaust ports of the at least
two compressors, a sixth port connected to the first four-
way valve, a seventh port connected to the outdoor heat
exchanger set, and an eighth port connected to the first
indoor heat exchanger set.

[0010] Optionally, the integrated heat pump system
further comprises a subcooling branch provided with a
subcooling heat exchanger and an additional throttle el-
ement. The subcooling branchis connected from the third
throttle valve assembly to the suction ports of the at least
two compressors through the first flow path of the sub-
cooling heat exchanger, the additional throttle element,
and the second flow path of the subcooling heat exchang-
er.

[0011] According to a second aspect of the present
invention, a control method for the integrated heat pump
system as described above is provided, which compris-
es: operating a refrigeration mode, guiding the refrigerant
flowing out of the at least two compressors into the out-
door heat exchanger set by switching pipeline connec-
tions through control of the mode switch valve assembly;
controlling the third throttle valve assembly to turn on the
flow paths; and controlling the throttling degree of at least
one of the first throttle valve assembly and the second
throttle valve assembly; or operating a heating mode,
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guiding the refrigerant flowing out of the at least two com-
pressors into at least the first indoor heat exchanger set
by switching pipeline connections through control of the
mode switch valve assembly; controlling the first throttle
valve assembly to turn on the flow paths; and controlling
the throttling degree of at least one of the second throttle
valve assembly and the third throttle valve assembly.

[0012] Optionally, the refrigeration mode comprises
one or more of the following modes: an air-conditioning
refrigeration mode: wherein the mode switch valve as-
sembly is configured to guide the refrigerant flowing out
of the at least two compressors into the outdoor heat
exchanger set by switching pipeline connections; the
third throttle valve assembly is controlled to turn on the
flow paths, the throttling degree of the first throttle valve
assembly is controlled, and the second throttle valve as-
sembly is controlled to turn off the flow paths; and the
first compressor of the at least two compressors is acti-
vated; a display cabinet refrigeration mode: wherein the
mode switch valve assembly is configured to guide the
refrigerant flowing out of the at least two compressors
into the outdoor heat exchanger set by switching pipeline
connections; the third throttle valve assembly is control-
led to turn on the flow paths, and the throttling degree of
the second throttle valve assembly is controlled; the first
throttle valve assembily is controlled to turn off the flow
paths; and the second compressor of the at least two
compressors is activated; a cooperative refrigeration
mode: wherein the mode switch valve assembly is con-
figured to guide the refrigerant flowing out of the at least
two compressors into the outdoor heat exchanger set by
switching pipeline connections; the third throttle valve as-
sembly is controlled to turn on the flow paths, and the
throttling degrees of the first throttle valve assembly and
the second throttle valve assembly are controlled respec-
tively; and the at least two compressors are activated;
an outdoor unit defrost mode: operating any one of the
air-conditioning refrigeration mode, the display cabinet
refrigeration mode, and the cooperative refrigeration
mode. And, the heating mode comprises one or more of
the following modes: an air-conditioning heating mode:
wherein the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least two
compressors into the first indoor heat exchanger set by
switching pipeline connections; the first throttle valve as-
sembly is controlled to turn on the flow paths, the throttling
degree of the third throttle valve assembly is controlled,
and the second throttle valve assembly is controlled to
turn off the flow paths; and the first compressor of the at
least two compressors is activated; a heat rejection and
heat recovery mode: wherein the mode switch valve as-
sembly is configured to guide the refrigerant flowing out
of the at least two compressors into the a firstindoor heat
exchanger set and the outdoor heat exchanger set by
switching pipeline connections; the a first throttle valve
assembly and the third throttle valve assembly are con-
trolled to turn on the flow paths, and the throttling degree
of the second throttle valve assembly is controlled; and
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the at least two compressors are activated; a compen-
sation heat recovery mode: wherein the mode switch
valve assembly is configured to guide the refrigerant flow-
ing out of the at least two compressors into the outdoor
heat exchanger set by switching pipeline connections;
the first throttle valve assembly is controlled to turn on
the flow paths, the throttling degrees of the second throt-
tle valve assembly and the third throttle valve assembly
are controlled respectively; and the atleast two compres-
sors are activated; a total heat recovery mode: wherein
the mode switch valve assembly is configured to guide
the refrigerant flowing out of the at least two compressors
into the firstindoor heat exchanger set by switching pipe-
line connections; the first throttle valve assembly is con-
trolled to turn on the flow paths, and the throttling degree
of the second throttle valve assembly is controlled; the
third throttle valve assembly is controlled to turn off the
flow paths; and the at least two compressors are activat-
ed.

[0013] Accordingto a third aspect of the presentinven-
tion, an integrated heat pump system is provided, which
comprises: an air-conditioning indoor unit having a first
indoor heat exchanger set and a first throttle valve as-
sembly for controlling the on-off of flow paths and throt-
tling degree; a display cabinet indoor unit having a sec-
ond indoor heat exchanger set and a second throttle
valve assembly for controlling the on-off of flow paths
and throttling degree, wherein the second indoor heat
exchange sets have a temperature regulating setpoint
different from that of the first indoor heat exchanger set;
and an outdoor unit connected to the air-conditioning in-
door unitand the display cabinetindoor unit through pipe-
lines. The outdoor unit comprises: at least two compres-
sors connected in parallel and configured to provide dif-
ferentevaporation temperatures respectively; an outdoor
heat exchanger set having a first heat exchange flow
path and a second heat exchange that are not connected
to each other, wherein the first heat exchange flow path
is connected to the air-conditioning indoor unit, and the
second heat exchange flow path is connected to the dis-
play cabinet indoor unit and the suction ports of the at
least two compressors; a third throttle valve assembly
configured to control the on-off of the first heat exchange
flow path and the throttling degree; and a mode switch
valve assembly configured to guide refrigerant flowing
out of the at least two compressors into at least one of
the first indoor heat exchanger set, the first heat ex-
change flow path, and the second heat exchange flow
path by switching pipeline connections.

[0014] Optionally, in the refrigeration mode: the mode
switch valve assembly is configured to guide the refrig-
erant flowing out of the at least two compressors into at
least one of the first heat exchange flow path and the
second heat exchange flow path by switching pipeline
connections; the third throttle valve assembly is control-
led to turn on the flow paths; and the throttling degree of
at least one of the first throttle valve assembly and the
second throttle valve assembly is controlled.

10

15

20

25

30

35

40

45

50

55

[0015] Optionally, the refrigeration mode comprises
one or more of the following modes: an air-conditioning
refrigeration mode: wherein the mode switch valve as-
sembly is configured to guide the refrigerant flowing out
of the at least two compressors into the first heat ex-
change flow path by switching pipeline connections; the
third throttle valve assembly turns on the flow paths, the
first throttle valve assembly provides a controlled throt-
tling degree, and the second throttle valve assembly
turns off the flow paths; and the first compressor of the
at least two compressors is activated; a display cabinet
refrigeration mode: wherein the mode switch valve as-
sembly is configured to guide the refrigerant flowing out
of the at least two compressors into the second heat ex-
change flow path by switching pipeline connections; the
first throttle valve assembly and the third throttle valve
assembly turn off the flow paths, and the second throttle
valve assembly provides a controlled throttling degree;
and the second compressor of the at least two compres-
sors is activated; a cooperative refrigeration mode:
wherein the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least two
compressors into the first heat exchange flow path and
the second heat exchange flow path by switching pipeline
connections; the third throttle valve assembly turns on
the flow paths, the first throttle valve assembly and the
second throttle valve assembly provide a controlled throt-
tling degree respectively; and the at least two compres-
sors are activated; an outdoor unit defrost mode: oper-
ating any one of the air-conditioning refrigeration mode,
the display cabinet refrigeration mode, and the cooper-
ative refrigeration mode.

[0016] Optionally, in the heating mode: the mode
switch valve assembly is configured to guide the refrig-
erant flowing out of the at least two compressors into at
least one of the first indoor heat exchanger set and the
second heat exchange flow path by switching pipeline
connections; the first throttle valve assembly is controlled
to turn on the flow paths; and the throttling degree of the
third throttle valve assembly is controlled.

[0017] Optionally, the heating mode comprises one or
more of the following modes: an air-conditioning heating
mode: wherein the mode switch valve assembly is con-
figured to guide the refrigerant flowing out of the at least
two compressors into the first indoor heat exchanger set
by switching pipeline connections; the first throttle valve
assembly turns on the flow paths, the third throttle valve
assembly provides a controlled throttling degree, and the
second throttle valve assembly turns off the flow paths;
and the first compressor of the at least two compressors
is activated; a heat recovery mode: wherein the mode
switch valve assembly is configured to guide the refrig-
erant flowing out of the at least two compressors into the
first indoor heat exchanger set and the second heat ex-
change flow path by switching pipeline connections; the
first throttle valve assembly turns on the flow paths, the
second throttle valve assembly and the third throttle valve
assembly provide a controlled throttling degree respec-
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tively; and the at least two compressors are activated.
[0018] Optionally, the mode switch valve assembly
comprises: a first four-way valve and first solenoid valve
arranged in parallel, and a second solenoid valve ar-
ranged in series with the first four-way valve; wherein the
first four-way valve has a first port connected to the sec-
ond solenoid valve, a second port connected to the suc-
tion ports of the at least two compressors, a third port
connected to the first heat exchange flow path, and a
fourth port connected to the first indoor heat exchanger
set; and wherein the first solenoid valve has a fifth port
connected to the exhaust ports of the at least two com-
pressors, and a sixth port connected to the second heat
exchange flow path; and the second solenoid valve has
a seventh port connected to the exhaust ports of the at
least two compressors and an eighth port connected to
the first four-way valve.

[0019] Optionally, the integrated heat pump system
further comprises a subcooling branch provided with a
subcooling heat exchanger and an additional throttle el-
ement. The subcooling branch is connected to the suc-
tion ports of the at least two compressors through the
second heat exchange flow path, the first flow path of the
subcooling heat exchanger, the additional throttle ele-
ment, and the second flow path of the subcooling heat
exchanger.

[0020] Optionally, thefirstheatexchange flow pathand
the second heat exchange flow path of the outdoor heat
exchanger sets are in the form of staggered arrangement
through pipelines or in the form of staggered arrange-
ment through stacking.

