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(67)  Avalve setintegrated module, a vehicle thermal
management system, and a vehicle are provided. The
valve setintegrated module includes abody, aninterface,
and avalve set. Afirstflow channelincluding afirst branch
channel is arranged inside the body. The interface is ar-
ranged on the body and includes an indoor condenser
outlet interface, an outdoor heat exchanger inlet inter-
face, and a first interface of a motor heat exchanger. The
valve set is arranged on the body and includes a first
electric valve and a second electric valve. The first elec-
tric valve has a throttling function and an unblock-
ing/blocking function. A first port of the first electric valve
is connected with the indoor condenser outlet interface.
A second port of the second electric valve is connected
with the outdoor heat exchanger inlet interface, and a
third port thereof is connected with the first interface of

the motor heat exchanger. A first opening configured to
be in communication with a second port and a third port
of the first electric valve and a second opening configured
to be in communication with a first port of the second
electric valve are arranged on the first branch channel.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure claims priority to Chi-
nese Patent Application No. 202110600866.6, filed on
May 31, 2021 and entitled "VALVE SET INTEGRATED
MODULE, VEHICLE THERMAL MANAGEMENT SYS-
TEM, AND VEHICLE", which is incorporated herein by
reference in its entirety.

FIELD

[0002] The present disclosure belongs to the field of
vehicle technologies, and specifically, to a valve set in-
tegrated module, a vehicle thermal management system,
and a vehicle.

BACKGROUND

[0003] A heat pump air conditioning system is an im-
portant part of a vehicle, which can change a temperature
environment in the vehicle so that a driver and passen-
gers can obtain a good driving experience. Each com-
ponent of a heat pipe system in the related art is con-
nected through a pipeline. An electronic expansion valve,
a dehumidification valve, a filter valve, a high-pressure
one-way valve, and a low-pressure one-way valve are
scattered on the pipeline. This design has some technical
defects such as complex pipeline layout, high space oc-
cupation, and difficult maintenance and assembly, which
is not conducive to vehicle platform design.

SUMMARY

[0004] The presentdisclosure is intended to provide a
valve set integrated module, a vehicle thermal manage-
ment system, and a vehicle, to solve technical problems
existing in the related art.

[0005] In order to achieve the above objective, the
present disclosure provides a valve set integrated mod-
ule, which includes a body, an interface, and a valve set.
[0006] Afirstflow channelis arranged in the body. The
first flow channel includes a first branch channel. The
interface is arranged on the body and configured to be
connected with a corresponding thermal management
device in a thermal management system, and includes
an indoor condenser outlet interface, an outdoor heat
exchanger inlet interface, and a first interface of a motor
heat exchanger. The valve set is arranged on the body
and includes a first electric valve and a second electric
valve. The first electric valve has a throttling function and
an unblocking/blocking function.

[0007] Afirst port of the first electric valve is connected
with the indoor condenser outlet interface. A second port
of the second electric valve is connected with the outdoor
heat exchanger inlet interface. A third port of the second
electric valve is connected with the first interface of the
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motor heat exchanger.

[0008] A first opening configured to be in communica-
tion with a second port of the first electric valve and a
third port of the first electric valve and a second opening
configured to be in communication with a first port of the
second electric valve are arranged on the first branch
channel, so that the second port of the first electric valve
or the third port of the first electric valve is in communi-
cation with the outdoor heat exchangerinletinterface and
the first interface of the motor heat exchanger through
the first branch channel.

[0009] Optionally, the interface further includes an out-
door heat exchanger outlet interface, an indoor evapo-
rator inlet interface, and a second interface of the motor
heat exchanger. When one of the first interface of the
motor heat exchanger and the second interface of the
motor heat exchanger is connected with an inlet of the
motor heat exchanger, the other is connected with an
outlet of the motor heat exchanger.

[0010] The first flow channel furtherincludes a second
branch channel.
[0011] The valve set further includes a third electric

valve. The third electric valve has a throttling function
and an unblocking/blocking function.

[0012] A third opening configured to be in communica-
tion with the outdoor heat exchanger outlet interface, a
fourth opening configured to be in communication with a
first port of the third electric valve, and a fifth opening
configured to be in communication with the second inter-
face of the motor heat exchanger are arranged on the
second branch channel, so that the first port of the third
electric valve is in communication with the outdoor heat
exchanger outlet interface and the second interface of
the motor heat exchanger through the second branch
channel, and the second port of the third electric valve
is connected with the indoor evaporator inlet interface.
[0013] Optionally, the interface further includes a gas-
liquid separator inlet interface and an indoor evaporator
outlet interface.

[0014] The first flow channel further includes the third
branch channel.
[0015] A sixth opening configured to be in communi-

cation with a third port of the third electric valve, a seventh
opening configured to be in communication with the in-
door evaporator outlet interface, and an eighth opening
configured to be in communication with the gas-liquid
separator inlet interface are arranged on the third branch
channel, so that the third port of the third electric valve
and the indoor evaporator outlet interface are both in
communication with the gas-liquid separator inlet inter-
face through the third branch channel.

[0016] Optionally, the valve set integrated module fur-
ther includes a first temperature sensor. A temperature
sensor interface in communication with the third branch
channel is further arranged on the body. The temperature
sensor interface is located between the indoor evapora-
tor outlet interface and the gas-liquid separator inlet in-
terface, and a detection terminal of the first temperature
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sensor extends into the temperature sensorinterface and
is located in the third branch channel.

[0017] Optionally, the interface further includes a first
interface of a battery pack heat exchanger and a first
one-way valve.

[0018] A ninth opening configured to be in communi-
cation with a first port of the first one-way valve is further
arranged on the second branch channel, so that the first
port of the first one-way valve is in communication with
the outdoor heat exchanger outlet interface through the
second branch channel. A second port of the first one-
way valve is connected with the first interface of the bat-
tery pack heat exchanger. The first one-way valve is con-
figured to allow a fluid to flow only in a direction from the
first port toward the second port.

[0019] Optionally, the valve set further includes a sec-
ond one-way valve.

[0020] A first port of the second one-way valve is con-
nected with the first interface of the battery pack heat
exchanger, and a tenth opening configured to be in com-
munication with a second port of the second one-way
valve is arranged on the first branch channel, so that the
second port of the second one-way valve is in commu-
nication with the first interface of the motor heat exchang-
er through the first branch channel.

[0021] Optionally, the interface further includes the
gas-liquid separatorinletinterface and a second interface
of the battery pack heat exchanger. When one of the first
interface of the battery pack heat exchanger and the sec-
ond interface of the battery pack heat exchanger is con-
nected with an inlet of the battery pack heat exchanger,
the other is connected with an outlet of the battery pack
heat exchanger.

[0022] The first flow channel further includes the third
branch channel.
[0023] The valve set further includes an expansion

valve and a first switch valve. A first port of the expansion
valve is connected with the second port of the first one-
way valve and the first port of the second one-way valve.
A second port of the expansion valve is connected with
the first interface of the battery pack heat exchanger.
[0024] A first port of the first switch valve is connected
with the second interface of the battery pack heat ex-
changer, and an eleventh opening configured to be in
communication with a second port of the first switch valve
is further arranged on the third branch channel, so that
the second port of the first switch valve is in communi-
cation with the gas-liquid separator inletinterface through
the third branch channel.

[0025] Optionally, the interface further includes a com-
pressor outlet interface. The first flow channel further in-
cludes a fourth branch channel.

[0026] The expansion valve is a two-way expansion
valve. The valve set further includes a second switch
valve. A first port of the second switch valve is connected
with the compressor outlet interface.

[0027] A twelfth opening configured to be in commu-
nication with a second port of the second switch valve,
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a thirteenth opening configured to be in communication
with the second interface of the battery pack heat ex-
changer, and a fourteenth opening configured to be in
communication with the first port of the first switch valve
are further arranged on the fourth branch channel, so
that the second port of the second switch valve and the
second interface of the battery pack heat exchanger are
both in communication with the first port of the first switch
valve through the fourth branch channel.

[0028] Optionally, the body includes a first portion and
a second portion. The first portion includes a first con-
necting surface. The second portion includes a second
connecting surface. The first connecting surface is her-
metically connected with the second connecting surface.
[0029] Atleastone groove is arranged on the first con-
necting surface, and the groove on the first connecting
surface and the second connecting surface jointly define
the first flow channel, and/or at least one groove is ar-
ranged on the second connecting surface, and the
groove on the second connecting surface and the first
connecting surface jointly define the first flow channel.
[0030] Optionally, the first flow channelis a curved flow
channel or a linear flow channel.

[0031] Optionally, at least one groove is arranged on
the first connecting surface. The groove on the first con-
necting surface and the second connecting surface jointly
define the first flow channel. Multiple second flow chan-
nels are arranged inside the first portion. The valve set
is in communication with a corresponding opening ar-
ranged on the first flow channel through the second flow
channels.

[0032] Optionally, the valve set is in communication
with the corresponding opening arranged on the first flow
channel, and a valve core of a valve in the valve set is in
direct communication with the corresponding opening.
[0033] According to another aspect of the present dis-
closure, a vehicle thermal management system is pro-
vided. The system includes the valve setintegrated mod-
ule.

[0034] According to still another aspect of the present
disclosure, a vehicle is provided. The vehicle includes
the vehicle thermal management system.

