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INTEGRATED COOLING SOURCE APPARATUS, HEAT DISSIPATION SYSTEM, 

CONTROLLER, AND RELATED METHOD 

[0001] This application claims priorities to Chinese Patent Application No. 202310729682.9, 

filed with the China National Intellectual Property Administration on June 16, 2023 and entitled 

"HEAT DISSIPATION SYSTEM", to Chinese Patent Application No. 2023109537247, filed with 5 

the China National Intellectual Property Administration on July 31, 2023 and entitled 

"INTEGRATED COOLING SOURCE APPARATUS, HEAT DISSIPATION SYSTEM, 

CONTROLLER, AND RELATED METHOD", and to Chinese Patent Application No. 

202311724720.8, filed with the China National Intellectual Property Administration on December 

14, 2023 and entitled "INTEGRATED COOLING SOURCE APPARATUS, HEAT DISSIPATION 10 

SYSTEM, CONTROLLER, AND RELATED METHOD", all of which are incorporated herein by 

reference in their entireties. 

TECHNICAL FIELD 

[0002] This application relates to the field of heat dissipation technologies, and in particular, 

to an integrated cooling source apparatus, a heat dissipation system, a controller, and a heat 15 

dissipation control method. 

BACKGROUND 

[0003] With the advent of the information era, massive data is generated. Data centers (data 

center, DC) for storing the massive data emerge. The data center is a specific device network that 

supports collaboration, and is configured to transfer, accelerate, present, compute, and store data 20 

on a network infrastructure. As computing power of a chip in the data center grows, power 

consumption of the chip also continuously increases. How to better use natural cooling sources 

(such as water and wind) to reduce power consumption and improve component reliability 

becomes an important issue. 

[0004] Currently, a full liquid cooling mode is mainly used in the industry to dissipate heat for 25 

a device in the data center. A heat dissipation solution for a server in the data center is used as an 

example for description. The heat dissipation solution for the server includes liquid cooling plate–

based heat dissipation and liquid cooling door–based heat dissipation. On a liquid cooling plate–

based heat dissipation route, a cooling distribution unit (Cooling Distribution Unit, CDU) or an 

embedded cooling unit (Embedded Cooling Unit, ECU) is used to transfer heat of a high-heat 30 



2 

generation component such as a chip to a primary side (that is, a low-temperature side) of the ECU 

in a liquid-to-liquid heat exchange mode (which is a mode in which a liquid is used as a heat 

transfer working medium and flows in an internal flow channel of a liquid cooling plate, to 

implement cooling through heat transfer), and then a circulating water pump is used to transfer the 

heat to a closed cooling tower. On a liquid cooling door–based heat dissipation route, a liquid 5 

cooling door (a typical example is a water cooling door) is used to transfer heat of a low-heat 

generation component such as a memory or a hard disk to a primary side of the liquid cooling door 

in an air-to-liquid heat exchange mode (which is a mode in which hot air generated due to working 

of a server exchanges heat with a coolant provided by a cooling tower), and then a circulating 

water pump is used to transfer the heat to a closed cooling tower. 10 

[0005] Considering that the liquid cooling plate and the liquid cooling door have different 

requirements on a water temperature at a water inlet, in the foregoing liquid cooling heat 

dissipation solution, one water path is usually required to supply water to the CDU, and 

corresponding components such as the cooling tower and the circulating pump are configured, to 

implement heat exchange of the liquid cooling plate; and another water path is used to supply 15 

water to the liquid cooling door, and correspondingly, corresponding components such as the 

cooling tower and the circulating pump also need to be configured on the water path, to implement 

heat exchange of the liquid cooling door. The two water paths each form a circulation loop. In an 

arrangement process, not only water temperature requirements of the liquid cooling plate and the 

liquid cooling door need to be considered, but also problems such as component arrangement 20 

positions and space occupation on the water paths need to be considered. As a result, arrangement 

on the entire water paths is complex, and a large quantity of components such as the cooling tower 

and the circulating pump are required, increasing costs. 

SUMMARY 

[0006] For the foregoing problem, this application provides an integrated cooling source 25 

apparatus, a heat dissipation system, a controller, and a heat dissipation control method, to resolve 

a problem that costs are increased because pipelines are complex and a relatively large quantity of 

components such as a cooling tower and a circulating pump are required in an existing liquid 

cooling heat dissipation solution. 

[0007] According to a first aspect, this application provides an integrated cooling source 30 

apparatus. The integrated cooling source apparatus is connected to an air-to-liquid heat exchange 

mode component through a liquid cooling pipeline (which is a pipeline for transporting a coolant 

used for liquid cooling heat dissipation, and usually may be a water cooling pipeline) and is 
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connected to a liquid-to-liquid heat exchange mode component through the liquid cooling pipeline. 

The air-to-liquid heat exchange mode component and the liquid-to-liquid heat exchange mode 

component are connected through the liquid cooling pipeline. The air-to-liquid heat exchange 

mode component is a component that exchanges heat based on hot air generated due to working 

of a server and a coolant provided by a cooling tower, and includes but is not limited to a liquid 5 

cooling door. The liquid-to-liquid heat exchange mode component is a component that uses a liquid 

as a heat transfer working medium to flow in an internal flow channel of a liquid cooling plate to 

implement cooling through heat transfer, and includes but is not limited to a liquid cooling plate 

heat dissipation control unit. The liquid cooling plate heat dissipation control unit may be a cooling 

distribution unit (Cooling Distribution Unit, CDU) or an embedded cooling unit (Embedded 10 

Cooling Unit, ECU). 

[0008] Specifically, the integrated cooling source apparatus is configured to provide a coolant 

through the liquid cooling pipeline, and the coolant flows through the air-to-liquid heat exchange 

mode component configured to dissipate heat for a first component of a device and the liquid-to-

liquid heat exchange mode component configured to dissipate heat for a second component of the 15 

device. Then, the integrated cooling source apparatus is further configured to receive the coolant 

that is output after the liquid-to-liquid heat exchange mode component dissipates heat for the 

second component. 

[0009] The air-to-liquid heat exchange mode component and the liquid-to-liquid heat 

exchange mode component have different temperature requirements for the coolant. Generally, a 20 

temperature at a liquid inlet of the air-to-liquid heat exchange mode component is lower than a 

temperature of the liquid-to-liquid heat exchange mode component. Therefore, the coolant first 

enters the air-to-liquid heat exchange mode component, and the air-to-liquid heat exchange mode 

component dissipates heat for the first component based on the coolant, so that the heat of the first 

component can be taken away. In this case, the coolant heats up because the heat of the first 25 

component is taken away. The heated coolant can still meet a temperature requirement of the 

liquid-to-liquid heat exchange mode component, and then may enter the liquid-to-liquid heat 

exchange mode component. The liquid-to-liquid heat exchange mode component dissipates heat 

for the second component based on the heated coolant. In this way, the integrated cooling source 

apparatus can meet requirements of the air-to-liquid heat exchange mode component and the 30 

liquid-to-liquid heat exchange mode component by using the coolant on one path, thereby 

simplifying the liquid cooling pipeline, reducing a quantity of components such as a cooling tower 

and a circulating pump, and reducing costs. In addition, the foregoing components may be 

integrally integrated, thereby reducing a floor area, shortening a construction period, and 

facilitating deployment and maintenance. In addition, the solution reuses the coolant that is output 35 
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by the air-to-liquid heat exchange mode component, thereby improving power usage effectiveness. 

[0010] In some possible implementations, the coolant sequentially flows through the air-to-

liquid heat exchange mode component configured to dissipate heat for the first component of the 

device and the liquid-to-liquid heat exchange mode component configured to dissipate heat for the 

second component of the device. 5 

[0011] In some possible implementations, the integrated cooling source apparatus is 

specifically configured to provide a mixed coolant through the liquid cooling pipeline when a 

compensatory refrigeration condition is triggered, where a temperature of the mixed coolant meets 

a temperature requirement of the air-to-liquid heat exchange mode component. The apparatus may 

use a compensatory refrigeration design based on the mixed coolant (a cooling load is 10 

supplemented, so that a temperature of the coolant can meet a requirement). This may further 

simplify a system architecture and improve system energy efficiency. 

[0012] In some possible implementations, the integrated cooling source apparatus includes a 

cooling tower, a circulating pump, a three-way valve, and a compensatory refrigeration chiller, the 

cooling tower is connected to the circulating pump through a liquid cooling pipeline, the 15 

circulating pump is connected to the compensatory refrigeration chiller through a liquid cooling 

pipeline, and the three-way valve is deployed on the liquid cooling pipeline connecting the 

circulating pump and the compensatory refrigeration chiller. The integrated cooling source 

apparatus is specifically configured to adjust a status of the three-way valve to a three-way state 

when the compensatory refrigeration condition is triggered, so that a coolant provided by the 20 

cooling tower is divided into two paths after passing through the circulating pump, and a coolant 

on one of the two paths is mixed with a coolant on the other path after passing through the 

compensatory refrigeration chiller, to obtain the mixed coolant. 

[0013] In this solution, the three-way valve is adjusted to the three-way state, so that after the 

coolant is shunted, a coolant on one path is mixed with a coolant on the other path after entering 25 

the compensatory refrigeration chiller. No independent circulating pump needs to be provided for 

a compensatory refrigeration route, and the circulating pump is reused, thereby simplifying a 

system architecture and improving system energy efficiency. 

[0014] In some possible implementations, the circulating pump includes a primary circulating 

pump and a secondary circulating pump, and the three-way valve includes a first three-way valve 30 

and a second three-way valve. The integrated cooling source apparatus is specifically configured 

to: when the compensatory refrigeration condition is triggered, adjust a status of the first three-

way valve to a three-way state, so that the coolant from the cooling tower is divided into two paths 

after passing through the primary circulating pump, and a coolant on one of the two paths that 

passes through a condenser of the compensatory refrigeration chiller and a coolant on the other 35 
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path that passes through a plate heat exchanger converge before the cooling tower; and adjust a 

status of the second three-way valve to a three-way state, so that the coolant passing through the 

plate heat exchanger is divided into two paths after passing through the secondary circulating pump, 

and a coolant on one of the two paths is mixed with a coolant on the other path after passing 

through an evaporator of the compensatory refrigeration chiller, to obtain the mixed coolant. 5 

[0015] In this solution, the first three-way valve is used to implement reuse of the primary 

circulating pump, and the second three-way valve is used to implement reuse of the secondary 

circulating pump, thereby simplifying a system architecture, reducing a quantity of circulating 

pumps, and reducing costs. 

[0016] In some possible implementations, the compensatory refrigeration condition includes 10 

that a supply liquid temperature is greater than or equal to a preset threshold. The integrated 

cooling source apparatus further includes a controller, and the controller is configured to: when it 

is detected that the supply liquid temperature is greater than or equal to the preset threshold, control 

the status of the three-way valve to be the three-way state, and start the compensatory refrigeration 

chiller. In this way, on-demand cooling and fine adjustment can be implemented through 15 

temperature-based automatic compensatory refrigeration control at a cooling source end. 

[0017] In some possible implementations, the controller is specifically configured to: 

determine a bypass flow of the three-way valve based on the supply liquid temperature, a cooling 

temperature of the compensatory refrigeration chiller, a required temperature of the air-to-liquid 

heat exchange mode component, and a flow required for heat dissipation, determine a valve 20 

opening proportion of the three-way valve based on the bypass flow, and adjust the status of the 

three-way valve to the three-way state based on the valve opening proportion. 