[0021] According to a fourth aspect of the present in-
vention, a control method for the integrated heat pump
system as described above is provided, which compris-
es: operating a refrigeration mode, guiding the refrigerant
flowing out of the at least two compressors into at least
one of the first heat exchange flow path and the second
heat exchange flow path by switching pipeline connec-
tions through control of the mode switch valve assembly;
controlling the third throttle valve assembly to turn on the
flow paths; and controlling the throttling degree of at least
one of the first throttle valve assembly and the second
throttle valve assembly; or operating a heating mode,
guiding the refrigerant flowing out of the atleast two com-
pressors into atleast one of the firstindoor heat exchang-
er set and the second heat exchange flow path by switch-
ing pipeline connections through control of the mode
switch valve assembly; controlling the first throttle valve
assembly to turn on the flow paths; and controlling the
throttling degree of the third throttle valve assembly.
[0022] Optionally, the refrigeration mode comprises
one or more of the following modes: an air-conditioning
refrigeration mode: wherein the mode switch valve as-
sembly is configured to guide the refrigerant flowing out
of the at least two compressors into the first heat ex-
change flow path by switching pipeline connections; the
third throttle valve assembly is controlled to turn on the
flow paths, the throttling degree of the first throttle valve
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assembly is controlled, and the second throttle valve as-
sembly is controlled to turn off the flow paths; and the
first compressor of the at least two compressors is acti-
vated; a display cabinet refrigeration mode: wherein the
mode switch valve assembly is configured to guide the
refrigerant flowing out of the at least two compressors
into the second heat exchange flow path by switching
pipeline connections; the first throttle valve assembly and
the third throttle valve assembly are controlled to turn off
the flow paths, and the throttling degree of the second
throttle valve assembly is controlled; and the second
compressor of the at least two compressors is activated;
a cooperative refrigeration mode: wherein the mode
switch valve assembly is configured to guide the refrig-
erant flowing out of the at least two compressors into the
first heat exchange flow path and the second heat ex-
change flow path by switching pipeline connections; the
third throttle valve assembly is controlled to turn on the
flow paths, and the throttling degrees of the first throttle
valve assembly and the second throttle valve assembly
is controlled respectively; and the at least two compres-
sors are activated; an outdoor unit defrost mode: oper-
ating any one of the air-conditioning refrigeration mode,
the display cabinet refrigeration mode, and the cooper-
ative refrigeration mode. And, the heating mode compris-
es one or more of the following modes: an air-conditioning
heating mode: wherein the mode switch valve assembly
is configured to guide the refrigerant flowing out of the at
least two compressors into the firstindoor heat exchang-
er set by switching pipeline connections; the first throttle
valve assembly is controlled to turn on the flow paths,
the throttling degree of the third throttle valve assembly
is controlled, and the second throttle valve assembly is
controlled to turn off the flow paths; and the first com-
pressor of the at least two compressors is activated; a
heat recovery mode: wherein the mode switch valve as-
sembly is configured to guide the refrigerant flowing out
of the at least two compressors into the first indoor heat
exchanger set and the second heat exchange flow path
by switching pipeline connections; the first throttle valve
assembly is controlled to turn on the flow paths, and the
throttling degrees of the second throttle valve assembly
and the third throttle valve assembly are controlled re-
spectively; and the at least two compressors are activat-
ed.

[0023] According to the integrated heat pump system
and the control method therefor of the present invention,
the switching of pipeline connections through the mode
switch valve assembly is coordinated with the on-off of
pipelines through the multiple on-off valve assemblies to
improve pipeline connections, thereby providing an out-
door unit that can be shared by a variety of indoor units
with different functions, which improves the integration
of the units, saves footprint, provides a variety of oper-
ating modes at the same time, broadens application
scope and improves heat utilization.

[0024] Certain exemplary embodiments will now be
described in greater detail by way of example only and
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with reference to the accompanying drawings in which:

FIG. 1 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the air-conditioning refrigeration mode.

FIG. 2 is a schematic view of the system flow of in-
tegrated heat pump system of the present invention
in the display cabinet refrigeration mode.

FIG. 3 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the cooperative refrigeration mode.

FIG. 4 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the air-conditioning heating mode.

FIG. 5 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the heat rejection and heat recovery mode.

FIG. 6 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the compensation heat recovery mode.

FIG. 7 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the total heat recovery mode.

FIG. 8 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the air-conditioning refrigeration mode.

FIG. 9 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the display cabinet refrigeration mode.

FIG. 10 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the cooperative refrigeration mode.

FIG. 11 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the air-conditioning heating mode.

FIG. 12 is a schematic view of the system flow of an
integrated heat pump system of the present inven-
tion in the heat recovery mode.

[0025] The present application will be described in de-
tail hereinafter with reference to the exemplary embodi-
ments shown in the accompanying drawings. However,
it should be understood that the present application can
be implemented in many different forms, and should not
be construed as being limited to the embodiments set
forth herein. These embodiments are provided here for
the purpose of making the disclosure of the present ap-
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plication more complete and comprehensive, and fully
conveying the concept of the present application to those
skilled in the art.

[0026] The term "integrated heat pump system" de-
fined in the text means that the heat pump system is
sufficiently compact in terms of pipeline connection and
spatial arrangement. For example, it can realize as many
operating modes as possible with as few pipeline con-
nections as possible, and its outdoor working parts can
be basically arranged in the same outdoor unit housing
in a compact manner.

[0027] The term "set" defined in the text refers to a set
of the same devices or components, which have struc-
tural and functional similarities. Unless explicitly stated
otherwise, the "set" mentioned in the text means that
there are one or more devices or components.

[0028] Referring to FIGS. 1 to 7, which shows an inte-
grated heat pump system according to the present in-
vention. Among them, each figure respectively shows
the flow direction of the refrigerant of the integrated heat
pump system in different operating modes. Specifically,
the solid line shows the flow direction of the refrigerant
in the current operating mode, and the dotted line shows
the pipelines that are currently turned off so that the re-
frigerant cannot flow through.

[0029] Taking FIG. 1 as an example, the integrated
heat pump system 100 comprises three major compo-
nents: an air-conditioning indoor unit 110, a display cab-
inet indoor unit 120, and an outdoor unit 130. Among
them, the air-conditioning indoor unit 110 is used to pro-
vide airtemperature regulating for the indoor space, such
as refrigeration or heating. The display cabinet indoor
unit 120 is used to provide temperature regulating for
commodities stored and displayed therein, usually refrig-
eration or freezing. The outdoor unit 130 is usually used
to provide heat dissipation or heat absorption functions
to the integrated heat pump system 100 accordingly to
ensure the normal operation of the entire circulation, or
to provide heat recovery functions under certain circum-
stances to improve system efficiency.

[0030] Specifically, the air-conditioning indoor unit 110
has firstindoor heat exchanger sets 111a, 111b for heat
exchange with indoor air, and first throttle valve assem-
blies 112a, 112b for controlling the on-off of flow paths
and throttling degree, thereby allowing or not allowing
the refrigerant to flow through all or part of the first indoor
heat exchanger sets 111a, 111b, and expanding the re-
frigerant flowing through the first indoor heat exchanger
sets 111a, 111b to a desired throttling degree. Since the
first indoor heat exchanger sets are usually arranged in
different rooms, the control of the on-off of the flow paths
and throttling degree by the first throttle valve assemblies
112a, 112b can realize temperature regulating of each
room. In addition, it should be understood that although
the figure exemplarily provides two sets of heat exchang-
ers 111a, 111band a corresponding number of electronic
expansion valves as the first indoor heat exchanger sets
and the first throttle valve assemblies respectively, as a
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matter of fact however, the number can be increased or
decreased according to demand. For example, multiple
sets of heat exchangers can be arranged in series or
parallel in the same room, or multiple sets of heat ex-
changers can be arranged in parallel in more different
rooms to achieve similar air conditioning functions.
[0031] Furthermore, the display cabinetindoor unit 120
has second indoor heat exchanger sets 121a, 121b for
heat exchange with the stored commaodities, and second
throttle valve assemblies 122a, 122b for controlling the
on-off of flow paths and throttling degree, thereby allow-
ing or not allowing the refrigerant to flow through all or
part of the second indoor heat exchanger sets 121a,
121b, and expanding the refrigerant flowing through the
second indoor heat exchanger sets 121a, 121b to a de-
sired throttling degree. Since the second indoor heat ex-
changer sets are usually arranged in different refrigerat-
ing or freezing storage spaces, at this time, the control
of the on-off of the flow paths and throttling degree by
the second throttle valve assemblies 122a, 122b can re-
alize temperature regulating of each storage space. In
addition, since the refrigeration/freezing of commodities
and the air conditioning in the room usually have large
differences in temperature requirements, the second in-
doorheatexchanger sets 121a, 121b have a temperature
regulating setpoint different from that of the first indoor
heat exchanger sets 111a, 111b. Accordingly, compres-
sors that can provide different evaporation temperatures
are usually required to perform the system circulation
separately. In addition, it should be understood that al-
though the figure exemplarily provides two sets of heat
exchangers 121a, 121b and a corresponding number of
thermal expansion valves as the second indoor heat ex-
changer sets and the second throttle valve assemblies
respectively, as a matter of fact however, the number
can be increased or decreased according to demand.
For example, multiple sets of heat exchangers can be
arranged in series or in parallel in the same storage
space, or multiple sets of heat exchangers can be ar-
ranged in parallel in more different storage spaces to
achieve similar commodity temperature regulating func-
tions.

[0032] In addition, more importantly, the integrated
heat pump system has an outdoor unit 130 integrated in
a housing. The outdoor unit 130 is connected to the air-
conditioning indoor unit 110 and the display cabinet in-
door unit 120 through pipelines to form a loop, so as to
perform air conditioning of the air-conditioning indoor unit
110 and temperature regulating of the commodities in
the display cabinet indoor unit 120, respectively. In order
to complete the circulation of a conventional refrigeration
system, the outdoor unit 130 comprises atleast compres-
sors 133a, 133b, an outdoor heat exchanger set 131,
and a third throttle valve assembly 132 for controlling the
on-off of flow paths and throttling degree of the outdoor
heat exchanger set 131, thereby forming the four major
components of the refrigeration circulation together with
the first indoor heat exchanger sets or the second indoor
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heat exchanger sets.

[0033] On this basis, the outdoor unit 130 further com-
prises a mode switch valve assembly, wherein the mode
switch valve assembly is configured to guide the refrig-
erant flowing out of the compressors 133a, 133b into at
least one of the first indoor heat exchanger sets 111a,
111b and the outdoor heat exchanger set 131 by switch-
ing pipeline connection.

[0034] The heat pump system with this configuration
realizes the improvement of pipeline connections
through the cooperation of pipeline connection switching
through the mode switch valve assembly and control of
the on-off of the flow paths through the multiple throttle
valve assemblies (used as on-off valves respectively),
thereby providing an outdoor unit that can be shared by
a variety of indoor units with different functions, which
improves the integration of the units, saves footprint, pro-
vides a variety of operating modes at the same time,
broadens application scope and improves heat utiliza-
tion.

[0035] In addition, in order to adapt to the different
evaporation temperature requirements of the air-condi-
tioning indoor unit 110 and the display cabinet indoor unit
120, two compressors 133a, 133b connected in parallel
are provided here to achieve this purpose.

[0036] Itshould be understood that, although two com-
pressors 121a, 121b are exemplarily provided in the fig-
ures, as a matter of fact however, the number of com-
pressors can be increased or decreased according to
demand. Similarly, although one outdoor heat exchanger
131 is exemplarily provided in the figures, the number of
heat exchanger sets can also be increased or decreased
according to demand.

