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COOLING SYSTEM, CONTROL METHOD 
THEREOF AND EQUIPMENT ROOM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The application is a continuation of International 
Application No. PCT/CN2009/071838, filed on May 18, 
2009, which claims priority to Chinese Patent Application 
No. 200810067334.5, filed on May 23, 2008, both of which 
are hereby incorporated by reference in their entireties. 

TECHNICAL FIELD 

0002 The present invention relates to the field of the cool 
ing technology, and more particularly to a cooling system, a 
cooling method, and an equipment room based on ground 
Source heat pump technology. 

BACKGROUND 

0003 Currently, the ground source heat pump technology 
is applied to the field of building power-saving. A ground 
Source heat pump is a high-efficiency power-saving system 
that utilizes simple layer of geothermal resources (also 
referred to as ground energy, including ground water, Soil, 
and Surface water) and provides both heating and cooling 
functions. 
0004. With the development of the communication tech 
nology, the communication apparatuses in an outdoor inte 
grated equipment room are arranged at a higher density, and 
operate 24 hours a day without interruption, so a large amount 
of heat is generated. Because the communication apparatuses 
generate heat, and the environment temperature is also high 
Sometimes, it is not good for cooling the apparatuses. In 
addition, the communication apparatuses in the equipment 
room are required to operate in a specific environment tem 
perature range, and when the environment temperature is too 
high, the communication apparatuses may be damaged. 
Therefore, for the current outdoor integrated equipment 
room, it has become an urgent problem to be solved to cool 
down the equipment room. 
0005 FIG. 1 is a schematic diagram of an equipment room 
that uses air conditioners to cool the communication appara 
tuses in the equipment room in the prior art. Referring to FIG. 
1, at least one communication apparatus 103 is disposed in the 
equipment room 100, and air conditioners 101 and 102 are 
installed on a side wall of the equipment room 100. Here, the 
air conditioners 101 and 102 are generally window air con 
ditioners or wall-mounted air conditioners, and are config 
ured to control the air in the equipment room at a Suitable 
temperature. 
0006 FIG. 2 is a schematic diagram of an equipment room 
that uses a cooling system including air conditioners and 
direct ventilation to cool the communication apparatuses in 
the equipment room in the prior art. Referring to FIG. 2, at 
least one communication apparatus 205 is disposed in the 
equipment room 200, and air conditioners 203 and 204 are 
installed on a side wall of the equipment room 200. Here, the 
air conditioners 203 and 204 are generally window air con 
ditioners or wall-mounted air conditioners. In addition, an air 
outlet control device 202 is opened at a top of a left side wall 
of the equipment room 200, and an air inlet control device 201 
is opened at a bottom of a right side wall of the equipment 
room 200. The air conditioners 203 and 204 form an air 
conditioning system, and the ventilation control devices 201 
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and 202 form a direct ventilation system. As shown in FIG. 2, 
the operating principles of the direct ventilation system areas 
follows: cold air out of the equipment room enters the equip 
ment room from the air inlet control device 201, and takes out 
the heat of the equipment room when passing through the 
equipment room, and hot air leaves the equipment room from 
the air outlet control device 202. Normally, the direct venti 
lation system is used when the environment temperature out 
side the equipment room is low, and on the contrary, the air 
conditioning system is used when the environment tempera 
ture outside the equipment room is high. 
0007. During the research on the prior art, the inventors of 
the present invention find that the prior art at least has the 
following problems: the air conditioning cooling system used 
in the equipment room currently has high power consump 
tion, and has an impact on the outdoor environment; the 
cooling system including air conditioners and direct ventila 
tion consumes less power than the cooling system using only 
air conditioners, but the direct ventilation unit of the former 
system is affected by the air quality. Therefore, the applica 
tion scenarios are limited. 

