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(57)  Acooling and heating switching device for a var-
iable refrigerant flow system capable of heat recovery, a
variable refrigerant flow system, and a control method.
Ends of multiple high-pressure branch pipes of the cool-
ing and heating switching device are respectively con-
nected to ends of multiple low-pressure branch pipes, so
as to form multiple connection nodes. The multiple con-
nection nodes are respectively connected to gas pipes
of multiple indoor units. Further ends of the multiple
high-pressure branch pipes are connected to a
high-pressure gas pipe (3). Further ends of the multiple
low-pressure branch pipes are connected to a low-pres-
sure gas pipe (2). Ends of multiple branch liquid pipes
are respectively connected to ends of multiple liquid
sub-pipes, so as to form multiple connection nodes. The

multiple connection nodes are respectively connected to
liquid pipes of the multiple indoor units. Further ends of
the multiple branch liquid pipes are connected to a main
liquid pipe (1). Further ends of the multiple liquid
sub-pipes are connected to a main pipe inlet of a sub-
cooler (4). A throttling structure is provided on a connec-
tion pipe between a cooling branch pipe inlet (C) and a
main pipe outlet (B). The cooling branch pipe outlet (B)
is connected to the low-pressure gas pipe (2), thereby
solving the issue of loud noise caused by a flowing re-
frigerant in an indoor unit of a variable refrigerant flow
capable of heatrecovery, and achieving a compact struc-
ture and low costs.
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Description
Technical Field

[0001] The present invention belongs to the technical
field of air conditioning, and in particular to a cooling-
heating switching device for heat-recovery multi-split air-
conditioning system, a heat-recovery multi-split air con-
ditioning system and a control method.

Background

[0002] With excellent energy-saving performance and
flexible and comfortable using experience, the heat-re-
covery multi-split air conditioning system has gained pop-
ularity in the market and sales are increasing year by
year. The majority of the heat-recovery multi-split air con-
ditioning system of the prior art has a flow of refrigerant
with three pipes: in the simultaneous cooling/heating op-
eration, refrigerant flowing into those indoor units in cool-
ing operation may make a loud flowing sound because
of insufficient subcooling as refrigerant flowing out of the
liquid pipe from those indoor units in heating operation.
In addition, on condition that there is height difference
between the indoor units in cooling operation, it is easy
to cause an uneven distribution of refrigerant among the
indoor units in cooling operation, and the performances
of part of the indoor units in cooling operation become
progressively worse.

Summary

[0003] The presentinvention provides a cooling-heat-
ing switching device for heat-recovery multi-split air con-
ditioning system aiming at solving the problem of loud
flowing sound, which is compact in structure and low in
cost.

[0004] To solve the above technical problems, the
present invention adopts the following technical solu-
tions.

[0005] A cooling-heating switching device for heat-re-
covery multi-splitair conditioning systemincludes: amain
liquid pipe, a high-pressure gas pipe, a plurality of high-
pressure branch pipes, a low-pressure gas pipe, a plu-
rality of low-pressure branch pipes, a subcooler, a plu-
rality of branch liquid pipes and a plurality of liquid distri-
bution pipes; wherein the high-pressure gas pipe is con-
nected to a high-pressure gas pipe of an outdoor unitand
the low-pressure gas pipe is connected to a low-pressure
gas pipe of the outdoor unit, and the main liquid pipe is
connected to the liquid pipe of the outdoor unit; one end
of each high-pressure branch pipe is connected to one
end of each low-pressure branch pipe in a one-to-one
correspondence forming a plurality of connection nodes;
the connection nodes are connected to gas pipes of in-
doorunits in a one-to-one correspondence; the other end
of each high-pressure branch pipe is connected to the
high-pressure gas pipe, and each high-pressure branch
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pipe is provided with a valve; the other end of each low-
pressure branch pipe is connected to the low-pressure
gas pipe, and each low-pressure branch pipe is provided
with a valve; one end of each branch liquid pipe is con-
nected to one end of each liquid distribution pipe in a
one-to-one correspondence so as to form a plurality of
connection points, and the plurality of connection points
are connected to the liquid pipe of each indoor unit in a
one-to-one correspondence; the other end of each liquid
distribution pipe is respectively connected to a main pipe
inlet of the subcooler, and each liquid distribution pipe is
provided with a valve; and a main pipe outlet of the sub-
cooler is connected to the main liquid pipe; a cooling
branch pipe inlet of the subcooler is connected to the
main pipe outlet of the subcooler, a throttle structure VSC
is disposed in the connection pipe between the cooling
branch pipe inlet and the main pipe outlet of the subcool-
er; a cooling branch pipe outlet of the subcooler is con-
nected to the low-pressure gas pipe.