[0037] Similarly, according to the foregoing configura-
tion, it can be seen that in the connection of components
forming the refrigeration cycle, there may be two throttle
valve assemblies between any two heat exchangers. In
order to meet the throttling requirements of the refrigerant
between different indoor heat exchanger sets and out-
door heat exchanger sets, as an embodiment, the throttle
valve assembly close to the heat exchanger used as a
condenser can be kept fully opened, while the throttle
valve assembly close to the heat exchanger used as an
evaporator is adjusted to provide a throttling effect. This
point can be understood more clearly through the de-
scription of the system operation status in various modes
provided later.

[0038] The structure of each part of the integrated heat
pump system will be continued to be introduced below.
In addition, in order to further improve the efficiency or
reliability of the system, some additional parts can be
added, which are also exemplified below.

[0039] For example, the mode switch valve assembly
may comprise a first four-way valve 135 and a second
four-way valve 136 arranged in parallel; wherein the first
four-way valve 135 has afirst port 135a connected to the
exhaust ports of two compressors 133a, 133b, a second
port 135b connected to the suction ports of the two com-
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pressors 133a, 133b, a third port 135c connected to the
second four-way valve 136, and a fourth port 135d con-
nected to the second port 135b through capillary tubes
138d; and wherein the second four-way valve 136 has a
fifth port 136a connected to the exhaust ports of the two
compressors 133a, 133b, a sixth port 136b connected to
the first four-way valve 135, and a seventh port 136¢
connected to the outdoor heat exchanger set 131, and
an eighth port 136d connected to the first indoor heat
exchanger sets 111a and 111b. Such an example of the
mode switch valve assembly can switch the pipeline con-
nections, thereby selectively connecting the first indoor
heat exchanger sets 111a, 111b, the second indoor heat
exchanger sets 121a, 121b, and the outdoor heat ex-
changer set 131 to the loop of the refrigerant circulation
so as to run the corresponding operating mode.

[0040] Of course, it should be understood that the
mode switch valve assembly mentioned in the present
application can be a single valve or a combination of mul-
tiple valves as described above, as long as the mode
switch valve assembly can switch the pipelines between
the aforementioned components to make them circulate
as needed. As for the specific connection modes, there
can be multiple, and the present embodiment provides
one of the preferred solutions. However, according to the
teachings and exemplary embodiments of the present
application about the functions to be performed by the
flow switch valve assembly, those skilled in the art can
easily modify or adjust the connection mode thereof, and
such modifications or adjustments should be included in
the protection scope of the present application.

[0041] For another example, the throttle valve assem-
bly can use either a single electronic expansion valve
112a (as shown in the air-conditioning indoor unit), or a
single thermal expansion valve 122a (as shown in the
display cabinet indoor unit), or a parallel combination of
the electronic expansion valve 132a and the one-way
valve 132b (as shown in the outdoor unit). The selection
of these valves mainly stems from the control accuracy
requirements or cost considerations of the current units.
[0042] In addition, series combinations of solenoid
valves 138c and one-way valves 138f are also provided
in multiple places in the flow path of the system. Among
them, the one-way valve has a fluid stop direction oppo-
site to that of the solenoid valve. The example of this
combination is mainly based on the considerations of
valve structure design and material cost constraints. Be-
cause the solenoid valve currently used usually only has
the one-way "turned off" function, in order to ensure the
turn off of the flow path, it is necessary to accordingly
arrange a one-way stop valve in the flow direction where
the solenoid valve cannot be completely "turned off" for
coordinated use. Of course, it should be understood that
the combination can also be other single valve, or a com-
bination of multiple valves as described above, as long
as it can control the on and off of the flow paths. As for
the specific connection mode, there can be multiple, and
the present embodiment provides one of the preferred
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solutions. However, according to the teachings and ex-
emplary embodiments of the present application regard-
ing the functions to be performed by the switch valve
assembly, those skilled in the art can easily modify or
adjust the connection mode thereof, and such modifica-
tions or adjustments should be included in the protection
scope of the present application.

[0043] For still another example, stop valves 134a,
134b, 134c may also be arranged at each interface be-
tween the outdoor unit and the air-conditioning indoor
unit and the display cabinet indoor unit, so that the out-
door unit can be sold, transported or installed as a single
device. Before being assembled into a system (that is,
before being connected to be a circulation loop), the stop
valves 134a, 134b, 134c can be turned off separately,
so that the pipelines of the outdoor unit are closed to the
outside, so as to prevent impurities or dust from entering
the pipelines of the outdoor unit. After the assembly is
completed, however, the stop valves 134a, 134b, 134c
can be kept open under normal operating conditions, or
the stop valves 134a, 134b, 134c can be turned off again
during maintenance.

[0044] Furthermore, other conventional components
can also be provided in the system in order to further
improve system reliability or performance. These com-
ponents can be some devices. For example, a gas-liquid
separator 138a can be arranged at the suction port of
the compressor to perform gas-liquid separation so as
to prevent liquid hammer in the compressor. For another
example, an oil separator 138b, and also solenoid valves
138c and capillary tubes 138d in the corresponding flow
paths can be arranged at the exhaust port of the com-
pressor, such that the lubricating oil carried by the refrig-
erant can be recovered and the refrigerant can be pre-
vented from being sucked in. For still another example,
oil heating wires can be arranged in the compressor to
heat the lubricating oil to improve its viscosity. These
components can also be some sensors and control
equipment, such as a low pressure sensor 139a, a suc-
tion temperature sensor 139f, and a low pressure switch
139b arranged at the suction port of the compressor, or
an exhaust temperature sensor 139c, a high pressure
sensor 139e, and a high pressure switch 139d arranged
at the exhaust port of the compressor, and so on. The
conventional functions thereof will not be described in
detail here.

[0045] Foranotherexample,inorder to furtherimprove
the system efficiency, the integrated heat pump system
can further be provided with a subcooling branch 137
provided with a subcooling heat exchanger 137a and an
additional throttle element 137b. The subcooling branch
137 is connected from the outdoor heat exchanger set
131 to the suction ports of the two compressors 133a,
133b through the third throttle valve assembly 132, the
first flow path of the subcooling heat exchanger 1373,
the additional throttle element 137b, and the second flow
path of the subcooling heat exchanger 137a. At this time,
the high-pressure refrigerant flowing through the first flow
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path of the subcooling heat exchanger 137a exchanges
heatwith the low-pressure refrigerant flowing through the
second flow path of the subcooling heat exchanger 137a
after being throttled, so that the high-pressure refrigerant
in the first flow path can be subcooled, thereby improving
the heat exchange efficiency of the system.

[0046] Combining the connection relationships of the
various components and the possibility of switching pipe-
lines, the integrated heat pump system can perform a
variety of refrigeration modes and heating modes for dif-
ferent purposes. The control methods for operating dif-
ferent refrigeration modes and heating modes by the in-
tegrated heat pump system will be described below in
conjunction with the actions of the various components
in the integrated heat pump system.

[0047] First, when the integrated heat pump system is
operating in the refrigeration mode, the refrigerant flow-
ing out of the two compressors 133a and 133b can be
guided into the outdoor heat exchanger set 131 by switch-
ing pipeline connections through control of the mode
switch valve assembly. Atthe same time, the third throttle
valve assembly 132 is controlled to turn on the flow paths.
And, the throttling degree of at least one of the first throttle
valve assemblies 112a, 112b and the second throttle
valve assemblies 122a, 122b is controlled. In this way,
it can be ensured that in any refrigeration mode, the out-
door heat exchanger set 131 performs the function of a
condenser, while at least one of the first indoor heat ex-
changer sets 111a, 111b or the second indoor heat ex-
changer sets 121a, 121b performs the function of an
evaporator, so as to provide refrigeration temperature
regulating for the corresponding indoor air or provide re-
frigeration/freezing temperature regulating for stored
commodities.

[0048] Inaddition, when the integrated heat pump sys-
tem is operating in the heating mode, the refrigerant flow-
ing out of the two compressors 133a and 133b is guided
at least into the first indoor heat exchanger sets 111a,
111b by switching pipeline connections through control
ofthe mode switch valve assembly. The first throttle valve
assemblies 122a, 122b are controlled to turn on the flow
paths. And, the throttling degree of at least one of the
second throttle valve assemblies 122a, 122b and the
third throttle valve assembly 132 is controlled. In this way,
it can be ensured that in any heating mode, the firstindoor
heat exchanger sets 111a, 111b perform the function of
a condenser, at least one of the outdoor heat exchanger
set 131 or the second indoor heat exchanger sets 121a,
121b performs the function of an evaporator, and the
outdoor heat exchanger set 131 can optionally assist in
performing the function of a condenser as well, so as to
provide heating temperature regulating for the corre-
sponding indoor air or provide refrigeration/freezing tem-
perature regulating for stored commodities.

[0049] Various exemplary operating modes in the heat
pump system will be described respectively below with
reference to FIGS. 1to 7.

[0050] Referring to FIG. 1, when the air-conditioning
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refrigeration mode is operated, the first four-way valve
135 can be switched so thatits first port 135ais connected
to the fourth port 135d, and its second port 135b is con-
nected to the third port 135c. Atthe same time, the second
four-way valve 136 is switched so that its fifth port 136a
is connected to the seventh port 136¢, and its sixth port
136b is connected to the eighth port 136d. And, the third
throttle valve assembly 132 is configured to turn on the
flow paths; the first throttle valve assemblies 112a, 112b
are controlled to provide a controlled throttling degree;
and at the same time the second throttle valve assem-
blies 122a, 122b are configured to turn off the flow paths.
At this time, only the first compressor 133a for providing
an air conditioning evaporation temperature is activated.
After being compressed by the first compressor 133a,
the refrigerant will flow into the first four-way valve 135
and the second four-way valve 136 respectively. The cor-
responding flow path of the first four-way valve is turned
off, so the refrigerant will pass through the second four-
way valve 136 and continue to flow into the outdoor heat
exchanger set 131 to be condensed. It then passes
through the third throttle valve assembly 132 and enters
the subcooling heat exchanger 137a to be subcooled.
The refrigerant is then throttled by the first throttle valve
assemblies 112a, 112b and flows into the firstindoor heat
exchanger sets 111a, 111b to be evaporated. Thus, re-
frigeration conditioning forindoor air temperature is com-
pleted. The refrigerant that has completed temperature
regulating will return to the first compressor 133a through
the second four-way valve 136 and the first four-way
valve 135, thereby completing the entire circulation.

