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(67)  An air conditioner outdoor unit and a control
method. The air conditioner outdoor unit comprises: a
housing in which at least two compressors (550) are pro-
vided; at least two drive modules (400), each drive mod-
ule respectively correspondingly driving one compressor
(550); heat exchange blocks (100) of which different parts
are respectively connected to different drive modules
(400) in a thermal conductive mode; and a refrigerant
pipe (200) in which a refrigerant is comprised, the refrig-
erant pipe being inserted into the heat exchange blocks
(100) and capable of cooling the heat exchange blocks
(100). The problem that a condensation phenomenon is
easy to occur because the temperature of the drive mod-
ules (400) of multiple compressors (550) is not balanced
is solved.
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Description

[0001] The present disclosure claims priority to Chi-
nese Patent application No. 201910970156.5, filed with
the Chinese Patent Office on October 12, 2019, titled
"AIR-CONDITIONER OUTDOOR UNIT, CIRCULATING
SYSTEM AND CONTROL METHOD", which is incorpo-
rated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a field of air
conditioner technologies, and in particular, to an outdoor
unit of an air conditioner and a control method.

BACKGROUND

[0003] A compressor of an outdoor unit of an air con-
ditioner is driven by a driving module. The driving module
is cooled by a refrigerant heat dissipation system, so as
to prevent a temperature of the driving module fromrising
too high, a high temperature of the driving module may
cause a failure of the driving module and safety problems
such as fire. Compared with heat dissipation by air, heat
dissipation by refrigerant has advantages of high heat
dissipation efficiency and easy to be controlled. There-
fore, the heat dissipation by refrigerant is widely used in
the outdoor unit of the air conditioner.

[0004] Foran outdoorunitof a multi-connected air con-
ditioner with high-power, it is usually driven by two com-
pressors. Therefore, an electrical system of the outdoor
unit of the multi-connected air conditioner with high-pow-
er has two driving modules. As shown in FIG. 1, two heat
exchange blocks 002 are provided on a refrigerant pipe
001 for circulating the refrigerant, and the two heat ex-
change blocks 002 are fixedly connected to circuit boards
of corresponding driving modules, so as to perform heat
dissipation and temperature decrease on the driving
modules and the circuit boards.

[0005] However, when the outdoor unit operates, the
two compressors operate separately, and heat generat-
ed by the driving modules corresponding to respective
compressors is different. Therefore, the two driving mod-
ules have different temperatures. In addition, it is also
possible that only one of the two compressors operates,
and the driving module that does not operate does not
generate heat and therefore does not need heat dissipa-
tion. When the refrigerant dissipates heat from the driving
module that is operating, a temperature of the driving
module that is not operating is also decreased, which
causes the temperatures of the two driving modules to
be different.

[0006] However,since anamountofrefrigerantflowing
in the refrigerant pipe 001 is the same, after a heat ex-
change of the refrigerant, a temperature of a driving mod-
ule with a lower heat generation amount is further de-
creased. Therefore, a condensation phenomenon is
easy to occur on the circuit board of the driving module,

10

15

20

25

30

35

40

45

50

55

which short-circuits the circuit board and causes danger.
SUMMARY

[0007] Embodiments of the present disclosure provide
an outdoor unit of an air conditioner, a circulation system
and a control method, which are capable of controlling a
heat transfer between driving modules and improving a
balance of temperatures between the driving modules.
In this way, a danger of short circuit of the driving module
due to a condensation phenomenon caused by an ex-
cessively low temperature is avoided.

[0008] In order to achieve the above purpose, the em-
bodiments of the present disclosure adopt the following
technical solutions.

[0009] In a first aspect, embodiments of the present
disclosure provide the outdoor unit of the air conditioner.
The outdoor unit of the air conditioner includes: a housing
provided with at least two compressors therein;

at least two driving modules, and each of the at least
two driving modules correspondingly driving one of
the compressors;

a heat exchange block, and different parts thereof
being connected to different driving modules in a
heat conducting manner; and

a refrigerant pipe having refrigerant therein, and the
refrigerant pipe being inserted into the heat ex-
change block and being capable of cooling the heat
exchange block.

[0010] Intheoutdoorunitofthe air conditioner provided
by the embodiments of the present disclosure, since two
adjacent heat exchange blocks are connected to each
other, heat generated in a driving module with a high heat
generation amount may be transferred to a driving mod-
ule with a low heat generation amount, so that the heat
of two adjacent driving modules is relatively balanced,
and a situation of short circuit due to the condensation
phenomenon on the driving module caused by a lower
temperature of one of the driving modules is avoided.

[0011] Inasecondaspect, embodiments ofthe present
disclosure provide a circulation system for the air condi-
tioner as described above. The circulation system in-
cludes a subcooling heat exchanger, a main electronic
expansion valve, an outdoor heat exchanger and a four-
way valve which are disposed in the outdoor unit and are
in communication with each other in sequence through
a main circulation liquid pipe. The main circulation liquid
pipe is in communication with an indoor unit. The four-
way valve is further connected with a compressor and a
gas-liquid separator, the compressor is in communica-
tion with the gas-liquid separator, and the gas-liquid sep-
arator is in communication with the subcooling heat ex-
changer. A cooling circulation branch is disposed on the
main circulation liquid pipe, the cooling circulation branch
is in communication with the refrigerant pipe, and an aux-
iliary electronic expansion valve is disposed on the cool-
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ing circulation branch.

[0012] The above circulation system of the outdoor unit
of the air conditioner provided by the embodiments of the
present disclosure solves the same problems and
achieves the same technical effects as the outdoor unit
of the air conditioner provided by the embodiments in the
first aspect, which will not be repeated herein.