[0006] Further, the valves on the high-pressure branch
pipes are driven by a main control board of the cooling-
heating switching device.

[0007] Further, the valves on the low-pressure branch
pipes are driven by a main control board of the cooling-
heating switching device.

[0008] Further,the valves provided onthe branch liquid
pipes are one-way valves, wherein an inlet of each one-
way valve is respectively connected to the main liquid
pipe and an outlet of each one-way valve is connected
to a liquid pipe of an indoor unit’ or, the valves provided
on the branch liquid pipes are solenoid valves or elec-
tronic expansion valves which are driven by a main con-
trol board of the cooling-heating switching device.
[0009] Further, the valves provided on the liquid distri-
bution pipes are one-way valves, wherein aninlet of each
one-way valve is respectively connected to a liquid pipe
of an indoor unit and an outlet of each one-way valve is
respectively connected to the main pipe inlet of the sub-
cooler; or, the valves provided on the liquid distribution
pipes are solenoid valves or electronic expansion valves,
which are driven by a main control board of the cooling-
heating switching device.

[0010] Further, the throttling structure is an electronic
expansion valve, a thermal expansion valve, a solenoid
valve and capillary tube connected in series which is driv-
en by a main control board of the cooling-heating switch-
ing device.

[0011] Further, a temperature sensor is provided at a
main pipe outlet of the subcooler.

[0012] Based on the design of the above-mentioned
the cooling-heating switching device for heat-recovery
multi-split air conditioning system, another aspect of the
present invention also provides a heat-recovery multi-
split air conditioning system including an outdoor unit, a
plurality of indoor units and the cooling-heating switching
device.

[0013] Based on the design of the above-mentioned
the cooling-heating switching device for heat-recovery
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multi-split air conditioning system, another aspect of the
present invention also provides a control method for the
cooling-heating switching device including:

(1) obtaining a saturation temperature CT corre-
sponding to an outdoor unit high pressure;

(2) obtaining a temperature TLq at a main pipe outlet
of a subcooler;

(3) calculating an actual subcooling degree SC,
SC=CT-TLgq;

(4) calculating a difference between a target sub-
cooling degree ST and the actual subcooling degree
SC, AT = ST-SC;

(5) Adjusting the throttling structure according to the
difference AT, and returning to step (1).

[0014] Further, the adjustment of the throttling struc-
ture according to the difference AT specifically includes:

if the difference AT> 0, adjusting the throttling struc-
ture to reduce the amount of refrigerant flowing in a
connection pipe between the cooling branch inlet of
the subcooler and the main pipe outlet of the sub-
cooler;

if the difference AT <0, adjusting the throttling struc-
ture to increase the amount of refrigerant flowing in
a connection pipe between the cooling branch inlet
of the subcooler and the main pipe outlet of the sub-
cooler

[0015] Compared with the prior art, the advantages
and positive effects of the present invention are: the cool-
ing-heating switching device, the heat-recovery multi-
split air conditioning system and the control method dis-
closed by the present invention provides an effective so-
lution to the loud flowing sound problem of the heat-re-
covery multi-split air conditioning system in the prior art
by means of the incorporation of the subcooler and the
throttling structure, with which liquid refrigerant in the
main liquid pipe 1 could reach a better subcooling degree
so that noise will not occur as flowing into the indoor units,
and liquid refrigerant in the main liquid pipe 1 will not
vaporize to flash gas due to insufficient subcooling so
the problem of unbalanced refrigerant distribution be-
tween indoor units working in cooling mode could be pre-
vented. The cooling-heating switching device is compact
in structure, low in cost and easy to install by merely
adding one subcooler and one throttling structure.
[0016] After reading the specific embodiments of the
present invention in conjunction with the accompanying
drawings, other features and advantages of the present
invention will become clearer.