[0018] In this solution, the bypass flow of the three-way valve is determined by using the law 

of conservation of energy, then the valve opening proportion of the three-way valve is determined 

based on the bypass flow, and the status of the three-way valve is adjusted based on the valve 25 

opening proportion, so that a temperature of the mixed coolant can be accurately controlled, 

thereby meeting a temperature requirement of the air-to-liquid heat exchange mode component. 

[0019] In some possible implementations, the controller is further configured to: control a 

supply liquid temperature of the cooling tower based on a wet bulb temperature and an approach 

of the cooling tower, and then control a secondary-side temperature of the plate heat exchanger 30 

based on the supply liquid temperature and an approach of the plate heat exchanger. In this way, 

the supply liquid temperature of the integrated cooling source apparatus (for example, the 

secondary-side temperature of the plate heat exchanger) can vary with the wet bulb temperature in 

an environment. When the wet bulb temperature in the environment decreases, the supply liquid 

temperature of the integrated cooling source apparatus also decreases accordingly. On an 35 
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equipment room side, an air exhaust temperature of the air-to-liquid heat exchange mode 

component decreases, and a temperature in an equipment room decreases. 

[0020] In some possible implementations, the controller is further configured to control a 

secondary-side temperature of the plate heat exchanger based on a wet bulb temperature, an 

approach of the cooling tower, and an approach of the plate heat exchanger. In this solution, the 5 

controller directly performs temperature control by using the secondary-side temperature of the 

plate heat exchanger as an anchor, so that the supply liquid temperature of the integrated cooling 

source apparatus (for example, the secondary-side temperature of the plate heat exchanger) varies 

with the wet bulb temperature in an environment. 

[0021] In some possible implementations, the controller is further configured to: detect that a 10 

temperature difference between a liquid outlet of the liquid-to-liquid heat exchange mode 

component and a liquid inlet of the air-to-liquid heat exchange mode component is less than a 

specified value, and reduce an opening of an electric valve deployed at the liquid inlet of the air-

to-liquid heat exchange mode component. In this way, a flow can be reduced, power consumption 

of the secondary circulating pump can be reduced, and energy saving control can be implemented. 15 

[0022] In some possible implementations, the circulating pump includes the primary 

circulating pump and the secondary circulating pump, the plate heat exchanger is disposed between 

the primary circulating pump and the secondary circulating pump, and the controller is further 

configured to: detect that a temperature difference between a primary-side liquid outlet and a 

primary-side liquid inlet of the plate heat exchanger is less than a specified value, and control the 20 

primary circulating pump to operate at a variable frequency; or detect that a temperature difference 

between a primary-side liquid outlet and a secondary-side liquid inlet of the plate heat exchanger 

is less than the approach of the plate heat exchanger, and control the primary circulating pump to 

operate at a variable frequency. In this way, power consumption of the primary circulating pump 

can be reduced, and energy saving control can be implemented. 25 

[0023] According to a second aspect, this application provides a heat dissipation system. The 

heat dissipation system includes the integrated cooling source apparatus provided in the first aspect 

of this application, an air-to-liquid heat exchange mode component, and a liquid-to-liquid heat 

exchange mode component. The integrated cooling source apparatus is configured to collaborate 

with the air-to-liquid heat exchange mode component and the liquid-to-liquid heat exchange mode 30 

component to dissipate heat for a device. 

[0024] According to a third aspect, this application provides a heat dissipation control method. 

The method is applied to an integrated cooling source apparatus, the integrated cooling source 

apparatus includes a controller, a cooling tower, a circulating pump, a three-way valve, and a 

compensatory refrigeration chiller, the cooling tower is connected to the circulating pump through 35 
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a liquid cooling pipeline, the circulating pump is connected to the compensatory refrigeration 

chiller through a liquid cooling pipeline, the three-way valve is deployed on the liquid cooling 

pipeline connecting the circulating pump and the compensatory refrigeration chiller, and the 

method includes: 

the controller detects a supply liquid temperature; and5 

when the supply liquid temperature is greater than or equal to a preset threshold, the 

controller controls a status of the three-way valve to be a three-way state, and starts the 

compensatory refrigeration chiller, so that a coolant from the cooling tower is divided into two 

paths after passing through the circulating pump, and a coolant on one of the two paths is mixed 

with a coolant on the other path after passing through the compensatory refrigeration chiller, to 10 

obtain a mixed coolant. 

[0025] In some possible implementations, that the controller controls the status of the three-

way valve to be the three-way state includes: 

the controller determines a bypass flow of the three-way valve based on the supply 

liquid temperature, a cooling temperature of the compensatory refrigeration chiller, a required 15 

temperature of the air-to-liquid heat exchange mode component, and a flow required for heat 

dissipation; and

the controller determines a valve opening proportion of the three-way valve based on 

the bypass flow, and adjusts the status of the three-way valve to the three-way state based on the 

valve opening proportion. 20 

[0026] In some possible implementations, the circulating pump includes a primary circulating 

pump and a secondary circulating pump, a plate heat exchanger is disposed between the primary 

circulating pump and the secondary circulating pump, and the method further includes: 

controlling a supply liquid temperature of the cooling tower based on a wet bulb 

temperature and an approach of the cooling tower, and then controlling a secondary-side 25 

temperature of the plate heat exchanger based on the supply liquid temperature and an approach 

of the plate heat exchanger; or

controlling a secondary-side temperature of the plate heat exchanger based on a wet 

bulb temperature, an approach of the cooling tower, and an approach of the plate heat exchanger. 

[0027] In some possible implementations, the method further includes: 30 

detecting that a temperature difference between a liquid outlet of the liquid-to-liquid 

heat exchange mode component and a liquid inlet of the air-to-liquid heat exchange mode 

component is less than a specified value, and reducing an opening of an electric valve deployed at 

the liquid inlet of the air-to-liquid heat exchange mode component. 

[0028] In some possible implementations, the circulating pump includes the primary 35 
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circulating pump and the secondary circulating pump, the plate heat exchanger is disposed between 

the primary circulating pump and the secondary circulating pump, and the method further includes: 

detecting that a temperature difference between a primary-side liquid outlet and a 

primary-side liquid inlet of the plate heat exchanger is less than a specified value, and controlling 

the primary circulating pump to operate at a variable frequency; or5 

detecting that a temperature difference between a primary-side liquid outlet and a 

secondary-side liquid inlet of the plate heat exchanger is less than the approach of the plate heat 

exchanger, and controlling the primary circulating pump to operate at a variable frequency. 

[0029] According to a fourth aspect, this application provides a controller. The controller 

includes a processor and an input/output unit. The input/output unit is configured to communicate 10 

with a three-way valve in an integrated cooling source apparatus. The processor is configured to 

execute computer-readable instructions, to enable the controller to perform the heat dissipation 

control method provided in any implementation of the third aspect of this application. 

[0030] In some possible implementations, the controller further includes a memory, and the 

processor is specifically configured to: 15 

load the computer-readable instructions from the memory and execute the computer-

readable instructions. 

[0031] In this application, based on implementations according to the foregoing aspects, the 

implementations may be further combined to provide more implementations. 

BRIEF DESCRIPTION OF DRAWINGS 20 

[0032] FIG. 1 is a diagram of an architecture of a data center according to this application;

[0033] FIG. 2 is a diagram of a liquid cooling pipeline of an integrated cooling source 

apparatus according to this application;

[0034] FIG. 3 is a diagram of an architecture of another data center according to this 

application;25 

[0035] FIG. 4 is a diagram of a circulation path of a coolant in an operating state without 

compensatory refrigeration in an integrated cooling source apparatus or a heat dissipation system 

according to this application;

[0036] FIG. 5 is a diagram of a circulation path of a coolant in an operating state with 

compensatory refrigeration in an integrated cooling source apparatus or a heat dissipation system 30 

according to this application;

[0037] FIG. 6 is a diagram of an architecture of another data center according to this 

application;
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[0038] FIG. 7 is a diagram of determining a valve opening proportion of a three-way valve 

according to this application;

[0039] FIG. 8 is a diagram of temperature control according to this application;

[0040] FIG. 9 is a diagram of performing energy saving control on a circulating pump 

according to this application; and5 

[0041] FIG. 10 is a flowchart of a heat dissipation control method according to this application. 

DESCRIPTION OF EMBODIMENTS 

[0042] To resolve a problem that costs are high because pipelines are complex and a plurality 

of components such as a circulating pump and a cooling tower need to be configured in the 

foregoing liquid cooling heat dissipation solution, this application provides an integrated cooling 10 

source apparatus and a heat dissipation system including the integrated cooling source apparatus. 

The integrated cooling source apparatus may be an integrated liquid cooling module. The heat 

dissipation system may include the integrated cooling source apparatus, an air-to-liquid heat 

exchange mode component (or referred to as an air-to-liquid heat exchange apparatus), and a 

liquid-to-liquid heat exchange mode component (or referred to as a liquid-to-liquid heat exchange 15 

apparatus). The integrated cooling source apparatus is connected to the air-to-liquid heat exchange 

mode component through a liquid cooling pipeline, and is connected to the liquid-to-liquid heat 

exchange mode component (for example, a liquid cooling plate heat dissipation control unit like 

an ECU or a CDU) through the liquid cooling pipeline. The air-to-liquid heat exchange mode 

component and the liquid-to-liquid heat exchange mode component are connected through the 20 

liquid cooling pipeline. The integrated cooling source apparatus is configured to provide a coolant 

through the liquid cooling pipeline, and the coolant sequentially passes through the air-to-liquid 

heat exchange mode component configured to dissipate heat for a first component of a device and 

the liquid-to-liquid heat exchange mode component configured to dissipate heat for a second 

component of the device. Then, the integrated cooling source apparatus receives the coolant that 25 

is output after heat is dissipated for the second component. 

[0043] The air cooling heat exchange mode component and the liquid-to-liquid heat exchange 

mode component have different temperature requirements on the coolant. Generally, a temperature 

at a liquid inlet of the air cooling heat exchange mode component (for example, a liquid cooling 

door) is lower than a temperature of the liquid-to-liquid heat exchange mode component (for 30 

example, a liquid cooling plate heat dissipation control unit like an ECU or a CDU). Therefore, 

the coolant first enters the air cooling heat exchange mode component, and the air cooling heat 

exchange mode component dissipates heat for the first component based on the coolant, so that 
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the heat of the first component can be taken away. In this case, the coolant heats up because the 

heat of the first component is taken away. The heated coolant can still meet a temperature 

requirement of the liquid-to-liquid heat exchange mode component, and then may enter the liquid-

to-liquid heat exchange mode component. The liquid-to-liquid heat exchange mode component 

dissipates heat for the second component based on the heated coolant. In this way, the integrated 5 

cooling source apparatus can meet requirements of the air cooling heat exchange mode component 

and the liquid-to-liquid heat exchange mode component by using the coolant on one path, thereby 

simplifying the liquid cooling pipeline, reducing a quantity of components such as a cooling tower 

and a circulating pump, and reducing costs. In addition, the foregoing components may be 

integrally integrated, thereby reducing a floor area, shortening a construction period, and 10 

facilitating deployment and maintenance. 

[0044] For ease of understanding, technical terms in this application are first described. 