[0013] In a third aspect, embodiments of the present
disclosure provide a method for controlling the circulation
system as described above. A temperature sensor is pro-
vided in each of the driving modules, and the temperature
sensor is used for detecting a temperature of the driving
module. The control method includes:

monitoring the temperature of the driving module
through the temperature sensor and setting a target
temperature, the target temperature being within a
safe temperature range, and then adjusting an aux-
iliary electronic expansion valve to stabilize the tem-
perature of the driving module at the target temper-
ature;

increasing a preset temperature value of the target
temperature in a case where it is detected that a
temperature difference between the temperature of
the driving module with a lower temperature and an
ambient temperature is less than a first preset tem-
perature, so that an opening degree of the auxiliary
electronic expansion valve is decreased, an amount
of refrigerant circulating in the refrigerant pipe is de-
creased, a temperature of the driving module where
the temperature difference is detected to be less than
the first preset temperature is increased, and the
temperature difference between the temperature of
the driving module and the ambient temperature is
greater than the first preset temperature.

[0014] In the control method of the circulation system
provided by the embodiments of the present disclosure
as described above, a temperature sensor is provided in
each driving module to monitor the temperature of each
driving module. A temperature value is selected within a
safe temperature range, and the temperature value is set
as a target temperature. Then, an opening degree of the
auxiliary electronic expansion valve is continuously ad-
justed, so that the temperature of the driving module is
stabilized around the target temperature, and the tem-
perature of the driving module is within the safe temper-
ature range.

[0015] In a case where a temperature difference be-
tween the temperature of one or more driving modules
and the ambient temperature is less than the first preset
temperature, it is determined that the temperature of the
driving module is too low, and the condensation phenom-
enon may occur. Therefore, the opening degree of the
auxiliary electronic expansion valve is decreased by in-
creasing the temperature value of the preset target tem-
perature, and an amount of refrigerant in the refrigerant
pipe is decreased. That is, the amount of heat carried
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away by the refrigerant is decreased, so that the temper-
ature of all the driving modules is increased. Based on a
fact that a heat conduction member may transfer heat
between adjacent driving modules, a driving module with
a high temperature transfers heat to a driving module
with a low temperature, and thus the temperature of the
driving module with the low temperature increases, which
makes a temperature difference between the tempera-
ture thereof and the ambient temperature greater than
the first preset temperature, thereby avoiding the con-
densation phenomenon.

[0016] Inacasewhere the temperature differences be-
tween the temperature of each driving module and the
ambient temperature are all greater than the first preset
temperature, it is determined that there is no risk of con-
densation. At this time, it is not necessary to change the
preset target temperature value, and it is only necessary
to continuously adjust the auxiliary electronic expansion
valve to stabilize the temperature of the driving module
within the safe temperature range, so as to avoid the
occurrence of the condensation phenomenon when the
temperature of the driving module is too low.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a schematic diagram showing an overall
structure of a refrigerant pipe and two heat exchange
blocks disposed on the refrigerant pipe in the prior
art;

FIG. 2 is a schematic diagram showing a structure
of an outdoor unit of an air conditioner provided by
an embodiment of the present disclosure;

FIG. 3 is a schematic diagram showing an overall
structure of a heat dissipation assembly for an out-
door unit of an air conditioner provided by an em-
bodiment of the present disclosure;

FIG. 4 is a schematic diagram showing an overall
structure of a heat exchange block, a heat conduc-
tion member and a refrigerant pipe provided by an
embodiment of the present disclosure;

FIG. 5 is a schematic diagram showing tan overall
structure of a heat exchange block and a heat con-
duction member provided by an embodiment of the
present disclosure;

FIG. 6 is a schematic diagram showing a structure
of a heat conduction member and a heat exchange
block provided by an embodiment of the present dis-
closure having a same structure and being connect-
ed to each other;

FIG. 7 is a schematic diagram of a through hole in a
heat exchange block provided by an embodiment of
the present disclosure;

FIG. 8 is a perspective diagram of two heat exchange
blocks and a heat conduction member being inte-
grally formed which are provided by an embodiment
of the present disclosure;
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FIG. 9 is a front view of two heat exchange blocks
and a heat conduction member being integrally
formed which are provided by an embodiment of the
present disclosure;
FIG. 10 is a schematic diagram showing a structure
of a first circulation system of an air conditioner pro-
vided by an embodiment of the present disclosure;
FIG. 11 is a schematic diagram showing a structure
of a second circulation system of an air conditioner
provided by an embodiment of the present disclo-
sure; and
FIG. 12 is a flow diagram of a method for controlling
a circulation system of an air conditioner provided
by an embodiment of the present disclosure.

[0018] Reference signs:

heat exchange block 100;

fixing plate 110;

heat conducting portion 120;

through hole 121;

refrigerant pipe 200;

heat conduction member 300;

driving module 400;

circuit substrate 410;

main circulation liquid pipe 500;

subcooling heat exchanger 510;

main electronic expansion valve 520;

outdoor heat exchanger 530;

four-way valve 540;

compressor 550;

gas-liquid separator 560;

cooling circulation branch 600;

auxiliary electronic expansion valve 610.

DETAILED DESCRIPTION

[0019] An outdoor unit of an air conditioner, a circula-
tion system, and a control method which are provided by
embodiments of the present disclosure will be described
in detail below with reference to accompanying drawings.
[0020] In the description of the present disclosure, it
will be understood that, orientations or positional rela-
tionships indicated by the terms such as "center", "up-
per", "lower", "front", "rear", "left", "right", "vertical", "hor-
izontal", "top", "bottom", "inner" and "outer" are based on
orientations or positional relationships shown in the ac-
companying drawings. These terms are merely to facili-
tate and simplify the description of the presentdisclosure,
but not to indicate or imply that the referred devices or
elements each must have a particular orientation, or must
be constructed or operated in a particular orientation.
Therefore, these terms should not be construed as limi-
tations on the present disclosure.

[0021] The terms "first" and "second" are used for de-
scriptive purposes only, and are not to be construed as
indicating or implying a relative importance or implicitly
indicating a number of indicated technical features.
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Therefore, the features defined with "first" and "second"
may explicitly or implicitly include one or more of these
features. In the description of the present disclosure, the
term "a plurality of" means two or more unless otherwise
specified.