[0035] In the valve set integrated module provided in
the present disclosure, a flow channel, such as the first
flow channel, is arranged inside the body to replace the
existing connecting pipeline, which is beneficial to reduce
the design of the connecting pipeline in thermal manage-
ment system. The valve set with multiple valves is inte-
grated on the body, which is convenient for maintenance
and disassembly and can effectively reduce a support
design used for mounting each valve. In addition, the flow
channel design inside the body is also conducive to re-
ducing a weight of the valve setintegrated module, which
is conducive to the lightweight design of the vehicle and
can reduce cost and fuel consumption. Atthe same time,
due to reduction of the use of parts, an arrangement
space of the vehicle is facilitated to be reduced. Moreo-
ver, the flow channel can be flexibly designed on the body
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of the valve set integrated module, so that an arrange-
ment position of each valve can also be flexibly selected
to adapt to different vehicle arrangements, which is con-
ducive to the design of the vehicle platform.

[0036] Besides, when the valve set integrated module
is applicable to the vehicle thermal management system,
the valve setintegrated module is connected with another
heat exchange device in thermal management system,
which is beneficial to realize a preset thermal manage-
ment mode of the vehicle thermal management system.
[0037] In addition, by setting the first branch channel
to fit with the second electric valve, the refrigerant enter-
ing the body through the indoor condenser outlet inter-
face can share the first branch channel and respectively
enter the outdoor heat exchanger and the motor heat
exchanger. Sharing the first branch channel is beneficial
to reduce the number of flow channels provided, thereby
simplifying the structure of the valve set integrated mod-
ule.

[0038] Other features and advantages of the present
disclosure will be described in detail in the following de-
tailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings are intended to
provide further understanding of the present disclosure
and constitute a part of this specification. The accompa-
nying drawings and the specific implementations below
are used together for explaining the present disclosure
rather than constituting a limitation to the present disclo-
sure. In the accompanying drawings:

FIG. 1 is a schematic structural diagram of a thermal
management system according to an implementa-
tion of this application, a valve set integrated module
being shown.

FIG. 2 is a three-dimensional schematic diagram of
avalve set integrated module according to an imple-
mentation of the present disclosure.

FIG. 3 is a three-dimensional schematic diagram of
a valve setintegrated module from another perspec-
tive according to an implementation of the present
disclosure.

FIG. 4 is an explosive schematic diagram of a valve
set integrated module according to an implementa-
tion of the present disclosure.

FIG. 5 is a schematic front view of a valve set inte-
grated module according to animplementation of the
present disclosure.

FIG. 6 is a schematic bottom view of a valve set
integrated module according to an implementation
of the present disclosure.

FIG. 7 is a schematic top view of a valve set inte-
grated module according to animplementation of the
present disclosure.

FIG. 8 is a schematic diagram of arrangement of a
first flow channel of a valve set integrated module
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according to an implementation of this application.
FIG. 9 is a cross-sectional view taken along line A-
Ain FIG. 6.
FIG. 10 is a cross-sectional view taken along line B-
B in FIG. 6.
FIG. 11 is a cross-sectional view taken along line C-
Cin FIG. 5.
FIG. 12 is a cross-sectional view taken along line D-
Din FIG. 5.
FIG. 13 is a cross-sectional view taken along line E-
E in FIG. 5.
FIG. 14 is a cross-sectional view taken along line F-
F in FIG. 5.
FIG. 15 is a cross-sectional view taken along line G-
GinFIG. 7.

DESCRIPTION OF REFERENCE NUMERALS

[0040] 100-Valve set integrated module; 10-Body; 1-
First portion; 101-First connecting surface; 102-Water
flow tank; 11-First branch channel; 12-Second branch
channel; 13-Third branch channel; 14-Fourth branch
channel; 15-Fifth branch channel; 2-Second portion; 21-
First electric valve; 211-Valve core of first electric valve;
212-Driving motor; 22-Second electric valve; 221-Valve
core of second electric valve; 23-Third electric valve; 231-
Valve core of third electric valve; 31-First switch valve;
32-Second switch valve; 40-Expansion valve; 51-First
one-way valve; 52-Second one-way valve; 61-First tem-
perature sensor; 62-Second temperature sensor; 201-
Indoor condenser outlet interface; 202-Outdoor heat ex-
changer inletinterface; 203-Outdoor heat exchanger out-
letinterface; 204-Firstinterface of motor heat exchanger;
205-Second interface of motor heat exchanger; 206-In-
door evaporator inlet interface; 207-Indoor evaporator
outlet interface; 208-First interface of battery pack heat
exchanger; 209-Second interface of battery pack heat
exchanger; 210-Compressor outlet interface; 211-Gas-
liquid separator inlet interface; 301-First opening; 302-
Second opening; 303-Third opening; 304-Fourth open-
ing; 305-Fifth opening; 306-Sixth opening; 307-Seventh
opening; 308-Eighth opening; 309-Ninth opening; 310-
Tenth opening; 311-Eleventh opening; 312-Twelfth
opening; 313-Thirteenth opening; 314-Fourteenth open-
ing; 315-Fifteenth opening; 200-Indoor condenser; 300-
Outdoor heat exchanger; 400-Indoor evaporator; 500-
Battery pack heat exchanger; 600-Compressor; 700-Mo-
tor heat exchanger; 701-First port of motor; 702-Second
port of motor; 703-Third port of motor; 704-Fourth port
of motor; 800-Gas-liquid separator; 910-High voltage
system; 920-Water pump; 930-Water supply tank; 940-
Heat sink; 950-Three-way valve.

DETAILED DESCRIPTION

[0041] Specific implementations of the present disclo-
sure are described in detail below with reference to the
accompanying drawings. It should be understood that
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the specificimplementations described herein are merely
used to describe and explain the present disclosure, but
are not intended to limit the present disclosure.

[0042] In the present disclosure, without the contrary
explanation, the directional terms "up and down" are de-
fined based on a surface direction of the drawings, "up
and down" are the same as directions referred to by the
up and down of a vehicle, and "inside and outside" refer
to inside and outside o relevant parts. In addition, terms
"first", "second" and "third" are only used for distinguish-
ing the description and cannot be understood as indicat-
ing or implying relative importance.

[0043] In addition, in the description of the present dis-
closure, it should be noted that, unless otherwise spec-
ified or defined, the terms "arrangement", "communica-
tion", "installation" should be broadly understood, for ex-
ample, may be fixed connection, may also be detachable
connection or integrated connection; or may be a direct
connection, an indirect connection through a middle me-
dium, or interior communication between two elements.
A person of ordinary skill in the art may understand the
specific meanings of the foregoing terms in the present
disclosure according to specific situations.

[0044] AsshowninFIG. 1to FIG. 15, the present dis-
closure provides a valve set integrated module 100, a
vehicle thermal management system including the valve
set integrated module 100, and a vehicle having the ve-
hicle thermal management system.

[0045] As shown in FIG. 1, the vehicle thermal man-
agement system may include a thermal managementde-
vice and a valve setintegrated module 100. thermal man-
agement device may include a compressor 600, an in-
door condenser 200, an outdoor heat exchanger 300, an
indoor evaporator 400, a gas-liquid separator 800, and
the like. The valve set integrated module 100 is provided
with corresponding interfaces connected to the compres-
sor 600, the indoor condenser 200, the outdoor heat ex-
changer 300, the indoor evaporator 400, and the gas-
liquid separator 800, so as to connect with each thermal
management device into various flow paths to realize
various preset modes of the vehicle thermal manage-
ment system, such as an air conditioning refrigeration
mode, a battery cooling mode, a battery heating mode,
a heat pump heating mode, and an air conditioning de-
humidification mode.

[0046] Referring to FIG. 1 to FIG. 15, the valve set in-
tegrated module 100 provided by the present disclosure
includes a body 10, an interface, and a valve set. A first
flow channel is arranged in the body 10. The first flow
channel includes a first branch channel 1. The interface
is arranged on the body 10 and configured to be con-
nected with a corresponding thermal management de-
vice in a thermal management system. The interface in-
cludes an indoor condenser outlet interface 201, an out-
door heat exchanger inlet interface 202, and a first inter-
face 204 of a motor heat exchanger. The indoor condens-
eroutlet interface 201 is configured to be connected with
an outlet of the indoor condenser 200. The outdoor heat
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exchanger inlet interface 202 is configured to be con-
nected with an inlet of the outdoor heat exchanger 300.
The first interface 204 of the motor heat exchanger is
configured to be connected with a first port 701 of the
motor heat exchanger 700. The valve set is arranged on
the body 10. The valve set includes a first electric valve
21 and a second electric valve 22. The first electric valve
(21) has a throttling function and an unblocking/blocking
function. That is, the first electric valve 21 can be used
as both a switch valve and an expansion valve.

[0047] A first port of the first electric valve 21 is in com-
munication with the indoor condenser outlet interface
201. A second port of the second electric valve 22 is
connected to the outdoor heat exchanger inlet interface
202. A third port of the second electric valve 22 is con-
nected to the first interface 204 of the motor heat ex-
changer. A first opening 301 configured to be in commu-
nication with a second port of the first electric valve 21
and a second opening 302 configured to be in commu-
nication with a first port of the second electric valve 22
are respectively arranged on the first branch channel 11,
so that a second port of the first electric valve 21 or a
third port of the first electric valve 21 may be in commu-
nication with the outdoor heat exchanger inlet interface
202 and the firstinterface 204 of the motor heat exchang-
er 700 through the first branch channel 11. As a result,
the refrigerant entering the body 10 through the indoor
condenser outlet interface 202 can flow out of the body
10 from the outdoor heat exchanger inlet interface 203
through the first branch channel 11 and the second elec-
tric valve 22, or the refrigerant entering the body 10
through the indoor condenser outlet interface 202 can
flow out of the body 10 from the motor heat exchanger
first interface 209 through the first branch channel 11 and
the second electric valve 22.