[0045] Liquid cooling (liquid cooling): is a technology that uses a liquid as a heat transfer 

medium to exchange heat for a heat generation component in a computing system (for example, a 

server in a data center), and transfer the heat to the outside of the heat generation component. The 15 

liquid cooling technology supports a plurality of heat dissipation modes, including but not limited 

to a liquid-to-liquid heat exchange (for example, water-to-water heat exchange) mode and an air-

to-liquid heat exchange mode. Generally, a liquid-to-liquid heat exchange mode component 

includes a liquid cooling plate heat dissipation control unit. On a liquid cooling plate–based heat 

dissipation route, a liquid-to-liquid heat exchange mode component such as a cooling distribution 20 

unit (Cooling Distribution Unit, CDU) or an embedded cooling unit (Embedded Cooling Unit, 

ECU) is used to dissipate heat for a component that generates high heat, for example, a central 

processing unit (central processing unit, CPU), in the liquid-to-liquid heat exchange mode. An air-

to-liquid heat exchange mode component includes a component such as a liquid cooling door 

inside a cabinet or an air cooling end component such as an in-row air conditioner outside the 25 

cabinet, to implement heat exchange between hot air generated by a server and a coolant. For 

example, on a liquid cooling door–based heat dissipation route, a liquid cooling door is used to 

dissipate heat for a component that generates low heat, for example, a memory or a hard disk, in 

the air-to-liquid heat exchange mode. Alternatively, when the air-to-liquid heat exchange mode 

component is an in-row air conditioner, air-to-liquid heat exchange may be implemented by using 30 

the in-row air conditioner. For ease of description, the following embodiments are described by 

using an example in which the liquid-to-liquid heat exchange mode component is a liquid cooling 

plate heat dissipation control unit and the air-to-liquid heat exchange mode component is a liquid 

cooling door. 

[0046] Cooling distribution unit CDU: is a control unit that is located inside an equipment 35 
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room of a data center and that performs liquid cooling, and is configured to adjust a cooling 

capacity of a group of cabinets, a temperature and a flow rate of a coolant, and the like. 

[0047] Embedded cooling unit ECU: is built in a cabinet through pre-integration, is a 

component of the cabinet, and is configured to control a cooling capacity of the cabinet, a 

temperature and a flow rate of a coolant, and the like. 5 

[0048] The following describes in detail principles of a liquid cooling door–based heat 

dissipation route and a liquid cooling plate–based heat dissipation route with reference to the 

accompanying drawings. 

[0049] FIG. 1 is a diagram of an architecture of a data center according to this application. In 

this application, an example in which heat dissipation is performed on a cabinet included in the 10 

data center in a liquid cooling heat dissipation manner is used for description. As shown in FIG. 1, 

the data center 100 includes a liquid cooling equipment room 110 and a heat dissipation system 

120. 

[0050] The liquid cooling equipment room 110 includes a plurality of liquid cooling cabinets 

111. The liquid cooling cabinet 111 is an entity that provides high-performance computing, and 15 

dissipates heat for a server in the cabinet in a liquid cooling heat dissipation manner. For example, 

the liquid cooling cabinet 111 includes a plurality of server nodes. The server node may be an 

independent physical device. 

[0051] The heat dissipation system 120 includes one or more heat dissipation subsystems, and 

each heat dissipation subsystem is configured to dissipate heat for the liquid cooling cabinet 111. 20 

To improve heat dissipation efficiency, when there are a plurality of heat dissipation subsystems 

in the heat dissipation system 120, different heat dissipation subsystems may dissipate heat for the 

liquid cooling cabinet 111 through different heat dissipation routes. For example, a liquid cooling 

plate heat dissipation subsystem may dissipate heat for the liquid cooling cabinet 111 through a 

liquid cooling plate–based heat dissipation route, and a liquid cooling door heat dissipation 25 

subsystem may dissipate heat for the liquid cooling cabinet through a liquid cooling door–based 

heat dissipation route. 

[0052] The liquid cooling plate heat dissipation subsystem includes a cooling tower 121, a 

circulating pump 123 (for example, a circulating water pump, water pump for short), and a liquid 

cooling plate heat dissipation control unit 125 (for example, a CDU). The cooling tower 121 is 30 

configured to use a liquid cooling working medium (for example, water) as a circulating cooling 

medium (a coolant), to discharge heat to the atmosphere to reduce a temperature. The circulating 

pump 123 is configured to provide power for transporting the coolant, for example, is applicable 

to transporting water or a liquid cooling working medium with physicochemical properties in a 

high-pressure operation system. The cooling tower 121 may supply a coolant with a relatively low 35 
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temperature, for example, cold water. The circulating pump 123 transports the coolant to a CDU 

in the equipment room. The CDU controls a cooling capacity of the liquid cooling cabinet 111, 

and a temperature and a flow rate of the coolant, to reduce a temperature for the server node in the 

liquid cooling cabinet 111. The coolant may take away heat of the liquid cooling cabinet 111, and 

return to the cooling tower 121 through the CDU and the circulating pump 123, and the cooling 5 

tower 121 performs heat exchange. 

[0053] The liquid cooling door heat dissipation subsystem includes a cooling tower 122, a 

circulating pump 124, a plate heat exchanger 126 (plate exchanger for short), and a liquid cooling 

door 128. The plate heat exchanger 126 is a new high-efficiency heat exchanger formed by 

stacking metal plates with a specific corrugated shape. The plate heat exchanger 126 includes a 10 

gasket, a pressing plate (a movable end plate and a fastened end plate), and a frame (upper and 

lower guide rods and a front pillar). A sealing gasket is used to seal the plates and guide a flow to 

separate a cold flow channel and a hot flow channel. A cold heat exchange medium and a hot heat 

exchange medium flow through respective channels and exchange heat with the separated plates, 

to reach a temperature required by a user. The cooling tower 122 may supply a coolant with a 15 

relatively low temperature, for example, cold water, and the circulating pump 124 transports the 

coolant to the plate heat exchanger 126. When a temperature of a coolant separated by the plate 

heat exchanger 126 is less than 28°C, the coolant may be transported to the liquid cooling door 

128 to reduce a temperature for the server in the liquid cooling cabinet 111. The coolant may take 

away heat of the liquid cooling cabinet 111, and return to the cooling tower 122, and the cooling 20 

tower 122 performs heat exchange. 

[0054] Compared with the liquid cooling plate heat dissipation subsystem, the liquid cooling 

door heat dissipation subsystem has a higher requirement on the temperature of the coolant. When 

an ambient temperature is relatively high, the liquid cooling door heat dissipation subsystem 

usually further needs to supplement a cooling load (compensatory refrigeration for short), so that 25 

the coolant meets a temperature requirement of the liquid cooling door heat dissipation subsystem. 

Specifically, the liquid cooling plate heat dissipation subsystem further includes a circulating pump 

12A, a water-cooled chiller 12C, a circulating pump 12E, and a cooling tower 12G. Specifically, 

when the temperature of the coolant separated by the plate heat exchanger 126 is greater than 28°C, 

the circulating pump 12A and the water-cooled chiller 12C (which is usually a large-scale unit) are 30 

started, and are configured to perform compensatory refrigeration for the coolant separated by the 

plate heat exchanger 126, so that after the temperature of the coolant is less than 28°C, the coolant 

is transported to the liquid cooling door 128. In addition, a coolant (such as cold water) used by 

the water-cooled chiller 12C for compensatory refrigeration may be provided by the cooling tower 

12G. The cooling tower 12G may be an open cooling tower. The cooling tower 12G transports the 35 
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coolant to the water-cooled chiller 12C through the circulating pump 12E, and the water-cooled 

chiller 12 may further cool, by using a cooling system, the coolant transported by the cooling tower, 

to provide a coolant whose temperature is 18°C. The water-cooled chiller 12C may take away heat 

after performing compensatory refrigeration by using the coolant whose temperature is 18°C, and 

the coolant returns to the cooling tower 12G through the circulating pump 12E. The cooling tower 5 

12G performs heat exchange. 

[0055] It should be noted that components such as a cooling tower that provides a coolant and 

a circulating pump that transports the coolant for the liquid cooling plate heat dissipation control 

unit 125 and the liquid cooling door 128 may be reused, and components such as the cooling tower 

and the circulating pump may be integrally integrated to form the integrated cooling source 10 

apparatus. 

[0056] FIG. 2 is a diagram of a liquid cooling pipeline of an integrated cooling source 

apparatus according to this application. As shown in FIG. 2, the integrated cooling source 

apparatus is configured to provide a coolant through the liquid cooling pipeline. The coolant may 

sequentially pass through a liquid cooling door configured to dissipate heat for a first component 15 

of a device (for example, a low-heat generation component of a server in a data center, including 

but not limited to a memory or a hard disk) and a liquid cooling plate control unit configured to 

dissipate heat for a second component of the device (for example, a high-heat generation 

component of the server in the data center, including but not limited to a CPU). The integrated 

cooling source apparatus is further configured to receive the coolant that is output after the liquid 20 

cooling plate heat dissipation control unit dissipates heat for the second component. 

[0057] In FIG. 1 and FIG. 2, an example in which an air-to-liquid heat exchange mode 

component is a liquid cooling door and a liquid-to-liquid heat exchange mode component is a 

liquid cooling plate heat dissipation control unit is used for description. A heat dissipation 

component such as the liquid cooling door may be usually disposed inside a liquid cooling cabinet 25 

(an interior of a cabinet in which a server that uses liquid cooling heat dissipation is located, cabinet 

interior for short). In FIG. 1 and FIG. 2, to facilitate display of a flow direction of a coolant, the 

liquid cooling door is placed outside the liquid cooling cabinet. When the air-to-liquid heat 

exchange mode component is an in-row air conditioner, the in-row air conditioner may be disposed 

outside a cabinet. The in-row air conditioner may perform air-to-liquid heat exchange by row on 30 

cabinets arranged in an equipment room by row, to implement in-row cooling. In some examples, 

the air-to-liquid heat exchange mode component may alternatively be an in-room air conditioner. 

The in-room air conditioner is usually disposed outside a cabinet, and performs air-to-liquid heat 

exchange on a plurality of cabinets in an equipment room, to implement in-room cooling. 

[0058] In this technical solution, the coolant provided on one water path meets requirements 35 
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of both the liquid cooling door and the liquid cooling plate heat dissipation control unit. For 

example, the integrated cooling source apparatus provides a coolant on one path. The coolant first 

enters the liquid cooling door to dissipate heat for the first component of the device. The coolant 

that is output from the liquid cooling door carries heat and therefore heats up. Because a 

temperature at a liquid inlet of the liquid cooling door is lower than a temperature at a liquid inlet 5 

of the liquid cooling plate, the heated coolant can still meet a temperature requirement of the liquid 

cooling plate heat dissipation control unit. Therefore, the heated coolant may then enter the liquid 

cooling plate heat dissipation control unit such as an ECU to dissipate heat for the second 

component of the device. The coolant that is output after the liquid cooling plate heat dissipation 

control unit dissipates heat for the second component returns to the integrated cooling source 10 

apparatus for heat exchange. In this technical solution, a quantity of coolant supply routes, a 

quantity of cooling towers, a quantity of circulating pumps, and a quantity of liquid cooling 

pipelines can be reduced, thereby reducing costs. In addition, this solution can greatly reduce 

system complexity, facilitate deployment and maintenance, and shorten a construction period. In 

addition, in this technical solution, the coolant output by the liquid cooling door is reused, so that 15 

power usage effectiveness (Power Usage Effectiveness, PUE) is improved, and a service 

requirement can be met. 

[0059] Further, in this technical solution, compensatory refrigeration may be performed by 

using the mixed coolant (for example, compensatory refrigeration by using mixed water), and the 

circulating pump can be reused (for example, the primary circulating pump and the secondary 20 

circulating pump are reused), thereby further simplifying a system architecture and improving 

system energy efficiency. In addition, this technical solution further supports integration of a 

controller, for example, integration of an embedded programmable logic controller (Programmable 

logic controller, PLC), to implement linkage in the heat dissipation systems, thereby implementing 

on-demand cooling and fine adjustment. 25 

[0060] With reference to the accompanying drawings, the following describes in detail the 

integrated cooling source apparatus in this application and an architecture of the heat dissipation 

system including the integrated cooling source apparatus. 