[0051] Referring to FIG. 2, when the display cabinet
refrigeration mode is operated, the first four-way valve
135 can be switched so thatits first port 135ais connected
to the fourth port 135d, and its second port 135b is con-
nected to the third port 135c. Atthe same time, the second
four-way valve 136 is switched so that its fifth port 136a
is connected to the seventh port 136¢, and its sixth port
136b is connected to the eighth port 136d. And, the third
throttle valve assembly 132 is configured to turn on the
flow paths; the second throttle valve assemblies 122a,
122b are configured to be turned on to provide a control-
led throttling degree; and at the same time the first throttle
valve assemblies 112a, 112b are configured to turn off
the flow paths. At this time, only the second compressor
133b for providing an evaporation temperature for com-
modity refrigeration/freezing conditioning is activated. Af-
ter being compressed by the second compressor 133b,
the refrigerant will flow into the first four-way valve 135
and the second four-way valve 136 respectively. The cor-
responding flow path of the first four-way valve is turned
off, so the refrigerant will pass through the second four-
way valve 136 and continue to flow into the outdoor heat
exchanger set 131 to be condensed. It then passes
through the third throttle valve assembly 132 and enters
the subcooling heat exchanger 137a to be subcooled.
The refrigerant is then throttled by the second throttle
valve assemblies 122a, 122b and flows into the second
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indoor heat exchanger sets 211a, 211b to be evaporated.
Thus, refrigeration/freezing temperature regulating for
the commodities in the storage space is completed. The
refrigerant that has completed temperature regulating
will return to the second compressor 133b, thereby com-
pleting the entire circulation.

[0052] Referring to FIG 3, when the cooperative refrig-
eration mode is operated, the first four-way valve 135
can be switched so that its first port 135a is connected
to the fourth port 135d, and its second port 135b is con-
nected to the third port 135c. Atthe same time, the second
four-way valve 136 is switched so that its fifth port 136a
is connected to the seventh port 136¢, and its sixth port
136b is connected to the eighth port 136d. And, the third
throttle valve assembly 132 is configured to turn on the
flow paths; the first throttle valve assemblies 112a, 112b
and the second throttle valve assemblies 122a, 122b are
configured to provide a controlled throttling degree re-
spectively. At this time, the two compressors 133a and
133b are activated simultaneously. After being com-
pressed by the compressors 133a and 133b, the refrig-
erant will flow into the first four-way valve 135 and the
second four-way valve 136 respectively. The corre-
sponding flow path of the first four-way valve is turned
off, so the refrigerant will pass through the second four-
way valve 136 and continue to flow into the outdoor heat
exchanger set 131 to be condensed. It then passes
through the third throttle valve assembly 132 and enters
the subcooling heat exchanger 137a to be subcooled.
Then, a part of the refrigerant is throttled by the second
throttle valve assemblies 122a, 122b and flows into the
second indoor heat exchanger sets 211a, 211b to be
evaporated. Thus, refrigeration/freezing temperature
regulating for the commodities in the storage space is
completed. The refrigerant that has completed temper-
ature regulating will directly return to the two compres-
sors 133a, 133b, thereby completing this part of the cir-
culation. The other part of the refrigerant is throttled by
the first throttle valve assemblies 112a, 112b and flows
into the first indoor heat exchanger sets 111a, 111b to
be evaporated, thereby completing refrigeration temper-
ature regulating for the indoor air. The refrigerant that
has completed temperature regulating will return to the
two compressors 133a, 133b through the second four-
way valve 136 and the first four-way valve 135 in turn,
thereby completing the other part of the circulation. Thus,
the entire circulation is completed.

[0053] When operating a conventional air-conditioning
heating mode, an outdoor heat exchanger set is usually
required to serve as an evaporator to absorb heat. Since
this mode is usually applied in winter when the outdoor
temperature is very low, at this time, the outdoor heat
exchanger set is prone to frost, which affects the system
efficiency. At this time, operating the outdoor unit defrost
mode can be considered, i.e., operating any one of the
air-conditioning refrigeration mode, the display cabinet
refrigeration mode, and the cooperative refrigeration
mode, so that the high-temperature refrigerant flows
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through the outdoor heat exchanger set to dissipate heat
and defrost, thereby eliminate frost.

[0054] Referring to FIG 4, when the air-conditioning
heating mode is operated, the first four-way valve 135
can be switched so that its first port 135a is connected
to the fourth port 135d, and its second port 135b is con-
nected to the third port 135c. Atthe same time, the second
four-way valve 136 is switched so that its fifth port 136a
is connected to the eighth port 136d, and its sixth port
136b is connected to the seventh port 136¢. And, the first
throttle valve assemblies 112a, 112b are configured to
turn on the flow paths; the third throttle valve assembly
132is configured to provide a controlled throttling degree,
and the second throttle valve assemblies 122a, 122b are
configured to turn off the flow paths. At this time, only the
first compressor 133a for providing an air conditioning
evaporation temperature is activated. After being com-
pressed by the first compressor 133a, the refrigerant will
flow into the first four-way valve 135 and the second four-
way valve 136 respectively. The corresponding flow path
of the first four-way valve is turned off, so the refrigerant
will pass through the second four-way valve 136 and con-
tinue to flow into the first indoor heat exchanger sets
111a, 111b to be condensed. Thus, heating conditioning
for the indoor air temperature is completed. The refrig-
erant flows through the first throttle valve assemblies
112a, 112b and then enters the subcooling heat ex-
changer 137a to be subcooled. Then, itis throttled by the
third throttle valve assembly 132 and flows into the out-
door heat exchanger set 131 to be evaporated. The re-
frigerant then returns to the first compressor 133a
through the second four-way valve 136 and the first four-
way valve 135 in turn, thereby completing the entire cir-
culation.

[0055] Referring to FIG 5, when the heat rejection and
heat recovery mode is operated, the first four-way valve
135 can be switched so thatits first port 135ais connected
to the third port 135¢, and its second port 135b is con-
nected to the fourth port 135d. At the same time, the
second four-way valve 136 is switched so that its fifth
port 136a is connected to the seventh port 136¢, and its
sixth port 136b is connected to the eighth port 136d. And,
the first throttle valve assemblies 112a, 112b and the
third throttle valve assembly 132 are configured to turn
on the flow paths simultaneously. At the same time, the
second throttle valve assemblies 122a, 122b are config-
ured to provide a controlled throttling degree. At this time,
the two compressors 133a and 133b are activated simul-
taneously. After being compressed by the compressors
133a and 133b, the refrigerant will flow into the first four-
way valve 135 and the second four-way valve 136 re-
spectively. Apart of the refrigerant flows into the first in-
door heat exchanger sets 111a, 111b through the first
four-way valve 135 to be condensed, so as to perform
heating conditioning for the indoor air temperature. The
other part of the refrigerant flows into the outdoor heat
exchanger set 131 through the second four-way valve
136 to be condensed, and then enters the subcooling
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heat exchanger 137a through the third throttle valve as-
sembly 132 to be subcooled. After that, the two parts of
refrigerant merge. The merged refrigerant are throttled
by the second throttle valve assemblies 122a, 122b, and
flow into the second indoor heat exchanger sets 211a,
211b to be evaporated. Thus, refrigeration/freezing tem-
perature regulating for the commodities in the storage
space is completed. The refrigerant then returns to the
two compressors 133a, 133b, there by completing the
entire circulation.

[0056] ReferringtoFIG 6, whenthe compensation heat
recovery mode is operated, the first four-way valve 135
can be switched so that its first port 135a is connected
to the fourth port 135d, and its second port 135b is con-
nected to the third port 135c. Atthe same time, the second
four-way valve 136 is switched so that its fifth port 136a
is connected to the eighth port 136d, and its sixth port
136b is connected to the seventh port 136¢. The first
throttle valve assemblies 112a, 112b is configured to turn
on the flow paths. The second throttle valve assemblies
122a, 122b and the third throttle valve assembly 132 are
configured to provide a controlled throttling degree re-
spectively. At this time, the two compressors 133a and
133b are activated simultaneously. After being com-
pressed by the compressors 133a and 133b, the refrig-
erant will flow into the first four-way valve 135 and the
second four-way valve 136 respectively. The corre-
sponding flow path of the firstfour-way valve 135is turned
off, so the refrigerant will pass through the second four-
way valve 136 and flow into the firstindoor heat exchang-
er sets 111a, 111b to be condensed. Thus, heating con-
ditioning for the indoor air temperature is completed. After
the refrigerant passes through the first throttle valve as-
semblies, a part of the refrigerant is throttled by the sec-
ond throttle valve assemblies 122a, 122b and flows into
the second indoor heat exchanger sets 211a,211b to be
evaporated, so as to perform refrigeration/freezing tem-
perature regulating for the commodities in the storage
space. Finally, the refrigerant returns to the compressors
133a, 133b. The other part of the refrigerant enters the
subcooling heat exchange 137a to be subcooled, and
then is throttled by the third throttle valve assembly 132
and flows into the outdoor heat exchanger set 131 to be
evaporated. The refrigerant then returns to the two com-
pressors 133a, 133b through the second four-way valve
136 and the first four-way valve 135 in turn, thereby com-
pleting the entire circulation.

[0057] Referringto FIG 7, when the total heat recovery
mode is operated, the first four-way valve 135 can be
switched so that its first port 135a is connected to the
fourth port 135d, and its second port 135b is connected
to the third port 135c. At the same time, the second four-
way valve 136 is switched so that its fifth port 136a is
connected to the eighth port 136d, and its sixth port 136b
is connected to the seventh port 136¢. The first throttle
valve assemblies 112a, 112b are configured to turn on
the flow paths. The second throttle valve assemblies
122a, 122b are configured to provide a controlled throt-
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tling degree, and the third throttle valve assembly 132 is
configured to turn off the flow paths. At this time, the two
compressors 133a and 133b are activated simultaneous-
ly. After being compressed by the compressors 133a and
133b, the refrigerant will flow into the first four-way valve
135 and the second four-way valve 136 respectively. The
corresponding flow path of the first four-way valve 135
is turned off, so the refrigerant will pass through the sec-
ond four-way valve 136 and flow into the first indoor heat
exchanger sets 111a, 111b to be condensed. Thus, heat-
ing conditioning for the indoor air temperature is com-
pleted. After passing through the first throttle valve as-
semblies, the refrigerantis throttled by the second throttle
valve assemblies 122a, 122b and flows into the second
indoor heatexchangersets 211a,211bto be evaporated,
so as to perform refrigeration/freezing temperature reg-
ulating for the commodities in the storage space. The
refrigerant then returns to the compressors 133a, 133b.
Thus, the entire circulation is completed.

[0058] It should be understood that although the em-
bodiments of the control method for the integrated heat
pump system are described in a certain order, these
steps are not necessarily performed in sequence in the
described order. Unless explicitly stated herein, there is
no strict order for the execution of these steps, and they
can be executed in other orders. Moreover, at least a
part of the steps of the method may include multiple sub-
steps or multiple stages. These sub-steps or stages are
not necessarily executed at the same time, but can be
executed at different times, and the order of execution is
not necessarily sequential. Instead, they can be per-
formed in turn or alternately with at least a part of other
steps or the sub-steps or stages of other steps.