[0048] For example, when the refrigerant needs to be
transferred from the indoor condenser 200 to the outdoor
heat exchanger 300, the second port of the first electric
valve 21 may be in communication with the first opening
31, the first port may be in communication with the second
opening 32 of the second electric valve 22, and the sec-
ond port in communication with the second electric valve
22 is connected to the outdoor heat exchanger inlet in-
terface 202. In this way, the refrigerant can pass through
the indoor condenser outletinterface 201, the first electric
valve 21, the first opening 31, the first branch channel
11, the second opening 32, and the second electric valve
21 and enter the outdoor heat exchanger 300.

[0049] Inthe valve setintegrated module 100 provided
in the present disclosure, a flow channel, such as the first
flow channel, is arranged inside the body 10 to replace
the existing connecting pipeline, which is beneficial to
reduce the design of the connecting pipeline in the ther-
mal management system. The valve set with multiple
valves is integrated on the body 10, which is convenient
for maintenance and disassembly and can effectively re-
duce a support design used for mounting each valve. In
addition, the flow channel design inside the body 10 is
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also conducive to reducing a weight of the valve set in-
tegrated module 100, which is conducive to the light-
weight design of the vehicle and can reduce cost and
fuel consumption. At the same time, due to reduction of
the use of parts, an arrangement space of the vehicle is
facilitated to be reduced. Moreover, the flow channel can
be flexibly designed on the body 10 of the valve set in-
tegrated module 100, so that an arrangement position of
each valve can also be flexibly selected to adapt to dif-
ferent vehicle arrangements, which is conducive to the
design of the vehicle platform.

[0050] Besides, when the valve set integrated module
100is applicable to the vehicle thermal management sys-
tem, the valve set integrated module 100 is connected
with another heat exchange device in the thermal man-
agement system, which is beneficial to realize a preset
thermal management mode of the vehicle thermal man-
agement system. For example, after the refrigerant pass-
es through the indoor condenser 200 and before entering
the outdoor heat exchanger 300, the refrigerant can ab-
sorb heat in the outdoor heat exchanger 300 by a throt-
tling effect of the first electric valve 21, to realize heat
exchange with an outdoor environment. Alternatively, af-
ter the refrigerant passes through the indoor condenser
200 and before entering the motor heat exchanger 700,
the refrigerant can absorb heat in the motor heat ex-
changer 700 through the throttling effect of the first elec-
tric valve 21, and may realize recovery of a motor waste
heat.

[0051] In addition, by setting the first branch channel
11 to fit with the second electric valve 21, the refrigerant
entering the body 10 through the indoor condenser outlet
interface 201 can share the first branch channel 11 and
respectively enter the outdoor heat exchanger 300 and
the motor heat exchanger 700. Sharing the first branch
channel 11 is beneficial to reduce the number of flow
channels provided, thereby simplifying the structure of
the valve set integrated module 100.

[0052] Referring to FIG. 1, FIG. 2, FIG. 7, and FIG. 8,
optionally, the interface may further include an outdoor
heat exchanger outlet interface 203, an indoor evapora-
tor inlet interface 206, and a second interface 205 of the
motor heat exchanger. When one of the first interface
204 ofthe motor heat exchanger and the second interface
205 of the motor heat exchanger is connected with an
inlet of the motor heat exchanger 700 (such as afirst port
701 of the motor heat exchanger 700), the other is con-
nected with an outlet of the motor heat exchanger 700
(such as a second port 702 of the motor heat exchanger
700).

[0053] The outdoor heat exchanger outlet interface
203 is configured to connect an outlet of the outdoor heat
exchanger 300. The indoor evaporator inlet interface 206
is configured to connect an inlet of the indoor evaporator
400. The first flow channel may further include a second
branch channel 12. The valve set may further include a
third electric valve 23. The third electric valve 23 has a
throttling function and an unblocking/blocking function.
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That is, the third electric valve 23 can be used as both a
switch valve and an expansion valve. A third opening 303
configured to be in communication with the outdoor heat
exchanger outlet interface 203, a fourth opening 304 con-
figured to be in communication with a first port of the third
electric valve 23, and a fifth opening 305 configured to
be in communication with the second interface 205 of the
motor heat exchanger are arranged on the second
branch channel 12, so that the first port of the third electric
valve 23 is in communication with the outdoor heat ex-
changer outlet interface 203 and the second interface
205 of the motor heat exchanger through the second
branch channel 12. The second port of the third electric
valve 23 is connected with the indoor evaporator inlet
interface 206, so that the refrigerant flowing into the body
10 through the outdoor heat exchanger outlet interface
204 or the refrigerant entering the body 10 through the
motor heat exchanger second interface 210 can flow out
of the body 10 from the indoor evaporator inlet interface
205 through the second flow channel 12.

[0054] Basedonthe above, therefrigerantentering the
body 10 through the outdoor heat exchanger outlet inter-
face 203 and the refrigerant entering the body 10 through
the second interface 205 of the motor heat exchanger
can share the second branch channel 12 and flow into
the indoor evaporator 400. Sharing the second branch
channel 11 is beneficial to reduce the number of flow
channels provided, thereby simplifying the structure of
the valve set integrated module 100.

[0055] Specifically, for example, when the refrigerant
needs to enter the indoor evaporator 400 from the out-
door heat exchanger 300, the first port may be in com-
munication with a fourth opening 304 of the third electric
valve 23, and the second port of the third electric valve
23 may be in communication with the indoor evaporator
inlet interface 206. In this way, the refrigerant can pass
through the outdoor heat exchanger outlet interface 203,
the third opening 303, the second branch channel 11,
the fourth opening 304, the first port of the third electric
valve 23 and the second port of the third electric valve
23, and enter the indoor evaporator 400 through the in-
door evaporator inlet interface 206.

[0056] When the refrigerant needs to enter the indoor
evaporator 400 from the motor heat exchanger 700, the
first port may be in communication with a fifth opening
305 of the third electric valve 23, and the second port of
the third electric valve 23 may be in communication with
the indoor evaporator inlet interface 206. In this way, the
refrigerant can pass through the second interface 205 of
the motor heat exchanger, the fifth opening 305, the sec-
ond branch channel 11, the fourth opening 304, the first
port of the third electric valve 23 and the second port of
the third electric valve 23 and enter the indoor evaporator
400 through the indoor evaporator inlet interface 206.
[0057] Moreover, since the third electric valve 23 can
be used as an expansion valve, the refrigerant entering
the body 10 through the outdoor heat exchanger outlet
interface 203 can be throttled, so that a low-temperature
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and low-pressure refrigerant enters the indoor evapora-
tor 400 to evaporate and absorb heat, which is beneficial
to realize the air conditioning refrigeration mode and the
air conditioning dehumidification mode.

[0058] Referring to FIG. 1, FIG. 2, FIG. 5, and FIG. 8,
optionally, the interface may further include a gas-liquid
separator inlet interface 211 and an indoor evaporator
outlet interface 207. The gas-liquid separator inlet inter-
face 211 is configured to be connected with an inlet of
the gas-liquid separator 800. The indoor evaporator out-
let interface 207 is configured to be connected with an
outlet of the indoor evaporator 400.

[0059] Thefirstflow channel may furtherinclude a third
branch channel 13. A sixth opening 306 configured to be
in communication with a third port of the third electric
valve 23, a seventh opening 307 configured to be in com-
munication with the indoor evaporator outlet interface
207, and an eighth opening 308 configured to be in com-
munication with the gas-liquid separator inlet interface
211 are arranged on the third branch channel 13, so that
the third port of the third electric valve 23 and the indoor
evaporator outlet interface 207 are both in communica-
tion with the gas-liquid separator inlet interface 211
through the third branch channel 13, the refrigerant en-
tering the body 10 through the evaporator outlet interface
206 can flow out of the body 10 from the gas-liquid sep-
arator inlet outlet 211 through the third flow channel 13,
or the refrigerant entering the body 10 through the out-
door heat exchanger outlet interface 204 can flow out of
the body 10 from the gas-liquid separator inlet outlet 211
through the third flow channel 13.

[0060] Basedonthe above, therefrigerant entering the
body 10 through the indoor evaporator outlet interface
207 and the refrigerant flowing through the third port of
the third electric valve 23 can share the third branch chan-
nel 13 and flow out to the gas-liquid separator inlet inter-
face 211, thereby flowing out of the body 10. Sharing the
third branch channel 13 is beneficial to reduce the
number of flow channels provided, thereby simplifying
the structure of the valve set integrated module 100.
[0061] In addition, in conjunction with the above solu-
tion, the refrigerant flowing out from the third port of the
third electric valve 23 can flow out of the gas-liquid sep-
arator 800 through the gas-liquid separation inlet inter-
face 211, therefore the vehicle thermal management sys-
tem can have the air conditioning refrigeration mode
through fitting of the first electric valve 21, the second
electric valve 22, and the third electric valve 23. In this
mode, a high-temperature and high-pressure gaseous
refrigerant discharged from the compressor 600 passes
through the interior condenser of the interior condenser
200 (exothermic operation may not be performed in this
case), and enters the body 10 through the interior con-
denser outlet interface 201 on the body 10, and then the
refrigerant may sequentially through the first electric
valve 21, the first branch channel 11, and the second
electric valve 22 and enter the outdoor heat exchanger
300. In this case, the first electric valve 21 may be con-
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figured as a switch valve and is in an open state. The
refrigerant may enter the third electric valve 23 through
the second branch channel 12 after heat is dissipated by
the outdoor heat exchanger 300. In this case, the third
electric valve 23 functions as an expansion valve, and
performs throttling-induced pressure reduction on the re-
frigerant to vaporize the refrigerant. The vaporized refrig-
erant enters an interior evaporator 400. After being va-
porized and cooled in the interior evaporator 400, the
refrigerant flows into the gas-liquid separator 800 from
the gas-liquid separator inlet interface 211 through the
third branch channel 13, and finally flows back to the
compressor 600 to complete an air-conditioning refriger-
ation.