[0061] FIG. 3 is a diagram of an architecture of a data center. The data center 300 includes a 

liquid cooling equipment room 310 and a heat dissipation system 320. The liquid cooling 30 

equipment room 310 includes a plurality of liquid cooling cabinets 311, and the liquid cooling 

cabinet 311 includes one or more server nodes. The server node may be an independent physical 

device. The heat dissipation system 320 includes an integrated cooling source apparatus 322, a 

liquid cooling door 324, and a liquid cooling plate heat dissipation control unit 326. The liquid 

cooling plate heat dissipation control unit 326 may be an ECU or a CDU. The integrated cooling 35 
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source apparatus 322 is connected to the liquid cooling door 324 through a liquid cooling pipeline 

and is connected to the liquid cooling plate heat dissipation control unit 326 through the liquid 

cooling pipeline. The liquid cooling door 324 and the liquid cooling plate heat dissipation control 

unit 326 are connected through the liquid cooling pipeline. The integrated cooling source apparatus 

322 collaborates with the liquid cooling door 324 and the liquid cooling plate heat dissipation 5 

control unit 326 to dissipate heat for a device. 

[0062] During specific implementation, the integrated cooling source apparatus 322 is 

configured to provide a coolant through the liquid cooling pipeline. The coolant may be a cooled 

liquid, for example, cold water. The coolant sequentially passes through the liquid cooling door 

324 configured to dissipate heat for a first component of a device (for example, a server node) in 10 

the liquid cooling equipment room 310 and the liquid cooling plate heat dissipation control unit 

326 configured to dissipate heat for a second component of the device in the liquid cooling 

equipment room 310. The integrated cooling source apparatus 322 is further configured to receive 

the coolant (for example, hot water) that is output after the liquid cooling plate heat dissipation 

control unit 326 dissipates heat for the second component. 15 

[0063] In some possible implementations, the integrated cooling source apparatus 322 is 

specifically configured to provide a mixed coolant through the liquid cooling pipeline when a 

compensatory refrigeration condition is triggered, to perform compensatory refrigeration on the 

coolant that enters the liquid cooling door 324. A temperature of the mixed coolant meets a 

temperature requirement of the liquid cooling door 324. The temperature requirement of the liquid 20 

cooling door may be being less than or equal to a target temperature, and the target temperature 

may be 28°C or 25°C. The target temperature may vary with an application scenario. The 

compensatory refrigeration condition may be set based on a service requirement. For example, the 

compensatory refrigeration condition may be set as follows: A supply liquid temperature is greater 

than or equal to a preset threshold. The integrated cooling source apparatus 322 may implement 25 

compensatory refrigeration based on the mixed coolant by starting a three-way valve. 

[0064] Specifically, the integrated cooling source apparatus 322 includes a cooling tower 3222, 

a circulating pump 3224, a three-way valve 3226, and a compensatory refrigeration chiller 3228. 

The three-way valve 3226 and the compensatory refrigeration chiller 3228 may be optional 

components. For example, in a region in which an ambient temperature is maintained at a relatively 30 

low level throughout the year, the integrated cooling source apparatus 322 does not need a 

compensatory refrigeration design, and therefore may not include the three-way valve 3226 or the 

compensatory refrigeration chiller 3228. A region in which an ambient temperature significantly 

changes with seasons is used as an example for description in this embodiment. Because summer 

is hot and an ambient temperature is relatively high, to implement compensatory refrigeration, the 35 



16 

integrated cooling source apparatus 322 is configured with the three-way valve 3226 and the 

compensatory refrigeration chiller 3228 for compensatory refrigeration. The cooling tower 3222 

is connected to the circulating pump 3224 through a liquid cooling pipeline, the circulating pump 

3224 is connected to the compensatory refrigeration chiller 3228 through a liquid cooling pipeline, 

and the three-way valve 3226 is deployed on the liquid cooling pipeline connecting the circulating 5 

pump 3224 and the compensatory refrigeration chiller 3228. 

[0065] The integrated cooling source apparatus 322 is specifically configured to adjust a status 

of the three-way valve 3226 to a three-way state when the compensatory refrigeration condition is 

triggered, so that a coolant from the cooling tower 3222 is divided into two paths after passing 

through the circulating pump 3224, and a coolant on one of the two paths is mixed with a coolant 10 

on the other path after passing through the compensatory refrigeration chiller 3228, to obtain the 

mixed coolant. The mixed coolant can meet the temperature requirement of the liquid cooling door 

324. 

[0066] The circulating pump 3224 may include a primary circulating pump 3224A and a 

secondary circulating pump 3224B. Correspondingly, the three-way valve 3226 includes a first 15 

three-way valve 3226A and a second three-way valve 3226B. The primary circulating pump 3224A 

is connected to the first three-way valve 3226A, and the secondary circulating pump is connected 

to the second three-way valve 3226B. The integrated cooling source apparatus 322 is specifically 

configured to: when the compensatory refrigeration condition is triggered, adjust a status of the 

first three-way valve 3226A to a three-way state, so that the coolant from the cooling tower 3222 20 

is divided into two paths after passing through the primary circulating pump 3224A, and a coolant 

on one of the two paths that passes through a condenser of the compensatory refrigeration chiller 

3228 and a coolant on the other path that passes through a plate heat exchanger 3225 converge 

before the cooling tower 3222; and adjust a status of the second three-way valve 3226B to a three-

way state, so that the coolant passing through the plate heat exchanger 3225 is divided into two 25 

paths after passing through the secondary circulating pump 3224B, and a coolant on one of the 

two paths is mixed with a coolant on the other path after passing through an evaporator of the 

compensatory refrigeration chiller 3228, to obtain the mixed coolant. The mixed coolant can 

implement compensatory refrigeration, and can meet the temperature requirement of the liquid 

cooling door 324. 30 

[0067] Considering that the cooling pump 3222 and the plate heat exchanger 3225 may output 

coolants to supply the coolants to downstream devices, the integrated cooling source apparatus 

322 may determine, based on supply liquid temperatures of the cooling pump 3222 and the plate 

heat exchanger 3225 or a final supply liquid temperature of the entire integrated cooling source 

apparatus 322, whether to start the three-way valve 3224 to mix the coolants to perform 35 
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compensatory refrigeration for the coolant that enters the liquid cooling door 324. In other words, 

the supply liquid temperature in the compensatory refrigeration condition may be the supply liquid 

temperature of the cooling tower 3222, the supply liquid temperature of the plate heat exchanger 

3225 (for example, a secondary-side liquid outlet temperature), or the final supply liquid 

temperature of the entire integrated cooling source apparatus 322. Correspondingly, preset 5 

thresholds corresponding to supply temperatures at different points may be different. For example, 

a preset threshold corresponding to the supply liquid temperature of the cooling tower 3222 may 

be set to 32°C, and a preset threshold corresponding to the final supply liquid temperature of the 

entire integrated cooling source apparatus 322 may be set to 28°C. 

[0068] It should be noted that the cooling tower 322 in the integrated cooling source apparatus 10 

322 in this application may be an open cooling tower or a closed cooling tower. A coolant of the 

closed cooling tower flows in a closed pipe and is not in contact with external air. Heat is 

exchanged with the external air, sprayed water, or the like through a pipe wall of a heat exchanger. 

The coolant is not polluted, evaporated, or concentrated, and does not need water supplement or 

dosing. Therefore, performance and a service life of an associated device are ensured. A coolant 15 

of the open cooling tower circulates in an open system. The coolant is concentrated due to 

evaporation and needs to be supplemented. In addition, the coolant is directly in contact with air 

and exposed to sunlight, and is prone to pollution, for example, producing algae and salt 

crystallization. Therefore, the coolant usually needs to be treated, for example, dosed, to prevent 

the algae and salt crystallization. FIG. 3 is described by using an example in which the cooling 20 

tower 322 is an open cooling tower. Correspondingly, the integrated cooling source apparatus 322 

further includes a coolant treatment apparatus 3223A, and the coolant treatment apparatus 3223A 

is configured to perform descaling, filtering, softening, or sterilization on the coolant. A three-way 

valve 3227 may be further connected between the coolant treatment apparatus 3223A and the plate 

heat exchanger 3225. Similarly, a coolant treatment apparatus 3223B may also be included 25 

between a liquid outlet of the liquid cooling cabinet 311 and the plate heat exchanger 3225, and is 

configured to perform descaling, filtering, softening, or sterilization on the coolant that is output 

after heat dissipation of the liquid cooling cabinet 311. The coolant treatment apparatus 3223A or 

the coolant treatment apparatus 3223B may be an optional component. For example, when the 

integrated cooling source apparatus 322 uses a closed cooling tower, the coolant treatment 30 

apparatus 3223A or the coolant treatment apparatus 3223B may not be included. 

[0069] In some possible implementations, the integrated cooling source apparatus 322 may 

further integrate a liquid refill apparatus 3229. For example, the liquid refill apparatus 3229 may 

be a constant-pressure water refill apparatus. The constant-pressure water refill apparatus is a type 

of stabilized-pressure water refill apparatus. The stabilized-pressure water refill apparatus includes 35 
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a stabilized-pressure tank, a water pump, a pressure switch, an intelligent control box, a safety 

valve, a base, and a pipeline, is configured to reduce a quantity of startup times of the circulating 

pump 3224, and may adjust a water pressure and a water volume of a system, to facilitate automatic 

water refill. Similarly, the liquid refill apparatus 3229 may be an optional component. When the 

integrated cooling source apparatus 322 does not include the liquid refill apparatus 3229, a pressure 5 

and a flow may be manually adjusted. 

[0070] The integrated cooling source apparatus 322 or the heat dissipation system 320 

including the integrated cooling source apparatus 322 shown in FIG. 3 has a plurality of operating 

states. For example, the operating states of the integrated cooling source apparatus 322 or the heat 

dissipation system 320 may be classified into an operating state without compensatory 10 

refrigeration and an operating state with compensatory refrigeration based on whether the 

compensatory refrigeration condition is triggered. The following separately describes coolant 

circulation paths (such as water circulation paths) in different operating states of the integrated 

cooling source apparatus 322 or the heat dissipation system 320. 

[0071] When the integrated cooling source apparatus 322 or the heat dissipation system 320 is 15 

in the operating state without compensatory refrigeration, the coolant does not need compensatory 

refrigeration, and therefore does not pass through the compensatory refrigeration chiller, but 

circulates on a primary side and a secondary side of the plate heat exchanger 3225. The coolant 

provided by the cooling tower 3222 is transported to the plate heat exchanger 3225 through the 

primary circulating pump 3224A for heat exchange. The primary side of the plate heat exchanger 20 

3225 may output the coolant with an increased temperature, and the coolant is treated by the 

coolant treatment apparatus 3223A and then returns to the cooling tower 3222, thereby 

implementing primary circulation. The coolant with a reduced temperature obtained by the plate 

heat exchanger 3225 through heat exchange may be output from the secondary side of the plate 

heat exchanger 3225. The coolant that is output from a secondary-side liquid outlet of the plate 25 

heat exchanger 3225 is transported to the liquid cooling door 324 through the secondary circulating 

pump 3224B. The liquid cooling door 324 dissipates heat for the first component based on the 

coolant. Then, the coolant is output from a liquid outlet of the liquid cooling door 324 and enters 

the liquid cooling plate heat dissipation control unit 326. The liquid cooling plate heat dissipation 

control unit 326 dissipates heat for the second component. The coolant that is output from a liquid 30 

outlet of the liquid cooling plate heat dissipation control unit 326 is treated by the coolant treatment 

apparatus 3223B and then reaches a secondary-side liquid inlet of the plate heat exchanger 3225, 

thereby implementing secondary circulation. 