[0059] With continued reference to FIGS. 8 to 12, an-
other integrated heat pump system according to the
present invention is shown. Among them, each figure
respectively shows the refrigerant flow directions of the
integrated heat pump system in different operating
modes. Specifically, the solid line shows the flow direc-
tion of the refrigerant in the current operating mode, and
the dotted line shows the pipelines that are currently
turned off so that the refrigerant cannot flow.

[0060] TakingFIG 8asanexample, theintegrated heat
pump system 200 comprises three major components:
an air-conditioning indoor unit 210, a display cabinet in-
door unit 220, and an outdoor unit 230. Among them, the
air-conditioning indoor unit210 is used to provide air tem-
perature regulating for the indoor space, such as refrig-
eration or heating. The display cabinet indoor unit 220 is
used to provide temperature regulating for commodities
stored and displayed therein, usually refrigeration or
freezing. The outdoor unit 230 is usually used to provide
heat dissipation or heat absorption functions for the in-
tegrated heat pump system 200 accordingly, so as to
ensure the normal operation of the entire circulation, or
to provide heat recovery functions under certain circum-
stances to improve system efficiency.

[0061] Specifically, the air-conditioning indoor unit210
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has first indoor heat exchanger sets 211a and 211b for
heat exchange with indoor air, and first throttle valve as-
semblies 212a, 212b for controlling the on-off of the flow
paths and the throttling degree, thereby allowing or not
allowing the refrigerant to flow through all or part of the
firstindoor heat exchanger sets 211a, 211b, and expand-
ing the refrigerant flowing through the first indoor heat
exchanger sets 111a, 111b to a desired throttling degree.
Since the first indoor heat exchanger sets are usually
arranged in different rooms, the control of the on-off of
the flow paths and throttling degree by the first throttle
valve assemblies 212a, 212b can realize temperature
regulating of each room. In addition, it should be under-
stood that although the figure exemplarily provides two
sets of heat exchangers 211a, 211b and a corresponding
number of electronic expansion valves as the first indoor
heat exchanger sets and the first throttle valve assem-
blies, respectively, as a matter of fact however, the
number can be increased or decreased according to de-
mand. For example, multiple sets of heat exchangers
can be arranged in series or parallel in the same room,
or multiple sets of heat exchangers can be arranged in
parallel in more different rooms to achieve similar air con-
ditioning functions.

[0062] Furthermore, the display cabinetindoor unit220
has second indoor heat exchanger sets 221a, 221b for
heat exchange with the stored commaodities, and second
throttle valve assemblies 222a, 222b for controlling the
on-off of flow paths and throttling degree, thereby allow-
ing or not allowing the refrigerant to flow through all or
part of the second indoor heat exchanger sets 221a,
221b, and expanding the refrigerant flowing through the
second indoor heat exchanger sets 221a, 221b to a de-
sired throttling degree. Since the second indoor heat ex-
changer sets are usually arranged in different refrigerat-
ing or freezing storage spaces, at this time, the control
of the on-off of the flow paths and throttling degree by
the second throttle valve assemblies 222a, 222b can re-
alize temperature regulating of each storage space. In
addition, since the refrigeration/freezing of commodities
and the air conditioning in the room usually have large
differences in temperature requirements, the second in-
doorheatexchanger sets 221a, 221b have a temperature
regulating setpoint different from that of the first indoor
heat exchanger sets 211a, 211b. Accordingly, compres-
sors that can provide different evaporation temperatures
are usually required to perform the system circulation
separately. In addition, it should be understood that al-
though the figure exemplarily provides two sets of heat
exchangers 221a, 221b and a corresponding number of
thermal expansion valves as the second indoor heat ex-
changer sets and the second throttle valve assemblies,
respectively, as a matter of fact however, the number
can be increased or decreased according to demand.
For example, multiple sets of heat exchangers can be
arranged in series or in parallel in the same storage
space, or multiple sets of heat exchangers can be ar-
ranged in parallel in more different storage spaces to
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achieve similar commodity temperature regulating func-
tions.

[0063] In addition, more importantly, the integrated
heat pump system has an outdoor unit 230 integrated in
a housing. The outdoor unit 230 is connected to the air-
conditioning indoor unit 210 and the display cabinet in-
door unit 220 through pipelines to form a loop, so as to
perform air conditioning of the air-conditioning indoor unit
210 and temperature regulating of the commodities in
the display cabinet indoor unit 220, respectively. In order
to complete the circulation of a conventional refrigeration
system, the outdoor unit 230 comprises atleast compres-
sors 233a, 233b, and an outdoor heat exchanger set 231,
thereby forming the four major components of the refrig-
eration cycle together with the firstindoor heat exchanger
sets or the second indoor heat exchanger sets.

[0064] On this basis, the outdoor heat exchanger set
231 has a first heat exchange flow path 231a and a sec-
ond heat exchange flow path 231b that are not connected
to each other, wherein the first heat exchange flow path
231ais connected to the air-conditioning indoor unit 210,
and the second heat exchange flow path 231b is con-
nected to the display cabinetindoor unit 220 and the suc-
tion ports of the two compressors 233a and 233b. In ad-
dition, the outdoor unit 230 further comprises a third throt-
tle valve assembly 232 and a mode switch valve assem-
bly. Among them, the third throttle valve assembly 232
is used to control the on-off of the first heat exchange
flow path 231a and throttling degree, while the mode
switch valve assembly is configured to guide the refrig-
erant flowing out of the compressors 233a, 233b into at
least one of the first indoor heat exchanger sets 211a,
211b, the first heat exchange flow path 231a, and the
second heat exchange flow path 231b by switching pipe-
line connections.

[0065] The heat pump system with this configuration
realizes the improvement of pipeline connections
through the cooperation of pipeline connection switching
through the mode switch valve assembly and control of
the on-off of the flow paths through the multiple throttle
valve assemblies (used as on-off valves respectively),
thereby providing an outdoor unit that can be shared by
a variety of indoor units with different functions, which
improves the integration of the units, saves footprint, pro-
vides a variety of operating modes at the same time,
broadens application scope and improves heat utiliza-
tion.

[0066] In addition, in order to adapt to the different
evaporation temperature requirements of the air-condi-
tioning indoor unit210 and the display cabinet indoor unit
220, two compressors 233a, 233b connected in parallel
are provided here to achieve this purpose.

[0067] Itshould be understood that, although two com-
pressors 233a, 233b are exemplarily provided in the fig-
ures, as a matter of fact however, the number of com-
pressors can be increased or decreased according to
demand. Similarly, although one outdoor heat exchanger
231 is exemplarily provided in the figures, the number of



23 EP 3 879 204 A1 24

heat exchanger sets can also be increased or decreased
according to demand.

[0068] Similarly, according to the foregoing configura-
tion, it can be seen that in the connection of components
forming the refrigeration cycle, there may be two throttle
valve assemblies between any two heat exchangers. In
orderto meetthe throttling requirements of the refrigerant
between different indoor heat exchanger sets and out-
door heatexchanger sets, as an embodiment, the throttle
valve assembly close to the heat exchanger used as a
condenser can be kept fully opened, while the throttle
valve assembly close to the heat exchanger used as an
evaporator is adjusted to provide a throttling effect. This
point can be understood more clearly through the de-
scription of the system operation status in various modes
provided later.

[0069] The structure of each part of the integrated heat
pump system will be continued to be introduced below.
In addition, in order to further improve the efficiency or
reliability of the system, some additional parts can be
added, which are also exemplified below.

[0070] For example, the mode switch valve assembly
may comprise: a first four-way valve 235 and a first so-
lenoid valve 236 arranged in parallel, and a second so-
lenoid valve 238 arranged in series with the first four-way
valve 235. Among them, the first four-way valve 235 has
a first port 235a connected to the second solenoid valve
238, a second port 235b connected to the suction ports
of the two compressors 233a, 233b, a third port 235¢
connected to the first heat exchange flow path 231a, and
a fourth port 235d connected to the first indoor heat ex-
changers sets 211a, 211b. The first solenoid valve 236
has a fifth port 236a connected to the exhaust ports of
the two compressors 233a, 233b, and a sixth port 236b
connected to the second heat exchange flow path 231b;
and the second solenoid valve 238 has a seventh port
238a connected to the exhaust ports of the at least two
compressors 233a, 233b and an eighth port 238b con-
nected to the first four-way valve 235. Such an example
ofthe mode switch valve assembly can realize the switch-
ing of pipeline connections, thereby selectively connect-
ing the first indoor heat exchanger sets 211a, 211b, the
second indoor heat exchanger sets 221a, 221b, and the
first heat exchange flow path 231a and the second heat
exchange flow path 231b of the outdoor heat exchanger
set 231 to the loop of the refrigerant circulation, so as to
run the corresponding operating mode.

[0071] Of course, it should be understood that the
mode switch valve assembly mentioned in the present
application can be a single valve or a combination of mul-
tiple valves as described above, as long as the mode
switch valve assembly can switch the pipelines between
the aforementioned components to make them circulate
as needed. As for the specific connection modes, there
can be multiple, and the present embodiment provides
one of the preferred solutions. However, according to the
teachings and exemplary embodiments of the present
application about the functions to be performed by the
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flow switch valve assembly, those skilled in the art can
easily modify or adjust the connection mode thereof, and
such modifications or adjustments should be included in
the protection scope of the present application.

[0072] For another example, the throttle valve assem-
bly can use either a single electronic expansion valve
212a (as shown in the air-conditioning indoor unit), or a
single thermal expansion valve 222a (as shown in the
display cabinet indoor unit), or a parallel combination of
the electronic expansion valve 232a and the one-way
valve 232b (as shown in the outdoor unit). The selection
of these valves mainly stems from the control accuracy
requirements or cost considerations of the current units.
[0073] In addition, series combinations of solenoid
valves 238c and one-way valves 238f are also provided
in multiple places in the flow path of the system. Among
them, the one-way valve has a fluid stop direction oppo-
site to that of the solenoid valve. The example of this
combination is mainly based on the considerations of
valve structure design and material cost constraints. Be-
cause the solenoid valve currently used usually only has
the one-way "turned off" function, in order to ensure the
turn off of the flow path, it is necessary to accordingly
arrange a one-way stop valve in the flow direction where
the solenoid valve cannot be completely "turned off" for
coordinated use. Of course, it should be understood that
the combination can also be other single valve, or a com-
bination of multiple valves as described above, as long
as it can control the on and off of the flow paths. As for
the specific connection mode, there can be multiple, and
the present embodiment provides one of the preferred
solutions. However, according to the teachings and ex-
emplary embodiments of the present application regard-
ing the functions to be performed by the switch valve
assembly, those skilled in the art can easily modify or
adjust the connection mode thereof, and such modifica-
tions or adjustments should be included in the protection
scope of the present application.