Brief description of the drawings

[0017]
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Fig. 1 is a schematic structural diagram of a cooling-
heating switching device for heat-recovery multi-split
air conditioning system according to one aspect of
the present invention;

Fig. 2 is a schematic structural diagram of a cooling-
heating switching device for heat-recovery multi-split
air conditioning system according to another aspect
of the present invention;

Fig. 3 is a flow chart showing a control method of a
cooling-heating switching device for heat-recovery
multi-split air conditioning system according to an-
other aspect of the present invention;

Reference number:

[0018]
1. Main Liquid Pipe;
2. Low-pressure Gas Pipe;
3. High-pressure Gas Pipe;

4. Subcooler.

Detailed Description of the invention

[0019] In order to make the objectives, technical solu-
tions and advantages of the present invention clearer,
the present invention will be further described in detail
below with reference to the accompanying drawings and
embodiments.

[0020] A heat-recovery multi-split air conditioning sys-
tem includes an outdoor unit, a plurality of indoor units
and a cooling-heating switching device for heat-recovery
multi-split air conditioning system.

[0021] The cooling-heating switching device for heat-
recovery multi-split air conditioning system includes a
main liquid pipe 1, a high-pressure gas pipe 3, a plurality
of high-pressure branch pipes, a low-pressure gas pipe
2, a plurality of low-pressure branch pipes, a subcooler
4, a plurality of branch liquid pipes, a plurality of liquid
distribution pipes, etc., as shown in Fig. 1; wherein the
high-pressure gas pipe 3 is connected to a high-pressure
gas pipe of the outdoor unit and the low-pressure gas
pipe 2 is connected to a low-pressure gas pipe of the
outdoor unit, and the main liquid pipe 1 is connected to
the liquid pipe of the outdoor unit.

[0022] One end of each high-pressure branch pipe is
connected to one end of each low-pressure branch pipe
in a one-to-one correspondence so as to form a plurality
of connection nodes. The connection nodes are connect-
ed to gas pipes of indoor units in a one-to-one corre-
spondence.

[0023] The other end of each high-pressure branch
pipe is connected to the high-pressure gas pipe 3, and
each high-pressure branch pipe is provided with a valve
that opens and closes to control the flow in the high-
pressure branch pipe.
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[0024] The other end of each low-pressure branch pipe
is connected to the low-pressure gas pipe 2, and each
low-pressure branch pipe is provided with a valve that
opens and closes to control the flow in the low-pressure
branch pipe.

[0025] Oneend ofeachbranch liquid pipe is connected
to one end of each liquid distribution pipe in a one-to-one
correspondence so as to form a plurality of connection
points, and the plurality of connection points are connect-
ed to the liquid pipe of each indoor unit in a one-to-one
correspondence.

[0026] The other end of each branch liquid pipe is re-
spectively connected to the main liquid pipe 1, and each
branch liquid pipe is provided with a valve that opens and
closes to control the flow in the branch liquid pipe.
[0027] The other end of each liquid distribution pipe is
respectively connected to a main pipe inlet A of the sub-
cooler 4, and each liquid distribution pipe is provided with
a valve that opens and closes to control the flow in the
liquid distribution pipe.

[0028] The subcooler 4 includes a tank body opened
with the main pipe inlet A, a main pipe outlet B, a cooling
branch pipe inlet C and a cooling branch pipe outlet D;
wherein the main pipe inlet A is connected to the main
pipe outlet B via a main pipe, the cooling branch pipe
inlet C is connected to the cooling branch pipe outlet D
via a cooling branch pipe. Refrigerant flowing into the
subcooler 4 via the main pipe inlet A exchanges heat with
refrigerant flowing into the subcooler 4 via the cooling
branch pipe inlet C, which also could be regarded as a
heat exchange between the main pipe and the cooling
branch pipe.