[0072] For ease of understanding, a circulation path of the coolant is further described in this 

application with reference to the accompanying drawings. 35 
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[0073] FIG. 4 is a diagram of a circulation path of a coolant in an operating state without 

compensatory refrigeration. The integrated cooling source apparatus 322 or the heat dissipation 

system 320 includes primary circulation and secondary circulation. 

[0074] During primary circulation, a circulation path of the coolant is 1->2->3->4->5->6->7. 

In this case, three-way valves between 2->3 and 5->6 are in a two-way state. In other words, the 5 

coolant from the cooling tower 3222 passes through the primary circulating pump 3224A, reaches 

the first three-way valve 3224A, then is output through one path of the first three-way valve 3224A, 

and reaches the plate heat exchanger 3225, for example, reaches a primary-side liquid inlet of the 

plate heat exchanger 3225. The plate heat exchanger 322 transports the coolant to the three-way 

valve 3227 (for example, through a primary-side liquid outlet). The three-way valve 3227 10 

transports the coolant to the coolant treatment apparatus 3223A for treatment, and then the coolant 

returns to the cooling tower 3222. 

[0075] During secondary circulation, a circulation path of the coolant is 

8->9->10->11->12->13. In this case, a three-way valve between 9->10 is in a two-way state. In 

other words, after undergoing heat exchange performed by the plate heat exchanger 3225, the 15 

coolant from the open cooling tower 3222 is transported to the secondary circulating pump 3224B 

through a secondary-side liquid outlet of the plate heat exchanger 3225. The secondary circulating 

pump 3224B transports the coolant to the second three-way valve 3224B. Because the second 

three-way valve 3224B is in a two-way state, the coolant is output from one path (normally closed 

path) of the second three-way valve 3224B, and reaches the liquid cooling equipment room 310. 20 

The coolant first enters the liquid cooling door 324 to dissipate heat for a low-heat generation 

component such as a memory or a hard disk in the server node of the liquid cooling cabinet 311. 

The coolant takes away the heat of the memory or the hard disk, so that a temperature of the coolant 

may increase. Then, the heated coolant may enter the liquid cooling plate heat dissipation control 

unit 326 (for example, an ECU). The ECU may control a flow rate of the coolant and the like to 25 

dissipate heat for a high-heat generation component such as a CPU in the server node of the liquid 

cooling cabinet 311. The coolant takes away the heat of the CPU, so that the temperature of the 

coolant may further increase. After being treated by the coolant treatment apparatus 3223B, the 

heated coolant may reach the plate heat exchanger 3225 (for example, the secondary-side liquid 

inlet of the plate heat exchanger 3225). The plate heat exchanger 3225 may exchange heat for the 30 

heated coolant for cycle use. 

[0076] When the integrated cooling source apparatus 322 or the heat dissipation system 320 is 

in the operating state with compensatory refrigeration, the coolant needs compensatory 

refrigeration, to meet a temperature requirement of the liquid cooling door 324. In other words, in 

the operating state with compensatory refrigeration, the coolant further needs to enter the 35 



20 

compensatory refrigeration chiller 3228. Specifically, when circulating on the primary side and the 

secondary side of the plate heat exchanger 3225, the coolant is further shunted into the 

compensatory refrigeration chiller 3228. The coolant provided by the cooling tower 3222 is 

transported to the first three-way valve 3226A through the primary circulating pump 3224A, and 

is divided into two paths by the first three-way valve 3226A for separate transportation to the plate 5 

heat exchanger 3225 and the compensatory refrigeration chiller 3228 for heat exchange. A coolant 

that is output from the primary-side liquid outlet of the plate heat exchanger 3225 and a coolant 

that is output from a condenser of the compensatory refrigeration chiller 3228 converge before the 

cooling tower 3222 after being treated by the coolant treatment apparatus 3223A, thereby 

implementing primary circulation. The coolant with a reduced temperature obtained by the plate 10 

heat exchanger 3225 through heat exchange may be output from the secondary side of the plate 

heat exchanger 3225. The coolant that is output from the secondary-side liquid outlet of the plate 

heat exchanger 3225 is transported to the second three-way valve 3226B through the secondary 

circulating pump 3224B, and is divided into two paths by the second three-way valve 3226B. A 

coolant on one path enters an evaporator of the compensatory refrigeration chiller 3228 for heat 15 

exchange, and the coolant that is output by the evaporator is mixed with a coolant on the other 

path, to form a mixed coolant. The mixed coolant first enters the liquid cooling door 324, and then 

enters the liquid cooling plate heat dissipation control unit 326. The coolant that is output from a 

liquid outlet of the liquid cooling plate heat dissipation control unit 326 is treated by the coolant 

treatment apparatus 3223B and then reaches the secondary-side liquid inlet of the plate heat 20 

exchanger 3225, thereby implementing secondary circulation. 

[0077] For ease of understanding, a circulation path of the coolant is further described in this 

application with reference to the accompanying drawings. 

[0078] FIG. 5 is a diagram of a circulation path of a coolant in an operating state with 

compensatory refrigeration. The integrated cooling source apparatus 322 or the heat dissipation 25 

system 320 includes primary circulation and secondary circulation. 

[0079] During primary circulation, circulation paths of the coolant may be 1->2->4->5->7->8 

and 1->2->3->6->7->8. Three-way valves between 2->3 and 5->7 are in a three-way state. A part 

of a coolant that is output from a point 2 is shunted into a condenser of the compensatory 

refrigeration chiller 3228 through a three-way valve, then passes through a point 6, and converges 30 

at a three-way valve before the cooling tower 3222. In other words, the coolant from the cooling 

tower 3222 passes through the primary circulating pump 3224A, and reaches the first three-way 

valve 3224A. Because the first three-way valve 3224A is in a three-way state, the coolant is divided 

into two paths. A coolant on one path passes through the plate heat exchanger 3225, and reaches 

the coolant treatment apparatus 3223A through one path of the three-way valve 3227. After being 35 
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condensed by the condenser of the compensatory refrigeration chiller 3228, a coolant on the other 

path reaches the coolant treatment apparatus 3223A through another path of the three-way valve 

3227. The coolant treatment apparatus 3223A performs descaling, filtering, softening, or 

sterilization for the coolants on the two paths, and then the coolants converge before the cooling 

tower. 5 

[0080] During secondary circulation, circulation paths of the coolant may be 

9->10->12->14->15->16 and 9->10->11->13->14->15->16. A three-way valve between 10->12 is 

in a three-way state. A part of a coolant that is output from a point 12 passes through a point 11, 

and after being cooled by the evaporator of the compensatory refrigeration chiller 3228, is mixed 

with the coolant at the point 12 to become a cooling source that meets a cooling temperature 10 

requirement of the server node. In other words, after heat exchange is performed on the coolant 

from the cooling tower 3222 by using the plate heat exchanger 3225, the coolant is transported to 

the secondary circulating pump 3224B. The secondary circulating pump 3224B transports the 

coolant to the second three-way valve 3224B. Because the second three-way valve 3224B is in a 

three-way state, the coolant is separately output from two paths of the second three-way valve 15 

3224B. A coolant on one path reaches the evaporator of the compensatory refrigeration chiller 

3228 for evaporation and cooling, and then is mixed with a coolant on the other path. A temperature 

of the mixed coolant can meet a temperature requirement of the liquid cooling door 324, and the 

mixed coolant may be input to the liquid cooling door 324. The liquid cooling door 324 dissipates 

heat for a low-heat generation component in the device based on the mixed coolant. The coolant 20 

takes away the heat of the low-heat generation component, so that a temperature of the coolant 

may increase. Then, the heated coolant may enter the liquid cooling plate heat dissipation control 

unit 326 (for example, an ECU). The ECU may control a flow rate of the coolant and the like to 

dissipate heat for a high-heat generation component in the server node of the liquid cooling cabinet 

311. After being treated by the coolant treatment apparatus 3223B, the heated coolant may reach 25 

the plate heat exchanger 3225. The plate heat exchanger 3225 may exchange heat for the heated 

coolant for cycle use. 

[0081] It should be noted that a same point number in FIG. 4 and FIG. 5 may indicate different 

points. For example, a point number 3 in FIG. 4 and a point number 3 in FIG. 5 respectively 

indicate different paths of a three-way valve. 30 

[0082] In the foregoing solution, a cooling source end may be integrally integrated. For 

example, the circulating pump 3224 (for example, the primary circulating pump 3224A and the 

secondary circulating pump 3224B), the plate heat exchanger 3225, the three-way valve 3226 (the 

first three-way valve 3226A and the second three-way valve 3226B), and the compensatory 

refrigeration chiller 3228 may be integrated in a container, and then the container is integrated with 35 
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the cooling tower 3222, to form the integrated cooling source apparatus 322. In the apparatus, a 

compensatory refrigeration design is based on a mixed coolant solution in which the primary 

circulating pump and the secondary circulating pump are reused. This greatly simplifies a system 

architecture and improves system energy efficiency. 

[0083] Further, refer to FIG. 6. The integrated cooling source apparatus 322 may further 5 

integrate a controller 3221. The controller 3221 is configured to implement linkage control based 

on a liquid temperature, to implement on-demand cooling and form a normal-temperature 

equipment room. The controller 3221 may be implemented by using a PLC control board. 

Specifically, the controller 3221 may detect whether the compensatory refrigeration condition is 

triggered. For example, the controller 3221 may detect whether the supply liquid temperature 10 

(which is also referred to as a supply water temperature when the coolant is cold water) is greater 

than or equal to the preset threshold. Specifically, the integrated cooling source apparatus 322 may 

be deployed with a temperature sensor at a specified point, and the temperature sensor may detect 

a temperature of a coolant at the specified point. A communication connection is established 

between the temperature sensor and the controller 3221, and the temperature sensor may report a 15 

detection result to the controller 3221. In this way, the controller 3221 may obtain the supply liquid 

temperature. 

[0084] When the supply liquid temperature is greater than or equal to the preset threshold, it 

indicates that the compensatory refrigeration condition is triggered, and the controller may control 

a status of the three-way valve 3224 to be a three-way state, and start the compensatory 20 

refrigeration chiller 3228, to implement compensatory refrigeration control. 

[0085] When the compensatory refrigeration condition is triggered, the controller 3221 may 

adjust a status of the first three-way valve 3224A to a three-way state, so that the coolant from the 

cooling tower 3222 is divided into two paths after passing through the primary circulating pump 

3224A, and a coolant on one of the two paths that passes through a condenser of the compensatory 25 

refrigeration chiller 3228 and a coolant on the other path that passes through a plate heat exchanger 

3225 converge before the cooling tower; and adjust a status of the second three-way valve 3224B 

to a three-way state, so that the coolant passing through the plate heat exchanger 3225 is divided 

into two paths after passing through the secondary circulating pump 3224B, and a coolant on one 

of the two paths is mixed with a coolant on the other path after passing through an evaporator of 30 

the compensatory refrigeration chiller 3228, to obtain the mixed coolant. The mixed coolant meets 

the temperature requirement of the liquid cooling door 324. 

[0086] When performing compensatory refrigeration control, the controller 3221 may 

determine a bypass flow of the three-way valve 3224 based on the supply liquid temperature, a 

cooling temperature of the compensatory refrigeration chiller 3228, a required temperature of the 35 
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liquid cooling door, and a flow required for heat dissipation, determine a valve opening proportion 

of the three-way valve 3224 based on the bypass flow, and adjust the status of the three-way valve 

3224 to the three-way state based on the valve opening proportion. 