[0062] Referring to FIG. 1, FIG. 2, and FIG. 8, option-
ally, the valve set integrated module may further include
a first temperature sensor 60. A temperature sensor in-
terface 315 in communication with the third branch chan-
nel 13 is further arranged on the body 10. The tempera-
ture sensor interface 315 is located between the indoor
evaporator outlet interface 207 and the gas-liquid sepa-
rator inlet interface 211. A detection terminal of the first
temperature sensor 60 extends into the temperature sen-
sor interface 315 and is located in the third branch chan-
nel 13. The first temperature sensor 60 is configured to
monitor a temperature of a cooling fluid flowing from the
outlet of the interior evaporator 400. Specifically, when
the temperature sensor 60 detects that the temperature
of the cooling liquid flowing out from the outlet of the
interior evaporator 400 is excessively high or excessively
low, a flow rate of the third electric valve 23 may be cor-
respondingly adjusted. The first temperature sensor 60
may be a PT sensor.

[0063] Referring to FIG. 1, FIG. 6, and FIG. 8, the in-
terface may further include a first interface 208 of a bat-
tery pack heat exchanger and a first one-way valve 51.
A ninth opening 309 configured to be in communication
with a first port of the first one-way valve 51 is further
arranged on the second branch channel 12, so that the
first port of the first one-way valve 51 is in communication
with the outdoor heat exchanger outlet interface 203
through the second branch channel 12. A second port of
the first one-way valve 51 is connected with the first in-
terface 208 of the battery pack heat exchanger. The first
one-way valve 51 is configured to allow a fluid to flow
only in a direction from the first port toward the second
port, so that the refrigerant entering the body 10 from an
exterior heat exchanger inlet interface 204 can flow out
of the body 10 from the first interface 207 of the battery
pack heat exchanger through the second flow channel
12.

[0064] As shown in FIG. 1 and FIG. 8, in this imple-
mentation, the refrigerant entering the body 10 through
the outdoor heat exchanger outlet inlet 203 can flow into
the first one-way valve 51 through the second branch
channel 12, and passes through the first interface 208 of
the battery pack heat exchanger and enter the battery
pack heat exchanger 500 through the first one-way valve
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51, to realize heat exchange with the battery pack heat
exchanger 500. Besides, a first port inlet of the first one-
way valve 51 are also in communication with the outdoor
heat exchanger outlet interface 203 by using the second
branch channel 12, which is further beneficial to reduce
the number of flow channels provided, thereby simplify-
ing the structure of the valve set integrated module 100.
[0065] Referring to FIG. 1 and FIG. 8, optionally, the
valve set further includes a second one-way valve 52. A
first port of the second one-way valve 52 is connected
with the first interface 208 of the battery pack heat ex-
changer, and a tenth opening 310 configured to be in
communication with a second port of the second one-
way valve 52 is arranged on the first branch channel 11,
so that the second port of the second one-way valve 52
is in communication with the first interface 204 of the
motor heat exchanger through the first branch channel
11. Therefore, the refrigerant entering the body 10
through the first interface 208 of the battery pack heat
exchanger can flow out of the body 10 from the first in-
terface of the motor heat exchanger through the first
branch channel 11. Besides, a second port outlet of the
second one-way valve 52 and the first interface 204 of
the motor heat exchanger are also in communication with
the first branch channel 11, which is further beneficial to
reduce the number of flow channels provided, thereby
simplifying the structure of the valve set integrated mod-
ule 100.

[0066] Referring to FIG. 1, FIG. 2, FIG. 8, and FIG. 9,
optionally, the interface may further include a second in-
terface 209 of the battery pack heat exchanger. When
one of the first interface 208 of the battery pack heat
exchanger and the second interface 209 of the battery
pack heat exchanger is connected with an inlet of the
battery pack heat exchanger 500, the other is connected
with an outlet of the battery pack heat exchanger 500.
The valve set may further include an expansion valve 40
and a first switch valve 31. A first port of the expansion
valve 40 is in communication with the second port of the
first one-way valve 51 and the first port of the second
one-way valve 52. A second port of the expansion valve
40 is connected with the first interface 208 of the battery
pack heat exchanger. A first port of the first switch valve
31 is connected with the second interface 209 of the bat-
tery pack heat exchanger. An eleventh opening 311 con-
figured to be in communication with a second port of the
first switch valve 31 is further arranged on the third branch
channel 13, so that the second port of the first switch
valve 31 is in communication with the gas-liquid separa-
torinlet interface 21 through the third branch channel 13,
and the refrigerant flowing into the body 10 through the
second interface 208 of the battery pack heat exchanger
can flow out of the body 10 from the gas-liquid separator
inlet outlet 211 through the third flow channel 13. In this
implementation, the second port of the first switch valve
31 are also in communication with the gas-liquid sepa-
rator inlet interface 211 by the third branch channel 13,
which is further beneficial to reduce the number of flow
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channels provided, thereby simplifying the structure of
the valve set integrated module 100.

[0067] In addition, in conjunction with the above solu-
tion, the battery cooling mode can also be realized by
fitting of the first electric valve 21, the second electric
valve 22, and the expansion valve 40. In this mode, a
high-temperature and high-pressure gaseous refrigerant
discharged from the compressor 600 passes through the
interior condenser of the interior condenser 200 (the in-
terior condenser may not perform exothermic operation
in this case), and enters the body 10 through the interior
condenser outlet interface 201 on the body 10, and then
the refrigerant may sequentially through the first electric
valve 21, the first branch channel 11, and the second
electric valve 22 and enter the outdoor heat exchanger
300. In this case, the first electric valve 21 may be con-
figured as a switch valve and is in an open state. The
refrigerant may enter the first one-way valve 51 through
the second branch channel 12 after heat is dissipated by
the outdoor heat exchanger 300. And then the refrigerant
passes through the expansion valve 40, and the expan-
sion valve 40 performs throttling-induced pressure re-
duction on the refrigerant to vaporize the refrigerant. The
vaporized refrigerant enters the battery pack heat ex-
changer 500 through the first interface 208 of the battery
pack heat exchanger on the body 10 to cool the battery
pack. A coolant coming out through the battery pack heat
exchanger 500 may enter the body 10 through the second
interface 209 of the battery pack heat exchanger, pass
through the first switch valve 31, and then flow into the
gas-liquid separator 800 from the gas-liquid separator
inlet 211 through the third branch channel 13, and finally
flow back to the compressor 600 to complete a battery
cooling mode.

[0068] Referring to FIG. 1, FIG. 2, and FIG. 8, the in-
terface may further include a compressor outletinterface
210. The first flow channel further includes a fourth
branch channel 14. The expansion valve 40 is a two-way
expansion valve. The valve set further includes a second
switch valve 32. A first port of the second switch valve
32 is connected with the compressor outlet interface 210.
A thirteenth opening 313 configured to be in communi-
cation with a second port of the second switch valve 32,
a fourteenth opening 314 configured to be in communi-
cation with the second interface 209 of the battery pack
heat exchanger, and a fifteenth opening 315 configured
to be in communication with the first port of the first switch
valve 31 are further arranged on the fourth branch chan-
nel 14, so that the second port of the second switch valve
32 and the second interface 209 of the battery pack heat
exchanger 500 are both in communication with the first
port of the first switch valve 31 through the fourth branch
channel 14, the refrigerant entering the body 10 through
the compressor outlet inlet 201 can flow out of the body
10 from the second interface 208 of the battery pack heat
exchanger through the fourth branch channel 14, or the
refrigerant entering the body 10 through the fourth branch
channel of the second interface 208 of the battery pack
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heat exchanger can flow out of the body 10 from the gas-
liquid separator outlet interface 211.

[0069] In this implementation, the fourth branch chan-
nel 14 is shared between the second interface 209 of the
battery pack heat exchanger and the first switch valve
31, and between the second switch valve 32 and the
second interface 209 of the battery pack heat exchanger,
which is beneficial to reduce the number of flow channels
provided, thereby simplifying the structure of the valve
set integrated module 100.

[0070] In addition, in conjunction with the above solu-
tion, the battery heating mode can also be realized by
fitting of the second switch valve 32, the expansion valve
40, and the third electric valve 23. In this mode, the high-
temperature and high-pressure gaseous refrigerant dis-
charged from the compressor 600 enters the battery heat
exchanger 500 as an inlet through the second switch
valve 32 and the fourth branch channel 14 from the sec-
ond interface 209 of the battery pack heat exchanger,
and heats a battery. The refrigerant flowing from the bat-
tery pack heat exchanger 500 may enter the body 10
through the first interface 208 of the battery pack heat
exchanger, and then enter the third electric valve 23
through the second branch channel 12. In this case, the
third electric valve 23 functions as a switch valve and is
in an open state, so that the refrigerant flows into the gas-
liquid separator 800 from the gas-liquid separator inlet
211 through the third branch channel 13, and finally flows
back to the compressor 600 to complete a battery heating
mode.