[0074] For still another example, stop valves 234a,
234b, 234c, 234d may also be arranged at each interface
between the outdoor unit and the air-conditioning indoor
unit and the display cabinet indoor unit, so that the out-
door unit can be sold, transported or installed as a single
device. Before being assembled into a system (that is,
before being connected to a circulation loop), the stop
valves 234a, 234b, 234c, 234d can be turned off sepa-
rately, so that the pipelines of the outdoor unit are closed
to the outside, so as to prevent impurities or dust from
entering the pipelines of the outdoor unit. After the as-
sembly is completed, however, the stop valves 234a,
234b, 234c, 234d can be kept open under normal oper-
ating conditions, or the stop valves 234a, 234b, 234c,
234d can be turned off again during maintenance.
[0075] Furthermore, other conventional components
can also be provided in the system in order to further
improve system reliability or performance. These com-
ponents can be some devices. For example, a gas-liquid
separator 238a can be arranged at the suction port of
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the compressor to perform gas-liquid separation so as
to prevent liquid hammer in the compressor. For another
example, an oil separator 238b, and also solenoid valves
238c and capillary tubes 238d in the corresponding flow
paths can be arranged at the exhaust port of the com-
pressor, such that the lubricating oil carried by the refrig-
erant can be recovered and the refrigerant can be pre-
vented from being sucked in. For still another example,
oil heating wires can be arranged in the compressor to
heat the lubricating oil to improve its viscosity. These
components can also be some sensors and control
equipment, such as a low pressure sensor 239a, a suc-
tion temperature sensor 239f, and a low pressure switch
239b arranged at the suction port of the compressor, or
an exhaust temperature sensor 239c, a high pressure
sensor 239e, and a high pressure switch 239d arranged
at the exhaust port of the compressor, and so on. The
conventional functions thereof will not be described in
detail here.

[0076] Foranotherexample, inorderto furtherimprove
system efficiency, the integrated heat pump system can
further be provided with a subcooling branch 237 provid-
ed with a subcooling heat exchanger 237a and an addi-
tional throttle element 237b. The subcooling branch 237
is connected from the second heat exchange flow path
231b to the suction ports of the two compressors 233a,
233b through the first flow path of the subcooling heat
exchanger 237a, the additional throttle element 237b,
and the second flow path of the subcooling heat exchang-
er237a. Atthis time, the high-pressure refrigerant flowing
through the first flow path of the subcooling heatexchang-
er 237a exchanges heat again with the low-pressure re-
frigerant flowing through the second flow path of the sub-
cooling heat exchanger 237a after being throttled, so that
the high-pressure refrigerant in the first flow path can be
subcooled, thereby improving the heat exchange effi-
ciency of the system.

[0077] As still another example, as a specific type of
heat exchanger in the present embodiment, the first heat
exchange flow path 231a and the second heat exchange
flow path 231b of the outdoor heat exchanger set 231
can be formed by staggered arrangement through pipe-
lines, or be formed by staggered arrangement through
stacking heat exchange plates with flow channels, as
long as it has two flow paths that are not in fluid commu-
nication with each other but can perform heat exchange.
[0078] Combining the connection relationships of the
various components and the possibility of switching pipe-
lines in the foregoing embodiments, the integrated heat
pump system can perform a variety of refrigeration
modes and heating modes for different purposes. The
control methods for operating different refrigeration
modes and heating modes by the integrated heat pump
system will be described below in conjunction with the
actions of the various components in the integrated heat
pump system.

[0079] First, when the integrated heat pump system is
operating in the refrigeration mode, the refrigerant flow-
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ing out of the two compressors 233a and 233b can be
guided into at least one of the first heat exchange flow
path 231a and the second heat exchange flow path 231b
by switching pipeline connections through control of the
mode switch valve assembly. At the same time, the third
throttle valve assembly 232 is controlled to turn on the
flow paths. And, the throttling degree of at least one of
the first throttle valve assemblies 212a, 212b and the
second throttle valve assemblies 222a, 222b is control-
led. In this way, it can be ensured that in any refrigeration
mode, at least one of the first heat exchange flow path
231a and the second heat exchange flow path 231b of
the outdoor heat exchanger set 231 performs the function
of a condenser, while at least one of the first indoor heat
exchanger sets 211a, 211b or the second indoor heat
exchanger sets 221a, 221b performs the function of an
evaporator, so as to provide refrigeration temperature
regulating for the corresponding indoor air or provide re-
frigeration/freezing temperature regulating for stored
commodities.

[0080] Inaddition, when the integrated heat pump sys-
tem is operating in the heating mode, the refrigerant flow-
ing out of the two compressors 233a and 233b is guided
into at least one of the first indoor heat exchanger sets
211a, 211b and the second heat exchange flow path
231b by switching pipeline connections through control
of the mode switch valve assembly. At the same time,
the first throttle valve assemblies 212a, 212b are simul-
taneously controlled to turn on the flow paths. And, the
throttling degree of the third throttle valve assembly 232
is controlled. In this way, it can be ensured that in any
heating mode, the firstindoor heat exchanger sets 211a,
211b perform the function of a condenser, at least one
of the first heat exchange flow path 231a or the second
indoor heat exchanger sets 221a, 221b performs the
function of an evaporator, and the second heat exchange
flow path 231b can optionally assist in performing the
function of a condenser as well, so as to provide heating
temperature regulating for the corresponding indoor air
or provide refrigeration/freezing temperature regulating
for stored commodities.

[0081] Various exemplary operating modes in the heat
pump system of this embodiment will be described re-
spectively below with reference to FIGS. 8 to 12.
[0082] Referring to FIG 8, when the air-conditioning
refrigeration mode is operated, the first four-way valve
235 canbe switched so thatits first port235ais connected
to the third port 235¢, and its second port 235b is con-
nected to the fourth port 235d. The second solenoid valve
238 is turned on, and the first solenoid valve 236 is turned
off. At the same time, the third throttle valve assembly
232 is configured to turn on the flow paths, so that the
first throttle valve assemblies 212a, 212b is configured
to provide a controlled throttling degree, and the second
throttle valve assemblies 222a, 222b are configured to
turn off the flow paths. At this time, only the first com-
pressor 233a for providing an air conditioning evapora-
tion temperature is activated. After being compressed by
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the first compressor 233a, the refrigerant will flow into
the first heat exchange flow path 231a through the first
four-way valve 235 to be condensed. After passing
through the third throttle valve assembly 232, the refrig-
erant is throttled by the first throttle valve assemblies
212a, 212b and flows into the firstindoor heat exchanger
sets 211a, 211b to be evaporated. Thus, refrigeration
temperature regulating for the indoor air is completed.
The refrigerant that has completed temperature regulat-
ing will return to the first compressor 233a through the
first four-way valve 235, thereby completing the entire
circulation.

[0083] Referring to FIG 9, when the display cabinet
refrigeration mode is operated, the second solenoid valve
238 can be turned off, and the first solenoid valve 236
can be turned on. At the same time, the second throttle
valve assemblies 222a, 222b is configured to provide a
controlled throttling degree, and the first throttle valve
assemblies 212a, 212b and the third throttle valve as-
sembly 232 are configured to turn off the flow paths. At
this time, only the second compressor 233b for providing
an evaporation temperature for commodity refrigera-
tion/freezing conditioning is activated. After being com-
pressed by the second compressor 233b, the refrigerant
will flow into the second heat exchange flow path 231b
through the first solenoid valve 236 to be condensed, and
then enter the subcooling heat exchanger 237a to be
subcooled. And then, the refrigerant is throttled by the
second throttle valve assemblies 222a and 222b and flow
into the second indoor heat exchanger sets 221a and
221b to be evaporated. Thus, refrigeration/freezing tem-
perature regulating for the stored commodities is com-
pleted. The refrigerant that has completed temperature
regulating will return to the second compressor 233b,
thereby completing the entire circulation.

[0084] Referring to FIG 10, when the cooperative re-
frigeration mode is operated, the first four-way valve 135
can be switched so that its first port 135a is connected
to the fourth port 135d, and the second port 135b is con-
nected to the third port 135¢. The second solenoid valve
238 and the first solenoid valve 236 are turned on. At the
same time, the first throttle valve assemblies 212a, 212b
and the second throttle valve assemblies 222a, 222b are
configured to provide a controlled throttling degree, re-
spectively, and the third throttle valve assembly 232 is
configured to turn on the flow paths. At this time, both
compressors 233a and 233b are activated. After being
compressed by the compressors 233a and 233b, a part
of the refrigerant will flow into the first heat exchange flow
path 231a through the first four-way valve 235 to be con-
densed. After passing through the third throttle valve as-
sembly 232, the refrigerant is throttled by the first throttle
valve assemblies 212a, 212b and flows into the first in-
door heat exchanger sets 211a, 211b to be evaporated.
Thus, refrigeration conditioning for indoor air tempera-
ture is completed. The refrigerant that has completed
temperature regulating will return to the two compressors
233a, 233b through the first four-way valve 235 to com-
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plete this part of the circulation. Whereas, the other part
of the refrigerant enters the second heat exchange flow
path 231b through the first solenoid valve 236 to be con-
densed, and then enters the subcooling heat exchanger
237a to be subcooled. And then, the refrigerant is throt-
tled by the second throttle valve assemblies 222a, 222b
and flows into the second indoor heat exchanger sets
221a, 221b to be evaporated. Thus, refrigeration/freez-
ing temperature regulating for the stored commodities is
completed. The refrigerant that has completed temper-
ature regulating will return to the two compressors 233a
and 233b to complete this part of the circulation.

[0085] When operating a conventional air-conditioning
heating mode, an outdoor heat exchanger set is usually
required to serve as an evaporator to absorb heat. Since
this mode is usually applied in winter when the outdoor
temperature is very low, at this time, the outdoor heat
exchanger set is prone to frost, which affects the system
efficiency. At this time, operating the outdoor unit defrost
mode can be considered, i.e., operating any one of the
air-conditioning refrigeration mode, the display cabinet
refrigeration mode, and the cooperative refrigeration
mode, so that the high-temperature refrigerant flows
through the outdoor heat exchanger set to dissipate heat
and defrost, thereby eliminate frost.

[0086] Referring to FIG 11, when the air-conditioning
heating mode is operated, the first four-way valve 235
can be switched so that its first port 235a is connected
to the fourth port 235d, and its second port 235b is con-
nected to the third port 235¢. The second solenoid valve
238 is turned on and the first solenoid valve 236 is turned
off. The first throttle valve assemblies 212a, 212b are
configured to turn on the flow paths, so that the third
throttle valve assembly 232 is configured to provide a
controlled throttling degree, and the second throttle valve
assemblies 222a, 222b are configured to turn off the flow
paths. At this time, only the first compressor 233a is ac-
tivated. After being compressed by the first compressor
233a, the refrigerant will flow into the first indoor heat
exchanger sets 211a, 211b through the first four-way
valve 235 to be condensed. Thus, heating conditioning
to the indoor air temperature is completed. After passing
through the first throttle valve assemblies 212a and 212b,
the refrigerant is throttled by the third throttle valve as-
sembly 232 and flows into the first heat exchange flow
path 231a of the outdoor heat exchanger set 231 to be
evaporated. The refrigerant then returns to the first com-
pressor 233a through the first four-way valve 235, there-
by completing the entire circulation.