[0029] The main pipe outlet B of the subcooler 4 is
connected to the main liquid pipe 1; the cooling branch
pipe inlet C of the subcooler 4 is connected to the main
pipe outlet B of the subcooler 4, a throttle structure VSC
is disposed in a connection pipe between the cooling
branch pipe inlet C of the subcooler 4 and the main pipe
outlet B of the subcooler 4; the cooling branch pipe outlet
D of the subcooler 4 is connected to the low-pressure
gas pipe 2.

[0030] Itis assumed that the multi-connection includes
n indoor units: indoor unit 1, indoor unit 2,..., indoor unit
n-1, indoor unit n, as shown in FIG. 1.

[0031] A valve VHI1 is provided on a high-pressure
branch pipe connecting the high-pressure gas pipe 3 to
a gas pipe of the indoor unit 1.

[0032] A valve VLO1 is provided on a low-pressure
branch pipe connecting the low-pressure gas pipe 2 to
the gas pipe of the indoor unit 1.

[0033] A valve V11 is provided on a branch liquid pipe
connecting the main liquid pipe 1 to a liquid pipe of the
indoor unit 1.

[0034] A valve V12 is provided on a liquid distribution
pipe connecting the main pipe inlet A of the subcooler 4
to the liquid pipe of the indoor unit 1.

[0035] A valve VHI2 is provided on a high-pressure
branch pipe connecting the high-pressure gas pipe 3 to
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a gas pipe of the indoor unit 2.

[0036] A valve VLO2 is provided on a low-pressure
branch pipe connecting the low-pressure gas pipe 2 to
the gas pipe of the indoor unit 2.

[0037] A valve V21 is provided on a branch liquid pipe
connecting the main liquid pipe 1 to a liquid pipe of the
indoor unit 2.

[0038] A valve V22 is provided on a liquid distribution
pipe connecting the main pipe inlet A of the subcooler 4
to the liquid pipe of the indoor unit 2.

[0039] A valve VHIn is provided on a high-pressure
branch pipe connecting the high-pressure gas pipe 3 to
a gas pipe of the indoor unit n.

[0040] A valve VLOn is provided on a low-pressure
branch pipe connecting the low-pressure gas pipe 2 to
the gas pipe of the indoor unit n.

[0041] A valve Vnl is provided on a branch liquid pipe
connecting the main liquid pipe 1 to a liquid pipe of the
indoor unit n.

[0042] A valve Vn2 is provided on a liquid distribution
pipe connecting the main pipe inlet A of the subcooler 4
to the liquid pipe of the indoor unit n.

[0043] As an example, it assumes that the indoor unit
1 and outdoor unit 2 operate in heating mode while indoor
unit 3 and indoor unit n operate in cooling mode.

[0044] The valvesVHI1 and VHI2 on the high-pressure
branch pipes open, the valves VLO1 and VLO2 on the
low-pressure branch pipes close, the valves VIl and V21
on the branch liquid pipes close and the valves V12 and
V22 on the liquid distribution pipes open.

[0045] The valvesVHI3 and VHIn on the high-pressure
branch pipes close, the valves VLO3 and VLOn on the
low-pressure branch pipes open, the valves V31 and Vnl
on the branch liquid pipes open and the valves V32 and
Vn2 on the liquid distribution pipes close.