[0022] In the description of the present disclosure, it
will be noted that term "installed", "communicated" or
"connected" is to be understood broadly. For example,
it may be a fixed connection, a detachable connection,
or an integral connection; and it may be a direct connec-
tion, or may be an indirect connection through an inter-
mediate medium, and may be internal communication
between two elements. Specific meanings of the above
terms in the present disclosure may be understood by
those skilled in the art according to specific situations.
[0023] An outdoor unit of an air conditioner is provided
by embodiments of the present disclosure. As shown in
FIGS. 2 and 3, a plurality of compressors 550 are pro-
vided in the outdoor unit, each compressor 550 is corre-
spondingly provided with a driving module 400, and each
driving module 400 is connected to a heat exchange
block 100. Two heat exchange blocks 100 on two adja-
cent driving modules 400 are connected to each other.
A same refrigerant pipe 200 is inserted in a plurality of
heat exchange blocks 100, and the refrigerant pipe 200
is used for circulating the refrigerant. The heat exchange
block 100 is used for exchanging heat between the re-
frigerant pipe 200 and the driving module 400, so as to
decrease the temperature of the driving module 400.
[0024] In the air conditioner provided by the embodi-
ments of the present disclosure, since two adjacent heat
exchange blocks 100 are connected to each other, heat
generated in a driving module 400 with a high heat gen-
eration amount may be transferred to a driving module
400 with a low heat generation amount, so that the heat
on the two driving modules 400 is relatively balanced,
which avoids a situation of short circuit due to a conden-
sation phenomenon on one driving module 400 caused
by a low temperature of the driving module 400.

[0025] Inthe outdoor unitofthe air conditioner provided
by the embodiments of the present disclosure, the two
adjacent heat exchange blocks 100 are connected by a
heat conduction member 300 for transferring heat be-
tween the two heat exchange blocks 100. By connecting
two adjacent heat exchange blocks 100 through a single
heat conduction member 300, the heat conducting effi-
ciency between the two adjacent heat exchange blocks
100 is improved, and heat may be transferred nicely be-
tween the two adjacent driving modules 400.

[0026] The heat exchange block 100 provided by the
embodiments of the present disclosure may be a thick
heat dissipation plate made of a heat conductive material.
A through hole 121 is provided in the heat dissipation
plate in a direction parallel to a plate surface of the heat
dissipation plate, the refrigerant pipe 200 is inserted into
the through hole 121, and then the heat dissipation plate
is fixedly connected to the driving module 400.

[0027] The heat exchange block 100 may also be de-
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signed as the following structure. As shown in FIGS. 4
and 5, the heat exchange block 100 includes a fixing
plate 110 and a heat conducting portion 120 disposed
on the fixing plate 110.

[0028] AsshowninFIG. 6, the through hole 121 is pro-
vided in the heat conducting portion 120 in a length di-
rection of the fixing plate 110. The refrigerant pipe 200
is inserted into the through hole 121. The fixing plate 110
is connected to the driving module 400, and the fixing
plate 110 and the heat conducting portion 120 are made
of a same material and are integrally formed.

[0029] In the above technical solution using a heat dis-
sipation plate, since the refrigerant pipe 200 for circulat-
ing the refrigerant needs to be inserted into the heat dis-
sipation plate, a thickness of the heat dissipation plate is
at least greater than an outer diameter of the refrigerant
pipe 200. However, a portion of the heat dissipation plate
in which the refrigerant pipe 200 is not disposed needs
to be connected to the driving module 400 through
screws, and if an overall thickness of the heat dissipation
plate is large, an inconvenience of opening a hole is ex-
isted and the manufacturing difficulty is increased. More-
over, since the overall thickness of the heat dissipation
plate is large, a transfer efficiency of a cooling capacity
of the refrigerant circulating in the refrigerant pipe 200 to
the entire heatdissipation plate is decreased, and a trans-
fer efficiency of the cooling capacity to the driving module
400 is further decreased.

[0030] Compared with the technical solution of the
above heat dissipation plate, in the technical solution of
providing the heat conducting portion 120 in the heat ex-
change block 100 provided by the embodiments of the
present disclosure, as shown in FIGS. 6 and 7, the
through hole 121 for accommodating the refrigerant pipe
200is provided inthe heat conducting portion 120. There-
fore, a thickness of the fixing plate 110 does not need to
be set to be too large. In addition, since the thickness of
the fixing plate 110 is small, as shown in FIG. 3, the cool-
ing capacity of the refrigerant circulating in the refrigerant
pipe 200 may be transferred to the driving module 400
quickly, which improves a transfer efficiency of the cool-
ing capacity, facilitates a cooling of the driving module
400, and ensures a stable operation of the driving module
400.

[0031] The heat conduction member 300 provided by
the embodiments of the present disclosure is used to
connect two heat exchange blocks 100, so that heat is
transferred between the two heat exchange blocks 100.
[0032] The heat conduction member 300 may use a
connecting plate made of the heat conductive material
to connect bottom surfaces of the two heat exchange
blocks 100, thereby transferring heat between the two
heatexchange blocks 100. The heat conduction member
300 may also be of a same structure as the heat ex-
change block 100, and may be integrally connected with
the two heat exchange blocks 100, as shown in FIGS. 5
and 6. The heat conduction member 300 is tightly con-
nected to an end surface of the heat exchange block 100.
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[0033] In the technical solution of connecting the two
heat exchange blocks 100 through the connecting plate
made of the heat conductive material, the connecting
plate is connected to the bottom surface of the heat ex-
change block 100, that is, a connecting plate is added
between the heat exchange block 100 and the driving
module 400, therefore a thickness between the refriger-
ant pipe 200 and the driving module 400 is increased,
which does not facilitate the transfer of the cooling ca-
pacity to the driving module 400. Compared with this so-
lution, the heat conduction member 300 is set to a same
structure as the heat exchange block 100, and the end
surface of the heat conduction member 300 is tightly con-
nected to the end surface of the heat exchange block
100, so that no other structure needs to be added be-
tween the heat exchange block 100 and the driving mod-
ule 400. In this way, not only can the heat of the two heat
exchange blocks 100 be transferred, but also an efficien-
cy of transferring the cooling capacity of the refrigerant
in the refrigerant pipe 200 to the driving module 400 is
not affected.

[0034] In addition, the heat conduction member 300
and the heat exchange block 100 may be made of differ-
ent heat conductive materials, and the end surfaces of
the two are fixed and tightly connected by welding or
other processes, so as to ensure the heat transfer effi-
ciency between the heat exchange blocks 100. The heat
conduction member 300 and the heat exchange block
100 may also be made of the same material and are
integrally formed.