[0071] Inthe presentdisclosure, the first branch chan-
nel 11, the second branch channel 12, the third branch
channel 13, and the fourth branch channel 14 of the first
flow channel may be substantially located in a same
plane. By arranging the first flow channel in the same
plane, manufacturing processing and later maintenance
are facilitated.

[0072] It may be understood that, in the present dis-
closure, in addition to the first flow channel, the body 10
is also provided with other flow channels to communicate
the external heat exchange device and the valve set with
the first flow channel.

[0073] The present disclosure does not limit a specific
structure of the body 10. Optionally, referring to FIG. 2,
the body 10 may include a first portion 1 and a second
portion 2. The first portion 1 includes a first connecting
surface 101. The second portion 2 include a second con-
necting surface (not shown in the figure). The first con-
necting surface 101 is hermetically connected with the
second connecting surface. At least one groove is ar-
ranged on the first connecting surface 101, and the
groove on the first connecting surface 101 and the sec-
ond connecting surface jointly define the first flow chan-
nel. When the first portion 1 and the second portion 2 are
bonded together, the second connecting surface of the
second portion 2 is covered on the groove of the first
connecting surface 101 of the first portion 1, and a part
of the second connecting surface covering the opening

10

15

20

25

30

35

40

45

50

55

of the groove defines the first flow channel with a groove
wall of the groove.

[0074] Alternatively, in another implementation, at
least one groove is arranged on the second connecting
surface 201, and the groove on the second connecting
surface 201 and the first connecting surface 101 jointly
define the first flow channel. When the first portion 1 and
the second portion 2 are bonded together, the first con-
necting surface of the first portion 1 is covered on the
groove of the second connecting surface 201 of the sec-
ond portion 2, and a part of the first connecting surface
101 covering the opening of the groove defines the first
flow channel with a groove wall of the groove.

[0075] In an optional implementation, at least one
groove is arranged on the first connecting surface 101.
The groove on the first connecting surface 101 and the
second connecting surface 201 jointly define the first flow
channel. Multiple second flow channels 120 are arranged
inside the first portion 1. The valve set or the external
heat exchanger device may be in communication with a
corresponding opening provided on the first flow channel
through the second flow channel 120.

[0076] Itmay be understood thatthe second flow chan-
nel here refers to the internal flow channel on the first
portion 1. For example, referring to FIG. 12, the first port
of the expansion valve 40 may be in communication with
the first port of the second one-way valve 51 through a
second flow channel 120.

[0077] In otherimplementations of the present disclo-
sure, the valve set is in communication with the corre-
sponding opening arranged on the first flow channel, and
a valve core of a valve in the valve set is in direct com-
munication with the corresponding opening. That s, after
the valve is mounted to the body 10, the port on the valve
core can directly correspond to the opening on the first
flow channel, so as to save the flow channel between the
port on the valve core and the corresponding opening.
[0078] In order to adapt to different mounting scenar-
ios, in an implementation provided by the present disclo-
sure, the groove may be a curved groove or a linear
groove, so that the first flow channel is a linear flow chan-
nel or a curved flow channel.

[0079] In a case that the groove is the curved groove,
in order to reduce a resistance of a fluid flowing in the
first flow channel 110, an included angle 6 of the curved
groove at a curved position may be in a range of 50° and
180°. In this way, during the flow of the fluid in the groove,
a small flow resistance exists between the fluid and the
groove, so that flow of the fluid in the groove is smooth
and energy consumption of the fluid in the flow process
is reduced. Preferably, the included angle 6 may be in a
range of 110° and 180°.

[0080] Optionally, the cross section of the groove is a
U-shaped having a smooth transition. On the one hand,
the U-shaped groove is more convenient for processing;
on the other hand, the smooth transition groove can also
cause the flow resistance of the fluid in the process of
flowing in the groove small, so that the fluid flows more



17 EP 4 321 356 A1 18

smoothly in the first flow channel.

[0081] Optionally, asshowninFIG. 2, a water flow tank
102 may also be arranged on the first portion 1. The water
flow tank 102 can guide the accumulated water in a screw
hole for connecting the motor heat exchanger 700 to the
body 10.

[0082] In order to facilitate the mounting of each valve
andtherelated parts, referringto FIG. 1 to FIG. 7, multiple
insertion holes may be arranged on the body 10. The first
electric valve 21, the third electric valve 22, the third elec-
tric valve 23, the first switch valve 31, the second switch
valve 32, the expansion valve 40, the first one-way valve
51, and the second one-way valve 52 may be inserted
into the corresponding insertion holes.

[0083] The first switch valve 31 and the second switch
valve 32 are connected with the corresponding insertion
holes having thread on the body 10. In addition, as shown
in FIG. 5, mounting positions of the first switch valve 31
and the second switch valve 32 may be designed to the
same side, so as to shorten a flow channel between the
outlet of the second switch valve 32 and the inlet of the
first switch valve 31, avoid formation of corners in the
flow channel, and have low flow resistance performance.
[0084] Referring to FIG. 4 and FIG. 5, the respective
valve cores of the first electric valve 21, the second elec-
tric valve 22, and the third electric valve 23 are inserted
into the corresponding insertion ports on the body 10,
and are fixed to the body 10 through pins with threads
on ends. Specifically, a valve core of thefirst electric valve
21, a valve core of the third electric valve 22, and a valve
core ofthe third electric valve are respectively assembled
and connected to a sealing block, and are connected to
the corresponding insertion holes through a threaded ad-
justment base. An execution motor is connected with the
corresponding valve core and fixedly connected with the
body through the screw

[0085] The first one-way valve 51 and the second
check valve 52 are provided with external threads, and
the corresponding insertion holes on the body 10 are
provided with internal threads. In this way, the first one-
way valve 51 and the second one-way valve 52 may be
threadably connected to the corresponding insertion
holes, and are fixed through circlips, and are sealed
through plugs.

[0086] In the present disclosure, the motor heat ex-
changer 700 may be mated and connected by a connect-
ing joint welded on the body 10, and is sealed and fas-
tened with screws by using an O-ring.

[0087] In the presentdisclosure, the first electric valve
21, the second electric valve 22, and the third electric
valve 23 are each provided with corresponding driving
motors, so as to realize precise control of flow and cut-
off of flow by driving the valve core to rotate through the
driving motor, and achieve switching of each function of
the thermal management system. As shown in FIG. 4,
the first electric valve 21 is used as an example. Rotation
of the valve core 211 of the first electric valve is driven
by a driving motor 212, and the first port of the first electric

10

15

20

25

30

35

40

45

50

55

10

valve 21 may be selectively in communication with the
second port of the first electric valve 21, or the first port
of the first electric valve 21 may be selectively in com-
munication with the third port of the first electric valve.
[0088] Referringto FIG. 1, optionally, the vehicle ther-
mal management system may further include a second
temperature sensor 62. The second temperature sensor
62 may be configured for a temperature of a refrigerant
at an outlet of the compressor 600. The second temper-
ature sensor 62 may be a PT sensor.

[0089] Referringto FIG. 1, optionally, the vehicle ther-
mal management system may further include a motor
high voltage system 910, a pump 920, a water supply
tank 930, a heat sink 940, and a three-way valve 950.
The motor high voltage system 910, the pump 920, the
water supply tank 930, the heat sink 940, and the three-
way valve 950 may be connected to a motor to form a
coolant flow path.

[0090] A first port of the three-way valve 950 is con-
nected to the fourth opening 704 of the motor heat ex-
changer 700, a second port of the three-way valve 950
is connected to an inlet of the heat sink 940, and a third
port of the three-way valve 950 is configured to be con-
nected to an inlet of the high voltage system 910. In this
implementation, the coolant passing through the three-
way valve 950 may be divided into two paths, with one
of the two paths entering the heat sink 940, and the other
of the two paths entering the high voltage system 910
having a motor, an electronic control, and the like, and
the heat in the high voltage system 910 being brought
into the motor heat exchanger 700 to exchange heat with
the refrigerant circuit.

[0091] The operating process of multiple typical oper-
ating modes of the vehicle thermal management system
according to an implementation of the present disclosure
is described in detail below in conjunction with the ac-
companying drawings.

[0092] Eleven operating modes of the vehicle thermal
management system of an air conditioning refrigeration
mode, a heat pump heating mode, a battery heating
mode, a battery cooling mode, an air conditioning refrig-
eration and battery cooling dual mode, a mode enabling
both air conditioning refrigeration and battery cooling, a
mode enabling both air conditioning refrigeration and bat-
tery heating, a mode enabling both heat pump heating
and battery heating, a mode enabling both heat pump
heating and battery cooling, a mode enabling both air
conditioning refrigeration and air conditioning and heat-
ing dehumidification, a mode enabling air conditioning
refrigeration, air conditioning and heating dehumidifica-
tion, and battery cooling, and a mode enabling air con-
ditioning refrigeration, air conditioning and heating dehu-
midification, and battery heating are introduced in detail.

