INTEGRATED VALVE SET MODULE FOR THERMAL MANAGEMENT SYSTEM,
VEHICLE THERMAL MANAGEMENT SYSTEM, AND VEHICLE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on and claims priority to Chinese Patent Application
No. 202110600840.1 filed on May 31, 2021, which is incorporated herein by reference in its

entirety.

FIELD
[0002] The present disclosure relates to the field of vehicle technologies, and more
specifically, to a valve manifold integration module for a thermal management system, a vehicle

thermal management system, and a vehicle.

BACKGROUND

[0003] A heat pump air-conditioning system is an important part of a vehicle that can
change a temperature environment inside the vehicle, so that a driver and passengers can gain
good experience. A variety of valves, such as electronic expansion valves and solenoid switch
valves, are arranged in an existing heat pump air-conditioning system according to functional
needs. Typically, these valves are independently mounted in pipes, which leads to a complex pipe
structure of the heat pump air-conditioning system, making it difficult to mount and not
conducive to platform-based design. Moreover, the large number of pipes are high in design cost,
messy in arrangement and troublesome in maintenance. In addition, since most of the existing
valves are electronic valves, each electronic valve needs to be connected to an electric wire

harness of the vehicle. Moreover, valve bodies are scattered, which thereby results in high costs



of the vehicle wire harness.

SUMMARY

[0004] An objective of the present disclosure is to provide a valve manifold integration
module for a thermal management system. The valve manifold integration module integrates a
variety of valves, which is beneficial to simplifying the structure of the vehicle thermal
management system, reducing the space occupied by integrated valves, and reducing the costs.

[0005] In order to achieve the above objective, the present disclosure provides a valve
manifold integration module for a thermal management system. The thermal management system
has multiple preset thermal management modes. The valve manifold integration module
includes:

[0006] multiple flow channels, provided inside the valve manifold integration module;
and

[0007] a valve manifold, the valve manifold including multiple valves, the multiple
valves being arranged on the valve manifold integration module, and the multiple valves
communicating with the flow channels.

[0008] By opening or closing the multiple valves, the multiple flow channels are
allowed to communicate with each other to form different fluid channels, thereby realizing at
least one of the multiple preset thermal management modes.

[0009] Optionally, the flow channels include a first flow channel and a second flow
channel. The first flow channel is substantially distributed in a same plane. The second flow
channel is distributed in different planes. The valve manifold is configured to selectively allow

communication between the first flow channel and the second flow channel to form different



fluid channels.

[0010] Optionally, there are multiple first flow channels, and there are multiple second
flow channels.

[0011] Optionally, the valve manifold integration module further includes an interface.
The interface is configured to connect the fluid channel to an external heat exchange component
in the thermal management system.

[0012] Optionally, the interface includes more than one of a condenser interface, an
air-conditioning heat exchanger interface, an evaporator interface, a battery pack heat exchanger
interface, a motor heat exchanger interface, an engine heat exchanger interface, a compressor
interface, a gas-liquid separator interface, and a PT sensor interface. The condenser interface, the
air-conditioning heat exchanger interface, the evaporator interface, the battery pack heat
exchanger interface, the motor heat exchanger interface and the compressor interface are
configured to be connected to corresponding external thermal management system components.

[0013] Optionally, the interface includes the condenser interface, the air-conditioning
heat exchanger interface, the evaporator interface, and the compressor interface. The condenser
interface is configured to be connected to a condenser in the external thermal management
system. The air-conditioning heat exchanger interface is configured to be connected to an
air-conditioning heat exchanger in the external thermal management system. The evaporator
interface is configured to be connected to an evaporator in the external thermal management
system. The compressor interface is configured to be connected to a compressor in the external
thermal management system.

[0014] Optionally, the condenser interface includes a condenser outlet interface, the

air-conditioning heat exchanger interface includes an air-conditioning heat exchanger inlet



interface and an air-conditioning heat exchanger outlet interface, and the evaporator interface
includes an evaporator inlet interface.

[0015] The valve manifold further includes a first switch valve and a second expansion
valve.

[0016] A first port of the first switch valve is connected to the condenser outlet
interface, and a second port of the first switch valve is connected to the air-conditioning heat
exchanger inlet interface.

[0017] A first port of the second expansion valve is connected to the air-conditioning
heat exchanger outlet interface, and a second port of the second expansion valve is connected to
the evaporator inlet interface, such that the thermal management system realizes an
air-conditioning cooling mode in the preset thermal management modes.

[0018] Optionally, the valve manifold further includes a first expansion valve and a
second switch valve.

[0019] A first port of the first expansion valve is connected to the condenser outlet
interface, and a second port of the first expansion valve is connected to the air-conditioning heat
exchanger inlet interface.

[0020] A first port of the second switch valve is connected to the air-conditioning heat
exchanger outlet interface, and a second port of the second switch valve is configured to be
connected to an inlet of the compressor, such that the thermal management system realizes an
air-conditioning heating mode in the preset thermal management modes.

[0021] Optionally, the battery pack heat exchanger interface includes a battery pack
heat exchanger first interface and a battery pack heat exchanger second interface.

[0022] The valve manifold further includes a third expansion valve and a fourth switch



valve. A first port of the third expansion valve is connected to the battery pack heat exchanger
second interface, and a second port of the third expansion valve is connected to the
air-conditioning heat exchanger outlet interface.

[0023] A first port of the fourth switch valve is connected to the battery pack heat
exchanger first interface, and a second port of the fourth switch valve is configured to be
connected to an inlet of the compressor, such that the thermal management system realizes a
battery cooling mode, or air-conditioning cooling and battery cooling modes in the preset
thermal management modes.

[0024] Optionally, the compressor interface includes a compressor outlet interface, and
the motor heat exchanger interface includes a motor heat exchanger first interface and a motor
heat exchanger second interface.

[0025] The valve manifold further includes a second switch valve and a third switch
valve. A first port of the third switch valve is connected to the compressor outlet interface, a
second port of the third switch valve is connected to the battery pack heat exchanger first
interface, a second port of the third expansion valve is connected to the motor heat exchanger
first interface, a first port of the second switch valve is connected to the motor heat exchanger
second interface, and a second port of the second switch valve is configured to be connected to
the inlet of the compressor, such that the thermal management system realizes a battery heating
mode, or air-conditioning cooling and battery heating modes in the preset thermal management
modes.

[0026] Optionally, the valve manifold further includes a first expansion valve. A first
port of the first expansion valve is connected to the condenser outlet interface, and a second port

of the first expansion valve is connected to the motor heat exchanger first interface, such that the



thermal management system realizes a heat pump heating mode, or heat pump heating and
battery cooling modes, or heat pump heating and battery heating modes in the preset thermal
management modes.

[0027] Optionally, the motor heat exchanger second interface is further connected to
the first port of the second expansion valve, such that the thermal management system realizes
air-conditioning cooling, air-conditioning dehumidifying, and battery heating modes, or
air-conditioning cooling, air-conditioning dehumidifying, and battery cooling modes in the preset
thermal management modes.

[0028] Optionally, the valve manifold further includes a fifth switch valve and a sixth
switch valve.

[0029] A first port of the fifth switch valve is respectively connected to the second port
of the first switch valve and the second port of the first expansion valve, and a second port of the
fifth switch valve is connected to the motor heat exchanger first interface.

[0030] A first port of the sixth switch valve is respectively connected to the second
port of the first switch valve and the second port of the first expansion valve, and a second port
of the sixth switch valve is configured to be connected to the air-conditioning heat exchanger
inlet interface.

[0031] Optionally, the valve manifold further includes a first one-way valve and a
second one-way valve.

[0032] A first port of the first one-way valve is connected to the second port of the
third expansion valve, and a second port of the first one-way valve is configured to be connected
to the motor heat exchanger first interface. The first one-way valve is configured to allow a fluid

to flow only from the first port to the second port of the first one-way valve.



[0033] A first port of the second one-way valve is connected to the air-conditioning
heat exchanger outlet interface, and a second port of the second one-way valve is connected to
the second port of the third expansion valve. The second one-way valve is configured to allow
the fluid to flow only from the first port to the second port of the second one-way valve.

[0034] Optionally, the gas-liquid separator interface includes a gas-liquid separator
inlet interface, and the evaporator interface further includes an evaporator outlet interface. The
evaporator outlet interface is connected to the gas-liquid separator inlet interface.

[0035] Optionally, the flow channels include the first flow channel substantially
distributed in the same plane.

[0036] The first flow channel includes a first branch. The condenser outlet interface
communicates with the first port of the first switch valve and the first port of the first expansion
valve through the first branch.

[0037] Alternatively, the first flow channel further includes a second branch. The
second port of the first switch valve and the second port of the first expansion valve
communicate with the first port of the fifth switch valve through the second branch, and the
second port of the first switch valve and the second port of the first expansion valve further
communicate with the first port of the sixth switch valve through the second branch.

[0038] Alternatively, the first flow channel further includes a third branch. The second
port of the sixth switch valve communicates with the air-conditioning heat exchanger inlet
interface through the third branch.

[0039] Alternatively, the first flow channel further includes a fourth branch. The
air-conditioning heat exchanger outlet interface and the motor heat exchanger second interface

communicate with the first port of the second switch valve through the fourth branch, and the



air-conditioning heat exchanger outlet interface and the motor heat exchanger second interface
further communicate with the first port of the second expansion valve through the fourth branch.

[0040] Alternatively, the first flow channel further includes a fifth branch. The second
port of the third switch valve and the battery pack heat exchanger first interface communicate
with the first port of the fourth switch valve through the fifth branch.

[0041] Alternatively, the first flow channel further includes a sixth branch. The second
port of the second switch valve, the evaporator outlet interface, and the second port of the fourth
switch valve are communicable with the inlet of the compressor through the sixth branch.

[0042] Optionally, the valve manifold integration module includes a first half body and
a second half body. The first half body includes a first connection surface, the second half body
includes a second connection surface, and the first connection surface is hermetically connected
to the second connection surface.

[0043] The multiple second flow channels are provided inside the first half body, and
the second connection surface of the second half body is provided with at least one groove, such
that the groove on the second connection surface and the first connection surface jointly define
the first flow channel.

[0044] Optionally, the valve manifold integration module includes the first half body
and the second half body. The first half body includes the first connection surface, the second
half body includes the second connection surface, and the first connection surface is hermetically
connected to the second connection surface.