[0035] In the technical solution of connecting the heat
conduction member 300 and the heat exchange block
100 by welding, due to differences in the heat conducting
properties of different heat conductive materials, the heat
transfer efficiency will be affected. In addition, the welded
joints cannotbe absolutely tightly attached, thus, the heat
transfer efficiency is further decreased. Compared with
this solution, the heat conduction member 300 and the
heat exchange block 100 provided by the embodiments
of the present disclosure are made of the same material
and are integrally formed, as shown in FIGS. 8 and 9.
Thatis, inthis solution, an elongated heat exchange block
100 is used, and two ends of the elongated heat ex-
change block 100 are each connected to adriving module
400. When a difference between the temperatures of the
two driving modules 400 is large, the heatis directly trans-
ferred through the elongated heat exchange block 100.
Furthermore, since the heat exchange block 100 is of an
integrally formed structure, there is no connection gap
and the heat transfer efficiency will not be decreased.
[0036] In some embodiments of the present disclo-
sure, as shown in FIGS. 3 and 4, the driving module 400
is disposed on a circuit substrate 410, the fixing plate 110
is tightly attached to the circuit substrate 410, and the
circuit substrate 410 is capable of transferring the cooling
capacity of the refrigerant to the driving module 400 to
decrease the temperature of the driving module 400.
[0037] A region of the fixing plate 110 where the heat
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conducting portion 120 is not provided is fixedly connect-
ed to the circuit substrate 410 through screws, and a
plate surface of the fixing plate 110 is tightly attached to
the circuit substrate 410, so that the temperature of the
driving module 400 is decreased by the circuit substrate
410.

[0038] In some embodiments of the present disclo-
sure, an outer wall of the refrigerant pipe 200 is tightly
attached to an inner wall of the through hole 121 by ex-
panding the refrigerant pipe 200.

[0039] Theouterwalloftherefrigerant pipe 200 is tight-
ly attached to the inner wall of the through hole 121 in
the heat exchange block 100, so as to enable nicely the
cooling capacity of the refrigerant inside the refrigerant
pipe 200 to be exchanged with heat of the driving module
400 absorbed by the heat exchange block 100, thereby
decreasing the heat of the driving module 400 and ena-
bling the driving module 400 to operate normally.
[0040] In order to decrease nicely the heat generated
by the driving module 400, adding refrigerant is the most
direct method. Therefore, the refrigerant pipe 200 may
be bent to form a structure with a plurality of parallel sec-
tions, thereby increasing a contact area between the re-
frigerant pipe 200 and the heat exchange block 100.
[0041] However, since the driving module 400 is gen-
erally a chip with a small volume, a volume of the circuit
substrate 410 is also small. If there are too many parallel
pipe sections disposed in the refrigerant pipe 200, a vol-
ume of the heat exchange block 100 will increase, there-
by increasing an overall cost of the heat exchange block
100. Therefore, the refrigerant pipe 200 provided by the
embodiments of the present disclosure is a U-shaped
pipe.

[0042] As shown in FIGS. 3 and 4, the heat exchange
block 100 includes two heat conducting portions 120,
which are disposed at edges on two sides of the fixing
plate 110 in the length direction, and two straight pipe
sections of the U-shaped pipe are inserted into the
through holes 121 in the two heat conducting portions
120.

[0043] In the U-shaped refrigerant pipe 200, only two
parallel pipe sections are arranged. In this way, not only
will not increase the cost excessively, but also increases
the contact area between the refrigerant pipe 200 and
the heat exchange block 100. Therefore, an amount of
refrigerant circulating in the heat exchange block 100 per
unit time is increased. That is, the cooling capacity pro-
vided by the refrigerant is increased, and more cooling
capacities can be transferred to the driving module 400,
thereby decreasing the temperature of the driving module
400.

[0044] The refrigerant pipe 200 provided by the em-
bodiments of the present disclosure is a copper pipe. The
copper pipe has advantages such as good heat conduc-
tivity, good corrosion resistance and high strength at a
low temperature.

[0045] The heat exchange block 100 provided by the
embodiments of the disclosure is made of aluminum. Alu-
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minum has advantages such as low price and good heat
conductivity. Therefore, by adopting aluminum, costs of
the heat exchange block 100 may be reduced while good
heat conductivity thereof is ensured.

[0046] The embodiments of the present disclosure fur-
ther provide a circulation system for the outdoor unit of
the air conditioner as described in the technical solution
above. As shown in FIGS. 3 and 10, the circulation sys-
tem includes a subcooling heat exchanger 510, a main
electronic expansion valve 520, an outdoor heat ex-
changer 530 and a four-way valve 540 which are dis-
posed in the outdoor unit and are in communication with
each other in sequence through a main circulation liquid
pipe 500. The main circulation liquid pipe 500 is in com-
munication with an indoor unit. The four-way valve 540
is further connected with the compressor 550 and a gas-
liquid separator 560, the compressor 550 is in commu-
nication with the gas-liquid separator 560, and the gas-
liquid separator 560 is in communication with the sub-
cooling heat exchanger 510. A cooling circulation branch
600 is provided on the main circulation liquid pipe 500,
the cooling circulation branch 600 is in communication
with the refrigerant pipe 200, and an auxiliary electronic
expansion valve 610is provided on the cooling circulation
branch 600.

[0047] The circulation system provided by the embod-
iments of the present disclosure solves the same prob-
lems and achieves the same technical effects as the
above air conditioner, which will not be repeated herein.
[0048] The cooling circulation branch 600 provided by
the embodiments of the present disclosure is disposed
between the subcooling heat exchanger 510 and the out-
door heat exchanger 530, and is connected in parallel
with the main electronic expansion valve 520, as shown
in FIGS. 3 and 10.

[0049] Inacase where the air conditioneris generating
heat, a liquid refrigerant enters the cooling circulation
branch 600 from the main circulation liquid pipe 500, ex-
changes heat with the driving module 400 in the refrig-
erant pipe 200, takes away the heat of the driving module
400, throttles at the auxiliary electronic expansion valve
610, becomes a low-temperature and low-pressure re-
frigerant, and then enters the outdoor heat exchanger
530.