[0087] Further, the controller 3221 may control the supply liquid temperature to vary with an 

ambient temperature, to reduce overall power consumption and implement energy saving control. 5 

Similarly, the controller 3221 may further perform energy saving control on the primary circulating 

pump 3224A and the secondary circulating pump 3224B, to improve system energy efficiency. 

[0088] FIG. 6 is still used as an example to describe in detail linkage control on the controller 

3221. 

[0089] A control point of the controller 3221 includes but is not limited to a fan frequency of 10 

the cooling tower 3222, a frequency of the primary circulating pump 3224A, an opening of an 

electric valve (including a three-way valve or a two-way valve), an operating parameter of the 

compensatory refrigeration chiller 3228, an operating parameter of the liquid refill apparatus 3229, 

an operating parameter of the coolant treatment apparatus 3223, or an operating parameter of the 

liquid cooling plate heat dissipation control unit 326 (such as an ECU). The operating parameter 15 

of the compensatory refrigeration chiller 3228 includes an input frequency and a liquid outlet 

temperature of an inverter compressor. The operating parameter of the liquid refill apparatus 3229 

may include a start/stop status of a liquid pump (for example, a water pump). The operating 

parameter of the coolant treatment apparatus 3223 includes a start/stop status of the coolant 

treatment apparatus 3223. The operating parameter of the liquid cooling plate heat dissipation 20 

control unit 326 includes an opening of a primary-side proportional valve (for example, reused V5 

or V6 or a separate proportional valve), a secondary-side supply liquid temperature, and a 

frequency of a liquid pump. 

[0090] The controller 3221 may collect data, perform analysis based on the collected data, and 

control the foregoing control point by using an analysis result. The data collected by the controller 25 

3221 may include one or more of an operating parameter of the cooling tower 3222, an external 

ambient temperature, an operating parameter of the primary circulating pump 3224A, an opening 

of an electric valve (including a three-way valve or a two-way valve, for example, V1 to V7 in the 

figure), a temperature collected by the temperature sensor, a pressure collected by a pressure sensor, 

the operating parameter of the liquid refill apparatus 3229, the operating parameter of the coolant 30 

treatment apparatus 3223, the operating parameter of the compensatory refrigeration chiller 3228, 

a parameter of a flowmeter, and the operating parameter of the liquid cooling plate heat dissipation 

control unit 326. 

[0091] The operating parameter of the cooling tower 3222 collected by the controller 3221 

includes one or more of a fan frequency, power consumption, a liquid outlet temperature, and a 35 
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liquid inlet temperature. The ambient temperature collected by the controller 3221 includes a dry 

bulb temperature and a wet bulb temperature. The dry bulb temperature is an actual temperature 

of air in contact with a surface of a bulb. The wet bulb temperature is a temperature of the bulb 

obtained after water evaporation takes away heat when water is attached to the surface of the bulb. 

An evaporation capacity of the water is related to air humidity. Higher air humidity indicates a 5 

smaller evaporation capacity, less heat taken away by evaporation, and a smaller difference 

between the dry bulb temperature and the wet bulb temperature. Lower air humidity indicates a 

larger evaporation capacity of the water, more heat taken away by evaporation, and a larger 

difference between the dry bulb temperature and the wet bulb temperature. Therefore, a change 

rule of the difference between the dry bulb temperature and the wet bulb temperature may be used 10 

to reflect current air humidity. Based on this, the wet bulb temperature may also be determined by 

using the dry bulb temperature and relative humidity. The operating parameter of the primary 

circulating pump 3224A collected by the controller 3221 includes one or more of an operating 

frequency, power consumption, an inlet pressure, and an outlet pressure. The operating parameter 

of the liquid refill apparatus 3229 collected by the controller 3221 may include a start/stop status 15 

of the liquid refill apparatus 3229. The operating parameter of the coolant treatment apparatus 

3223 collected by the controller 3221 may include a start/stop status of the coolant treatment 

apparatus 3223. The operating parameter of the compensatory refrigeration chiller 3228 collected 

by the controller 3221 includes an input frequency and a liquid outlet temperature of an inverter 

compressor. The operating parameter of the liquid cooling plate heat dissipation control unit 326 20 

collected by the controller 3221 may include an opening of a primary-side proportional valve, a 

secondary-side supply liquid temperature, and a frequency of a liquid pump. 

[0092] When the controller 3221 detects that the supply liquid temperature is greater than or 

equal to the preset threshold, for example, detects for three consecutive times that the supply liquid 

temperature of the integrated cooling source apparatus 322 is greater than 32 degrees Celsius, the 25 

controller 3221 may control statuses of the first three-way valve 3224A and the second three-way 

valve 3224B (for example, V1 and V4 in FIG. 6) to be a three-way state, and start the compensatory 

refrigeration chiller 3228. The three-way valve usually includes a normally open path and a 

normally closed path. In the example in FIG. 6, an electric valve (for example, the two-way valves 

V2 and V3 in FIG. 6) is further deployed on the normally open path. Therefore, the controller 3221 30 

may further control statuses of V2 and V3 to be a valve open state, so that the normally open path 

is closed. 

[0093] The controller 3221 is configured to: determine a bypass flow of the three-way valve 

based on the supply liquid temperature, a cooling temperature of the compensatory refrigeration 

chiller 3228, a required temperature of the liquid cooling door 324, and a flow required for heat 35 
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dissipation, then determine a valve opening proportion of the three-way valve (for example, V1 or 

V4) based on the bypass flow, and adjust the status of the three-way valve to the three-way state 

based on the valve opening proportion. 

[0094] The following uses V4 as an example to describe a process of determining the valve 

opening proportion. Specifically, a valve opening proportion (an opening) of the valve V4 is in 5 

one-to-one correspondence with a flow, and the valve opening proportion (also referred to as a 

bypass opening) of V4 may be determined by calculating a required bypass flow. The bypass flow 

can be calculated according to conservation of energy. As shown in FIG. 7, a temperature of a 

coolant flowing into V4 is denoted as T1, and a flow of the coolant flowing into V4 is a flow 

required for heat dissipation (for example, a flow required for heat dissipation of the server in the 10 

liquid cooling cabinet 311), and is denoted as Q3. When passing through V4, the coolant is divided 

into two paths, temperatures of coolants on the two paths remain unchanged and are still T1, and 

flows of the coolants on the two paths are respectively Q1 and Q2. After the coolant whose flow 

is Q2 passes through the compensatory refrigeration chiller 3228, a temperature decreases to T2, 

and then the coolant converges with the coolant whose flow is Q1. 15 

[0095] Based on the law of conservation of energy, the following model can be established: 

Q1 ∗ T1 + Q2 ∗ T2 = Q3 ∗ T3 (1)

Q3 = Q1 + Q2 (2)

[0096] Q3 is the flow required for heat dissipation of the server, Q3 may be usually obtained 

through measurement by using a sensor, and T1 may be obtained based on a wet bulb temperature 

and an approach (approach) of the cooling tower 3222. The approach of the cooling tower 3221 

may be a difference between a temperature (for example, a water temperature) of a coolant cooled 20 

by the cooling tower 3221 and the wet bulb temperature, and indicates a degree to which the 

temperature of the coolant cooled by the cooling tower 3221 approaches the wet bulb temperature. 

Generally, the approach of the cooling tower 3221 may be 3°C to 4°C. T2 may be set. For example, 

T2 may be set to 15°C. Similarly, T3 may be set to 32°C. Based on the formula in the foregoing 

model, Q1 and Q2 (bypass flow) may be solved. 25 

[0097] After determining the valve opening proportion based on the bypass flow, the controller 

3221 may deliver the valve opening proportion to the corresponding three-way valve, to control 

the status of the three-way valve to be the three-way state based on the valve opening proportion. 

[0098] Similarly, when starting the compensatory refrigeration chiller 3228, the controller 

3221 may deliver a start instruction to the compensatory refrigeration chiller. After receiving the 30 

start instruction, the compensatory refrigeration chiller 3228 may start compensatory refrigeration. 

[0099] Further, to avoid disadvantages of a high-temperature equipment room, improve 

reliability of an information technology (information technology, IT) device, reduce IT power 



26 

consumption, and implement global optimization, the integrated cooling source apparatus 322 may 

further perform global linkage control based on a coolant temperature. 

[00100] In a control manner, the controller 3221 may control a supply liquid temperature of the 

cooling tower based on the wet bulb temperature and an approach of the cooling tower, and then 

control a secondary-side temperature of the plate heat exchanger 3225 based on the supply liquid 5 

temperature and an approach of the plate heat exchanger. 

[00101] Specifically, refer to a diagram of temperature control shown in FIG. 8. The cooling 

tower 3222 controls the supply liquid temperature (which is specifically a water outlet temperature 

when the coolant is water) of the cooling tower 3222 by using the wet bulb temperature and the 

approach of the cooling tower 3222, and then the secondary-side temperature of the plate heat 10 

exchanger 3225 is controlled by using the supply liquid temperature of the cooling tower 3222 and 

the approach of the plate heat exchanger 3225. In other words, when the secondary-side 

temperature of the plate heat exchanger 3225 is controlled, two anchors may be used for control. 

In this way, the supply liquid temperature of the integrated cooling source apparatus 322 varies 

with the wet bulb temperature. When the wet bulb temperature of an external environment 15 

decreases, the supply liquid temperature of the integrated cooling source apparatus 322 also 

decreases accordingly. On a side of the liquid cooling equipment room 310, an air exhaust 

temperature of the liquid cooling door decreases, and the temperature of the liquid cooling 

equipment room 310 decreases. 

[00102] The controller 3221 may further manage the liquid cooling plate heat dissipation 20 

control unit 326 such as an ECU. A secondary-side temperature may be set to a primary-side 

temperature plus an approach. In this case, a supply liquid temperature of the liquid cooling plate 

heat dissipation control unit 326 varies with the wet bulb temperature of the external environment. 

When the temperature of the external environment is relatively low, in a same service model, a 

temperature of the server node in the liquid cooling cabinet 311 decreases, and IT power 25 

consumption decreases. 

[00103] In another control manner, the controller 3221 may control a secondary-side 

temperature of the plate heat exchanger 3225 based on the wet bulb temperature, an approach of 

the cooling tower 3222, and an approach of the plate heat exchanger 3225. In other words, the 

controller 3221 directly performs temperature control by using the secondary-side temperature of 30 

the plate heat exchanger 3225 as an anchor. 

[00104] In some possible implementations, the controller 3221 may further perform energy 

saving control on the circulating pump 3224, for example, the primary circulating pump 3224A 

and the secondary circulating pump 3224B. The plate heat exchanger 3225 is disposed between 

the primary circulating pump 3224A and the secondary circulating pump 3224B. The controller 35 
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3221 may perform energy saving control on the circulating pump 3224 based on a liquid outlet 

temperature or a liquid inlet temperature of the plate heat exchanger 3225. 