[0046] A working process includes: the outdoor unit
discharges high-temperature and high-pressure refriger-
ant gas to the high-pressure gas pipe 3. The refrigerant
gas in the high-pressure gas pipe 3 respectively enters
the indoor unit 1 and the indoor unit 2 through the valves
VHI1 and VHI2. Condensed refrigerant from the indoor
unit 1 and the indoor unit 2 which are in heating modes
flows to the main pipe inlet A of the subcooler 4 through
the valves V12 and V22, enters into the subcooler 4, and
then flows out through the main pipe outlet B. Refrigerant
flowing out from the subcooler 4 is divided into two flows,
one passage flows to the main liquid pipe 1 and the other
passage flows to the cooling branch inlet C through the
throttling structure in which pressure is reduced, enters
into the subcooler 4, and then flows out through the cool-
ing branch outlet D, then enters into the low-pressure
gas pipe 2. The refrigerant that enters the subcooler 4
through the main pipe inlet A exchanges heat with the
refrigerant that enters the subcooler 4 through the cooling
branch inlet C. The temperature of the refrigerant that
enters the subcooler 4 through the main pipe inlet A de-
creases while the temperature of the refrigerant that en-
ters the subcooler 4 through the cooling branch inlet C
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increases. The throttling structure control the subcooling
of the refrigerant flowing out of the main pipe outlet B of
the subcooler 4 to a set subcooling degree, that is to say,
the liquid refrigerant in the main liquid pipe 1 has a re-
quired degree of subcooling. The liquid refrigerant col-
lected in the main liquid pipe 1 is evenly distributed to
each refrigerating indoor unit working in cooling mode.
A part of the liquid refrigerant enters into the indoor unit
n through the valve Vn1, and the other part of the liquid
refrigerant enters into the indoor unit 3 through the valve
V31. Evaporated gas refrigerant from the indoor unit 3
and from the indoor unit n in cooling mode flows to the
low-pressure gas pipe 2 through the valves VLO3 and
VLOn, and then flows back to the outdoor unit.

[0047] The cooling-heating switching device for heat-
recovery multi-split air conditioning system and the heat-
recovery multi-split air conditioning system using the
same disclosed by the present embodiment provides an
effective solution to the loud flowing sound problem of
the heat-recovery multi-split air conditioning system in
the prior art by means of the incorporation of the sub-
cooler and the throttling structure, with which liquid re-
frigerant in the main liquid pipe 1 could reach a required
subcooling degree so that noise will not occur as flowing
into the indoor units, and liquid refrigerant in the main
liquid pipe 1 will not vaporize to flash gas due to insuffi-
cient subcooling so the problem of unbalanced refriger-
ant distribution between indoor units working in cooling
mode could be prevented. The cooling-heating switching
device is compact in structure, low in cost and easy to
install by merely adding one subcooler and one throttling
structure.

[0048] The cooling-heating switching device for heat-
recovery multi-split air conditioning system provided by
the presentinvention solves the problems of loud flowing
sound of refrigerant and unbalanced refrigerant distribu-
tion among indoor units working in cooling mode of the
heat-recovery multi-split air conditioning system having
a flow of refrigerant with three pipes.

[0049] Inthe presentinvention, the valves provided on
the high-pressure branch pipes are solenoid valves, elec-
tronic expansion valves, four-way valves, three-way
valves, and the like capable of opening and closing to
control the flow, which are driven by a main control board
of the cooling-heating switching device for heat-recovery
multi-split air conditioning system. Preferably, the valves
provided on the high-pressure branch pipes are electron-
ic expansion valves which are easy to control and stable
in performance. In the present invention, the valves pro-
vided on the low-pressure branch pipes are solenoid
valves, electronic expansion valves, four-way valves,
three-way valves, and the like capable of opening and
closing to control the flow, which are driven by the main
control board of the cooling-heating switching device for
heat-recovery multi-split air conditioning system. Prefer-
ably, the valves provided on the low-pressure branch
pipes are electronic expansion valves which are easy to
control and stable in performance.
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[0050] Inthe presentinvention, the valves provided on
the branch liquid pipes are one-way valves, wherein an
inlet of each one-way valve is respectively connected to
the main liquid pipe 1 and an outlet of each one-way valve
is correspondingly connected to a liquid pipe of an indoor
unit; the one-way valve is simple and no further control
is required. Alternatively, the valves provided on the
branch liquid pipes could be solenoid valves or electronic
expansion valves, which are driven by the main control
board of the cooling-heating switching device for heat-
recovery multi-split air conditioning system, being easy
to control and stable in performance.