[0050] In a case where the air conditioner is refriger-
ating, the liquid refrigerant flowing out of the outdoor heat
exchanger 530 passes through the main circulation liquid
pipe 500, then passes through the auxiliary electronic
expansion valve 610, and then passes through the driv-
ing module 400, takes away the heat of the driving mod-
ule 400, and then flows back to the main circulation liquid
pipe 500, and then flows into the subcooling heat ex-
changer 510.

[0051] During the circulation, the temperature of the
driving module 400 may be adjusted by adjusting an
opening degree of the auxiliary electronic expansion
valve 610. In a case where the temperature of the driving
module 400 is high, the opening degree of the auxiliary
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electronic expansion valve 610 is controlled to be in-
creased, so that an amount of refrigerant in the cooling
circulation branch 600 increases, thereby decreasing the
temperature of the driving module 400. In a case where
the temperature of the driving module 400 is low, the
opening degree of the auxiliary electronic expansion
valve 610 is controlled to be decreased, so that the
amount of refrigerant in the cooling circulation branch
600 decreases, and the heat is generated in the driving
module 400, thereby increasing the temperature of the
driving module 400. Thus, the temperature of the driving
modules 400 is adjusted, and heat may be transferred
between the driving modules 400 through the heat con-
duction member 300, which further improves a balance
between the driving modules 400.

[0052] It will be noted that in the above circulation sys-
tem, since the main electronic expansion valve 520 and
the auxiliary electronic expansion valve 610 are connect-
ed in parallel with each other, the main electronic expan-
sion valve 520 and the auxiliary electronic expansion
valve 610 are used through mutual adjustment. In a case
where the temperature of a driving module 400 is higher
than a safe range and the opening degree of the auxiliary
electronic expansion valve 610 is nearly in a fully open
state, since the auxiliary electronic expansion valve 610
is nearly fully opened while the temperature of the driving
module 400 still exceeds the safe range, it indicates that
the amount of refrigerant in the cooling circulation branch
600 is insufficient. Therefore, it is possible to adjust the
opening degree of the main electronic expansion valve
520, that is, to decrease the opening degree of the main
electronic expansion valve 520, so as to decrease the
amount of the refrigerant passing through the main cir-
culation liquid pipe 500.

[0053] Thus, the amount of refrigerant entering the
cooling circulation branch 600 is increased, thereby in-
creasing the cooling capacity used to decrease the tem-
perature of the driving module 400. As a result, the tem-
perature of the driving module 400 may be smoothly de-
creased to a safe range, which prevents damage to the
driving module 400 due to an excessive temperature.
[0054] For example, the opening degree of the auxil-
iary electronic expansion valve 610 may be set to 85%
of the fully open state. In a case where the temperature
of the driving module 400 exceeds the safe range, and
the opening degree of the auxiliary electronic expansion
valve 610 is greater than 85% of the fully open state, at
this time, the opening degree of the main electronic ex-
pansion valve 520 is controlled to be decreased, thereby
increasing the amount of refrigerant in the cooling circu-
lation branch 600.

[0055] The cooling circulation branch 600 provided by
the embodiments of the present disclosure is disposed
at an end of the subcooling heat exchanger 510 proxi-
mate to the indoor unit, and an outlet of the auxiliary elec-
tronic expansion valve 610 is in communication with the
subcooling heat exchanger 510, as shown in FIGS. 3and
11.
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[0056] In a case where the cooling circulation branch
600 is disposed at an end of the subcooling heat ex-
changer 510 proximate to the indoor unit, the auxiliary
electronic expansion valve 610 may be used to replace
an electronic expansion valve atan inlet of the subcooling
heat exchanger 510, that is, only two electronic expan-
sion valves may be disposed in the circulation system,
thereby reducing the cost.

[0057] Inaddition,in acase where the circulation struc-
ture is refrigerating or generating heat, a circulation di-
rection of the cooling circulation branch 600 is the same.
Thatis, the liquid refrigerant enters the cooling circulation
branch 600 from the main circulation liquid pipe 500,
takes away the heat in the driving module 400, and then
throttles at the auxiliary electronic expansion valve 610
to become a low-temperature and low-pressure refriger-
ant. The low-temperature and low-pressure refrigerant
passes through the subcooling heat exchanger 510 and
exchanges heat with the refrigerant in the main circula-
tion liquid pipe 500, so as to cool the refrigerant in the
main circulation liquid pipe 500 and increase a subcool-
ing degree thereof. The low-temperature and low-pres-
sure refrigerant passing through the cooling circulation
branch 600 absorbs heat to raise its own temperature
and returns to the gas-liquid separator 560, and then en-
ters the compressor 550.

[0058] During the circulation, the temperature of the
driving module 400 is also adjusted by adjusting the
opening degree of the auxiliary electronic expansion
valve 610. In the case where the temperature of the driv-
ing module 400 is high, the opening degree of the auxil-
iary electronic expansion valve 610 is controlled to be
increased, so that the amount of the refrigerant in the
cooling circulation branch 600 increases, thereby de-
creasing the temperature of the driving module 400. In a
case where the temperature of the driving module 400
is low, the opening degree of the auxiliary electronic ex-
pansion valve 610 is controlled to be decreased, so that
the amount of refrigerantin the cooling circulation branch
600 decreases, and the heat may be generated in the
driving module 400, thereby increasing the temperature
of the driving module 400. Thus, the temperature of the
driving modules 400 is adjusted, the heat may be trans-
ferred between the driving modules 400 through the heat
conduction member 300, and a balance between the driv-
ing modules 400 is further improved.

[0059] Theembodiments ofthe presentdisclosure pro-
vide a method for controlling the circulation system as
described in the above technical solution. A flow diagram
of the method is shown in FIG. 12. A temperature sensor
is provided in each of the driving modules 400, and the
temperature sensor is used for detecting the temperature
of the driving module 400.