[0045] The multiple second flow channels are provided inside the first half body, and
the first connection surface of the first half body is provided with at least one groove, such that

the second connection surface and the groove on the first half body jointly define the first flow



channel.

[0046] Optionally, the groove is a curved groove or a straight groove.

[0047] Optionally, multiple hollow portions are formed in the first half body.

[0048] Optionally, the interface further includes a motor heat exchanger third interface
and a motor heat exchanger fourth interface, and the valve manifold integration module further
includes a pump and an accommodating box for accommodating a coolant. An outlet of the
pump is connected to the motor heat exchanger third interface such that the coolant is pumped to
the motor heat exchanger third interface, and an outlet of the accommodating box is connected to
an inlet of the pump such that the coolant is added to the pump.

[0049] Optionally, the valve manifold integration module further includes a three-way
valve. A first port of the three-way valve is connected to the motor heat exchanger fourth
interface, a second port of the three-way valve is configured to be connected to an inlet of a
radiator of a coolant flow path where a motor is located, and a third port of the three-way valve is
configured to be connected to an inlet of a high-pressure system of the coolant flow path where
the motor is located.

[0050] The present disclosure further provides a vehicle thermal management system,
including thermal management system components and the valve manifold integration module
described above. The thermal management system components include a compressor, a
condenser, an air-conditioning heat exchanger, and an evaporator, and at least one of a
compressor interface, a condenser interface, a heat exchanger interface, and an evaporator
interface is arranged on the valve manifold integration module and connected to the
corresponding thermal management system component.

[0051] Optionally, the vehicle thermal management system further includes a



gas-liquid separator, and a gas-liquid separator interface configured to be connected to the
gas-liquid separator is further arranged on the valve manifold integration module.

[0052] Optionally, the vehicle thermal management system further includes a battery
pack heat exchanger, and a battery pack heat exchanger interface configured to be connected to
the battery pack heat exchanger is further arranged on the valve manifold integration module, so
as to heat or cool a battery pack by selecting the corresponding fluid channel.

[0053] Optionally, the vehicle thermal management system further includes a motor
heat exchanger, and a motor heat exchanger interface configured to be connected to the motor
heat exchanger is further arranged on the valve manifold integration module, so as to realize heat
exchange with the motor by selecting the corresponding fluid channel.

[0054] The present disclosure further provides a vehicle, including the vehicle thermal
management system.

[0055] In the above technical solution, the multiple flow channels are provided inside
the valve manifold integration module instead of existing connecting pipes, which is beneficial to
reducing the connecting pipes in the thermal management system. The valve manifold having the
multiple valves is integrated in the valve manifold integration module, which facilitates
maintenance and demounting and can effectively reduce a number of supports for mounting the
valves. Besides, from the perspective of light weight, the design of the multiple flow channels
and the integration of the multiple valves inside the valve manifold integration module is also
beneficial to reducing the weight of the valve manifold integration module, which thereby is
conducive to the light weight design of the vehicle and reduces the costs and fuel consumption.
Moreover, fewer parts are used, which is beneficial to reducing the arrangement space of the

vehicle. Furthermore, the multiple flow channels may be designed flexibly in the valve manifold
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integration module, so that positions of the valves can be selected flexibly, so as to adapt to the
arrangement of different vehicles, which is conducive to platform-based design of the vehicle.
[0056] Other features and advantages of the present disclosure will be described in

detail in the following detailed description part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] The accompanying drawings are intended to provide further understanding of
the present disclosure and constitute a part of this description. The accompanying drawings and
the specific embodiments below are used together for explaining the present disclosure rather
than constituting a limitation to the present disclosure. In the accompanying drawings:

[0058] FIG. 1 is a schematic diagram of a principle of a vehicle thermal management
system according to some embodiments of the present disclosure, in which valves and the like
involved in the vehicle thermal management system are integrated;

[0059] FIG. 2 is a schematic diagram of a principle of a vehicle thermal management
system according to some embodiments of the present disclosure;

[0060] FIG. 3 and FIG. 4 are schematic three-dimensional structural views of a valve
manifold integration module for a thermal management system according to some embodiments
of the present disclosure;

[0061] FIG. 5 is a schematic exploded structural view of a valve manifold integration
module for a thermal management system according to some embodiments of the present
disclosure;

[0062] FIG. 6 is a schematic three-dimensional structural view of a first half body of a

valve manifold integration module for a thermal management system according to some
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embodiments of the present disclosure, in which multiple first flow channels are shown;

[0063] FIG. 7 and FIG. 8 are top views of FIG. 6;

[0064] FIG. 9 is a schematic three-dimensional structural view of a first half body of a
valve manifold integration module for a thermal management system according to some
embodiments of the present disclosure, in which multiple interfaces are shown,;

[0065] FIG. 10 is a top view of FIG. 9;

[0066] FIG. 11 is a schematic sectional view of FIG. 10 taken along line C-C;

[0067] FIG. 12 is a schematic sectional view of FIG. 10 taken along line A-A;

[0068] FIG. 13 is a side view of FIG. 9; and

[0069] FIG. 14 is a schematic sectional view of FIG. 12 taken along line B-B.

DETAILED DESCRIPTION

[0070] Specific embodiments of the present disclosure are described in detail below
with reference to the accompanying drawings. It should be understood that the specific
embodiments described herein are merely used to describe and explain the present disclosure, but
are not intended to limit the present disclosure.

[0071] In the present disclosure, without the contrary explanation, the directional terms
such as "upper and lower" are usually defined based on the drawing direction of the
corresponding accompanying drawings. "Upper and lower" refers to "upper and lower" sides of
the vehicle, and "inside and outside" refers to the inside and outside of relevant parts. In addition,
terms "first", "second", etc. are only used for distinguishing descriptions and cannot be
understood as indicating or implying relative importance.

[0072] In addition, in the description of the present disclosure, it should be noted that

12



unless otherwise explicitly specified or defined, the terms such as "arrange", "connect", and
"mount" should be understood in a broad sense. For example, the connection may be a fixed
connection, a detachable connection, or an integral connection; or may be a direct connection, an
indirect connection through an intermediate medium, or an internal 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.

[0073] As shown in FIG. 1 to FIG. 14, one aspect of the present disclosure provides a
valve manifold integration module 100 for a thermal management system 1000. The thermal
management system 1000 has multiple preset thermal management modes. The valve manifold
integration module 100 includes multiple flow channels 10 and a valve manifold 20. The
multiple flow channels 10 are provided inside the valve manifold integration module 100. The
valve manifold 20 includes multiple valves. The valves are arranged on the valve manifold
integration module 100. The valves communicate with the flow channels 10. By opening or
closing the valves, the multiple flow channels 10 are allowed to communicate with each other to
form different fluid channels, thereby realizing at least one of the multiple preset thermal
management modes.

[0074] In the above technical solution, the multiple flow channels are provided inside
the valve manifold integration module 100 instead of existing connecting pipes, which is
beneficial to reducing the connecting pipes in the thermal management system 1000. The valve
manifold 20 having the multiple valves is integrated in the valve manifold integration module
100, which facilitates maintenance and demounting and can effectively reduce a number of
supports for mounting the valves. Besides, the design of the multiple flow channels 10 and the

integration of the multiple valves inside the valve manifold integration module 100 is also
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beneficial to reducing the weight of the valve manifold integration module 100, which thereby is
beneficial to reducing the weight of the vehicle and reducing the costs and fuel consumption.
Moreover, fewer parts are used, which is beneficial to reducing the arrangement space of the
vehicle. Furthermore, the multiple flow channels may be designed flexibly in the valve manifold
integration module 100, so that positions of the valves can be selected flexibly, so as to adapt to
the arrangement of different vehicles, which is conducive to platform-based design of the
vehicle.

[0075] In some embodiments, the flow channels include a first flow channel 110 and a
second flow channel 120. The first flow channel 110 is substantially distributed in a same plane.
The second flow channel 120 is distributed in different planes. The valve manifold is configured
to selectively allow communication between the first flow channel 110 and the second flow
channel 120 to form different fluid channels.

[0076] The first flow channel is 110 substantially arranged in the same plane, which
facilitates production and later maintenance. The second flow channel 120 is arranged in
different planes, and the valve manifold can selectively allow communication between the first
flow channel 110 and the second flow channel 120 to form multiple different fluid channels, so
as to adapt to different models, thereby improving the adaptability of the valve manifold
integration module 100. For example, there are multiple first flow channels 110, and there are
multiple second flow channels 120. The valve manifold selectively allows the communication
between the multiple first flow channels 110 and the multiple second flow channels 120, so as to
further satisfy the use of different models.

[0077] Referring to FIG. 3, FIG. 5, FIG. 6, FIG. 8, and FIG. 11, the valve manifold

integration module 100 may include a first half body 1 and a second half body 2. The first half
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body 1 includes a first connection surface 1001. The second half body 2 includes a second
connection surface 2001. The first connection surface 1001 is hermetically connected to the
second connection surface 2001.

[0078] The multiple second flow channels 120 are provided inside the first half body 1,
and the second connection surface 2001 of the second half body 2 is provided with at least one
groove, such that the groove on the second connection surface 2001 and the first connection
surface 1001 jointly define the first flow channel 110. When the first half body 1 and the second
half body 2 are attached to each other, the first connection surface 1001 of the first half body 1
covers the groove on the second connection surface 2001 of the second half body 2, and the part
of the first connection surface 1001 covering an opening of the groove and a wall of the groove
form the first flow channel 110.

[0079] The first flow channels 110 are defined between the first half body 1 and the
second half body 2, the multiple second flow channels 120 are provided inside the first half body
1, and the valves selectively allow the communication between the first flow channels 110 and
the second flow channels 120. In this way, a fluid may flow in the fluid channel formed by the
first flow channels 110 and the second flow channels 120 corresponding to the valves.

[0080] That is, one first flow channel 110 may respectively communicate with
multiple second flow channels 120 to form the fluid channel, and multiple second flow channels
120 may share one first flow channel 110. This can reduce a number of flow channels provided
in the valve manifold integration module 100. On the one hand, the internal structure of the valve
manifold integration module 100 is simplified, which facilitates fabrication of the valve manifold
integration module 100. On the other hand, the problems of messy arrangement, low integration

level of the valve manifold integration module 100 and large space occupied by the valve
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manifold integration module 100 due to too many flow channels can be avoided.