[00105] For the primary circulating pump 3224A, the controller 3221 may separately deploy 

temperature sensors at a primary-side liquid inlet and a primary-side liquid outlet of the plate heat 

exchanger 3225 after the primary circulating pump 3224A. The controller 3221 is configured to 5 

detect temperatures at the primary-side liquid outlet and the primary-side liquid inlet of the plate 

heat exchanger 3225 after the primary circulating pump 3224A, for example, receive the 

temperatures at the primary-side liquid outlet and the primary-side liquid inlet that are reported by 

the temperature sensors. When a temperature difference between the primary-side liquid outlet and 

the primary-side liquid inlet of the plate heat exchanger 3225 is less than a specified value (for 10 

example, 9°C), the controller 3221 is configured to control the primary circulating pump 3224A 

to operate at a variable frequency, to reduce power consumption. Similarly, the controller 3221 

may control the primary circulating pump 3224A based on the approach of the plate heat exchanger 

3225, to reduce power consumption. During specific implementation, the controller 3221 may 

separately deploy temperature sensors at a primary-side liquid outlet and a secondary-side liquid 15 

inlet of the plate heat exchanger 3225. When it is detected that a temperature difference between 

the primary-side liquid outlet and the secondary-side liquid inlet of the plate heat exchanger 3225 

is less than the approach (for example, 1°C to 1.5°C) of the plate heat exchanger 3225, the primary 

circulating pump 3224A is controlled to operate at a variable frequency. 

[00106] For the secondary circulating pump 3224B, refer to FIG. 9. The controller 3221 may 20 

deploy temperature sensors at a liquid outlet of the liquid cooling plate heat dissipation control 

unit 326 and a liquid inlet of the liquid cooling door 324. In addition, the controller 3221 may 

further deploy an electric valve at the liquid inlet of the liquid cooling door 324, and the controller 

3221 is configured to detect a temperature T1 at the liquid inlet of the liquid cooling door 324 and 

a temperature T2 at the liquid outlet of the liquid cooling plate heat dissipation control unit 326. 25 

When a temperature difference (T2–T1) between the liquid outlet of the liquid cooling plate heat 

dissipation control unit 326 and the liquid inlet of the liquid cooling door 324 is less than a 

specified value (for example, 9°C), the controller 3221 is further configured to reduce an opening 

of the electric valve deployed at the liquid inlet of the liquid cooling door 324. In this way, a flow 

can be reduced, and power consumption of the secondary circulating pump 3224B can be reduced. 30 

[00107] Based on the integrated cooling source apparatus 322 and the heat dissipation system 

320 in the foregoing embodiments, this application further provides a heat dissipation control 

method. 

[00108] With reference to the accompanying drawings, the following describes in detail the heat 

dissipation control method disclosed in this application. 35 
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[00109] FIG. 10 is a flowchart of a heat dissipation control method. The method is applied to 

an integrated cooling source apparatus 322, and the integrated cooling source apparatus 322 

includes a controller 3221, a cooling tower 3222, a circulating pump 3224, a three-way valve 3226, 

and a compensatory refrigeration chiller 3228. The cooling tower 3222 is connected to the 

circulating pump 3224 through a liquid cooling pipeline, and the circulating pump 3224 is 5 

connected to the compensatory refrigeration chiller 3228 through a liquid cooling pipeline. The 

three-way valve 3224 is deployed on the liquid cooling pipeline connecting the circulating pump 

3224 and the compensatory refrigeration chiller 3228. The method includes the following steps. 

[00110] S1002: The controller 3221 detects a supply liquid temperature. When the supply liquid 

temperature is greater than or equal to a preset threshold, S1004 is performed. 10 

[00111] Specifically, the controller 3221 may deploy a temperature sensor at a liquid outlet of 

the cooling tower 3222, and may detect a supply liquid temperature (for example, a water outlet 

temperature) of the cooling tower 3222 by using the temperature sensor. In some examples, the 

controller 3221 may alternatively deploy a temperature sensor at a liquid outlet (for example, a 

secondary-side liquid outlet) of the plate heat exchanger 3225, or deploy a temperature sensor at a 15 

tail end (an output end) of the entire integrated cooling source apparatus 322, and detect a supply 

liquid temperature of the plate heat exchanger 3225 or a final supply liquid temperature of the 

entire integrated cooling source apparatus 322 by using the temperature sensor. 

[00112] When the supply liquid temperature is greater than or equal to the preset threshold, it 

indicates that a compensatory refrigeration condition is triggered, and the controller 3221 may 20 

perform compensatory refrigeration control. The controller 3221 may control the three-way valve 

3224 to be in a three-way state, to mix coolants on different paths for compensatory refrigeration. 

[00113] S1004: The controller 3221 determines a bypass flow of the three-way valve 3224 

based on the supply liquid temperature, a cooling temperature of the compensatory refrigeration 

chiller 3228, a required temperature of a liquid cooling door, and a flow required for heat 25 

dissipation. 

[00114] A flow of a coolant entering the three-way valve 3224 is equal to a sum of flows of 

different output paths of the three-way valve. A sum of energy of coolants on different paths is 

equal to energy of a mixed coolant. Based on this, the controller 3221 may perform modeling by 

using the law of conservation of energy based on the supply liquid temperature, the cooling 30 

temperature of the compensatory refrigeration chiller 3228, the required temperature of the liquid 

cooling door, and the flow required for heat dissipation, to establish the model shown in FIG. 7. 

The controller 3221 determines the bypass flow of the three-way valve 3224 by solving the model. 

[00115] In some possible implementations, the circulating pump 3224 includes a primary 

circulating pump 3224A and a secondary circulating pump 3224B, and the three-way valve 3226 35 



29 

includes a first three-way valve 3226A and a second three-way valve 3226B. Correspondingly, the 

controller 3221 determines a bypass flow of the second three-way valve 3224B based on the supply 

liquid temperature, the cooling temperature of the compensatory refrigeration chiller 3228, the 

required temperature of the liquid cooling door 324, and the flow required for heat dissipation, and 

the controller 3221 may further determine a bypass flow of the first three-way valve 3224A in a 5 

similar manner. 

[00116] S1006: The controller 3221 determines a valve opening proportion of the three-way 

valve 3224 based on the bypass flow, and adjusts a status of the three-way valve 3224 to a three-

way state based on the valve opening proportion. 

[00117] There is a correspondence between the bypass flow of the three-way valve 3224 and 10 

the valve opening proportion of the three-way valve 3224. The controller 3221 may determine the 

valve opening proportion of the three-way valve 3224 based on the bypass flow. Then, the 

controller 3221 may deliver the valve opening proportion to the three-way valve 3224, to adjust 

the status of the three-way valve 3224 to the three-way state based on the valve opening proportion. 

[00118] When the three-way valve 3226 includes the first three-way valve 3226A and the 15 

second three-way valve 3226B, the controller 3221 may determine a valve opening proportion of 

the first three-way valve 3226A based on the bypass flow of the first three-way valve 3226A, and 

determine a valve opening proportion of the second three-way valve 3226B based on the bypass 

flow of the second three-way valve 3226B. 

[00119] The controller 3221 may adjust a status of the first three-way valve 3226A to a three-20 

way state based on the valve opening proportion of the first three-way valve 3226A, so that a 

coolant from the cooling tower 3222 is divided into two paths after passing through the primary 

circulating pump 3224A, and a coolant on one of the two paths that passes through a condenser of 

the compensatory refrigeration chiller 3228 and a coolant on the other path that passes through the 

plate heat exchanger 3225 converge before the cooling tower 3222. 25 

[00120] The controller 3221 may adjust a status of the second three-way valve 3226B to a three-

way state based on the valve opening proportion of the second three-way valve 3226B, so that the 

coolant passing through the plate heat exchanger 3225 is divided into two paths after passing 

through the secondary circulating pump 3224B, and a coolant on one of the two paths is mixed 

with a coolant on the other path after passing through an evaporator of the compensatory 30 

refrigeration chiller 3228, to obtain a mixed coolant. 

[00121] It should be noted that S1004 and S1006 are a specific implementation in which the 

controller 3221 controls the status of the three-way valve 3224 to be the three-way state. In another 

possible implementation in this embodiment of this application, the controller 3221 may 

alternatively control the status of the three-way valve 3224 to be the three-way state based on a 35 
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preset valve opening proportion (for example, a default valve opening proportion). 

[00122] S1008: The controller 3221 starts the compensatory refrigeration chiller 3228, so that 

a coolant from the cooling tower 3222 is divided into two paths after passing through the 

circulating pump 3224, and a coolant on one of the two paths is mixed with a coolant on the other 

path after passing through the compensatory refrigeration chiller 3228, to obtain a mixed coolant. 5 

[00123] Specifically, the controller 3221 may deliver a start instruction to the compensatory 

refrigeration chiller 3228, to start the compensatory refrigeration chiller 3228. 

[00124] It should be noted that S1004 and S1006 may be performed in parallel or in sequence 

with S1008. This is not limited in this embodiment of this application. 

[00125] In some possible implementations, the controller 3221 may further perform global 10 

temperature control, or perform energy saving control on the circulating pump 3224. 

[00126] When performing global temperature control, the controller 3221 may control a supply 

liquid temperature of the cooling tower based on a wet bulb temperature and an approach of the 

cooling tower, and then control a secondary-side temperature of the plate heat exchanger 3225 

based on the supply liquid temperature and an approach of the plate heat exchanger, so that the 15 

supply liquid temperature of the integrated cooling source apparatus 322 varies with the wet bulb 

temperature. The controller 3221 may alternatively control a secondary-side temperature of the 

plate heat exchanger 3225 based on a wet bulb temperature, an approach of the cooling tower 3222, 

and an approach of the plate heat exchanger 3225, so that the supply liquid temperature of the 

integrated cooling source apparatus 322 varies with the wet bulb temperature. 20 

[00127] When performing energy saving control on the circulating pump 3224, the controller 

3221 may detect temperatures at a primary-side liquid outlet and a primary-side liquid inlet of the 

plate heat exchanger 3225 after the circulating pump (for example, the primary circulating pump 

3224A), and when a temperature difference between the primary-side liquid outlet and the 

primary-side liquid inlet of the plate heat exchanger 3225 is less than a specified value, control the 25 

circulating pump (for example, the primary circulating pump 3224A) to operate at a variable 

frequency, so that power consumption of the primary circulating pump 3224A can be reduced. In 

some examples, the controller 3221 also supports energy saving control on the primary circulating 

pump 3224A based on the approach of the plate heat exchanger 3225. Specifically, the controller 

3221 detects that a temperature difference between a primary-side liquid outlet and a secondary-30 

side liquid inlet of the plate heat exchanger 3225 is less than the approach of the plate heat 

exchanger 3225, and controls the primary circulating pump 3224A to operate at a variable 

frequency, to reduce power consumption of the primary circulating pump 3224A. 

[00128] The controller 3221 may alternatively detect temperatures at a liquid outlet of the liquid 

cooling plate heat dissipation control unit 326 (for example, an ECU) and a liquid inlet of the 35 
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liquid cooling door 324, and when a temperature difference between the liquid outlet of the liquid 

cooling plate heat dissipation control unit 326 and the liquid inlet of the liquid cooling door 324 is 

less than a specified value, reduce an opening of an electric valve deployed at the liquid inlet of 

the liquid cooling door 324, so that power consumption of the secondary circulating pump 3224B 

can be reduced. 5 

[00129] Based on the foregoing heat dissipation control method, an embodiment of this 

application further provides a controller 3221. The controller 3221 may be a PLC control board. 

The PLC control board is a digital electronic device with a microprocessor, and is a digital logic 

controller used for automatic control. The PLC control board may execute control instructions 

(computer-readable instructions), to perform the foregoing heat dissipation control method. 10 

[00130] Specifically, the controller 3221 includes a processor and an input/output module. The 

processor may be a CPU or a microprocessor, and the input/output module may be a network 

adapter or a transceiver. The input/output module may communicate with the circulating pump 

3224 and the three-way valve 3226 in the integrated cooling source apparatus 322. For example, 

the input/output module may receive (input) and send (output) electrical or electronic signals of 15 

various types, and use the signals to control or supervise almost all types of mechanical and 

electrical systems. The processor may execute computer-readable instructions, so that the 

controller 3221 performs the foregoing heat dissipation control method. 