1. Air conditioning refrigeration mode

[0093] Referring to FIG. 1, in this mode, a main flow
path of the refrigerant is: compressor 600 —> indoor con-
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denser 200 —> first electric valve 21 -> second electric
valve 22 —> outdoor heat exchanger 300 —> third elec-
tric valve 23 -> indoor evaporator 400 —> gas-liquid sep-
arator 800 —> compressor 600. It should be noted that,
in this mode, although the refrigerant flowing out of the
outlet of the compressor 600 flows through the indoor
condenser 200, the indoor condenser 200 may not be
blown by a fan or a blower, so that the high-temperature
and high-pressure refrigerant flowing into the indoor con-
denser 200 is not exothermally condensed in the indoor
condenser 200. That is to say, in this mode, the indoor
condenser 200 functions as a through flow channel.
[0094] ReferringtoFIG. 1toFIG. 9, in conjunction with
the valve set integrated module 100 provided in the
present disclosure, a specific flow path of the refrigerant
is: compressor 600 —> indoor condenser 200 —> indoor
condenser outletinterface 201 —> first port of first electric
valve 21 -> second port of first electric valve 21 —> first
opening 301 —> first branch channel 1111 —> second
opening 302 —> first port of second electric valve 22 —>
second port of second electric valve 22 —> outdoor heat
exchanger inlet interface 202 —> outdoor heat exchang-
er 300 —> outdoor heat exchanger outlet interface 203
—> third opening 303 —> second branch channel 12 —>
fourth opening 304 —> first port of third electric valve 23
-> second port of third electric valve 23 —> indoor evap-
orator inlet interface 206 —> indoor evaporator 400 —>
indoor evaporator outlet interface 207 —> seventh open-
ing 307 —> third branch channel 13 —> eighth opening
308 —> gas-liquid separator inlet interface 211 —> gas-
liquid separator 800 —> compressor 600.

[0095] In this mode, the first port of the first electric
valve 21 is in communication with the second port of the
first electric valve 21, and the first electric valve 21 func-
tions as the switch valve, and the refrigerant is not throt-
tled. The first port of the third electric valve 23 is in com-
munication with the second port of the third electric valve
23. The third electric valve 23 functions an expansion
valve to perform throttling-induced pressure reduction on
the refrigerant, so that the low-temperature and low-pres-
sure refrigerant can evaporate and absorb heat in the
indoor evaporator 400, thereby realizing control of the
refrigeration mode. The first electric valve 21 and the
second electric valve 22 drive the valve core of the cor-
responding electric valve through the respective driving
motors, and can switch the connected ports.

[0096] In addition, connection between the compres-
sor 600 and the indoor condenser 200, between the com-
pressor 600 and the gas-liquid separator 800, and be-
tween each interface of the valve set integrated module
100 and the corresponding heat exchange device can
be connected by pipelines.

2. Heat pump heating mode
[0097] Referring to FIG. 1, in this mode, a main flow

path of the refrigerant is: compressor 600 —> indoor con-
denser 200 —> first electric valve 21 -> second electric
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valve 22 —> motor heat exchanger 700 —> third electric
valve 23 —> gas-liquid separator —> compressor 600.
In this mode, the refrigerant flowing out of the outlet of
the compressor 600 releases heat in the indoor condens-
er 200, and the indoor condenser 200 releases heat and
combines with the wind heating PTC to heat the vehicle.
[0098] ReferringtoFIG. 1toFIG.9, in conjunction with
the valve set integrated module 100 provided in the
present disclosure, a specific flow path of the refrigerant
is: compressor 600 —> indoor condenser 200 —> indoor
condenser outletinterface 201 —> first port of first electric
valve 21 —> third port of first electric valve 21 —> first
opening 301 —> first branch channel 11 —> second
opening 302 —> first port of second electric valve 22 —>
third port of second electric valve 22 —> first interface
204 of motor heat exchanger —> motor heat exchanger
700 —> second interface 205 of motor heat exchanger
—> fifth opening 305 —> second branch channel 12 ->
fourth opening 304 —> first port of third electric valve 23
—> third port of third electric valve 23 -> sixth opening
306 -> third branch channel 13 —> eighth opening 308
— gas-liquid separator inlet interface 211 —> gas-liquid
separator 800 —> compressor 600.

[0099] In this mode, the first port of the first electric
valve 21 is in communication with the third port of the
first electric valve 21, and the first electric valve 21 func-
tions as an expansion valve to throttle the refrigerant, so
that the low-temperature and low-pressure refrigerant
can evaporate and absorb heat in the motor heat ex-
changer 700. The first port of the third electric valve 23
is in communication with the third port of the third electric
valve 23, and the third electric valve 23 functions as a
switch valve.

3. Battery cooling mode:

[0100] Referring to FIG. 1, in this mode, a main flow
path of the refrigerant is: compressor 600 —> indoor con-
denser 200 —> first electric valve 21 -> second electric
valve 22 —> outdoor heat exchanger 300 —> first one-
way valve 51 —> expansion valve 40 —> battery pack
heat exchanger 500 —> first switch valve 31 —> gas-
liquid separator 800 —> compressor 600. It should be
noted that, in this mode, although the refrigerant flowing
out of the outlet of the compressor 600 flows through the
indoor condenser 200, the indoor condenser 200 may
not be blown by a fan or a blower, so that the high-tem-
perature and high-pressure refrigerant flowing into the
indoor condenser 200 is not exothermally condensed in
the indoor condenser 200. That is to say, in this mode,
the indoor condenser 200 functions as a through flow
channel.

[0101] ReferringtoFIG. 1to FIG.9, in conjunction with
the valve set integrated module 100 provided in the
present disclosure, a specific flow path of the refrigerant
is: compressor 600 —> indoor condenser 200 —> indoor
condenser outletinterface 201 —> first port of first electric
valve 21 -> second port of first electric valve 21 —> first
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opening 301 —> first branch channel 1111 —> second
opening 302 —> first port of second electric valve 22 —>
second port of second electric valve 22 —> outdoor heat
exchanger inlet interface 202 —> outdoor heat exchang-
er 300 —> outdoor heat exchanger outlet interface 203
—> third opening 303 —> second branch channel 12 —>
fifth opening 305 —> first port of first one-way valve 51
—> second port of first one-way valve 51 —> first port
of expansion valve 40 —> second port of expansion valve
40 —> battery pack heat exchanger first interface 208
—> battery pack heat exchanger 500 —> battery pack
heat exchanger second interface 209 —> thirteenth
opening 313 -> fourth branch channel 14 -> fourteenth
opening 314 —> first port of first switch valve 31 -> sec-
ond port of first switch valve 31 -> eleventh opening 311
— third branch channel 13 —> eighth opening 308 —
gas-liquid separator inlet interface 211 —> gas-liquid
separator 800 —> compressor 600.

[0102] In this mode, the first port of the first electric
valve 21 is in communication with the second port of the
first electric valve 21, and the first electric valve 21 func-
tions as the switch valve, and the refrigerant is not throt-
tled. The expansion valve 40 performs throttling-induced
pressure reduction on the refrigerant, so that the low-
temperature and low-pressure refrigerant can evaporate
and absorb heat in the battery pack heat exchanger 500.

4. Battery heating mode

[0103] Referring to FIG. 1, in this mode, a main flow
path of the refrigerant is: compressor 600 —> second
switch valve 32 —> battery pack heat exchanger 500 —>
second check valve 52 -> motor heat exchanger 700 —>
third electric valve 23 —> gas-liquid separator — com-
pressor 600. The high-temperature refrigerant from the
compressor 600 is configured to exchange heat with the
battery pack heat exchanger 500 to heat the battery.
[0104] Referringto FIG. 1to FIG. 9, in conjunction with
the valve set integrated module 100 provided in the
present disclosure, a specific flow path of the refrigerant
is: compressor 600 —> compressor outlet interface 210
—> first port of first switch valve 31 —> second port of
first switch valve 31 —> twelfth opening 312 —> fourth
branch channel 14 —> thirteenth opening 313 -> second
interface 209 of battery pack heat exchanger— battery
pack heatexchanger 500 —> firstinterface 208 of battery
pack heat exchanger —> first port of second check valve
52 -> second port of second check valve 52 —> tenth
opening 310 —> first branch channel 1111 — first inter-
face 204 of motor heat exchanger -> motor heat exchang-
er 700 — second interface 205 of motor heat exchanger
—> fifth opening 305 —> second branch channel 12 ->
fourth opening 304 —> first port of third electric valve 23
—> third port of third electric valve 23 —> sixth opening
306 —> third branch channel 13 —> eighth opening 308
—> gas-liquid separator inlet interface 211 — gas-liquid
separator 800 —> compressor 600.

[0105] In this mode, the expansion valve 40 throttles
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the refrigerant, so that the low-temperature and low-pres-
sure refrigerant can evaporate and absorb heat in the
motor heat exchanger 700. The first port of the third elec-
tric valve 23 is in communication with the third port of the
third electric valve 23, and the third electric valve 23 func-
tions as a switch valve.

5. Mode enabling both air conditioning refrigeration and
battery cooling

[0106] In this mode, the flow path of the refrigerant is
divided into two, with one of the two following a flow path
as follows: compressor 600 —> indoor condenser 200
—> first electric valve 21 -> second electric valve 22 —>
outdoor heat exchanger 300 —> third electric valve 23 -
>indoor evaporator 400 —> gas-liquid separator 800 —>
compressor 600. the other of the two following a flow
path as follows: compressor 600 —> indoor condenser
200 —> first electric valve 21 -> second electric valve 22
—> outdoor heat exchanger 300 —> first one-way valve
51 —> expansion valve 40 —> battery pack heat ex-
changer 500 —> first switch valve 31 —> gas-liquid sep-
arator 800 —> compressor 600.

[0107] It should be noted that, in this mode, although
the refrigerant flowing out of the outlet of the compressor
600 flows through the indoor condenser 200, the indoor
condenser 200 may not be blown by a fan or a blower,
so that the high-temperature and high-pressure refriger-
ant flowing into the indoor condenser 200 is not exother-
mally condensed in the indoor condenser 200. That is to
say, in this mode, the indoor condenser 200 functions as
a through flow channel.