[0087] Referring to FIG 12, when the heat recovery
mode is operated, the first four-way valve 235 can be
switched so that its first port 235a is connected to the
fourth port 235d, and its second port 235b is connected
to the third port 235c. The first solenoid valve 236 and
the second solenoid valve 238 are turned on. The first
throttle valve assemblies 212a, 212b are configured to
turn on the flow paths, and the second throttle valve as-
semblies 222a, 222b and the third throttle valve assembly
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232 are configured to provide a controlled throttling de-
gree, respectively. At this time, both compressors 233a
and 233b are activated. After being compressed by the
two compressors 233a, 233b, the refrigerant will be di-
vided into two parts, one of which flows into the firstindoor
heat exchanger sets 211a, 211b through the first four-
way valve 235 to be condensed, thereby completing the
heating conditioning for the indoor air temperature. After
passing through the first throttle valve assemblies 212a,
212b, the refrigerant is throttled by the third throttle valve
assembly 232 and enters the first heat exchange flow
path 231a of the outdoor heat exchanger set 231 to be
evaporated. The refrigerant then returns to the two com-
pressors 233a, 233b through the first four-way valve 235,
thereby completing this part of circulation. Whereas, the
other part of the refrigerant flows into the second heat
exchange flow path 231b through the first solenoid valve
236 to be condensed, and then enters the subcooling
heat exchanger 237a to be subcooled. And then, the re-
frigerant is throttled by the second throttle valve assem-
blies 222a, 222b and flows into the second indoor heat
exchanger sets 221a, 221b to be evaporated. Thus, re-
frigeration/freezing temperature regulating for the com-
modities in the storage space is completed. The refrig-
erant then returns to the two compressors 233a, 233b,
thereby completing the entire circulation.

[0088] A number of conventional components for the
refrigeration cycle can also be provided in the integrated
heat pump system to achieve its basic functions. For ex-
ample, a gas-liquid separator can be provided upstream
of the suction port of the compressor to avoid liquid ham-
mer caused by the suction of liquid. For another example,
an oil separator can be provided at the exhaust port of
the compressor to divert the dispatched lubricating oil
back to the compressor. As still another example, pres-
sure sensors and temperature sensors can be provided
at various positions in the loop to collect the parameter
trigger conditions corresponding to various operating
modes, and so on. Since the application of these com-
ponents in this field is very mature, and they are all aimed
at realizing their basic functions, they will not be de-
scribed in detail here.

[0089] The above examples mainly illustrate the inte-
grated heat pump system and the control method therefor
of the present invention. Although only some of the em-
bodiments of the presentinvention have been described,
those skilled in the art should understand that the present
invention can, without departing from the scope of the
appended claims, be implemented in many other forms.
Therefore, the illustrated examples and embodiments
are to be considered as illustrative but not restrictive, and
the present invention may cover various modifications or
replacements if not departed from the scope of the
present invention as defined by the appended claims.
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Claims
1. Anintegrated heat pump system (100), comprising:

an air-conditioning indoor unit (110) having a
firstindoor heat exchanger set(111a, 111b) and
a first throttle valve assembly (112a, 112b) for
controlling the on-off of flow paths and throttling
degree;

a display cabinet indoor unit (120) having a sec-
ondindoor heat exchanger set (121a, 121b)and
a second throttle valve assembly (122a, 122b)
for controlling the on-off of flow paths and throt-
tling degree, wherein the second indoor heat ex-
changer set has a temperature regulating set-
point different from that of the first indoor heat
exchanger set; and

an outdoor unit (130) connected to the air-con-
ditioning indoor unit and the display cabinet in-
door unit through pipelines, wherein the outdoor
unit comprises:

at least two compressors (133a, 133b) con-
nected in parallel and configured to provide
different evaporation temperatures respec-
tively;

an outdoor heat exchanger set (131);

a third throttle valve assembly (132) config-
ured to control the on-off of flow paths and
throttling degree of the outdoor heat ex-
changer set;

a mode switch valve assembly configured
to guide the refrigerant flowing out of the at
least two compressors into at least one of
the first indoor heat exchanger set and the
outdoor heat exchanger set by switching
pipeline connections.

2. Theintegrated heat pump system according to claim
1, wherein in a refrigeration mode:

the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least
two compressorsinto the outdoor heat exchang-
er set by switching pipeline connections;

the third throttle valve assembly is controlled to
turn on the flow paths; and

the throttling degree of at least one of the first
throttle valve assembly and the second throttle
valve assembly is controlled,

optionally wherein the refrigeration mode com-
prises one or more of the following modes:

an air-conditioning refrigeration mode:
wherein the mode switch valve assembly is
configured to guide the refrigerant flowing
out of the at least two compressors into the
outdoor heat exchanger set by switching
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pipeline connections; the third throttle valve
assembly turns on the flow paths, the first
throttle valve assembly provides a control-
led throttling degree, and the second throttle

ured to guide the refrigerant flowing out of
the at least two compressors into the first
indoor heat exchanger set by switching
pipeline connections; the first throttle valve
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assembly turns on the flow paths, the third
throttle valve assembly provides a control-
led throttling degree, and the second throttle
valve assembly turns off the flow paths; and

valve assembly turns off the flow paths;and 5 the first compressor of the at least two com-
the first compressor of the at least two com- pressors is activated;
pressors is activated; a heat rejection and heat recovery mode:
adisplay cabinet refrigeration mode: where- wherein the mode switch valve assembly is
in the mode switch valve assembly is con- configured to guide the refrigerant flowing
figured to guide the refrigerant flowing out 70 out of the at least two compressors into the
of the at least two compressors into the out- firstindoor heat exchanger set and the out-
door heat exchanger set by switching pipe- door heat exchanger set by switching pipe-
line connections; the third throttle valve as- line connections; the first throttle valve as-
sembly turns on the flow paths, the second sembly and the third throttle valve assembly
throttle valve assembly provides a control- 75 turn on the flow paths, and the second throt-
led throttling degree, and the first throttle tle valve assembly provides a controlled
valve assembly turns off the flow paths; and throttling degree; and the at least two com-
the second compressor of the at least two pressors are activated;
compressors is activated; a compensation heat recovery mode:
a cooperative refrigeration mode: wherein 20 wherein the mode switch valve assembly is
the mode switch valve assembly is config- configured to guide the refrigerant flowing
ured to guide the refrigerant flowing out of out of the at least two compressors into the
the at least two compressors into the out- outdoor heat exchanger set by switching
door heat exchanger set by switching pipe- pipeline connections; the first throttle valve
line connections; the third throttle valve as- 25 assembly turns on the flow paths, the sec-
sembly turns on the flow paths, the first ond throttle valve assembly and the third
throttle valve assembly and the second throttle valve assembly provide a controlled
throttle valve assembly provide a controlled throttling degree respectively, and the at
throttling degree respectively; and the at least two compressors are activated; and
least two compressors are activated; and 30 a total heat recovery mode: wherein the
an outdoor unit defrost mode: operate any mode switch valve assembly is configured
one of the air-conditioning refrigeration to guide the refrigerant flowing out of the at
mode, the display cabinet refrigeration least two compressors into the first indoor
mode, and the cooperative refrigeration heat exchanger set by switching pipeline
mode. 35 connections; the first throttle valve assem-
bly turns on the flow paths, the second throt-
3. Theintegrated heat pump system according to claim tle valve assembly provides a controlled
1 or 2, wherein in a heating mode: throttling degree, and the third throttle valve
assembly turns off the flow paths; and the
the mode switch valve assembly is configured 40 at least two compressors are activated.
to guide the refrigerant flowing out of the at least
two compressors into at least the first indoor 4. The integrated heat pump system according to any
heat exchanger set by switching pipeline con- of claims 1 to 3, wherein the mode switch valve as-
nections; sembly comprises:
the first throttle valve assembly is controlled to 45
turn on the flow paths; and a first four-way valve (135) and a second four-
the throttling degree of atleast one of the second way valve (136) arranged in parallel, wherein,
throttle valve assembly and the third throttle the first four-way valve has a first port (135a)
valve assembly is controlled, connected to the exhaust ports of the at least
optionally wherein the heating mode comprises 50 two compressors, a second port (135b) connect-
one or more of the following modes: ed to the suction ports of the at least two com-
pressors, a third port (135c) connected to the
an air-conditioning heating mode: wherein second four-way valve, and a fourth port (135d)
the mode switch valve assembly is config- connected to the second port through capillary
55

tubes (138d); and

the second four-way valve has a fifth port (136a)
connected to the exhaust ports of the at least
two compressors, a sixth port (136b) connected
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to the first four-way valve, and a seventh port
(136¢) connected to the outdoor heat exchanger
set, and an eighth port (136d) connected to the
first indoor heat exchanger set.

The integrated heat pump system according to any
of claims 1 to 4, further comprising: a subcooling
branch (137) provided with a subcooling heat ex-
changer (137a) and an additional throttle element
(137b), wherein the subcooling branch is connected
from the third throttle valve assembly to the suction
ports of the at least two compressors through a first
flow path of the subcooling heat exchanger, the ad-
ditional throttle element, and a second flow path of
the subcooling heat exchanger.

An integrated heat pump system (200) as claimed
in claim 1,

wherein the outdoor heat exchanger set (231) com-
prises a first heat exchange flow path (231a) and a
second heat exchange flow path (231b) that are not
connected to each other, wherein the first heat ex-
change flow path is connected to the air-conditioning
indoor unit, and the second heat exchange flow path
is connected to the display cabinet indoor unit and
the suction ports of the at least two compressors;
wherein the third throttle valve assembly (232) is
configured to control the on-off of the first heat ex-
change flow path as well as the throttling degree of
the outdoor heat exchanger set;

and wherein the mode switch valve assembly is con-
figured to guide the refrigerant flowing out of the at
least two compressors into at least one of the first
indoor heat exchanger set, the first heat exchange
flow path and the second heat exchange flow path
by switching pipeline connections.