[0060] The control method includes the following
steps. First, a temperature Ta of the driving module 400
is monitored by the temperature sensor, and a targettem-
perature Tft is set. The target temperature Tft is within a
safe temperature range. That is, the target temperature
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Tft satisfies that Tmin is less than Tft, and Tft is less than
Tmax (i.e., Tmin < Tft < Tmax), and the target tempera-
ture Tft is equal to a sum of an ambient temperature Tb
and a deviation Td. The deviation Td is used to ensure
that the temperature of the driving module 400 is higher
than the ambient temperature, and the deviation Td is
the minimum deviation value to ensure that there is no
risk of condensation. For example, Td is greater than
15°C and less than 25°C (i.e., 15°C < Td < 25°C). Then,
the auxiliary electronic expansion valve 610 is adjusted
to stabilize the temperature of the driving module 400 at
the target temperature.

[0061] Inacasewhereitisdetected thatatemperature
difference Tc between the temperature Ta of a driving
module 400 and an ambient temperature Tb is less than
a first preset temperature t1, a temperature value of the
set target temperature is increased, so that the opening
degree of the auxiliary electronic expansion valve 610 is
decreased, an amount of refrigerant circulating in the re-
frigerant pipe 400 is decreased, the temperature of the
driving module 400 where the temperature difference is
detected to be less than the first preset temperature in-
creased, and the temperature difference between the
temperature of the driving module 400 and the ambient
temperature is greater than the first preset temperature.
[0062] In acase where the temperature differences Tc
between the temperature of each driving module 400 and
the ambient temperature are all greater than the first pre-
set temperature t1, it is not necessary to adjust the tem-
perature value of the target temperature. Then, the aux-
iliary electronic expansion valve 610 is continuously ad-
justed to stabilize the temperature of the driving module
400 within the target temperature.

[0063] Inthe method for controlling the circulation sys-
tem provided by the embodiments of the present disclo-
sure as described above, a temperature sensor is pro-
vided in each driving module 400 to monitor the temper-
ature of the driving module 400. A temperature value is
selected within the safe temperature range, and the tem-
perature value is set as a target temperature. Then, the
opening degree of the auxiliary electronic expansion
valve 610 is continuously adjusted, so that the tempera-
ture of the driving module 400 is stabilized around the
target temperature, and the temperature of the driving
module 400 is within the safe temperature range.
[0064] In a case where the temperature difference Tc
between the temperature Ta of one or more driving mod-
ules 400 and the ambient temperature Tb is less than
the first preset temperature t1, it is determined that the
temperature of the driving module 400 is too low, and the
condensation phenomenon may occur.

[0065] Therefore, the opening degree of the auxiliary
electronic expansion valve 610 is decreased by increas-
ing the temperature value of the set target temperature,
and the amount of refrigerant in the refrigerant pipe 200
is decreased, that is, the amount of heat carried away by
the refrigerant is decreased, so that the temperature of
all the driving modules 400 is increased. Based on a fact
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that the heat conduction member 300 may transfer heat
between the adjacent driving modules 400, the driving
module 400 with a high temperature transfers heat to the
driving module 400 with a low temperature, and thus, the
temperature of the driving module with the low temper-
ature increases, which makes a temperature difference
between the temperature thereof and the ambient tem-
perature greater than the first preset temperature, there-
by avoiding the condensation phenomenon.

[0066] In the case where the temperature differences
Tc between the temperature of each driving module 400
and the ambient temperature are all greater than the first
preset temperature t1, it is determined that there is no
risk of condensation. Therefore, it is not necessary to
change the temperature value of the target temperature,
and it is only necessary to continuously adjust the auxil-
iary electronic expansion valve 610 to stabilize the tem-
perature of the driving module 400 around the target tem-
perature.

[0067] Inthe control method of the embodiments of the
present disclosure, the target temperature is set, and the
temperature of the corresponding driving module is mon-
itored by the temperature sensor, so that the target tem-
perature is considered as the target value when contin-
uously controlling and adjusting the opening degree of
the auxiliary electronic expansion valve 610. That is, the
amount of heat taken away by the refrigerant is adjusted,
so that the temperature of the driving module 400 is sta-
bilized around the target temperature, and the tempera-
ture of the driving module 400 is prevented from being
too low to cause the condensation phenomenon.
[0068] Monitoring the minimum temperature of the
driving module 400 can ensure that the condensation
phenomenon will not occur on the driving module 400.
However, if the temperature of the driving module 400 is
too high, the driving module 400 may be damaged, there-
by affecting the normal operation of the outdoor unit.
Therefore, as shown in FIG. 12, in a case where it is
detected that the temperature Ta of the driving module
400 is greater than the target temperature Tft, the open-
ing degree of the auxiliary electronic expansion valve 610
is increased, and the amount of refrigerant circulating in
the refrigerant pipe 200 is increased, so that the temper-
ature of the driving module 400 where the temperature
is detected to be greater than the target temperature is
decreased, and the temperature of the driving module
400 is stabilized at the target temperature.

[0069] The temperature of each driving module 400 is
monitored by the temperature sensor. In a case where
the temperature Ta of the driving module 400 is greater
than the maximum value Tmax of the safe temperature
range, itis determined that the temperature of the driving
module 400 is too high, which may cause burning and
damage of the driving module 400. At this time, the open-
ing degree of the auxiliary electronic expansion valve 610
isincreased. Thatis, the amount of refrigerant circulating
in the refrigerant pipe 200 is increased. The heat gener-
ated by the driving module 400 is taken away by the re-
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frigerant, so that the temperature of the driving module
400 where the temperature is detected to be greater than
a maximum value of the safe temperature range is de-
creased, and the temperature of the driving module 400
is within the safe temperature range. In addition, heat is
transferred between adjacent driving modules 400
through the heat conduction member 300, so that tem-
peratures of a plurality of driving modules 400 are more
balanced, thereby preventing the temperature of the driv-
ing module 400 from being too high.

[0070] In summary, in the control method provided by
the embodiments of the present disclosure, by setting a
suitable target value and then continuously adjusting the
opening degree of the auxiliary electronic expansion
valve 610 (thatis, adjusting the amount of the refrigerant),
the temperature of the driving module 400 is stabilized
at the target temperature.