[00131] Further, the controller 3221 may include a memory, and the memory may store the 

computer-readable instructions. Correspondingly, the processor is specifically configured to load 20 

the computer-readable instructions from the memory, and execute the computer-readable 

instructions, to enable the controller 3221 to perform the foregoing heat dissipation control method. 

[00132] It should be understood that, in this application, "at least one (item)" refers to one or 

more, and "a plurality of" refers to two or more. The term "and/or" describes an association 

relationship of associated objects, and indicates that three relationships may exist. For example, 25 

"A and/or B" may indicate the following three cases: Only A exists, only B exists, and both A and 

B exist. A and B may be singular or plural. The character "/" generally indicates an "or" relationship 

between associated objects. "At least one of the following items (pieces)" or a similar expression 

thereof refers to any combination of these items, including a single item (piece) or any combination 

of a plurality of items (pieces). For example, at least one of a, b, or c may represent a, b, c, "a and 30 

b", "a and c", "b and c", or "a, b, and c", where a, b, and c may be singular or plural. 

[00133] Finally, it should be noted that the foregoing embodiments are merely used to describe 

the technical solutions of the present invention, but not limit the technical solutions of the present 

invention. Although the present invention is described in detail with reference to the foregoing 

embodiments, persons of ordinary skill in the art should understand that they may still modify the 35 
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technical solutions described in the foregoing embodiments, or perform equivalent replacement 

on some technical features thereof. However, these modifications or replacements do not make the 

essence of the corresponding technical solutions depart from the protection scope of the technical 

solutions in embodiments of the present invention. 

5 
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CLAIMS 

1. An integrated cooling source apparatus, wherein the integrated cooling source apparatus is 

connected to an air-to-liquid heat exchange mode component through a liquid cooling pipeline and 

is connected to a liquid-to-liquid heat exchange mode component through the liquid cooling 

pipeline, and the air-to-liquid heat exchange mode component and the liquid-to-liquid heat 5 

exchange mode component are connected through the liquid cooling pipeline;

the integrated cooling source apparatus is configured to provide a coolant through the liquid 

cooling pipeline, wherein the coolant flows through the air-to-liquid heat exchange mode 

component configured to dissipate heat for a first component of a device and the liquid-to-liquid 

heat exchange mode component configured to dissipate heat for a second component of the device; 10 

and 

the integrated cooling source apparatus is further configured to receive the coolant that is 

output after heat is dissipated for the second component. 

2. The apparatus according to claim 1, wherein the coolant sequentially flows through the air-

to-liquid heat exchange mode component configured to dissipate heat for the first component of 15 

the device and the liquid-to-liquid heat exchange mode component configured to dissipate heat for 

the second component of the device. 

3. The apparatus according to claim 2, wherein the integrated cooling source apparatus is 

specifically configured to: 

provide a mixed coolant through the liquid cooling pipeline when a compensatory 20 

refrigeration condition is triggered, wherein a temperature of the mixed coolant meets a 

temperature requirement of the air-to-liquid heat exchange mode component. 

4. The apparatus according to claim 3, wherein the integrated cooling source apparatus 

comprises a cooling tower, a circulating pump, a three-way valve, and a compensatory 

refrigeration chiller, the cooling tower is connected to the circulating pump through a liquid 25 

cooling pipeline, the circulating pump is connected to the compensatory refrigeration chiller 

through a liquid cooling pipeline, and the three-way valve is deployed on the liquid cooling 

pipeline connecting the circulating pump and the compensatory refrigeration chiller; and

the integrated cooling source apparatus is specifically configured to: 

adjust a status of the three-way valve to a three-way state when the compensatory 30 

refrigeration condition is triggered, so that a coolant provided by the cooling tower is divided into 

two paths after passing through the circulating pump, and a coolant on one of the two paths is 

mixed with a coolant on the other path after passing through the compensatory refrigeration chiller, 

to obtain the mixed coolant. 
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5. The apparatus according to claim 4, wherein the circulating pump comprises a primary 

circulating pump and a secondary circulating pump, and the three-way valve comprises a first 

three-way valve and a second three-way valve; and

the integrated cooling source apparatus is specifically configured to: 

when the compensatory refrigeration condition is triggered, adjust a status of the first three-5 

way valve to a three-way state, so that the coolant from the cooling tower is divided into two paths 

after passing through the primary circulating pump, and a coolant on one of the two paths that 

passes through a condenser of the compensatory refrigeration chiller and a coolant on the other 

path that passes through a plate heat exchanger converge before the cooling tower; and adjust a 

status of the second three-way valve to a three-way state, so that the coolant passing through the 10 

plate heat exchanger is divided into two paths after passing through the secondary circulating pump, 

and a coolant on one of the two paths is mixed with a coolant on the other path after passing 

through an evaporator of the compensatory refrigeration chiller, to obtain the mixed coolant. 

6. The apparatus according to claim 4 or 5, wherein the compensatory refrigeration condition 

comprises that a supply liquid temperature is greater than or equal to a preset threshold, the 15 

integrated cooling source apparatus further comprises a controller, and the controller is configured 

to: 

when it is detected that the supply liquid temperature is greater than or equal to the preset 

threshold, control the status of the three-way valve to be the three-way state, and start the 

compensatory refrigeration chiller. 20 

7. The apparatus according to claim 6, wherein the controller is specifically configured to: 

determine a bypass flow of the three-way valve based on the supply liquid temperature, a 

cooling temperature of the compensatory refrigeration chiller, a required temperature of the air-to-

liquid heat exchange mode component, and a flow required for heat dissipation; and

determine a valve opening proportion of the three-way valve based on the bypass flow, and 25 

adjust the status of the three-way valve to the three-way state based on the valve opening 

proportion. 

8. The apparatus according to claim 6, wherein the controller is further configured to: 

control a supply liquid temperature of the cooling tower based on a wet bulb temperature and 

an approach of the cooling tower, and then control a secondary-side temperature of the plate heat 30 

exchanger based on the supply liquid temperature and an approach of the plate heat exchanger. 

9. The apparatus according to claim 6, wherein the controller is further configured to: 

control a secondary-side temperature of the plate heat exchanger based on a wet bulb 

temperature, an approach of the cooling tower, and an approach of the plate heat exchanger. 

10. The apparatus according to any one of claims 6 to 9, wherein the controller is further 35 
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configured to: 

detect that a temperature difference between a liquid outlet of the liquid-to-liquid heat 

exchange mode component and a liquid inlet of the air-to-liquid heat exchange mode component 

is less than a specified value, and reduce an opening of an electric valve deployed at the liquid 

inlet of the air-to-liquid heat exchange mode component. 5 

11. The apparatus according to any one of claims 6 to 9, wherein the circulating pump 

comprises the primary circulating pump and the secondary circulating pump, the plate heat 

exchanger is disposed between the primary circulating pump and the secondary circulating pump, 

and the controller is further configured to: 

detect that a temperature difference between a primary-side liquid outlet and a primary-side 10 

liquid inlet of the plate heat exchanger is less than a specified value, and control the primary 

circulating pump to operate at a variable frequency; or

detect that a temperature difference between a primary-side liquid outlet and a secondary-

side liquid inlet of the plate heat exchanger is less than the approach of the plate heat exchanger, 

and control the primary circulating pump to operate at a variable frequency. 15 

12. A heat dissipation system, wherein the heat dissipation system comprises the integrated 

cooling source apparatus according to any one of FIG. 1 to FIG. 10, an air-to-liquid heat exchange 

mode component, and a liquid-to-liquid heat exchange mode component, and the integrated 

cooling source apparatus is configured to collaborate with the air-to-liquid heat exchange mode 

component and the liquid-to-liquid heat exchange mode component to dissipate heat for a device. 20 

13. A heat dissipation control method, applied to an integrated cooling source apparatus, 

wherein the integrated cooling source apparatus comprises a controller, a cooling tower, a 

circulating pump, a three-way valve, and a compensatory refrigeration chiller, the cooling tower 

is connected to the circulating pump through a liquid cooling pipeline, the circulating pump is 

connected to the compensatory refrigeration chiller through a liquid cooling pipeline, the three-25 

way valve is deployed on the liquid cooling pipeline connecting the circulating pump and the 

compensatory refrigeration chiller, and the method comprises: 

detecting, by the controller, a supply liquid temperature; and

when the supply liquid temperature is greater than or equal to a preset threshold, controlling, 

by the controller, a status of the three-way valve to be a three-way state, and starting the 30 

compensatory refrigeration chiller, so that a coolant from the cooling tower is divided into two 

paths after passing through the circulating pump, and a coolant on one of the two paths is mixed 

with a coolant on the other path after passing through the compensatory refrigeration chiller, to 

obtain a mixed coolant. 

14. The method according to claim 13, wherein controlling, by the controller, the status of the 35 
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three-way valve to be the three-way state comprises: 

determining, by the controller, a bypass flow of the three-way valve based on the supply liquid 

temperature, a cooling temperature of the compensatory refrigeration chiller, a required 

temperature of the air-to-liquid heat exchange mode component, and a flow required for heat 

dissipation; and5 

determining, by the controller, a valve opening proportion of the three-way valve based on 

the bypass flow, and adjusting the status of the three-way valve to the three-way state based on the 

valve opening proportion. 

15. The method according to claim 13, wherein the circulating pump comprises a primary 

circulating pump and a secondary circulating pump, a plate heat exchanger is disposed between 10 

the primary circulating pump and the secondary circulating pump, and the method further 

comprises: 

controlling a supply liquid temperature of the cooling tower based on a wet bulb temperature 

and an approach of the cooling tower, and then controlling a secondary-side temperature of the 

plate heat exchanger based on the supply liquid temperature and an approach of the plate heat 15 

exchanger; or

controlling a secondary-side temperature of the plate heat exchanger based on a wet bulb 

temperature, an approach of the cooling tower, and an approach of the plate heat exchanger. 

16. The method according to any one of claims 13 to 15, wherein the method further 

comprises: 20 

detecting that a temperature difference between a liquid outlet of the liquid-to-liquid heat 

exchange mode component and a liquid inlet of the air-to-liquid heat exchange mode component 

is less than a specified value, and reducing an opening of an electric valve deployed at the liquid 

inlet of the air-to-liquid heat exchange mode component. 

17. The method according to any one of claims 13 to 16, wherein the circulating pump 25 

comprises the primary circulating pump and the secondary circulating pump, the plate heat 

exchanger is disposed between the primary circulating pump and the secondary circulating pump, 

and the method further comprises: 

detecting that a temperature difference between a primary-side liquid outlet and a primary-

side liquid inlet of the plate heat exchanger is less than a specified value, and controlling the 30 

primary circulating pump to operate at a variable frequency; or

detecting that a temperature difference between a primary-side liquid outlet and a secondary-

side liquid inlet of the plate heat exchanger is less than the approach of the plate heat exchanger, 

and controlling the primary circulating pump to operate at a variable frequency. 

18. A controller, wherein the controller comprises a processor and an input/output unit, the 35 
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input/output unit is configured to communicate with a three-way valve in an integrated cooling 

source apparatus, and the processor is configured to execute computer-readable instructions, to 

enable the controller to perform the heat dissipation control method according to any one of claims 

13 to 16. 

19. The controller according to claim 18, wherein the controller further comprises a memory, 5 

and the processor is specifically configured to load the computer-readable instructions from the 

memory and execute the computer-readable instructions. 