The integrated heat pump system according to claim
6, wherein in a refrigeration mode:

the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least
two compressors into at least one of the first
heat exchange flow path and the second heat
exchange flow path by switching pipeline con-
nections;

the third throttle valve assembly is controlled to
turn on the flow paths; and

the throttling degree of at least one of the first
throttle valve assembly and the second throttle
valve assembly is controlled,

optionally wherein the refrigeration mode com-
prises one or more of the following modes:

an air-conditioning refrigeration mode:
wherein the mode switch valve assembly is
configured to guide the refrigerant flowing
out of the at least two compressors into the
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first heat exchange flow path by switching
pipeline connections; the third throttle valve
assembly turns on the flow paths, the first
throttle valve assembly provides a control-
led throttling degree, and the second throttle
valve assembly turns off the flow paths; and
the first compressor of the at least two com-
pressors is activated;

adisplay cabinet refrigeration mode: where-
in the mode switch valve assembly is con-
figured to guide the refrigerant flowing out
of the atleast two compressors into the sec-
ond heat exchange flow path by switching
pipeline connections; the first throttle valve
assembly and the third throttle valve assem-
bly turn off the flow paths, and the second
throttle valve assembly provides a control-
led throttling degree; and the second com-
pressor of the at least two compressors is
activated;

a cooperative refrigeration mode: wherein
the mode switch valve assembly is config-
ured to guide the refrigerant flowing out of
the at least two compressors into the first
heat exchange flow path and the second
heat exchange flow path by switching pipe-
line connections; the third throttle valve as-
sembly turns on the flow paths, the first
throttle valve assembly and the second
throttle valve assembly provide a controlled
throttling degree respectively; and the at
least two compressors are activated; and
an outdoor unit defrostmode: operating any
one of the air-conditioning refrigeration
mode, the display cabinet refrigeration
mode, and the cooperative refrigeration
mode.

8. Theintegrated heat pump system according to claim

6 or 7, wherein in a heating mode:

the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least
two compressors into at least one of the first
indoor heat exchanger set and the second heat
exchange flow path by switching pipeline con-
nections;

the first throttle valve assembly is controlled to
turn on the flow paths; and

the throttling degree of the third throttle valve
assembly is controlled,

optionally wherein the heating mode comprises
one or more of the following modes:

an air-conditioning heating mode: wherein
the mode switch valve assembly is config-
ured to guide the refrigerant flowing out of
the at least two compressors into the first
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indoor heat exchanger set by switching
pipeline connections; the first throttle valve
assembly turns on the flow paths, the third
throttle valve assembly provides a control-
led throttling degree, and the second throttle
valve assembly turns off the flow paths; and
the first compressor of the at least two com-
pressors is activated; and

a heat recovery mode: wherein the mode
switch valve assembly is configured to
guide the refrigerant flowing out of the at
least two compressors into the first indoor
heat exchanger set and the second heat ex-
change flow path by switching pipeline con-
nections; the first throttle valve assembly
turns on the flow paths, and the second
throttle valve assembly and the third throttle
valve assembly provide a controlled throt-
tling degree respectively; and the at least
two compressors are activated.

The integrated heat pump system according to any
of claims 6 to 8, wherein the mode switch valve as-
sembly comprises: a first four-way valve (235) and
a first solenoid valve (236) arranged in parallel, and
asecond solenoid valve (238) arranged in series with
the first four-way valve; wherein,

the first four-way valve has a first port (235a) con-
nected to the second solenoid valve, a second port
(235b) connected to the suction ports of the at least
two compressors, a third port (235c) connected to
the first heat exchange flow path, and a fourth port
(235b) connected to the first indoor heat exchanger
set;

the first solenoid valve has a fifth port (236a) con-
nected to the exhaust ports of the at least two com-
pressors and a sixth port (236b) connected to the
second heat exchange flow path; and

the second solenoid valve has a seventh port (238a)
connected to the exhaust ports of the at least two
compressors and an eighth port (238b) connected
to the first four-way valve.

The integrated heat pump system according to any
of claims 6 to 9, further comprising: a subcooling
branch (237) provided with a subcooling heat ex-
changer (237a) and an additional throttle element
(237b), wherein the subcooling branch is connected
to the suction ports of the at least two compressors
through the second heat exchange flow path, the
first flow path of the subcooling heat exchanger, the
additional throttle element, and the second flow path
of the subcooling heat exchanger.

The integrated heat pump system according to any
of claims 6 to 10, wherein the first heat exchange
flow path and the second heat exchange flow path
of the outdoor heat exchanger set are in the form of
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staggered arrangement through pipelines or in the
form of staggered arrangement through stacking.

12. A control method for the integrated heat pump sys-

tem according to any of claims 1 to 5, comprising:

operating a refrigeration mode: guiding the re-
frigerant flowing out of the at least two compres-
sors into the outdoor heat exchanger set by
switching pipeline connections through control
of the mode switch valve assembly; controlling
the third throttle valve assembly to turn on the
flow paths; and controlling the throttling degree
of atleast one of the first throttle valve assembly
and the second throttle valve assembly; or

operating a heating mode: guiding the refriger-
ant flowing out of the at least two compressors
into at least the first indoor heat exchanger set
by switching pipeline connections through con-
trol of the mode switch valve assembly; control-
ling the first throttle valve assembly to turn on
the flow paths; and controlling the throttling de-
gree of at least one of the second throttle valve
assembly and the third throttle valve assembly.

13. The control method according to claim 12, wherein:

the refrigeration mode comprises one or more of the
following modes:

an air-conditioning refrigeration mode: wherein
the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least
two compressorsinto the outdoor heat exchang-
er set by switching pipeline connections; the
third throttle valve assembly is controlled to turn
on the flow paths, the throttling degree of the
first throttle valve assembly is controlled, and
the second throttle valve assembly is controlled
to turn off the flow paths; and the first compres-
sor of the at least two compressors is activated;
a display cabinet refrigeration mode: wherein
the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least
two compressorsinto the outdoor heatexchang-
er set by switching pipeline connections; the
third throttle valve assembly is controlled to turn
on the flow paths, the throttling degree of the
second throttle valve assembly is controlled, the
first throttle valve assembly is controlled to turn
off the flow paths, and the second compressor
of the at least two compressors is activated;

a cooperative refrigeration mode: wherein the
mode switch valve assembly is configured to
guide the refrigerant flowing out of the at least
two compressorsinto the outdoor heat exchang-
er set by switching pipeline connections; the
third throttle valve assembly is controlled to turn
on the flow paths, and the throttling degrees of
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the first throttle valve assembly and the second
throttle valve assembly are controlled respec-
tively; and the at least two compressors are ac-
tivated;

an outdoor unit defrost mode: operating any one
of the air-conditioning refrigeration mode, the
display cabinet refrigeration mode, and the co-
operative refrigeration mode; and

the heating mode comprises one or more of the
following modes:

an air-conditioning heating mode: wherein
the mode switch valve assembly is config-
ured to guide the refrigerant flowing out of
the at least two compressors into the first
indoor heat exchanger set by switching
pipeline connections; the first throttle valve
assembly is controlled to turn on the flow
paths, the throttling degree of the third throt-
tle valve assembly is controlled, and the
second throttle valve assembly is controlled
to turn off the flow paths; and the first com-
pressor of the at least two compressors is
activated;

a heat rejection and heat recovery mode:
wherein the mode switch valve assembly is
configured to guide the refrigerant flowing
out of the at least two compressors into the
firstindoor heat exchanger set and the out-
door heat exchanger set by switching pipe-
line connections; the first throttle valve as-
sembly and the third throttle valve assembly
are controlled to turn on the flow paths, and
the throttling degree of the second throttle
valve assembly is controlled; and the at
least two compressors are activated;

a compensation heat recovery mode:
wherein the mode switch valve assembly is
configured to guide the refrigerant flowing
out of the at least two compressors into the
outdoor heat exchanger set by switching
pipeline connections; the first throttle valve
assembly is controlled to turn on the flow
paths, and the throttling degrees of the sec-
ond throttle valve assembly and the third
throttle valve assembly are controlled re-
spectively; and the at least two compres-
sors are activated; and

a total heat recovery mode: wherein the
mode switch valve assembly is configured
to guide the refrigerant flowing out of the at
least two compressors into the first indoor
heat exchanger set by switching pipeline
connections; the first throttle valve assem-
bly is controlled to turn on the flow paths,
the throttling degree of the second throttle
valve assembly is controlled, and the third
throttle valve assembly is controlled to turn

10

15

20

25

35

40

45

50

55

20

38

off the flow paths; and the at least two com-
pressors are activated.

14. A control method for the integrated heat pump sys-
tem according to any of claims 6 to 11, comprising:

operating a refrigeration mode: guiding the re-
frigerant flowing out of the at least two compres-
sors into at least one of the first heat exchange
flow path and the second heat exchange flow
path by switching pipeline connections through
control of the mode switch valve assembly; con-
trolling the third throttle valve assembly to turn
on the flow paths; and controlling the throttling
degree of at least one of the first throttle valve
assembly and the second throttle valve assem-
bly; or

operating a heating mode: guiding the refriger-
ant flowing out of the at least two compressors
into at least one of the firstindoor heat exchang-
er set and the second heat exchange flow path
by switching pipeline connections through con-
trol of the mode switch valve assembly; control-
ling the first throttle valve assembly to turn on
the flow paths; and controlling the throttling de-
gree of the third throttle valve assembly.

15. The control method according to claim 14, wherein:
the refrigeration mode comprises one or more of the
following modes:

an air-conditioning refrigeration mode: wherein
the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least
two compressors into the first heat exchange
flow path by switching pipeline connections; the
third throttle valve assembly is controlled to turn
on the flow paths, the throttling degree of the
first throttle valve assembly is controlled, and
the second throttle valve assembly is controlled
to turn off the flow paths; and the first compres-
sor of the at least two compressors is activated;
a display cabinet refrigeration mode: wherein
the mode switch valve assembly is configured
to guide the refrigerant flowing out of the at least
two compressorsinto the second heat exchange
flow path by switching pipeline connections; the
first throttle valve assembly and the third throttle
valve assembly are controlled to turn off the flow
paths, and the throttling degree of the second
throttle valve assembly is controlled; and the
second compressor of the at least two compres-
sors is activated;

a cooperative refrigeration mode: wherein the
mode switch valve assembly is configured to
guide the refrigerant flowing out of the at least
two compressors into the first heat exchange
flow path and the second heat exchange flow
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path by switching pipeline connections; the third
throttle valve assembly is controlled to turn on
the flow paths, and the throttling degrees of the
first throttle valve assembly and the second
throttle valve assembly are controlled respec-
tively; and the at least two compressors are ac-
tivated;

an outdoor unit defrost mode: operating any one
of the air-conditioning refrigeration mode, the
display cabinet refrigeration mode, and the co-
operative refrigeration mode; and

the heating mode comprises one or more of the
following modes:

an air-conditioning heating mode: wherein
the mode switch valve assembly is config-
ured to guide the refrigerant flowing out of
the at least two compressors into the first
indoor heat exchanger set by switching
pipeline connections; the first throttle valve
assembly is controlled to turn on the flow
paths, the throttling degree of the third throt-
tle valve assembly is controlled, and the
second throttle valve assembly is controlled
to turn off the flow paths; and the first com-
pressor of the at least two compressors is
activated; and

a heat recovery mode: wherein the mode
switch valve assembly is configured to
guide the refrigerant flowing out of the at
least two compressors into the first indoor
heat exchanger set and the second heat ex-
change flow path by switching pipeline con-
nections; the first throttle valve assembly is
controlled to turn on the flow paths, and the
throttling degrees of the second throttle
valve assembly and the third throttle valve
assembly are controlled respectively; and
the at least two compressors are activated.
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