SUMMARY 

0008. The embodiments of the present invention are 
directed to a cooling system, a control method, and an equip 
ment room, which effectively cool the equipment room, and 
save power at the same time when controlling a temperature 
of air in the equipment room at a Suitable temperature. 
0009 Embodiments of the present invention provide the 
following technical solutions: 
0010. A cooling system is provided. The cooling system is 
applied to an equipment room, and the system includes a first 
air-liquid heat exchanger, a second air-liquid heat exchanger, 
a buried heat exchange unit, a control device, a fluid convey 
ing device, and connecting pipes. The first air-liquid heat 
exchanger is disposed in the equipment room, the second 
air-liquid heat exchanger is disposed outside the equipment 
room, and the buried heat exchange unit is buried under 
ground. The second air-liquid heat exchanger and the buried 
heat exchange unit are connected by the connecting pipes to 
the first air-liquid heat exchanger to form at least two circu 
lation pipelines. 
0011. The control device is configured to acquire environ 
ment information, and control at least one of the at least two 
circulation pipelines to be in an open state according to a 
control policy and the acquired environment information, 
where the environment information includes at least one of 
the following temperatures: an outdoor temperature of the 
equipment room and a temperature of the Soil Surrounding 
buried pipes. A circulation fluid is driven by the fluid convey 
ing device to flow in the open circulation pipeline. 
0012. An equipment room is provided. A cooling system 
including a first air-liquid heat exchanger, a second air-liquid 
heat exchanger, a buried heat exchange unit, a control device, 
a fluid conveying device, and connecting pipes is applied to 
the equipment room. The first air-liquid heat exchanger is 
disposed in the equipment room. The second air-liquid heat 
exchanger disposed outside the equipment room and the bur 
ied heat exchange unit buried underground are connected by 
the connecting pipes to the first air-liquid heat exchanger to 
form at least two circulation pipelines. 
0013 The control device is configured to acquire environ 
ment information, and control at least one of the at least two 
circulation pipelines to be in an open state according to a 
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control policy and the acquired environment information, 
where the environment information includes at least one of 
the following temperatures: an outdoor temperature of the 
equipment room and a temperature of the Soil Surrounding 
buried pipes. A circulation fluid is driven by the fluid convey 
ing device to flow in the open circulation pipeline. 
0014. A control method is provided. The control method is 
applicable to a cooling system including a buried heat 
exchange unit, a first air-liquid heat exchanger, a second 
air-liquid heat exchanger, a control device, a fluid conveying 
device, and connecting pipes. The cooling system is applied 
to an equipment room. The second air-liquid heat exchanger 
and the buried heat exchange unit are connected by the con 
necting pipes to the first air-liquid heat exchanger to form at 
least two circulation pipelines. The control method includes: 
00.15 acquiring environment information, where the envi 
ronment information includes at least one of the following 
temperatures: an outdoor temperature of the equipment room 
and a temperature of the soil Surrounding buried pipes; and 
0016 controlling at least one of the at least two circulation 
pipelines to be in an open state according to a control policy 
and the acquired environment information, where a circula 
tion fluid flowing in the open circulation pipeline. 
0017. In the embodiments of the present invention, 
according to the preset control policy and the acquired envi 
ronment information, the corresponding circulation pipelines 
are controlled to be in an open state and/or to be in a close 
state, so that heat in the equipment room is transferred to the 
circulation fluid through the first air-liquid heat exchanger, 
and the circulation fluid flows to the second air-liquid heat 
exchanger, and/or the buried heat exchange unit to perform 
the cooling. Thus, the air in the equipment room is controlled 
at the suitable temperature. 
0018 Moreover, in the embodiments of the present inven 

tion, the power is mainly consumed by the fluid conveying 
device and air conveying devices in the two air-liquid heat 
exchangers. Therefore, the present invention has better 
power-saving performance than conventional air condition 
ing Systems. 
0019. Further, in the embodiments of the present inven 