[0081] In addition, forming one or more grooves on the second connection surface
2001 of the second half body 2 has the following advantages:

[0082] First, since the groove is formed on the second connection surface 2001 of the
second half body 2, the second half body 2 is simple in structure, so that in a case that there are
multiple grooves, it is more convenient and flexible to arrange and distribute the grooves.
Therefore, the second half body 2 can be utilized to a greater extent, which improves the
integration level of the valve manifold integration module 100. Besides, arranging the multiple
grooves on the same surface is convenient for later maintenance.

[0083] Second, the groove is arranged in the second half body 2, and the second half
body 2 is arranged independently from the first half body 1. Therefore, the design of the groove
does not affect the design and distribution of the second flow channels 120 in the first half body
1, and there is no need to avoid the second flow channels 120 in the first half body 1 when
providing the grooves in the second half body 2, so that the distribution of the second flow
channels 120 in the first half body 1 can be utilized more reasonably.

[0084] In other embodiments, the multiple second flow channels 120 are provided
inside the first half body 1, and the first connection surface 1001 of the first half body 1 is
provided with at least one groove, such that the second connection surface 2001 and the groove
on the first half body 1 jointly define the first flow channel 110. When the first half body 1 and
the second half body 2 are attached to each other, the second connection surface 2001 of the
second half body 2 covers the groove on the first connection surface 1001 of the first half body 1,
and the part of the second connection surface 2001 covering an opening of the groove and a wall

of the groove form the first flow channel 110.
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[0085] In this solution, both the second flow channels 120 and the groove are provided
in the first half body 1, and the first flow channels 110 are defined jointly by the first half body 1
and the second half body 2. In this way, the main structure may be concentrated on the first half
body 1, and in a case of damage, the main maintenance may be carried out only in the first half
body 1. The second half body 2 is high in design freedom, so that a designer can set the shape
and size of the second half body 2 according to different arrangement spaces of different models.

[0086] In another variant solution, the multiple second flow channels 120 are provided
inside the first half body 1, the second connection surface 2001 of the second half body 2 is
provided with at least one groove, and the first connection surface 1001 of the first half body 1 is
provided with at least one groove. In this way, when the first half body 1 and the second half
body 2 are attached to each other, the first flow channels 110 may also be defined. The present
disclosure does not limit the specific design method.

[0087] In order to adapt to different mounting cases and utilize the space of the second
half body 2 more reasonably, in some embodiments provided in the present disclosure, the
groove is a curved groove or a straight groove.

[0088] As shown in FIG. 6 and FIG. 7, in a case that the groove is a straight groove, in
order to reduce resistance of the fluid flowing in the first flow channels 110, an included angle 6
of the curved groove at the bend may be 50° to 180°. In this way, while the fluid flows in the
groove, there is a small flow resistance between the fluid and the groove, so that the fluid can
flow in the groove more smoothly, and energy consumption of the fluid in the flow process can
be reduced. Preferably, the included angle 6 may be 90° to 180°.

[0089] It should be noted here that when the included angle at the bend of the curved

groove is 180°, the groove is constructed as a straight groove.
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[0090] Optionally, a cross section of the groove is U-shaped with a rounded transition.
On the one hand, the U-shaped groove is more easily fabricated. On the other hand, the groove
with the rounded transition can reduce the flow resistance of the fluid flowing in the groove, so
that the fluid can flow in the first flow channels 110 more smoothly.

[0091] The first half body 1 and the second half body 2 may be constructed in any
suitable shape and structure, as long as the corresponding functions can be realized, which is not
limited in the present disclosure.

[0092] In order to improve airtightness between the first half body 1 and the second
half body 2, a sealing film may be arranged between the first half body 1 and the second half
body 2.

[0093] Optionally, the first half body 1 and the second half body 2 may be connected
by welding to ensure the stability of connection between the first half body 1 and the second half
body 2. However, the present disclosure does not limit the connection method between the first
half body 1 and the second half body 2. The first half body and the second half body may also be
connected by a snap fit or bonding, as long as the stability of connection can be ensured.

[0094] Optionally, referring to FIG. 6, multiple hollow portions 50 are formed in the
first half body 1, thereby effectively reducing the weight of the first half body 1. This facilitates
the light weight design of the first half body 1 and the light weight design of the valve manifold
integration module 100, thereby further facilitating the light weight design of the vehicle.

[0095] Optionally, the valve manifold integration module 100 further includes an
interface. The interface is configured to connect the fluid channel to an external heat exchange
component in the thermal management system 1000. The interface arranged on the valve

manifold integration module 100 can directly realize the communication between the fluid
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channel in the valve manifold integration module 100 and the external heat exchange component
in the thermal management system 1000 without connection through structures such as
intermediate adapters, thereby reducing the risk of leakage of the valve manifold integration
module 100.

[0096] For example, the interface may include more than one of a condenser interface,
an air-conditioning heat exchanger interface, an evaporator interface, a battery pack heat
exchanger interface, a motor heat exchanger interface, an engine heat exchanger interface, a
compressor interface, a gas-liquid separator interface, and a PT sensor interface. The condenser
interface, the air-conditioning heat exchanger interface, the evaporator interface, the battery pack
heat exchanger interface, the motor heat exchanger interface and the compressor interface are
configured to be connected to corresponding external thermal management system components.
It should be noted here that the corresponding thermal management system components
respectively refer to: a condenser 200, an air-conditioning heat exchanger 300, an evaporator 400,
a battery pack heat exchanger 500, a motor heat exchanger 700, and a compressor 600.

[0097] Specifically, the condenser interface is configured to be connected to the
condenser 200. The air-conditioning heat exchanger interface is configured to be connected to
the air-conditioning heat exchanger 300. The evaporator interface is configured to be connected
to the evaporator 400. The battery pack heat exchanger interface is configured to be connected to
the battery pack heat exchanger 500. The motor heat exchanger interface is configured to be
connected to the motor heat exchanger 700. The compressor interface is configured to be
connected to the compressor 600.

[0098] The valve manifold integration module 100 is provided with the interfaces for

communication with the external thermal management system components, so that the fluid
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channel in the valve manifold integration module 100 can communicate with the external
thermal management system components, thereby realizing different preset thermal management
modes. In addition, the use of the fluid channel inside the valve manifold integration module 100
instead of the existing connecting pipes can reduce a number of pipes, which is conducive to the
light weight design.

[0099] In some embodiments, the interface may include the condenser interface, the
air-conditioning heat exchanger interface, the evaporator interface, and the compressor interface.
The condenser interface is configured to be connected to the condenser 200 in the external
thermal management system 1000. The air-conditioning heat exchanger interface is configured to
be connected to the air-conditioning heat exchanger 300 in the external thermal management
system 1000. The evaporator interface is configured to be connected to the evaporator 400 in the
external thermal management system 1000. The compressor interface is configured to be
connected to the compressor 600 in the external thermal management system 1000. Of course,
the present disclosure does not limit the type of interfaces on the valve manifold integration
module 100, which may be set by the designer according to needs.

[0100] Optionally, referring to FIG. 1 and FIG. 2, the condenser interface may include
a condenser outlet interface 202. The air-conditioning heat exchanger interface includes an
air-conditioning heat exchanger inlet interface 203 and an air-conditioning heat exchanger outlet
interface 204. The evaporator interface includes an evaporator inlet interface 205. The valve
manifold includes a first switch valve 21 and a second expansion valve 32. A first port of the first
switch valve 21 is connected to the condenser outlet interface 202, and a second port of the first
switch valve 21 is connected to the air-conditioning heat exchanger inlet interface 203. A first

port of the second expansion valve 32 is connected to the air-conditioning heat exchanger outlet
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interface 204, and a second port of the second expansion valve 32 is connected to the evaporator
inlet interface 205, such that the thermal management system 1000 realizes an air-conditioning
cooling mode in the preset thermal management modes.

[0101] In the above technical solution, compared with the existing air-conditioning
cooling mode, the condenser outlet interface 202 and the air-conditioning heat exchanger inlet
interface 203 are arranged on the valve manifold integration module 100, and the fluid channel
communicating the condenser outlet interface 202 with the air-conditioning heat exchanger inlet
interface 203 is provided inside the valve manifold integration module 100, so that the fluid
channel can be used instead of the connecting pipe for allowing the communication between the
condenser 200 and the air-conditioning heat exchanger 300 in the related art. Moreover, the
air-conditioning heat exchanger outlet interface 204 and the evaporator inlet interface 205 are
integrated in the valve manifold integration module 100, and there must be the fluid channel
communicating the air-conditioning heat exchanger outlet interface 204 with the evaporator
outlet interface 205 inside the valve manifold integration module 100, so that the fluid channel
can be used instead of a communicating pipe for allowing the communication between the
air-conditioning heat exchanger 300 and the evaporator 400 in the related art. The first switch
valve 21 and the second expansion valve 32 communicate with the fluid channel so as to control
a flow path, which will be described in detail when the specific structure of the first flow
channels 110 is introduced below.

[0102] Optionally, in the air-conditioning cooling mode, the specific working process
may be as follows:

[0103] As shown in FIG. 1 and FIG. 2, a high-temperature high-pressure gaseous

refrigerant is discharged from the compressor 600, and flows to an inlet of the condenser 200
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through a pipe. Through the communication between an outlet of the condenser 200 (the
condenser 200 may not release heat in this case) and the condenser outlet interface 202 on the
valve manifold integration module 100, the refrigerant enters the fluid channel. The first switch
valve 21 communicating with the fluid channel is arranged in the valve manifold integration
module 100. The first switch valve 21 is in an open state, and the refrigerant flows to the
air-conditioning heat exchanger inlet interface 203 through the first switch valve 21. The
air-conditioning heat exchanger inlet interface 203 communicates with an inlet of the
air-conditioning heat exchanger 300. The refrigerant enters the air-conditioning heat exchanger
300 to exchange heat. The heat-exchanged refrigerant flows out from an outlet of the
air-conditioning heat exchanger 300 to the air-conditioning heat exchanger outlet interface 204,
and enters the fluid channel of the valve manifold integration module 100 again. The second
expansion valve 32 communicating with the fluid channel is arranged in the valve manifold
integration module 100. After being throttled and depressurized through the second expansion
valve 32, the refrigerant flows to the evaporator inlet interface 205. The evaporator inlet interface
205 may communicate with an inlet of the evaporator 400 through a pipe. The throttled and
depressurized refrigerant enters the evaporator 400 through the pipe to be evaporated so as to
absorb ambient heat. After the ambient temperature is lowered, cold air is blown into a passenger
compartment by a blower to realize cooling. The refrigerant passing through the evaporator 400
flows to the compressor 600 through a pipe, so that the gaseous refrigerant enters the compressor
600 to realize cooling cycles.