[0051] Inthe presentinvention, the valves provided on
the liquid distribution pipes are one-way valves, wherein
an inlet of each one-way valve is respectively connected
to a liquid pipe of an indoor unit and an outlet of each
one-way valve is respectively connected to the main pipe
inlet A of the subcooler 4; the one-way valve is simple
and no further control is required. Alternatively, the valves
provided on the liquid distribution pipes could be solenoid
valves or electronic expansion valves, which are driven
by the main control board of the cooling-heating switching
device for heat-recovery multi-split air conditioning sys-
tem, being easy to control and stable in performance.
[0052] Inthe present embodiment, the throttling struc-
ture is an electronic expansion valve, a thermal expan-
sion valve, a solenoid valve and capillary tube connected
in series, and the like to allow restricted flow of the re-
frigerant, which is driven by the main control board of the
cooling-heating switching device for heat-recovery multi-
split air conditioning system to control the restricted flow
of the refrigerant, being simple in structure, easy to use
and install.

[0053] Inthe presentembodiment, a temperature sen-
sor is provided at the main pipe outlet B of the subcooler
4 for the detection of the temperature at the main pipe
outlet B.

[0054] It is assumed that a multi-split air conditioning
system includes the indoor unit 1 and the indoor unit 2,
as shown in Fig.2, wherein the indoor unit 1 working in
heating mode and the indoor unit 2 working in cooling
mode, the valve VHI1 opens, the valve VLO1 closes, the
valve VHI2 closes and the valve VLO2 opens; valves
V11, V12, V21, V22 are one-way valves.

[0055] The outdoor unit discharges high-temperature
and high-pressure gas refrigerant to the high-pressure
gas pipe 3. The high-temperature and high-pressure gas
refrigerant in the high-pressure gas pipe 3 enters into the
indoor unit 1 through the valve VHI1. Condensed liquid
refrigerant from the indoor unit 1 working in heating mode
flows to the main pipe inlet A through the way valve V12,
enters the subcooler 4 and flows out of the subcooler 4
through the main pipe outlet B. Refrigerant flowing out
from the subcooler 4 is divided into two flows, one pas-
sage flows to the main liquid pipe 1 and the other passage
flows to cooling branch inlet C through the throttling struc-
ture in which pressure is reduced, enters into the sub-
cooler 4, and then flows out through the cooling branch
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outlet D, then enters into the low-pressure gas pipe 2. A
part of liquid refrigerant in the main liquid pipe 1 flows
into the indoor unit 2 working in cooling mode through
the one-way valve V21. Evaporated gas refrigerant from
the indoor unit 2 flows to the low-pressure gas pipe 2
through the valve VLO2 and then back to the outdoor unit.
[0056] The refrigerant suffers pipe friction loss as flow-
ing along the pipes so its pressure gradually decreases
AT different positions of the pipes as flowing through,
indicating as P4>P2>P1>P3. If a pressure of the refrig-
erant at the inlet of the one-way valve V11 is less than a
pressure of the refrigerant at the outlet of the one-way
valve V11, or a pressure of the refrigerant at the inlet of
the one-way valve V12 is less than a pressure of the
refrigerant at the outlet of the one-way valve V12, the
one-way valve V11 and one-way valve V12 close; if a
pressure of the refrigerant at the inlet of the one-way
valve V11 is greater than a pressure of the refrigerant at
the outlet of the one-way valve V11, or a pressure of the
refrigerant at the inlet of the one-way valve V12 is greater
than a pressure of the refrigerant at the outlet of the one-
way valve V12, the one-way valve V11 and one-way
valve V12 open. With these arrangements, liquid refrig-
erant from the liquid pipe of the indoor unit 1 only could
flow into the subcooler 4 through the one-way valve V12.
The refrigerant reaches to a required subcooling degree
by the control the throttling structure VSC of the subcooler
4 and flows into the main liquid pipe 1.

[0057] Based on the design of the cooling-heating
switching device for heat-recovery multi-split air condi-
tioning system, another aspect of the present invention
is to provide a control method of the cooling-heating
switching device for heat-recovery multi-split air condi-
tioning system, the controlling method includes following
steps, which is shown in Fig. 3.

[0058] Step S1:obtaining a saturation temperature CT
corresponding to an outdoor unit high pressure.

[0059] To be specific, the outdoor unit high pressure
is a pressure at a gas discharge port of a compressor in
the outdoor unit. Based on the outdoor unit high pressure,
a corresponding saturation temperature CT could be ob-
tained.

[0060] Step S2:obtaining atemperature TLq ata main
pipe outlet of a subcooler.