tion, the buried heat exchange unit and the outdoor first air 
liquid heat exchanger are used alternately and/or simulta 
neously, so as to prevent the possibility of continuously 
dissipating heat to the underground soil, and make the soil 
temperature to have time to recover. Thus, the problem of low 
cooling capabilities of the system caused by a high under 
ground soil temperature is prevented, where the high under 
ground soil temperature occurs because the underground soil 
receives the heat for a long time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a schematic diagram of a common air 
conditioning cooling system for an equipment room in the 
prior art; 
0021 FIG. 2 is a schematic diagram of a common cooling 
system including air conditioners and direct ventilation for an 
equipment room in the prior art; 
0022 FIG. 3 is a schematic diagram of heat transfer of a 
cooling system for an equipment room according to an 
embodiment of the present invention; 
0023 FIG. 4 is a schematic diagram of a cooling system 
according to Embodiment 1 of the present invention; 
0024 FIG. 5 is a schematic diagram of a cooling system 
according to Embodiment 2 of the present invention; 
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0025 FIG. 6 is a schematic diagram of a cooling system 
applied to an equipment room according to Embodiment 3 of 
the present invention; 
0026 FIG. 7 is a schematic diagram of a cooling system 
according to Embodiment 4 of the present invention; 
0027 FIG. 8 is a schematic diagram of a cooling system 
according to Embodiment 5 of the present invention: 
0028 FIG. 9 is a schematic diagram of a cooling system 
according to Embodiment 6 of the present invention; 
0029 FIG. 10 is a schematic diagram of a cooling system 
according to Embodiment 7 of the present invention: 
0030 FIG. 11 is a schematic diagram of internal modules 
of a control device of a cooling system according to an 
embodiment of the present invention; 
0031 FIG. 12 is a flow chart of a control method according 
to an embodiment of the present invention; 
0032 FIG. 13 is a detailed flow chart of a control method 
according to Embodiment 1 of the present invention; 
0033 FIG. 14 is a detailed flowchart of a control method 
according to Embodiment 2 of the present invention; 
0034 FIG. 15 is a detailed flow chart of a control method 
according to Embodiment 3 of the present invention: 
0035 FIG. 16 is a schematic diagram of a fan speed regu 
lating policy of a second air-liquid heat exchangerina cooling 
system according to an embodiment of the present invention; 
and 
0036 FIG. 17 is a schematic diagram of a fan speed regu 
lating policy of a first air-liquid heat exchanger in a cooling 
system according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

0037 To make the objectives, technical solutions, and 
advantages of the present invention more comprehensible, the 
present invention is described in detail in the following with 
reference to the accompanying drawings and the embodi 
mentS. 