[0104] Referring to FIG. 1 and FIG. 2, the valve manifold may further include a first
expansion valve 31 and a second switch valve 22. A first port of the first expansion valve 31 is

connected to the condenser outlet interface 202, and a second port of the first expansion valve 31
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is connected to the air-conditioning heat exchanger inlet interface 203. A first port of the second
switch valve 22 is connected to the air-conditioning heat exchanger outlet interface 204, and a
second port of the second switch valve 22 is connected to an inlet of the compressor 600, such
that the thermal management system 1000 realizes an air-conditioning heating mode in the preset
thermal management modes.

[0105] That is, by adding the first expansion valve 31 and the second switch valve 22
to the valve manifold integration module 100 on the basis of the structure for realizing the
air-conditioning cooling mode, an air-conditioning heating mode in the preset thermal
management modes may also be realized. Similarly, in the air-conditioning heating mode, the
fluid channel in the valve manifold integration module 100 may also be used instead of a
connecting pipe for allowing the communication between the condenser 200 and the
air-conditioning heat exchanger 300 in the related art, and a communicating pipe for allowing the
communication between the air-conditioning heat exchanger 300 and the evaporator 400 in the
related art, which reduces a number of connecting pipes in the air-conditioning heating mode and
is conducive to the light weight design.

[0106] Optionally, in the air-conditioning heating mode, the specific working process
may be as follows:

[0107] Referring to FIG. 1 and FIG. 2, the high-temperature high-pressure gaseous
refrigerant is discharged from the compressor 600. The high-temperature high-pressure gaseous
refrigerant may enter the condenser 200 through a pipe. The refrigerant releases heat in the
condenser 200. The heat released by the condenser 200 is combined with air to heat a PTC, and
the hot air is blown into the vehicle by the blower, thereby heating the inside of the vehicle. The

refrigerant passing through the condenser 200 enters the fluid channel of the valve manifold
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integration module 100 through the condenser outlet interface 202 on the valve manifold
integration module 100. The valve manifold integration module 100 is provided with the first
expansion valve 31 and the second switch valve 22 communicating with the fluid channel. The
refrigerant is throttled and depressurized through the first expansion valve 31 and flows to the
air-conditioning heat exchanger inlet interface 203. The air-conditioning heat exchanger inlet
interface 203 may communicate with the air-conditioning heat exchanger 300 through a pipe.
The refrigerant enters the air-conditioning heat exchanger 300 to exchange heat. The
heat-exchanged refrigerant enters the fluid channel of the valve manifold integration module 100
through the communication with the air-conditioning heat exchanger outlet interface 204 through
a pipe. Next, the refrigerant flows to the inlet of the compressor 600 through the second switch
valve 22, so that the gaseous refrigerant enters the compressor 600 to realize heating cycles.
[0108] Referring to FIG. 1 and FIG. 2, the battery pack heat exchanger interface may
include a battery pack heat exchanger first interface 207 and a battery pack heat exchanger
second interface 208. The valve manifold may further include a third expansion valve 33 and a
fourth switch valve 24. A first port of the third expansion valve 33 is connected to the battery
pack heat exchanger second interface 208, and a second port of the third expansion valve 33 is
connected to the air-conditioning heat exchanger outlet interface 204. A first port of the fourth
switch valve 24 is connected to the battery pack heat exchanger first interface 207, and a second
port of the fourth switch valve 24 is configured to be connected to an inlet of the compressor,
such that the thermal management system 1000 realizes a battery cooling mode, or
air-conditioning cooling and battery cooling modes in the preset thermal management modes.
[0109] That is, by providing the battery pack heat exchanger first interface 207, the

battery pack heat exchanger second interface 208, the third expansion valve 33, and the fourth
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switch valve 24 on the valve manifold integration module 100 on the basis of the structure for
realizing the air-conditioning cooling mode, the battery cooling mode, or the air-conditioning
cooling and battery cooling modes in the preset thermal management modes may also be realized,
which reduces a number of connecting pipes in the battery cooling mode, and the
air-conditioning cooling and battery cooling modes.

[0110] Optionally, in the battery cooling mode, the specific working process may be as
follows:

[0111] Referring to FIG. 1 and FIG. 2, the high-temperature high-pressure gaseous
refrigerant is discharged from the compressor 600 and flows to the inlet of the condenser 200
through the pipe. The refrigerant enters the fluid channel through the communication between
the outlet of the condenser 200 (the condenser 200 may not release heat in this case) and the
condenser outlet interface 202 on the valve manifold integration module 100. The refrigerant
flows into the air-conditioning heat exchanger 300 through the first switch valve 21 to exchange
heat. The heat-exchanged refrigerant is throttled and depressurized through the third expansion
valve 33, and flows to the battery pack heat exchanger 500 so as to absorb heat and cool the
battery pack. The refrigerant passing through the battery pack heat exchanger 500 flows to the
compressor 600 through the fourth switch valve 24 so as to realize battery cooling cycles. In the
battery cooling mode, the second expansion valve 32 is in a closed state.

[0112] Optionally, in the air-conditioning cooling and battery cooling modes, the
specific working process may be as follows:

[0113] Referring to FIG. 1 and FIG. 2, the high-temperature high-pressure gaseous
refrigerant is discharged from the compressor 600 and flows to the inlet of the condenser 200

through the pipe. The refrigerant enters the fluid channel through the communication between
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the outlet of the condenser 200 (the condenser 200 may not release heat in this case) and the
condenser outlet interface 202 on the valve manifold integration module 100. The refrigerant
flows into the air-conditioning heat exchanger 300 through the first switch valve 21 to exchange
heat. The heat-exchanged refrigerant is divided into two parts. One part is throttled and
depressurized through the third expansion valve 33, and flows to the battery pack heat exchanger
500 so as to absorb heat and cool the battery pack. The refrigerant passing through the battery
pack heat exchanger 500 flows to the compressor 600 through the fourth switch valve 24 so as to
realize battery cooling cycles. The other part of the refrigerant is throttled and depressurized
through the second expansion valve 32 and flows to the evaporator inlet interface 205. The
evaporator inlet interface 205 may communicate with the inlet of the evaporator 400 through the
pipe. The throttled and depressurized refrigerant enters the evaporator 400 through the pipe to be
evaporated so as to absorb ambient heat. After the ambient temperature is lowered, cold air is
blown into a member compartment by a blower to realize cooling. The refrigerant passing
through the evaporator 400 flows to the compressor 600 through the pipe, so that the gaseous
refrigerant enters the compressor 600 to realize air-conditioning cooling cycles.

[0114] Referring to FIG. 1 and FIG. 2, the compressor interface may include a
compressor outlet interface 201, and the motor heat exchanger interface includes a motor heat
exchanger first interface 209 and a motor heat exchanger second interface 210. The valve
manifold further includes a third switch valve 23. A first port of the third switch valve 23 is
connected to the compressor outlet interface 201, and a second port of the third switch valve 23
is connected to the battery pack heat exchanger first interface 207. A second port of the third
expansion valve 33 is connected to the motor heat exchanger first interface 209. A first port of

the second switch valve 22 is connected to the motor heat exchanger second interface 210, and a
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second port of the second switch valve 22 is configured to be connected to the inlet of the
compressor 600, such that the thermal management system 1000 realizes a battery heating mode,
or air-conditioning cooling and battery heating modes in the preset thermal management modes.

[0115] By adding the compressor outlet interface 201, the motor heat exchanger first
interface 209, the motor heat exchanger second interface 210, and the third switch valve 23 to the
valve manifold integration module 100 on the basis of the structure that can realize the battery
cooling mode, or the air-conditioning cooling and battery cooling modes in the preset thermal
management modes, the battery heating mode, or the air-conditioning cooling and battery
heating modes can be realized by opening or closing the valves and opening or closing the fluid
channel, which reduces a number of connecting pipes in the battery heating mode, or the
air-conditioning cooling and battery heating modes.

[0116] Optionally, in the battery heating mode, the specific working process may be as
follows:

[0117] Referring to FIG. 1 and FIG. 2, the high-temperature high-pressure refrigerant
flows out from the compressor 600. The compressor 600 may communicate with the third switch
valve 23 through a pipe. The third switch valve 23 may communicate with the battery pack heat
exchanger 500 and the fourth switch valve 24 through pipes. In this case, the third switch valve
23 is in an open state, and the fourth switch valve 24 is in a closed state. The refrigerant enters
the battery pack heat exchanger 500 to heat the battery pack. The refrigerant passing through the
battery pack heat exchanger 500 enters the third expansion valve 33 through a pipe so as to be
throttled and depressurized. The throttled and depressurized refrigerant enters the motor heat
exchanger 700 to exchange heat. The refrigerant passing through the motor heat exchanger 700

enters the compressor through the second switch valve 22 to realize battery heating cycles.
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[0118] Optionally, in the air-conditioning cooling and battery heating modes, the
specific working process may be as follows:

[0119] Referring to FIG. 1 and FIG. 2, the high-temperature high-pressure refrigerant
flows out from the compressor 600 and is divided into two parts:

[0120] One part enters the condenser 200 through a pipe. After passing through the
condenser 200 (the condenser 200 may not release heat in this case), the refrigerant may flow to
the first switch valve 21 through the flow channel. The first switch valve 21 is in an open state.
The refrigerant thereby enters the air-conditioning heat exchanger 300. The heat-exchanged
refrigerant enters the second expansion valve 32 through a pipe. After being throttled and
depressurized through the second expansion valve 32, the refrigerant flows to the evaporator 400.
The throttled and depressurized refrigerant enters the evaporator 400 through the pipe to be
evaporated so as to absorb ambient heat. After the ambient temperature is lowered, cold air is
blown into the member compartment by the blower to realize cooling. The refrigerant passing
through the evaporator 400 flows to the compressor 600 through the pipe, so that the gaseous
refrigerant enters the compressor 600 to realize air-conditioning cooling cycles.