[0108] In this mode, the specific flow of the refrigerant
through the components and flow channels can be found
in the previous description of the air conditioning refrig-
eration mode and the battery cooling mode. Details are
not described herein again.

6. Mode enabling both air conditioning refrigeration and
battery heating

[0109] Referring to FIG. 1, in this mode, the flow path
of the refrigerant is divided into two, with one of the two
following a flow path as follows: compressor 600 —> in-
door condenser 200 —> first electric valve 21 -> second
electric valve 22 —> outdoor heat exchanger 300 —>
third electric valve 23 -> indoor evaporator 400 —> gas-
liquid separator 800 —> compressor 600. the other of
the two following a flow path as follows: compressor 600
—> second switch valve 32 —> battery pack heat ex-
changer 500 —> second check valve 52 -> motor heat
exchanger 700 —> third electric valve 23 —> gas-liquid
separator 800— compressor 600. The high-temperature
refrigerant from the compressor 600 is configured to ex-
change heat with the battery pack heat exchanger 500
to heat the battery.

[0110] It should be noted that, in this mode, although
the refrigerant flowing out of the outlet of the compressor
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600 flows through the indoor condenser 200, the indoor
condenser 200 may not be blown by a fan or a blower,
so that the high-temperature and high-pressure refriger-
ant flowing into the indoor condenser 200 is not exother-
mally condensed in the indoor condenser 200. That is to
say, in this mode, the indoor condenser 200 functions as
a through flow channel.

[0111] In this mode, the specific flow of the refrigerant
through the components and flow channels can be found
in the previous description of the air conditioning refrig-
eration mode and the battery cooling mode. Details are
not described herein again.

7. Mode enabling both heat pump heating and battery
heating

[0112] Referring to FIG. 1, in this mode, the flow path
of the refrigerant is divided into two, with one of the two
following a flow path as follows: compressor 600 —> in-
door condenser 200 —> first electric valve 21 -> second
electric valve 22 -> motor heat exchanger 700 —> third
electric valve 23 —> gas-liquid separator 800— com-
pressor 600. In this mode, the refrigerant flowing out of
the outlet of the compressor 600 releases heat in the
indoor condenser 200, and the indoor condenser 200
releases heat and combines with the wind heating PTC
to heat the vehicle, the other of the two following a flow
path as follows: compressor 600 —> second switch valve
32 —> battery pack heat exchanger 500 —> second
check valve 52 -> motor heat exchanger 700 —> third
electric valve 23 —> gas-liquid separator 800— com-
pressor 600. The high-temperature refrigerant from the
compressor 600 is configured to exchange heat with the
battery pack heat exchanger 500 to heat the battery.
[0113] In this mode, the specific flow of the refrigerant
through the components and flow channels can be found
in the previous description of the heat pump heating
mode and the battery heating mode. Details are not de-
scribed herein again.

8. Mode enabling both heat pump heating and battery
cooling

[0114] Referring to FIG. 1, in this mode, the flow path
of the refrigerant is divided into two, with one of the two
following a flow path as follows: compressor 600 —> in-
door condenser 200 —> first electric valve 21 —> second
electric valve 22 —> motor heat exchanger 700 —> third
electric valve 23 —> gas-liquid separator 800— com-
pressor 600. In this mode, the refrigerant flowing out of
the outlet of the compressor 600 releases heat in the
indoor condenser 200, and the indoor condenser 200
releases heat and combines with the wind heating PTC
to heat the vehicle, the other of the two following a flow
path as follows: compressor 600 —> indoor condenser
200 —> first electric valve 21 -> second electric valve 22
—> outdoor heat exchanger 300 —> first one-way valve
51 —> expansion valve 40 —> battery pack heat ex-
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changer 500 —> first switch valve 31 —> gas-liquid sep-
arator 800 —> compressor 600. It should be noted that,
in this mode, although the refrigerant flowing out of the
outlet of the compressor 600 flows through the indoor
condenser 200, the indoor condenser 200 may not be
blown by a fan or a blower, so that the high-temperature
and high-pressure refrigerant flowing into the indoor con-
denser 200 is not exothermally condensed in the indoor
condenser 200. That is to say, in this mode, the indoor
condenser 200 functions as a through flow channel. In
this mode, the specific flow of the refrigerant through the
components and flow channels can be found in the pre-
vious description of the heat pump heating mode and the
battery cooling mode. Details are not described herein
again.

9. Mode enabling both air conditioning refrigeration and
air conditioning and heating dehumidification

[0115] Inin this mode, the main flow path of the refrig-
erant is: compressor 600 —> indoor condenser 200 —>
first electric valve 21 -> second electric valve 22 —> out-
door heat exchanger 300 —> third electric valve 23 ->
indoor evaporator 400 —> gas-liquid separator 800 —>
compressor 600.

[0116] Inconjunctionwith the valve setintegrated mod-
ule 100 provided in the present disclosure, a specific flow
path of the refrigerant is: compressor 600 —> indoor con-
denser 200 —> indoor condenser outlet interface 201
—> first port of first electric valve 21 —> second port of
first electric valve 21 —> first opening 301 —> first branch
channel 1111 —> second opening 302 —> first port of
second electric valve 22 -> second port of second electric
valve 22 —> outdoor heat exchanger inlet interface 202
—> outdoor heat exchanger 300 —> outdoor heat ex-
changer outlet interface 203 -> third opening 303 — sec-
ond branch channel 12 — fourth opening 304 — first port
of third electric valve 23 -> second port of third electric
valve 23 -> indoor evaporator inlet interface 206 —> in-
door evaporator 400 —> indoor evaporator outlet inter-
face 207 —> seventh opening 307 —> third branch chan-
nel 13 —> eighth opening 308 —> gas-liquid separator
inletinterface 211 —> gas-liquid separator 800 —> com-
pressor 600.

[0117] In this mode, the refrigerant flowing out of the
outlet of the compressor 600 releases heat in the indoor
condenser 200, and the refrigerant entering the indoor
evaporator 400 evaporates and absorbs heat, absorbs
the heat of the indoor environment, and causes an indoor
moist air reach a dew point temperature and condense
into water for discharge to realize the dehumidification
effect. The dehumidified environment and the heat re-
lease of the indoor condenser 200 cause an ambient tem-
perature reach a more comfortable temperature, and the
wind can be blown into a crew compartment through a
fan to achieve a more comfortable ambient temperature
in the crew compartment.

[0118] In this mode, the first port of the first electric
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valve 21 is in communication with the second port of the
first electric valve 21, and the first electric valve 21 func-
tions as the switch valve, and the refrigerant is not throt-
tled. The first port of the third electric valve 23 is in com-
munication with the second port of the third electric valve
23. The third electric valve 23 functions an expansion
valve to perform throttling-induced pressure reduction on
the refrigerant, so that the low-temperature and low-pres-
sure refrigerant can evaporate and absorb heat in the
indoor evaporator 400.

10. Mode enabling air conditioning refrigeration, air con-
ditioning and heating dehumidification, and battery cool-

ing

[0119] In this mode, the flow path of the refrigerant is
divided into two, with one of the two following a flow path
as follows: compressor 600 —> indoor condenser 200
—> first electric valve 21 -> second electric valve 22 —>
outdoor heat exchanger 300 —> third electric valve 23 -
>indoor evaporator400 —> gas-liquid separator 800 —>
compressor 600. the other of the two following a flow
path as follows: compressor 600 —> indoor condenser
200 —> first electric valve 21 -> second electric valve 22
—> outdoor heat exchanger 300 —> first one-way valve
51 —> expansion valve 40 —> battery pack heat ex-
changer 500 —> first switch valve 31 —> gas-liquid sep-
arator 800 —> compressor 600.

[0120] In this mode, the refrigerant flowing out of the
outlet of the compressor 600 releases heat in the indoor
condenser 200, and the refrigerant entering the indoor
evaporator 400 evaporates and absorbs heat, absorbs
the heat of the indoor environment, and causes an indoor
moist air reach a dew point temperature and condense
into water for discharge to realize the dehumidification
effect. The dehumidified environment and the heat re-
lease of the indoor condenser 200 cause an ambient tem-
perature reach a more comfortable temperature, and the
wind can be blown into a crew compartment through a
fan to achieve a more comfortable ambient temperature
in the crew compartment.

11. Mode enabling air conditioning refrigeration, air con-
ditioning and heating dehumidification, and battery heat-

ing

[0121] In this mode, the flow path of the refrigerant is
divided into two, with one of the two following a flow path
as follows: compressor 600 —> indoor condenser 200
—> first electric valve 21 -> second electric valve 22 —>
outdoor heat exchanger 300 —> third electric valve 23 -
>indoor evaporator400 —> gas-liquid separator 800 —>
compressor 600. the other of the two following a flow
path as follows: compressor 600 —> second switch valve
32 —> battery pack heat exchanger 500 —> second
check valve 52 -> motor heat exchanger 700 —> third
electric valve 23 —> gas-liquid separator 800— com-
pressor 600. The high-temperature refrigerant from the
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compressor 600 is configured to exchange heat with the
battery pack heat exchanger 500 to heat the battery.
[0122] In this mode, the refrigerant flowing out of the
outlet of the compressor 600 releases heat in the indoor
condenser 200, and the refrigerant entering the indoor
evaporator 400 evaporates and absorbs heat, absorbs
the heat of the indoor environment, and causes an indoor
moist air reach a dew point temperature and condense
into water for discharge to realize the dehumidification
effect. The dehumidified environment and the heat re-
lease of the indoor condenser 200 cause an ambient tem-
perature reach a more comfortable temperature, and the
wind can be blown into a crew compartment through a
fan to achieve a more comfortable ambient temperature
in the crew compartment.