[0071] Since the target temperature selects a value
within the safe temperature range, itis possible to ensure
that the temperature of the driving module 400 is within
the safe temperature range. In detail, in a case where
the temperature of the driving module 400 is too high,
the opening degree of the auxiliary electronic expansion
valve 610 is increased (that is, the amount of refrigerant
is increased), so that the temperature of the driving mod-
ule 400 may be decreased to the target temperature. In
a case where the temperature of the driving module 400
is too low, the temperature value of the target tempera-
ture is increased. At this time, the opening degree of the
auxiliary electronic expansion valve 610 is decreased
(that is, the amount of refrigerant is decreased), so that
the temperature of the driving module 400 is increased.
Thus, the opening degree of the auxiliary electronic ex-
pansion valve 610 is continuously adjusted according to
the target temperature, so that the temperature of the
drivingmodule 400 is stabilized at the target temperature,
which ensures that the temperature of the driving module
400 will neither be too high nor too low, thereby ensuring
the normal and stable operation of the outdoor unit.
[0072] Further, in the control method provided by the
embodiments of the present disclosure, the temperature
of each driving module 400 is monitored through a tem-
perature sensor, and a target temperature value is set to
continuously feedback the temperature of the driving
module 400 through a PID control method. Moreover,
the opening degree of the auxiliary electronic expansion
valve 610 is continuously adjusted, the amount of refrig-
erant circulating in the refrigerant pipe 200 is increased
or decreased, and the temperature of the driving module
400 is continuously adjusted. Finally, the temperature of
the driving module 400 is stable within the safe temper-
ature range. During the adjustment, the heat exchange
block 100 and the heat conduction member 300 may
adoptanintegrated structure to transfer the heat between
the driving modules 400, so that the temperatures of the
driving modules 400 are more balanced, thereby effec-
tively preventing the condensation problem due to the
low temperature of the driving module, and ensuring the

10

15

20

25

30

35

40

45

50

55

normal operation of the driving module 400.

[0073] In the air conditioner with the plurality of com-
pressors 550 provided by the embodiments of the
present disclosure, in a case where only one of the com-
pressors 550 needs to be operated, the driving module
400 proximate to an inlet of the cooling circulation branch
600 is controlled to drive the compressor 550 corre-
sponding to the driving module 400 to operate.

[0074] In a case where a compressor 550 away from
the inlet of the cooling circulation branch 600 is operated,
when the refrigerant enters the cooling circulation branch
600 from the inlet of the cooling circulation branch 600,
since the driving module 400 at the inlet is not operated,
heat dissipation is not required. When the refrigerant
passes through the driving module 400 at the inlet, the
temperature of the driving module 400 at the inlet is fur-
ther decreased. Therefore, the condensation phenome-
non may occur. Therefore, in a case where only one com-
pressor 550 needs to be operated, the compressor 550
at the inlet is controlled to be operated, so that when the
refrigerant passes through the compressor 550, the tem-
perature of the refrigerant is increased through heat ex-
change, and when the refrigerant passes through the fol-
lowing driving module 400 that is not operating, the tem-
perature of the driving module 400 that is not operating
will not be decreased, which prevents the condensation
phenomenon.

[0075] Further, in a case where a plurality of compres-
sors 550 of all the compressors 550 need to be operated,
a plurality of driving modules 400 proximate to the inlet
of the cooling circulation branch 600 are controlled to
drive the plurality of compressors 550 to operate.
[0076] Based onthe above reasons, in orderto prevent
the driving modules 400 that are not operating from being
cooled by the low-temperature refrigerant and thus re-
sulting in the occurrence of the condensation phenome-
non, in a case where some compressors 550 need to be
operated, the plurality of driving modules 400 proximate
to the inlet of the cooling circulation branch 600 are con-
trolled to operate in sequence. For example, if two com-
pressors 550 need to be operated, a first driving module
and a second driving module 400 closest to the inlet of
the cooling circulation branch 600 may be controlled to
operate. When the refrigerant passes through the driving
modules 400 that are operating and exchanges the heat,
the temperature of the refrigerant is increased, so as to
ensure that the temperature of the driving module 400
that is not operating will not be too low when the refrig-
erant passes through the driving module 400 that is not
operating, thereby preventing the condensation phenom-
enon of the driving module 400.

[0077] It will be noted that when one or more of some
of the compressors 550 are required to be operated, after
the corresponding driving module 400 is started in the
above manner and the corresponding compressor 550
is driven to be operated, the target temperature is set
and the temperature of the driving module 400 is adjusted
according to the aforementioned control method, so that
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the temperature of the driving module 400 is stabilized
at the target temperature, thereby ensuring that the tem-
perature of the driving module 400 will neither be too high
nor too low.

[0078] In addition, the control method provided by the
embodiments of the present disclosure is also applicable
to the outdoor unit of the mono-compressor 550.
[0079] In some embodiments of the present disclo-
sure, the first preset temperature is in a range of 2°C to
5°C, inclusive. That is, in a case where the temperature
difference between the temperature of the driving module
400 and the ambient temperature is less than the tem-
perature value, it is determined that the condensation
phenomenon may occur on the driving module 400. At
this time, the opening degree of the auxiliary electronic
expansion valve 610 is adjusted in time, so that the tem-
perature of the driving module 400 is adjusted to prevent
the temperature thereof from further decreasing and thus
generating the condensation phenomenon.

[0080] In some embodiments of the present disclo-
sure, the safe temperature is in a range of 50°C to 75°C,
inclusive. Thatis, in a case where the temperature of the
driving module 400 is greater than 75°C, it is determined
thatthe temperature of the driving module 400 is too high,
which may cause burning and damage of the driving mod-
ule 400. At this time, the opening degree of the auxiliary
electronic expansion valve 610 is adjusted in time, so
that the temperature of the driving module 400 is adjusted
to prevent the temperature thereof from further increas-
ing and thus cause burning and damage of the driving
module 400.

[0081] In the description of the specification, specific
features, structures, materials or characteristics may be
combined in any suitable manner in any one or more
embodiments or examples.

[0082] The foregoing descriptions are merely specific
implementation of the present disclosure, but the protec-
tion scope of the present disclosure is not limited thereto,
and changes or replacements that any person skilled in
the art could readily conceive of within the technical
scope disclosed by the present disclosure shall be within
the protection scope of the present disclosure. Therefore,
the protection scope of the present disclosure shall be
subject to the protection scope of the claims.