[0121] The other part enters the third switch valve 23 through the pipe. The refrigerant
passing through the third switch valve 23 enters the battery pack heat exchanger 500. The
refrigerant entering the battery pack heat exchanger 500 heats a battery pack. The refrigerant
passing through the battery pack heat exchanger 500 enters the third expansion valve 33 through
the pipe so as to be throttled and depressurized. The throttled and depressurized refrigerant enters
the motor heat exchanger 700 to exchange heat. The refrigerant passing through the motor heat
exchanger 700 enters the compressor through the second switch valve 22 to realize battery

heating cycles.
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[0122] Referring to FIG. 1 and FIG. 2, the valve manifold further includes a first
expansion valve 31. A first port of the first expansion valve 31 is connected to the condenser
outlet interface 202, and a second port of the first expansion valve 31 is connected to the motor
heat exchanger first interface 209, such that the thermal management system 1000 realizes a heat
pump heating mode, or heat pump heating and battery cooling modes, or heat pump heating and
battery heating modes in the preset thermal management modes.

[0123] Optionally, in the heat pump heating mode, the specific working process may
be as follows:

[0124] Referring to FIG. 1 and FIG. 2, the refrigerant flowing out from the compressor
600 enters the condenser 200 through a pipe. The refrigerant releases heat in the condenser 200.
The heat released by the condenser 200 is combined with air to heat the PTC. The hot air is
blown into the vehicle by the blower so as to heat the inside of the vehicle. The refrigerant
passing through the condenser 200 enters the first expansion valve 31 so as to be throttled and
depressurized. The throttled and depressurized refrigerant enters the motor heat exchanger 700 to
absorb heat and be evaporated. The evaporated refrigerant flows through the second switch valve
22 and enters the compressor 600 to realize heating cycles.

[0125] Optionally, in the heat pump heating and battery cooling modes, the specific
working process may be as follows:

[0126] Referring to FIG. 1 and FIG. 2, the refrigerant flowing out from the compressor
600 enters the condenser 200 through a pipe. The refrigerant releases heat in the condenser 200.
The heat released by the condenser 200 is combined with air to heat the PTC. The hot air is
blown into the vehicle by the blower so as to heat the inside of the vehicle. The refrigerant

passing through the condenser 200 enters the first expansion valve 31 through the pipe. After
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being throttled and depressurized by the first expansion valve 31, the refrigerant enters the motor
heat exchanger 700. The refrigerant passing through the motor heat exchanger 700 absorbs heat
and is evaporated. The evaporated refrigerant enters the third expansion valve 33. The refrigerant
entering the third expansion valve 33 is throttled and depressurized, and then enters the battery
pack heat exchanger 500 to absorb heat and cool the battery pack. The refrigerant passing
through the battery pack heat exchanger 500 passes through the fourth switch valve 24. The
refrigerant enters the compressor through the opened fourth switch valve 24, thereby realizing
the cycles of the heat pump heating and battery cooling modes.

[0127] Optionally, in the heat pump heating and battery heating modes, the specific
working process may be as follows:

[0128] Referring to FIG. 1 and FIG. 2, the refrigerant flows out from the compressor
and is divided into two parts:

[0129] One part enters the condenser 200 through the pipe. The refrigerant releases
heat in the condenser 200. The heat released by the condenser 200 is combined with air to heat
the PTC so as to heat the inside of the vehicle. The refrigerant passing through the condenser 200
enters the first expansion valve 31. The first expansion valve 31 throttles and depressurizes the
refrigerant. The refrigerant flowing out from the first expansion valve 31 enters the motor heat
exchanger 700. The refrigerant absorbs heat and is evaporated in the motor heat exchanger 700,
and enters the compressor through the second switch valve 22.

[0130] The other part enters the third switch valve 23 through the pipe. The refrigerant
passing through the third switch valve 23 enters the battery pack heat exchanger 500 to heat the
battery pack. The refrigerant passing through the battery pack heat exchanger 500 enters the third

expansion valve 33 so as to be throttled and depressurized. The throttled and depressurized
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refrigerant also enters the motor heat exchanger 700 to absorb heat and be evaporated. The
evaporated refrigerant enters the compressor through the second switch valve 22.

[0131] Referring to FIG. 1 and FIG. 2, the motor heat exchanger second interface 210
is further connected to the first port of the second expansion valve 32, such that the thermal
management system 1000 realizes air-conditioning cooling, air-conditioning dehumidifying, and
battery heating modes, or air-conditioning cooling, air-conditioning dehumidifying, and battery
cooling modes in the preset thermal management modes.

[0132] Optionally, in the air-conditioning dehumidifying mode, the specific working
process may be as follows:

[0133] Referring to FIG. 1 and FIG. 2, the high-temperature high-pressure gaseous
refrigerant is discharged from the compressor 600 and enters the condenser 200. The refrigerant
releases heat in the condenser 200 and then enters the first switch valve 21. In this case, the first
switch valve 21 is fully opened. The refrigerant passing through the first switch valve 21 enters
the air-conditioning heat exchanger 300 or the motor heat exchanger 700. The refrigerant that has
exchanged heat in the air-conditioning heat exchanger 300 or the motor heat exchanger 700
enters the second expansion valve 32 so as to be throttled and depressurized. The throttled and
depressurized refrigerant enters the evaporator 400 and absorbs ambient heat in the vehicle, so
that humid air in the vehicle reaches the dew point temperature and condenses into water which
is discharged, thereby achieving a dehumidification effect. The dehumidified air and the heat
released by the condenser 200 make the environment in the vehicle reach a comfortable
temperature. The air is blown into the passenger compartment by the blower to realize a
comfortable ambient temperature in the passenger compartment. The refrigerant passing through

the evaporator 400 enters the compressor to realize dehumidification cycles.
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[0134] Optionally, in the air-conditioning cooling, air-conditioning dehumidifying, and
battery cooling modes, the specific working process may be as follows:

[0135] Referring to FIG. 1 and FIG. 2, the high-temperature high-pressure gaseous
refrigerant is discharged from the compressor 600, and enters the condenser 200 through the pipe.
After passing through the condenser 200 (the condenser 200 may not release heat in this case),
the refrigerant enters the first switch valve 21 through the pipe. In this case, the first switch valve
21 1s fully opened. The refrigerant passing through the switch valve 21 enters the
air-conditioning heat exchanger 300. The heat-exchanged refrigerant is divided into two parts:

[0136] One part enters the second expansion valve 32 through the pipe so as to be
throttled and depressurized. The throttled and depressurized refrigerant enters the evaporator 400
through the pipe and absorbs ambient heat in the vehicle, so that humid air in the vehicle reaches
the dew point temperature and condenses into water which is discharged, thereby achieving a
dehumidification effect. The dehumidified air and the heat released by the condenser 200 make
the environment in the vehicle reach a comfortable temperature. The air is blown into the
passenger compartment by the blower to realize a comfortable ambient temperature in the
passenger compartment. The refrigerant passing through the evaporator 400 enters the
compressor 600.

[0137] The other part of the refrigerant discharged from the air-conditioning heat
exchanger 300 enters the third expansion valve 33. The refrigerant entering the third expansion
valve 33 is throttled and depressurized, and then enters the battery pack heat exchanger 500 to
absorb heat and cool the battery pack. The refrigerant passing through the battery pack heat
exchanger 500 enters the compressor 600 through the fourth switch valve 24.

[0138] Optionally, in the air-conditioning cooling, air-conditioning dehumidifying, and
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battery heating modes, the specific working process may be as follows:

[0139] Referring to FIG. 1 and FIG. 2, the high-temperature high-pressure gaseous
refrigerant is discharged from the compressor 600 and divided into two parts:

[0140] A first part enters the condenser 200 through the pipe. After releasing heat in
the condenser 200, the refrigerant flows to the first switch valve 21 through the pipe. In this case,
the first switch valve 21 is fully opened. The refrigerant passing through the first switch valve 21
enters the air-conditioning heat exchanger 300 through the pipe. The refrigerant that has
exchanged heat in the air-conditioning heat exchanger 300 enters the second expansion valve 32
through the pipe. After being throttled and depressurized in the second expansion valve 32, the
refrigerant enters the evaporator 400 and absorbs ambient heat in the vehicle, so that humid air in
the vehicle reaches the dew point temperature and condenses into water which is discharged,
thereby achieving a dehumidification effect. The dehumidified air and the heat released by the
condenser 200 make the environment in the vehicle reach a comfortable temperature. The air is
blown into the passenger compartment by the blower to realize a comfortable ambient
temperature in the passenger compartment. The refrigerant passing through the evaporator 400
enters the compressor 600 through the pipe.

[0141] A second part enters the third switch valve 23 through the pipe. The refrigerant
passing through the third switch valve 23 enters the battery pack heat exchanger 500 to heat the
battery pack. The refrigerant passing through the battery pack heat exchanger 500 enters the third
expansion valve 33 through the pipe so as to be throttled and depressurized. The throttled and
depressurized refrigerant enters the motor heat exchanger 700 to absorb heat and be evaporated.
The evaporated refrigerant also enters the second expansion valve 32 through the pipe, and

converges with the first part of the refrigerant.
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[0142] In some embodiments, referring to FIG. 1 and FIG. 2, the valve manifold
further includes a fifth switch valve 25 and a sixth switch valve 26. A first port of the fifth switch
valve 25 is respectively connected to the second port of the first switch valve 21 and the second
port of the first expansion valve 31, and a second port of the fifth switch valve 25 is connected to
the motor heat exchanger first interface 209. A first port of the sixth switch valve 26 is
respectively connected to the second port of the first switch valve 21 and the second port of the
first expansion valve 31, and a second port of the sixth switch valve 26 is configured to be
connected to the air-conditioning heat exchanger inlet interface 203. By integrating the fifth
switch valve 25 in the valve manifold integration module 100, the refrigerant flowing out from
the first switch valve 21 and the first expansion valve 31 may be selectively allowed to enter the
air-conditioning heat exchanger 300, thereby improving the flexibility in flow path control.
Similarly, by integrating the sixth switch valve 26 in the valve manifold integration module 100,
the refrigerant flowing out from the first switch valve 21 and the first expansion valve 31 may
also be selectively allowed to enter the motor heat exchanger 700, thereby improving the
flexibility in flow path control.