[0123] It may be understood that, in the present dis-
closure, in addition to the above typical modes, the spe-
cific structure of the vehicle thermal management system
is provided based on the present disclosure, and the ve-
hicle thermal management system may also have any
proper thermal management mode, which is not limited
in the present disclosure.

[0124] The implementations of the present disclosure
are described in detail above with reference to the ac-
companying drawings. However, the present disclosure
is not limited to the specific details in the foregoing im-
plementations, multiple simple deformations may be
made to the technical solution of the present disclosure
within a range of the technical concept of the present
disclosure, and these simple deformations fall within the
protection scope of the present disclosure.

[0125] Moreover, it should be noted that the specific
technical features described in the foregoing specific im-
plementations may be combined in any proper manner
in the case of no contradiction. In order to avoid unnec-
essary repetition, various possible combinations are not
described separately in the present disclosure.

[0126] In addition, various implementations of the
present disclosure may also be arbitrarily combined with-
out departing from the idea of the present disclosure, and
the combinations shall still be regarded as the content
disclosed in the present disclosure.

Claims
1. A valve set integrated module (100), comprising:

a body (10), a first flow channel being arranged
inthe body (10), the firstflow channel comprising
a first branch channel (11);

an interface, arranged on the body (10), config-
ured to be connected with a corresponding ther-
mal management device in a thermal manage-
ment system, and comprising an indoor con-
denser outlet interface (201), an outdoor heat
exchanger inlet interface (202), and a first inter-
face (204) of a motor heat exchanger; and
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avalve set, arranged on the body (10) and com-
prising a first electric valve (21) and a second
electric valve (22), the first electric valve (21)
having a throttling function and an unblock-
ing/blocking function,

wherein a first port of the first electric valve (21)
is connected with the indoor condenser outlet
interface (201); a second port of the second
electric valve (22) is connected with the outdoor
heat exchanger inlet interface (202); a third port
of the second electric valve (22) is connected
with the first interface (204) of the motor heat
exchanger; and

afirst opening (301) configured to be in commu-
nication with a second port of the first electric
valve (21) and a third port of the first electric
valve (21) and a second opening (302) config-
ured to be in communication with a first port of
the second electric valve (22) are arranged on
the first branch channel (11), so that the second
port of the first electric valve (21) or the third port
ofthe first electric valve (21) is in communication
with the outdoor heat exchanger inlet interface
(202) and the first interface (204) of the motor
heat exchanger through the first branch channel

(11).

The valve set integrated module according to claim
1, wherein the interface further comprises an outdoor
heat exchanger outlet interface (203), an indoor
evaporator inlet interface (206), and a second inter-
face (205) of the motor heat exchanger; when one
of the first interface (204) of the motor heat exchang-
er and the second interface (205) of the motor heat
exchanger is connected with an inlet of the motor
heat exchanger (700), the other is connected with
an outlet of the motor heat exchanger (700);

the first flow channel further comprises a second
branch channel (12);

the valve set further comprises a third electric
valve (23); the third electric valve (23) has a
throttling function and an unblocking/blocking
function;

wherein a third opening (303) configured to be
in communication with the outdoor heat ex-
changer outlet interface (203), a fourth opening
(304) configured to be in communication with a
first port of the third electric valve (23), and a
fifth opening (305) configured to be in commu-
nication with the second interface (205) of the
motor heat exchanger are arranged on the sec-
ond branch channel (12), so that the first port of
the third electric valve (23) is in communication
with the outdoor heat exchanger outlet interface
(203) and the second interface (205) of the mo-
tor heat exchanger through the second branch
channel (12), and the second port of the third

10

15

20

25

30

35

40

45

50

55

15

electric valve (23) is connected with the indoor
evaporator inlet interface (206).

The valve set integrated module according to any of
claims 1 and 2, wherein the interface further com-
prises a gas-liquid separatorinletinterface (211)and
an indoor evaporator outlet interface (207);

the first flow channel further comprises a third
branch channel (13); and

a sixth opening (306) configured to be in com-
munication with a third port of the third electric
valve (23), a seventh opening (307) configured
to be in communication with the indoor evapo-
rator outlet interface (207), and an eighth open-
ing (308) configured to be in communication with
the gas-liquid separator inlet interface (211) are
arranged on the third branch channel (13), so
that the third port of the third electric valve (23)
and the indoor evaporator outlet interface (207)
are both in communication with the gas-liquid
separator inlet interface (211) through the third
branch channel (13).

The valve set integrated module according to any of
claims 1 to 3, further comprising a first temperature
sensor (60), a temperature sensor interface (315) in
communication with the third branch channel (13)
being further arranged on the body (10); the temper-
ature sensor interface (315) being located between
the indoor evaporator outlet interface (207) and the
gas-liquid separator inlet interface (211); and a de-
tection terminal of the first temperature sensor (60)
extending into the temperature sensor interface
(315) and being located in the third branch channel
(13).

The valve set integrated module according to any of
claims 1to 4, wherein the interface further comprises
afirstinterface (208) of a battery pack heat exchang-
er and a first one-way valve (51),

wherein a ninth opening (309) configured to be in
communication with a first port of the first one-way
valve (51) is further arranged on the second branch
channel (12), so that the first port of the first one-way
valve (51) is in communication with the outdoor heat
exchanger outlet interface (203) through the second
branch channel (12); a second port of the first one-
way valve (51) is connected with the first interface
(208) of the battery pack heat exchanger; and the
first one-way valve (51) is configured to allow a fluid
to flow only in a direction from the first port toward
the second port.

The valve set integrated module according to any of
claims 1to 5, wherein the valve set further comprises
a second one-way valve (52);

a first port of the second one-way valve (52) is con-
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nected with the first interface (208) of the battery
pack heat exchanger; and a tenth opening (310) con-
figured to be in communication with a second port
of the second one-way valve (52) is arranged on the
first branch channel (11), so that the second port of
the second one-way valve (52) is in communication
with the first interface (204) of the motor heat ex-
changer through the first branch channel (11).

The valve set integrated module according to any of
claims 1to 6, wherein the interface further comprises
the gas-liquid separator inlet interface (211) and a
second interface (209) of the battery pack heat ex-
changer; when one of the first interface (208) of the
battery pack heat exchanger and the second inter-
face (209) of the battery pack heat exchanger is con-
nected with an inlet of the battery pack heatexchang-
er (500), the other is connected with an outlet of the
battery pack heat exchanger (500);

the first flow channel further comprises the third
branch channel (13);

the valve set further comprises an expansion
valve (40) and a first switch valve (31); a first
port of the expansion valve (40) is connected
with the second port of the first one-way valve
(51) and the first port of the second one-way
valve (52); a second port of the expansion valve
(40) is connected with the first interface (208) of
the battery pack heat exchanger;

a first port of the first switch valve (31) is con-
nected with the second interface (209) of the
battery pack heat exchanger; and an eleventh
opening (311) configured to be in communica-
tion with a second port of the first switch valve
(31)isfurtherarranged on the third branch chan-
nel (13), so thatthe second port of the first switch
valve (31) is in communication with the gas-lig-
uid separator inlet interface (211) through the
third branch channel (13).

The valve set integrated module according to any of
claims 1to 7, wherein the interface further comprises
a compressor outlet interface (210); the first flow
channel further comprises a fourth branch channel
(14);

the expansion valve (40)is a two-way expansion
valve; the valve set further comprises a second
switch valve (32); afirst port of the second switch
valve (32) is connected with the compressor out-
let interface (210); and

a twelfth opening (312) configured to be in com-
munication with a second port of the second
switch valve (32), a thirteenth opening (313)
configured to be in communication with the sec-
ond interface (209) of the battery pack heat ex-
changer, and a fourteenth opening (314) config-
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ured to be in communication with the first port
of the first switch valve (31) are further arranged
on the fourth branch channel (14), so that the
second port of the second switch valve (32) and
the second interface (209) of the battery pack
heat exchanger are both in communication with
the first port of the first switch valve (31) through
the fourth branch channel (14).

The valve set integrated module according to any of
claims 1 to 8, wherein the body (10) comprises a first
portion (1) and a second portion (2); the first portion
(1) comprises a first connecting surface (101); the
second portion (2) comprises a second connecting
surface; the first connecting surface (101) is hermet-
ically connected with the second connecting surface;
at least one groove is arranged on the first connect-
ing surface (101), and the groove on the first con-
necting surface (101) and the second connecting
surface jointly define the first flow channel; and/or at
least one groove is arranged on the second connect-
ing surface, and the groove on the second connect-
ing surface and the first connecting surface (101)
jointly define the first flow channel.

The valve set integrated module according to any of
claims 1 to 9, wherein the first flow channel is a
curved flow channel or a linear flow channel.

The valve set integrated module according to any of
claims 1 to 10, wherein at least one groove is ar-
ranged on the first connecting surface (101); the
groove on the first connecting surface (101) and the
second connecting surface jointly define the first flow
channel; a plurality of second flow channels are ar-
ranged inside the first portion (1); and the valve set
is in communication with a corresponding opening
arranged on the first flow channel through the second
flow channels.

The valve set integrated module according to any of
claims 1 to 11, wherein the valve set is in communi-
cation with the corresponding opening arranged on
the first flow channel; and a valve core of a valve in
the valve setis in direct communication with the cor-
responding opening.

A vehicle thermal management system, comprising
the valve set integrated module (100) according to
any of claims 1 to 12.

A vehicle, comprising the vehicle thermal manage-
ment system according to claim 13.
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