Claims

1. An outdoor unit of an air conditioner, characterized
in that, the outdoor unit of the air conditioner com-
prises:

a housing provided with at least two compres-
sors therein;

at least two driving modules, and each of the at
least two driving modules correspondingly driv-
ing one of the compressors;

aheatexchange block, and different parts there-
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of being connected to different driving modules
in a heat conducting manner; and

a refrigerant pipe having refrigerant therein, and
the refrigerant pipe being inserted into the heat
exchange block and being capable of cooling
the heat exchange block.

The outdoor unit of the air conditioner according to
claim 1, characterized in that, two adjacent heat
exchange blocks are connected through a heat con-
duction member, and the heat conduction member
is configured to transfer heat between the two adja-
cent heat exchange blocks.

The outdoor unit of the air conditioner according to
claim 2, characterized in that, the heat conduction
member and the heat exchange block are made of
a same material and are integrally formed.

The outdoor unit of the air conditioner according to
claim 3, characterized in that, the heat exchange
block includes a fixing plate and a heat conducting
portion disposed on the fixing plate, a through hole
is provided in the heat conducting portion in a length
direction of the fixing plate, the refrigerant pipe is
inserted into the through hole, the fixing plate is con-
nected to the driving module, and the fixing plate and
the heat conducting portion are made of a same ma-
terial and are integrally formed.

The outdoor unit of the air conditioner according to
claim 4, characterized in that, the heat conduction
member has a same structure as the heat exchange
block, and an end surface of the heat conduction
member is tightly connected to an end surface of the
heat exchange block.

The outdoor unit of the air conditioner according to
claim 4, characterized in that, the driving module
is disposed on a circuit substrate, the fixing plate is
tightly attached to the circuit substrate, and the circuit
substrate is capable of transferring a cooling capac-
ity of the refrigerant to the driving module to decrease
a temperature of the driving module.

The outdoor unit of the air conditioner according to
claim 4, characterized in that, an outer wall of the
refrigerant pipe is tightly attached to an inner wall of
the through hole by expanding the refrigerant pipe.

The outdoor unit of the air conditioner according to
claim 4, characterized in that, the refrigerant pipe
is a U-shaped pipe, the heat exchange block in-
cludes two heat conducting portions, which are dis-
posed at edges on two sides of the fixing plate in the
length direction, and two straight pipe sections of the
U-shaped pipe are inserted into the through holes in
the two heat conducting portions.
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A circulation system for the outdoor unit of the air
conditioner according to any one of claims 1 to 8,
characterized in that, the circulation system com-
prises a subcooling heat exchanger, a main elec-
tronic expansion valve, an outdoor heat exchanger
and a four-way valve which are disposed in the out-
door unit and are in communication with each other
in sequence through a main circulation liquid pipe;
the main circulation liquid pipe is in communication
with an indoor unit; the four-way valve is further con-
nected with a compressorand a gas-liquid separator,
the compressor is in communication with the gas-
liquid separator, and the gas-liquid separator is in
communication with the subcooling heat exchanger;
a cooling circulation branch is provided on the main
circulation liquid pipe, the cooling circulation branch
is in communication with the refrigerant pipe, and an
auxiliary electronic expansion valve is provided on
the cooling circulation branch.

The circulation system according to claim 9, char-
acterized in that, the cooling circulation branch is
disposed between the subcooling heat exchanger
and the outdoor heat exchanger, and is in parallel
with the main electronic expansion valve.

The circulation system according to claim 9, char-
acterized in that, the cooling circulation branch is
disposed at an end of the subcooling heat exchanger
proximate to the indoor unit, and an outlet of the aux-
iliary electronic expansion valve is in communication
with the subcooling heat exchanger.

A method for controlling the circulation system ac-
cording to any one of claims 9 to 11, characterized
in that, a temperature sensor is provided in each of
the driving modules, and the temperature sensor is
used for detecting a temperature of the driving mod-
ule, and the control method comprises:

monitoring the temperature of the driving mod-
ule through the temperature sensor and setting
atargettemperature, the target temperature be-
ing within a safe temperature range, and then
adjusting an auxiliary electronic expansion valve
to stabilize the temperature of the driving module
at the target temperature; and

increasing a preset temperature value of the tar-
get temperature in a case where it is detected
that a temperature difference between the tem-
perature of the driving module and an ambient
temperature is less than a first preset tempera-
ture, so that an opening degree of the auxiliary
electronic expansion valve is decreased, an
amount of refrigerant circulating in the refriger-
ant pipe is decreased, a temperature of the driv-
ing module where the temperature difference is
detected to be less than the first preset temper-

10

15

20

25

30

35

40

45

50

55

1"

EP 4 043 809 A1

13.

14.

15.

16.

17.

20

ature is increased, and the temperature differ-
ence between the temperature of the driving
module and the ambient temperature is greater
than the first preset temperature.

The control method according to claim 12, charac-
terized in that, in a case where it is detected that
the temperature of the driving module is greater than
the target temperature, the opening degree of the
auxiliary electronic expansion valve is increased,
and the amount of refrigerant circulating in the re-
frigerant pipe is increased, so that the temperature
of the driving module where the temperature is de-
tected to be greater than the target temperature is
decreased, and the temperature of the driving mod-
ule is stabilized at the target temperature.

The control method according to claim 13, charac-
terized in that, in a case where only one of all the
compressors needs to be operated, a driving module
proximate to an inlet of the cooling circulation branch
is controlled to drive a compressor corresponding to
the driving module to operate.

The control method according to claim 13, charac-
terized in that, in a case where a plurality of com-
pressors of all the compressors need to be operated,
a plurality of driving modules proximate to an inlet of
the cooling circulation branch are controlled to drive
a plurality of compressors corresponding to the plu-
rality driving modules to operate.

The control method according to claim 13, charac-
terized in that, the first preset temperature is in a
range of 2°C to 5°C, inclusive.

The control method according to claim 13, charac-
terized in that, the safe temperature is in a range
of 50°C to 75°C, inclusive.
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