[0143] Referring to FIG. 1, the valve manifold may further include a first one-way
valve 41 and a second one-way valve 42. A first port of the first one-way valve 41 is connected
to the second port of the third expansion valve 33, and a second port of the first one-way valve
41 is configured to be connected to the motor heat exchanger first interface 209, and specifically,
may be connected to the first port of the fifth switch valve 25. The first one-way valve 41 is
configured to allow a fluid to flow only from the first port to the second port of the first one-way
valve. A first port of the second one-way valve 42 is connected to the air-conditioning heat

exchanger outlet interface 204, and a second port of the second one-way valve 42 is connected to
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the second port of the third expansion valve 33. The second one-way valve 42 is configured to
allow the fluid to flow only from the first port to the second port of the second one-way valve. In
this embodiment, the first one-way valve 41 and the second one-way valve 42 arranged in the
flow path can prevent the fluid from flowing backward and ensure a steady flow of the fluid in
the flow path.

[0144] In some embodiments, referring to FIG. 1 and FIG. 2, the gas-liquid separator
interface includes a gas-liquid separator inlet interface 211, and the evaporator interface further
includes an evaporator outlet interface 206. The evaporator outlet interface 206 is connected to
the gas-liquid separator inlet interface 211. That is, the refrigerant passing through the evaporator
400 may flow into the gas-liquid separator 800 to be subjected to gas-liquid separation. The
separated gaseous refrigerant enters the compressor 600, thereby preventing the liquid refrigerant
or the mixture of the gaseous and liquid refrigerants from entering the compressor 600.

[0145] Optionally, referring to FIG. 6 to FIG. 14, the flow channels include the first
flow channels 110 substantially distributed in the same plane. The first flow channels 110 include
a first branch 11. The condenser outlet interface 202 communicates with the first port of the first
switch valve 21 and the first port of the first expansion valve 31 through the first branch 11.

[0146] That is, in this embodiment, the first branch 11 is provided, the first branch 11
communicates with the condenser outlet interface 202, and the first branch 11 can realize the
communication with the first switch valve 21 and the communication with the first expansion
valve 31, which avoids providing two separate flow channels to respectively realize the
communication between the condenser outlet interface 202 and the first port of the first switch
valve 21, and the communication between the condenser outlet interface 202 and the first port

the first expansion valve 31. By sharing the first branch 11, a number of flow channels provided
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in the valve manifold integration module 100 is reduced.

[0147] Specifically, a first opening 803 and a second opening 802 are formed in the
first branch 11. The first opening 803 communicates with the first port of the first switch valve
21, and the second opening 802 communicates with the first port of the first expansion valve 31.
The condenser outlet interface 202 may communicate with the first branch 11 through one of the
second flow channels 120.

[0148] Referring to FIG. 6, FIG. 7, and FIG. 8, the first flow channels 110 further
include a second branch 12. The second port of the first switch valve 21 and the second port of
the first expansion valve 31 communicate with the first port of the fifth switch valve 25 through
the second branch 12, and the second port of the first switch valve 21 and the second port of the
first expansion valve 31 further communicate with the first port of the sixth switch valve 26
through the second branch 12.

[0149] That is, in this embodiment, by providing the second branch 12, the refrigerants
flowing out from the first switch valve 21 and the first expansion valve 31 may share the second
branch 12 to realize the communication with the sixth switch valve 26, the fifth switch valve 25,
and the first one-way valve 41, thereby reducing the number of the flow channels provided in the
valve manifold integration module 100.

[0150] Specifically, a third opening 818, a fourth opening 819, a fifth opening 801, a
sixth opening 121, and a seventh opening 122 are formed in the second branch 12. The third
opening 818 communicates with the second port of the first switch valve 21. The fourth opening
819 communicates with the second port of the first expansion valve 31. The fifth opening 801
communicates with the second port of the first one-way valve 41. The sixth opening 121

communicates with the first port of the sixth switch valve 26. The seventh opening 122
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communicates with the first port of the fifth switch valve 25.

[0151] Optionally, referring to FIG. 6 and FIG. 7, the first flow channels 110 further
include a third branch 13. The second port of the sixth switch valve 26 communicates with the
air-conditioning heat exchanger inlet interface 203 through the third branch 13, such that the
refrigerant flows to the air-conditioning heat exchanger 300.

[0152] Specifically, an eighth opening 805 and a ninth opening 804 are formed in the
third branch 13. The eighth opening 805 communicates with the second port of the sixth switch
valve 26. The ninth opening 804 may communicate with the air-conditioning heat exchanger
inlet interface 203 through one of the second flow channels 120.

[0153] Optionally, referring to FIG. 6, FIG. 7, and FIG. 8, the first flow channels 110
further include a fourth branch 14. The air-conditioning heat exchanger outlet interface 204 and
the motor heat exchanger second interface 210 communicate with the first port of the second
switch valve 22 through the fourth branch 14, and the air-conditioning heat exchanger outlet
interface 204 and the motor heat exchanger second interface 210 further communicate with the
first port of the second expansion valve 32 through the fourth branch 14.

[0154] That is, in this embodiment, the refrigerant flowing out from the
air-conditioning heat exchanger 300 and the refrigerant flowing out from the motor heat
exchanger 700 converge to the fourth branch 14, and the fourth branch 14 can selectively open or
close the second switch valve 22, and selectively open or close the second expansion valve 32.
By providing the fourth branch 14, there is no need to separately providing multiple flow
channels to realize the communication between the air-conditioning heat exchanger 300, and the
second switch valve 22 and the second expansion valve 32, or to realize the communication

between the motor heat exchanger 700, and the second switch valve 22 and the second expansion
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valve 32, thereby reducing the number of the flow channels provided in the valve manifold
integration module 100.

[0155] Specifically, a tenth opening 816, an eleventh opening 817, a twelfth opening
820, and a thirteenth opening 806 are provided in the fourth branch 14. The tenth opening 816
communicates with the air-conditioning heat exchanger outlet interface 204 through one of the
second flow channels 120. The eleventh opening 817 communicates with the motor heat
exchanger second interface 210 through one of the second flow channels 120. The twelfth
opening 820 communicates with the first port of the second switch valve 22. The thirteenth
opening 806 communicates with the first port of the second expansion valve 32.

[0156] Optionally, referring to FIG. 6, FIG. 7, and FIG. 8, the first flow channels 110
further include a fifth branch 15. The second port of the third switch valve 23 and the battery
pack heat exchanger first interface 207 communicate with the first port of the fourth switch valve
24 through the fifth branch 15.

[0157] That is, in this embodiment, the refrigerant flowing out from the second port of
the third switch valve 23 enters the fifth branch 15. The refrigerant flowing into the fifth branch
15 then selectively flows to the fourth switch valve 24 or the battery pack heat exchanger 500.
By sharing the fifth branch 15, there is no need to separately provide the flow channel between
the third switch valve 23 and the fourth switch valve 24, or separately provide the flow channel
between the third switch valve 23 and the battery pack heat exchanger 500, thereby reducing the
number of the flow channels in the valve manifold integration module 100.

[0158] Specifically, a fourteenth opening 807, a fifteenth opening 808, and a sixteenth
opening (not shown) are provided in the fifth branch 15. The fourteenth opening 807

communicates with the second port of the third switch valve 23. The fifteenth opening 808
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communicates with the first port of the fourth switch valve 24, and the sixteenth opening
communicates with the battery pack heat exchanger first interface 207.

[0159] Optionally, referring to FIG. 6, FIG. 7, and FIG. 8, the first flow channels 110
further include a sixth branch 16. The second port of the second switch valve 22, the evaporator
outlet interface 206, and an outlet of the fourth switch valve 24 can communicate with the inlet
of the compressor 600 through the sixth branch 16.

[0160] That is, in this embodiment, by sharing the sixth branch 16, the second port of
the second switch valve 22, the evaporator outlet interface 206, and the second port of the fourth
switch valve 24 may communicate with the inlet of the compressor 600, which avoids providing
multiple flow channels for allowing the communications respectively, thereby reducing the
number of the flow channels provided in the valve manifold integration module 100.

[0161] Specifically, first, it should be noted that the PT sensor includes a first PT
sensor 404 and a second PT sensor 405. The first PT sensor 404 is arranged at an outlet of the
evaporator 400 and the second port of the second switch valve 22, so as to detect a temperature
of the refrigerant flowing out from the evaporator 400 or from the second switch valve 22. The
second PT sensor 405 is arranged at the outlet of the compressor 600, so as to detect a
temperature of the refrigerant discharged from the compressor 600.

[0162] A seventeenth opening 809, an eighteenth opening 810, a nineteenth opening
811, a twentieth opening 812, and a twenty-first opening 813 are provided in the sixth branch 16.
The seventeenth opening 809 communicates with the second port of the fourth switch valve 24.
The eighteenth opening 810 may communicate with the gas-liquid separator inlet interface 211
through one of the second flow channels 120. The nineteenth opening 811 communicates with a

second port of the first PT sensor 404. The twentieth opening 812 communicates with the
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evaporator outlet interface 206 through one of the second flow channels 120. The twenty-first
opening 813 communicates with the second port of the second switch valve 22. The refrigerant
flows into the sixth branch 16 through the seventeenth opening 809, the nineteenth opening 811,
the twentieth opening 812, and the twenty-first opening 813, and then may flow into the
gas-liquid separator 800 through the eighteenth opening 810. After passing through the
gas-liquid separator 800, the refrigerant finally flows into the compressor 600.

[0163] In an example of the air-conditioning cooling mode, the specific working
process is described as follows in conjunction with the openings described above:

[0164] The high-temperature high-pressure gaseous refrigerant is discharged from the
compressor 600, and flows to the inlet of the condenser 200 through the pipe. After exchanging
heat in the condenser 200, the refrigerant flows to the condenser outlet interface 202 on the valve
manifold integration module 100 through the outlet of the condenser 200. The condenser outlet
interface 202 communicates with the first branch 11 through one of the second flow channels
120. After the refrigerant flows into the first branch 11, the first opening 803 is in an open state,
and the second opening 802 is in a closed state. The refrigerant flows through the first switch
valve 21 through the first opening 803 and then flows to the third opening 818 to enter the
second branch 12. The refrigerant entering the second branch 12 flows through the sixth switch
valve 26 through the sixth opening 121 and then flows to the eighth opening 805, such that the
refrigerant enters the third branch 13. The refrigerant from the third branch 13 flows to the
air-conditioning heat exchanger inlet interface 203 through the ninth opening 804 so as to enter
the air-conditioning heat exchanger 300. The refrigerant flowing out from the air-conditioning
heat exchanger 300 flows to the tenth opening 816 through the air-conditioning heat exchanger

outlet interface 204 so as to enter the fourth branch 14. The refrigerant in the fourth branch 14
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flows to the thirteenth opening 806 so as to enter the second expansion valve 32. The refrigerant
flowing through the second expansion valve 32 enters the evaporator 400 through the evaporator
inlet interface 205. The refrigerant flowing out from the evaporator 400 enters the sixth branch
16 through the communication between the evaporator outlet interface 206 and the twentieth
opening 812. The refrigerant entering the sixth branch 16 enters the gas-liquid separator 800
through the eighteenth opening 810. The refrigerant flowing out from the gas-liquid separator
800 enters the compressor 600 to realize cooling cycles.