[0061] The temperature TLqg could be obtained by a
temperature sensor installed at main pipe outlet.

[0062] Step S3: calculating an actual subcooling de-
gree SC, SC=CT-TLaq.

[0063] Step S4: calculating a difference between a tar-
get subcooling degree ST and the actual subcooling de-
gree SC, AT = ST-SC.

[0064] The target subcoolingdegree ST is a presettar-
get value. When the refrigerant in the main liquid pipe
reaches the target subcooling degree ST, noise will not
occur as flowing into the indoor units.

[0065] Step S5: Adjusting the throttling structure ac-
cording to the difference AT, and returning to step S1.
[0066] The throttling structure is being adjusted ac-
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cording to the difference AT until AT=0.

[0067] The control method of the cooling-heating
switching device for heat-recovery multi-split air condi-
tioning system of this embodiment provides an effective
solution to the loud flowing sound problem of the heat-
recovery multi-split air conditioning system in the prior
art by means of procedures including: obtaining a satu-
ration temperature CT corresponding to an outdoor unit
high pressure; obtaining a temperature TLq at a main
pipe outlet of a subcooler; calculating an actual subcool-
ing degree SC, SC=CT-TLq; calculating a difference be-
tween a target subcooling degree ST and the actual sub-
cooling degree SC, AT = ST-SC; adjusting the throttling
structure according to the difference AT until AT=0; with
which liquid refrigerant in the main liquid pipe 1 could
reach a better subcooling degree so that noise will not
occur as flowing into the indoor units, and liquid refriger-
ant in the main liquid pipe 1 will not vaporize to flash gas
due to insufficient subcooling so the problem of unbal-
anced refrigerant distribution between indoor units work-
ing in cooling mode could be prevented.

[0068] In the present embodiment, the adjusting the
throttling structure according to the difference AT specif-
ically includes:

If the difference AT> 0, adjusting the throttling structure
to reduce the amount of refrigerant flowing in a connec-
tion pipe between the cooling branch inlet of the subcool-
er and the main pipe outlet of the subcooler, so as to
increase the temperature TLq at the main pipe outlet pre-
venting the subcooling degree too low to affect the re-
frigerant flow in the main liquid pipe.

[0069] If the difference AT <0, adjusting the throttling
structure to increase the amount of refrigerant flowing in
aconnection pipe between the cooling branch inlet of the
subcooler and the main pipe outlet of the subcooler, so
as to reduce the temperature TLq at the main pipe outlet
to lower the subcooling degree.

[0070] The above embodiments are only used to illus-
trate the technical solutions of the present invention, but
not to limitthem. Although the presentinvention has been
described in detail with reference to the foregoing em-
bodiments, for those of ordinary skill in the art, the tech-
nical solutions of the foregoing embodiments can still be
described. The recorded technical solutions are modi-
fied, or some of the technical features are equivalently
replaced; and these modifications or replacements do
not cause the essence of the corresponding technical
solutions to deviate from the spirit and scope of the tech-
nical solutions claimed by the present invention.

Claims

1. Acooling-heating switching device for heat-recovery
multi-split air conditioning system, characterized in
that includes: a main liquid pipe, a high-pressure
gas pipe, a plurality of high-pressure branch pipes,
a low-pressure gas pipe, a plurality of low-pressure
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branch pipes, a subcooler, a plurality of branch liquid
pipes and a plurality of liquid distribution pipes;
wherein the high-pressure gas pipe is connected to
a high-pressure gas pipe of an outdoor unit and the
low-pressure gas pipe is connected to a low-pres-
sure gas pipe of the outdoor unit, and the main liquid
pipe is connected to the liquid pipe of the outdoor
unit;

one end of each high-pressure branch pipe is con-
nected to one end of each low-pressure branch pipe
in a one-to-one correspondence forming a plurality
of connection nodes; the connection nodes are con-
nected to gas pipes of indoor units in a one-to-one
correspondence;