[0165] Optionally, referring to FIG. 1, FIG. 3 to FIG. 5, and FIG. 8, the interface
further includes a motor heat exchanger third interface 212 and a motor heat exchanger fourth
interface 213. The valve manifold integration module 100 further includes a pump 60 and an
accommodating box 70 for accommodating a coolant. An outlet of the pump 60 is connected to
the motor heat exchanger third interface 212 such that the coolant is pumped to the motor heat
exchanger third interface 212, so an inlet of the accommodating box 70 is connected to the motor
heat exchanger fourth interface 213, and an outlet of the accommodating box 70 is connected to
an inlet of the pump 60 such that the coolant is added to the pump 60. In this embodiment, driven
by the pump 60, the coolant in the accommodating box 70 enters the motor heat exchanger 700,
such that heat exchange between a coolant loop and a refrigerant loop is realized in the motor
heat exchanger 700.

[0166] Specifically, referring to FIG. 1 to FIG. 5, the valve manifold integration
module 100 further includes a three-way valve 40. A first port 401 of the three-way valve 40 is
connected to the heat exchanger fourth interface 213, a second port 402 of the three-way valve
40 is configured to be connected to an inlet of a radiator 910 of a coolant flow path where a

motor is located, and a third port 403 of the three-way valve 40 is configured to be connected to
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an inlet of a high-pressure system 920 of the coolant flow path where the motor is located. In this
embodiment, the coolant passing through the three-way valve 40 is divided into two parts. One
part enters the radiator 910. The other part enters the high-pressure system 920 having the motor,
a motor controller, etc., and takes heat in the high-pressure system 920 into the motor heat
exchanger 700 to exchange heat with the refrigerant loop.

[0167] Optionally, referring to FIG. 5, an integrated water pipe 701 is further
integrated in the valve manifold integration module 100. The integrated water pipe 701 is
configured to connect the accommodating box 70 and the pump 60, which facilitates connection.

[0168] Optionally, referring to FIG. 3 to FIG. 5, the third switch valve 23 and the
fourth switch valve 24 are mounted on a same side of the valve manifold integration module 100,
such that the flow channel between the second port of the third switch valve 23 and the first port
of the fourth switch valve 24 can be designed as short as possible, thereby satisfying low flow
resistance.

[0169] Optionally, the switch valves and the expansion valves described above may be
inserted into the valve manifold integration module 100, and may be fixed and locked through
threads. The first one-way valve 41 and the second one-way valve 42 are also integrally inserted
into mounting holes in the valve manifold integration module 100, and hermetically connected
respectively through a first plug 411 and a second plug 421.

[0170] For example, referring to FIG. 9, a third expansion valve socket 331 and other
sockets are formed in the valve manifold integration module 100. The third expansion valve 33
may be inserted into the third expansion valve socket 331, and the other valves may be
correspondingly inserted into the other sockets, which will not be described here in detail in the

present disclosure.
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[0171] In addition, threaded holes for fastening and connecting the expansion valves
are formed in the valve manifold integration module 100, so as to facilitate mounting and
demounting of the expansion valves. For example, referring to FIG. 10, a first threaded hole
1011 is formed in the valve manifold integration module 100. A fastener, such as a bolt or a
screw, may run through the first threaded hole 1011 so as to fasten and mount the first expansion
valve 31 to the valve manifold integration module 100.

[0172] Referring to FIG. 11, a threaded interface 251, into which the fifth switch valve
25 may be inserted, is formed in the valve manifold integration module 100.

[0173] The present disclosure further provides a vehicle thermal management system
1000. The vehicle thermal management system 1000 includes thermal management system
components and the valve manifold integration module 100. The thermal management system
components include the compressor 600, the condenser 200, the air-conditioning heat exchanger
300, and the evaporator 400. At least one of the compressor interface, the condenser interface,
the heat exchanger interface, and the evaporator interface is arranged on the valve manifold
integration module 100 and corresponds to the corresponding thermal management system
component.

[0174] The multiple interfaces are arranged on the valve manifold integration module
100 and configured to communicate with the thermal management system components, and the
multiple flow channels are provided inside the valve manifold integration module 100 instead of
the existing connecting pipes, which is beneficial to reducing the number of connecting pipes in
the thermal management system 1000, facilitates maintenance, and simplifies the vehicle thermal
management system 1000.

[0175] Optionally, referring to FIG. 1 and FIG. 2, the vehicle thermal management
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system 1000 further includes the gas-liquid separator 800. The gas-liquid separator interface
configured to be connected to the gas-liquid separator 800 is further arranged on the valve
manifold integration module 100. By arranging the gas-liquid separator 800 to carry out
gas-liquid separation on the refrigerant, the separated gaseous refrigerant enters the compressor
600, thereby preventing the liquid refrigerant or the mixture of the gaseous and liquid
refrigerants from entering the compressor 600.

[0176] Optionally, referring to FIG. 1 and FIG. 2, the vehicle thermal management
system 1000 further includes the battery pack heat exchanger 500. The battery pack heat
exchanger interface configured to be connected to the battery pack heat exchanger 500 is further
arranged on the valve manifold integration module 100, so as to heat or cool the battery pack by
selecting the corresponding fluid channel, thereby ensuring normal operation of the battery pack.
In this way, there is no need to separately arrange the thermal management system 1000 to heat
or cool the battery pack, thereby reducing the design costs of the vehicle thermal management
system 1000.

[0177] Optionally, referring to FIG. 1 and FIG. 2, the vehicle thermal management
system 1000 further includes the motor heat exchanger 700. The motor heat exchanger interface
configured to be connected to the motor heat exchanger 700 is further arranged on the valve
manifold integration module 100, so as to realize heat exchange with the motor by selecting the
corresponding fluid channel, thereby ensuring normal operation of the motor. In this way, there is
no need to separately arrange the thermal management system 1000 to exchange heat with the
motor, thereby reducing the design costs of the vehicle thermal management system 1000.

[0178] The present disclosure further provides a vehicle. The vehicle includes the

vehicle thermal management system 1000 described above.
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[0179] The preferred embodiments of the present disclosure have been described in
detail above in conjunction with the accompanying drawings. However, the present disclosure is
not limited to the specific details in the above embodiments, and various simple variations may
be made to the technical solutions of the present disclosure within the scope of the technical
concept of the present disclosure. These simple variations fall within the scope of the present
disclosure.

[0180] It should be additionally noted that the specific technical features described in
the foregoing specific embodiments may be combined in any proper manner in a case without
conflict. In order to avoid unnecessary repetitions, various possible combinations are not
explained separately in the present disclosure.

[0181] In addition, different embodiments of the present disclosure may also be
arbitrarily combined without departing from the idea of the present disclosure, and these

combinations shall still be regarded as content disclosed in the present disclosure.
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WHAT IS CLAIMED IS:

1. A valve manifold integration module (100) for a thermal management system (1000), the
thermal management system (1000) having a plurality of preset thermal management modes,
wherein the valve manifold integration module (100) comprises:

a plurality of flow channels (10), provided inside the valve manifold integration module
(100); and

a valve manifold (20), the valve manifold (20) comprising a plurality of valves, the plurality
of valves being arranged on the valve manifold integration module (100), and the plurality of
valves communicating with the flow channels (10), wherein

by opening or closing the plurality of valves, the plurality of flow channels (10) are allowed
to communicate with each other to form different fluid channels, thereby realizing at least one of

the plurality of preset thermal management modes.

2. The valve manifold integration module according to claim 1, wherein the flow channels (10)
comprise a first flow channel (110) and a second flow channel (120), the first flow channel (110)
being distributed in a same plane, the second flow channel (120) being distributed in different
planes, and the valve manifold (20) being configured to selectively allow communication
between the first flow channel (110) and the second flow channel (120) to form different fluid

channels.

3. The valve manifold integration module according to claim 2, wherein there are a plurality of

first flow channels (110), and there are a plurality of second flow channels (120).
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4. The valve manifold integration module according to any one of claims 1 to 3, wherein the
valve manifold integration module (100) further comprises an interface, the interface being
configured to connect the fluid channel to an external heat exchange component in the thermal

management system.

5. The valve manifold integration module according to claim 4, wherein the interface
comprises more than one of a condenser interface, an air-conditioning heat exchanger interface,
an evaporator interface, a battery pack heat exchanger interface, a motor heat exchanger interface,
an engine heat exchanger interface, a compressor interface, a gas-liquid separator interface, and a
PT sensor interface, the condenser interface, the air-conditioning heat exchanger interface, the
evaporator interface, the battery pack heat exchanger interface, the motor heat exchanger
interface and the compressor interface being configured to be connected to corresponding

external thermal management system components.

6. The valve manifold integration module according to claim 5, wherein the interface
comprises the condenser interface, the air-conditioning heat exchanger interface, the evaporator
interface, and the compressor interface, the condenser interface being configured to be connected
to a condenser (200) in the external thermal management system, the air-conditioning heat
exchanger interface being configured to be connected to an air-conditioning heat exchanger (300)
in the external thermal management system, the evaporator interface being configured to be
connected to an evaporator (400) in the external thermal management system, and the
compressor interface being configured to be connected to a compressor (600) in the external

thermal management system.
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7. The valve manifold integration module according to claim 6, wherein the condenser
interface comprises a condenser outlet interface (202), the air-conditioning heat exchanger
interface comprises an air-conditioning heat exchanger inlet interface (203) and an
air-conditioning heat exchanger outlet interface (204), and the evaporator interface comprises an
evaporator inlet interface (205);

the valve manifold (20) comprises a first switch valve (21) and a second expansion valve
(32);

a first port of the first switch valve (21) is connected to the condenser outlet interface (202),
and a second port of the first switch valve (21) is connected to the air-conditioning heat
exchanger inlet interface (203); and

a first port of the second expansion valve (32) is connected to the air-conditioning heat
exchanger outlet interface (204), and a second port of the second expansion valve (32) is
connected to the evaporator inlet interface (205), such that the thermal management system

realizes an air-conditioning cooling mode in the preset thermal management modes.

8. The valve manifold integration module according to claim 7, wherein the valve manifold
further comprises a first expansion valve (31) and a second switch valve (22);

a first port of the first expansion valve (31) is connected to the condenser outlet interface
(202), and a second port of the first expansion valve (31) is connected to the air-conditioning
heat exchanger inlet interface (203); and

a first port of the second switch valve (22) is connected to the air-conditioning heat

exchanger outlet interface (204), and a second port of the second switch valve (22) is configured
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to be connected to an inlet of the compressor (600), such that the thermal management system

realizes an air-conditioning heating mode in the preset thermal management modes.

9. The valve manifold integration module according to claim 7, wherein the battery pack heat
exchanger interface comprises a battery pack heat exchanger first interface (207) and a battery
pack heat exchanger second interface (208);

the valve manifold further comprises a third expansion valve (33) and a fourth switch valve
(24); a first port of the third expansion valve (33) is connected to the battery pack heat exchanger
second interface (208), and a second port of the third expansion valve (33) is connected to the
air-conditioning heat exchanger outlet interface (204); and

a first port of the fourth switch valve (24) is connected to the battery pack heat exchanger
first interface (207), and a second port of the fourth switch valve (24) is configured to be
connected to an inlet of the compressor (600), such that the thermal management system realizes
a battery cooling mode, or air-conditioning cooling and battery cooling modes in the preset

thermal management modes.

10. The valve manifold integration module according to claim 9, wherein the compressor
interface comprises a compressor outlet interface (201), and the motor heat exchanger interface
comprises a motor heat exchanger first interface (209) and a motor heat exchanger second
interface (210);

the valve manifold further comprises a second switch valve (22) and a third switch valve
(23); and a first port of the third switch valve (23) is connected to the compressor outlet interface

(201), a second port of the third switch valve (23) is connected to the battery pack heat
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exchanger first interface (207), a second port of the third expansion valve (33) is connected to
the motor heat exchanger first interface (209), a first port of the second switch valve (22) is
connected to the motor heat exchanger second interface (210), and a second port of the second
switch valve (22) is configured to be connected to the inlet of the compressor (600), such that the
thermal management system realizes a battery heating mode, or air-conditioning cooling and

battery heating modes in the preset thermal management modes.

11. The valve manifold integration module according to claim 10, wherein the valve manifold
further comprises a first expansion valve (31); and a first port of the first expansion valve (31) is
connected to the condenser outlet interface (202), and a second port of the first expansion valve
(31) is connected to the motor heat exchanger first interface (209), such that the thermal
management system realizes a heat pump heating mode, or heat pump heating and battery
cooling modes, or heat pump heating and battery heating modes in the preset thermal

management modes.

12. The valve manifold integration module according to claim 11, wherein the motor heat
exchanger second interface (210) is further connected to the first port of the second expansion
valve (32), such that the thermal management system realizes air-conditioning cooling,
air-conditioning dehumidifying, and battery heating modes, or air-conditioning cooling,
air-conditioning dehumidifying, and battery cooling modes in the preset thermal management

modes.

13. The valve manifold integration module according to claim 11, wherein the valve manifold
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further comprises a fifth switch valve (25) and a sixth switch valve (26);

a first port of the fifth switch valve (25) is respectively connected to the second port of the
first switch valve (21) and the second port of the first expansion valve (31), and a second port of
the fifth switch valve (25) is connected to the motor heat exchanger first interface (209); and

a first port of the sixth switch valve (26) is respectively connected to the second port of the
first switch valve (21) and the second port of the first expansion valve (31), and a second port of
the sixth switch valve (26) is configured to be connected to the air-conditioning heat exchanger

inlet interface (203).

14. The valve manifold integration module according to claim 11, wherein the valve manifold
further comprises a first one-way valve (41) and a second one-way valve (42);

a first port of the first one-way valve (41) is connected to the second port of the third
expansion valve (33), and a second port of the first one-way valve (41) is configured to be
connected to the motor heat exchanger first interface (209), wherein the first one-way valve (41)
is configured to allow a fluid to flow only from the first port to the second port of the first
one-way valve; and

a first port of the second one-way valve (42) is connected to the air-conditioning heat
exchanger outlet interface (204), and a second port of the second one-way valve (42) is
connected to the second port of the third expansion valve (33), wherein the second one-way
valve (42) is configured to allow the fluid to flow only from the first port to the second port of

the second one-way valve.

15. The valve manifold integration module according to claim 7, wherein the gas-liquid
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separator interface comprises a gas-liquid separator inlet interface (211), and the evaporator
interface further comprises an evaporator outlet interface (206), the evaporator outlet interface

(206) being connected to the gas-liquid separator inlet interface (211).

16. The valve manifold integration module according to claim 13, wherein the flow channels
comprise the first flow channel (110) distributed in the same plane,

wherein the first flow channel (110) comprises a first branch (11), the condenser outlet
interface (202) communicating with the first port of the first switch valve (21) and the first port
of the first expansion valve (31) through the first branch (11); or

the first flow channel (110) further comprises a second branch (12), the second port of the
first switch valve (21) and the second port of the first expansion valve (31) communicating with
the first port of the fifth switch valve (25) through the second branch (12), and the second port of
the first switch valve (21) and the second port of the first expansion valve (31) further
communicating with the first port of the sixth switch valve (26) through the second branch (12);
or

the first flow channel (110) further comprises a third branch (13), the second port of the
sixth switch valve (26) communicating with the air-conditioning heat exchanger inlet interface
(203) through the third branch (13); or

the first flow channel (110) further comprises a fourth branch (14), the air-conditioning heat
exchanger outlet interface (204) and the motor heat exchanger second interface (210)
communicating with the first port of the second switch valve (22) through the fourth branch (14),
and the air-conditioning heat exchanger outlet interface (204) and the motor heat exchanger

second interface (210) further communicating with the first port of the second expansion valve
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(32) through the fourth branch (14); or

the first flow channel (110) further comprises a fifth branch (15), the second port of the third
switch valve (23) and the battery pack heat exchanger first interface (207) communicating with
the first port of the fourth switch valve (21) through the fifth branch (15); or

the first flow channel (110) further comprises a sixth branch (16), the second port of the
second switch valve (22), the evaporator outlet interface (206), and the second port of the fourth
switch valve (24) being communicable with the inlet of the compressor (600) through the sixth

branch (16).

17. The valve manifold integration module according to any one of claims 2 to 16, wherein the
valve manifold integration module (100) comprises a first half body (1) and a second half body
(2), the first half body (1) comprising a first connection surface (1001), the second half body (2)
comprising a second connection surface (2001), and the first connection surface (1001) being
hermetically connected to the second connection surface (2001); and

the plurality of second flow channels (120) are provided inside the first half body (1), and
the second connection surface (2001) of the second half body (2) is provided with at least one
groove, such that the groove on the second connection surface (2001) and the first connection

surface (1001) jointly define the first flow channel (110).

18. The valve manifold integration module according to any one of claims 2 to 17, wherein the
valve manifold integration module (100) comprises a first half body (1) and a second half body
(2), the first half body (1) comprising a first connection surface (1001), the second half body (2)

comprising a second connection surface (2001), and the first connection surface (1001) being
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hermetically connected to the second connection surface (2001); and

the plurality of second flow channels (120) are provided inside the first half body (1), and
the first connection surface (1001) of the first half body (1) is provided with at least one groove,
such that the second connection surface (2001) and the groove on the first half body (1) jointly

define the first flow channel (110).

19. The valve manifold integration module according to claim 17 or 18, wherein the groove is a

curved groove or a straight groove.

20. The valve manifold integration module according to any one of claims 17 to 19, wherein a

plurality of hollow portions (50) are formed in the first half body (1).

21. The valve manifold integration module according to any one of claims 5 to 20, wherein the
interface further comprises a motor heat exchanger third interface (212) and a motor heat
exchanger fourth interface (213), and the valve manifold integration module (100) further
comprises a pump (60) and an accommodating box (70) for accommodating a coolant; and an
outlet of the pump (60) is connected to the motor heat exchanger third interface (212) such that
the coolant is pumped to the motor heat exchanger third interface (212), an inlet of the
accommodating box (70) is connected to the motor heat exchanger fourth interface (213), and an
outlet of the accommodating box (70) is connected to an inlet of the pump (60) such that the

coolant is added to the pump (60).

22. The valve manifold integration module according to claim 21, wherein the valve manifold
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integration module (100) further comprises a three-way valve (40), a first port (401) of the
three-way valve (40) being connected to the motor heat exchanger fourth interface (213), a
second port (402) of the three-way valve (40) being configured to be connected to an inlet of a
radiator (910) of a coolant flow path where a motor is located, and a third port (403) of the
three-way valve (40) being configured to be connected to an inlet of a high-pressure system (920)

of the coolant flow path where the motor is located.

23. A vehicle thermal management system, comprising thermal management system
components and the valve manifold integration module (100) according to any one of claims 1 to
22, the thermal management system components comprising a compressor (600), a condenser
(200), an air-conditioning heat exchanger (300), and an evaporator (400), and at least one of a
compressor interface, a condenser interface, a heat exchanger interface, and an evaporator
interface being arranged on the valve manifold integration module (100) and connected to the

corresponding thermal management system component.

24. The vehicle thermal management system according to claim 23, wherein the vehicle thermal
management system further comprises a gas-liquid separator (800), and a gas-liquid separator
interface configured to be connected to the gas-liquid separator (800) is further arranged on the

valve manifold integration module (100).

25. The vehicle thermal management system according to claim 23 or 24, wherein the vehicle
thermal management system further comprises a battery pack heat exchanger (500), and a battery

pack heat exchanger interface configured to be connected to the battery pack heat exchanger
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(500) is further arranged on the valve manifold integration module (100), so as to heat or cool a

battery pack by selecting the corresponding fluid channel.

26. The vehicle thermal management system according to any one of claims 23 to 25, wherein
the vehicle thermal management system further comprises a motor heat exchanger (700), and a
motor heat exchanger interface configured to be connected to the motor heat exchanger (700) is
further arranged on the valve manifold integration module (100), so as to realize heat exchange

with a motor by selecting the corresponding fluid channel.

27. A vehicle, comprising the vehicle thermal management system according to any one of

claims 23 to 26.
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