the other end of each high-pressure branch pipe is
connected to the high-pressure gas pipe, and each
high-pressure branch pipe is provided with a valve;
the other end of each low-pressure branch pipe is
connected to the low-pressure gas pipe, and each
low-pressure branch pipe is provided with a valve;
one end of each branch liquid pipe is connected to
one end of each liquid distribution pipe in a one-to-
one correspondence so as to form a plurality of con-
nection points, and the plurality of connection points
are connected to the liquid pipe of each indoor unit
in a one-to-one correspondence;

the other end of each branch liquid pipe is respec-
tively connected to the main liquid pipe 1, and each
branch liquid pipe is provided with a valve that opens
and closes to control the flow in the branch liquid
pipe;

the other end of each liquid distribution pipe is re-
spectively connected to a main pipe inlet of the sub-
cooler, and each liquid distribution pipe is provided
with a valve; and

a main pipe outlet of the subcooler is connected to
the main liquid pipe; a cooling branch pipe inlet of
the subcooler is connected to the main pipe outlet
of the subcooler, a throttle structure VSC is disposed
in the connection pipe between the cooling branch
pipe inlet and the main pipe outlet of the subcooler;
a cooling branch pipe outlet of the subcooler is con-
nected to the low-pressure gas pipe.

A cooling-heating switching device for heat-recovery
multi-split air conditioning system according to claim
1, characterized in that the valves on the high-pres-
sure branch pipes are driven by a main control board
of the cooling-heating switching device.

A cooling-heating switching device for heat-recovery
multi-split air conditioning system according to claim
1, characterized in that the valves on the low-pres-
sure branch pipes are driven by a main control board
of the cooling-heating switching device.

A cooling-heating switching device for heat-recovery
multi-split air conditioning system according to claim
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1, characterized in that the valves provided on the
branch liquid pipes are one-way valves, wherein an
inletof each one-way valve is respectively connected
to the main liquid pipe and an outlet of each one-way
valve is connected to a liquid pipe of an indoor unit;
or, the valves provided on the branch liquid pipes
are solenoid valves or electronic expansion valves
which are driven by a main control board of the cool-
ing-heating switching device.

A cooling-heating switching device for heat-recovery
multi-split air conditioning system according to claim
1, characterized in that the valves provided on the
liquid distribution pipes are one-way valves, wherein
an inlet of each one-way valve is respectively con-
nected to a liquid pipe of an indoor unit and an outlet
of each one-way valve is respectively connected to
the main pipe inlet of the subcooler;

or, the valves provided on the liquid distribution pipes
are solenoid valves or electronic expansion valves,
which are driven by a main control board of the cool-
ing-heating switching device.

A cooling-heating switching device for heat-recovery
multi-split air conditioning system according to claim
1, characterized in that the throttling structure is an
electronic expansion valve, a thermal expansion
valve, a solenoid valve and capillary tube connected
in series which is driven by a main control board of
the cooling-heating switching device.

A cooling-heating switching device for heat-recovery
multi-split air conditioning system according to claim
1, characterized in that a temperature sensor is
provided at a main pipe outlet of the subcooler.

A heat-recovery multi-split air conditioning system
includes an outdoor unit and a plurality of indoor
units, characterized in that, further includes a cool-
ing-heating switching device according to any one
of claim 1 to claim 7.

A control method based on the cooling-heating
switching device according to any one of claim 1 to
claim 7, characterized in that, includes:

(1) obtaining a saturation temperature CT cor-
responding to an outdoor unit high pressure;
(2) obtaining a temperature TLq at a main pipe
outlet of a subcooler;

(3) calculating an actual subcooling degree SC,
SC=CT-TLgq;

(4) calculating a difference between a target
subcooling degree ST and the actual subcooling
degree SC, AT = ST-SC;

(5) adjusting the throttling structure according to
the difference AT, and returning to step (1).
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10. A control method according to claim 9, character-
ized in that: the adjustment of the throttling structure
according to the difference AT includes:

if the difference AT > 0, adjusting the throttling
structure to reduce the amount of refrigerant
flowing in a connection pipe between the cooling
branch inlet of the subcooler and the main pipe
outlet of the subcooler;

if the difference AT <0, adjusting the throttling
structure to increase the amount of refrigerant
flowing in a connection pipe between the cooling
branch inlet of the subcooler and the main pipe
outlet of the subcooler.
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