0038 FIG. 3 is a schematic diagram of heat transfer of a 
cooling system for an equipment room according to an 
embodiment of the present invention. As shown in FIG. 3, as 
a medium, a circulation fluid transfers heat of air in the 
equipment room to outside environment air and/or under 
ground soil. When the outdoor temperature of the equipment 
room is low, for example, when the outside environment 
temperature is low in winter, a heat transfer process 10 is 
adopted to transfer the heat in the equipment room to the 
outside environment air; and when the outdoor temperature of 
the equipment room is high, for example, when the outside 
environment temperature is high in Summer, a heat transfer 
process 20 is adopted to transfer the heat in the equipment 
room to the underground soil. Thus, the heat in the equipment 
room can be dissipated to control the equipment room at a 
Suitable temperature, the power-saving effect is achieved, and 
the problem of low cooling capabilities of the system caused 
by a high underground soil temperature is prevented, where 
the high underground soil temperature occurs because the 
underground soil receives the heat for a long time. 
0039. In an embodiment, the present invention provides a 
cooling system. The cooling system is applied to an equip 
ment room, and includes a first air-liquid heat exchanger, a 
second air-liquid heat exchanger, a buried heat exchange unit, 
a control device, a fluid conveying device, and connecting 
pipes. The first air-liquid heat exchanger is disposed in the 
equipment room, the second air-liquid heat exchanger is dis 
posed outside the equipment room, and the buried heat 
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exchange unit is buried underground. The second air-liquid 
heat exchanger and the buried heat exchange unit are con 
nected by the connecting pipes to the first air-liquid heat 
exchanger to form at least two circulation pipelines. 
0040. The control device is configured to acquire environ 
ment information, where the environment information 
includes at least one of the following temperatures: an out 
door temperature of the equipment room and a temperature of 
the SoilSurrounding buried pipes, and control the at least two 
circulation pipelines according to a preset control policy and 
the acquired environment information, to enable at least one 
of the circulation pipelines to be in an open state (that is, 
control at least one of the at least two circulation pipelines to 
be in an open state according to the preset control policy and 
the acquired environment information). A circulation fluid 
(specifically, a circulation liquid) is driven by the fluid con 
veying device to flow in the open circulation pipeline to 
complete the cooling. 
0041. It should be noted that to achieve that the control 
device controls at least one of the at least two circulation 
pipelines to be in an open state, in one implementation, at 
least one control valve needs to be disposed on each circula 
tion pipeline, and at least one fluid conveying device needs to 
be disposed on each circulation pipeline. It is understood that 
when a control valve is disposed at the same pipe position of 
multiple circulation pipelines, there is one control valve 
which is needed to be disposed on (the connecting pipes of) 
the cooling system according to the embodiment of the 
present invention; and when a fluid conveying device is dis 
posed at the same pipe position of multiple circulation pipe 
lines, there is one fluid conveying device which is needed to 
be disposed on (the connecting pipes of) the cooling system 
according to the embodiment of the present invention. 
0042 FIG. 4 is a schematic diagram of a cooling system 
according to Embodiment 1 of the present invention. As 
shown in FIG. 4, the cooling system is applied to an outdoor 
integrated equipment room, and includes a buried heat 
exchange unit 301, a first air-liquid heat exchanger 302, a 
second air-liquid heat exchanger 303, a control device 304, a 
fluid conveying device 305, and connecting pipes 307. The 
buried heat exchange unit 301 is buried underground, the first 
air-liquid heat exchanger 302 is disposed in the equipment 
room, and the second air-liquid heat exchanger 303 is dis 
posed outside the equipment room. The buried heat exchange 
unit 301 and the second air-liquid heat exchanger 303 are 
connected by the connecting pipes 307 to the first air-liquid 
heat exchanger 302 to form two circulation pipelines. It 
should be noted that the first air-liquid heat exchanger 302 
and the second air-liquid heat exchanger 303 are connected 
by the connecting pipes 307 to form a first circulation pipe 
line, and the first air-liquid heat exchanger 302 and the buried 
heat exchange unit 301 are connected by the connecting pipes 
307 to form a second circulation pipeline. Specifically, pipes 
in the buried heat exchange unit 301, coil pipes in the first 
air-liquid heat exchanger 302, and the connecting pipes 307 
form a loop; and coil pipes in the second air-liquid heat 
exchanger 303, the coil pipes in the first air-liquid heat 
exchanger 302, and the connecting pipes 307 form another 
loop. 
0043. The first air-liquid heat exchanger 302 is configured 
to Suck in hot air in the equipment room. The hot air 
exchanges heat with the circulation fluid flowing in the coil 
pipes (that is, the heat of the air in the equipment room is 
transferred to the circulation fluid flowing in the coil pipes), 
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the air with its heat released is returned into the equipment 
room, and the circulation fluid absorbing the heat (that is, the 
hot fluid) flows out of the first air-liquid heat exchanger 302. 
Specifically, driven by the fluid conveying device 305, the 
circulation fluid absorbing the heat flows out of the first 
air-liquid heat exchanger 302. 
0044) When the circulation fluid flows out of the first 
air-liquid heat exchanger 302, the control device 304 is con 
figured to acquire environment information, and to control 
the first circulation pipeline and the second circulation pipe 
line, according to the preset control policy and the acquired 
environment information, to enable the first circulation pipe 
line and/or the second circulation pipeline to be open (that is, 
to control the first circulation pipeline and/or the second 
circulation pipeline to be in an open State), where the envi 
ronment information includes at least one of the following 
temperatures: an outdoor temperature of the equipment room 
and a temperature of the soil Surrounding buried pipes. It is 
understood that if the circulation pipelines are open in a 
default state, the corresponding circulation pipelines must be 
controlled to enter a closed State; and on the contrary, if the 
circulation pipelines are closed in a default state, the corre 
sponding circulation pipelines must be controlled to enter the 
open state, and the outgoing circulation fluid flows to the 
second air-liquid heat exchanger 303 and/or the buried heat 
exchange unit 301 correspondingly through the open circu 
lation pipeline. 
0045. When the circulation fluid flows into the second 
air-liquid heat exchanger 303 through the open first circula 
tion pipeline, the second air-liquid heat exchanger 303 is 
configured to enable the circulation fluid flowing in the coil 
pipes thereinto exchange heat with the airflowing outside the 
coil pipes, and the circulation fluid with its temperature low 
ered i.e. cold fluid circulates and flows into the first air-liquid 
heat exchanger 302 along the open first circulation pipeline. 
Specifically, driven by the fluid conveying device 305, the 
circulation fluid with its temperature lowered (i.e., cold fluid) 
circulates and flows into the first air-liquid heat exchanger 
302 along the open first circulation pipeline. 
0046 When the circulation fluid flows into the buried heat 
exchange unit 301 through the open second circulation pipe 
line, the buried heat exchange unit 301 is configured to enable 
the circulation fluid flowing in the pipes therein to exchange 
heat with the soil, and the circulation fluid with its tempera 
ture lowered (i.e., cold fluid) circulates and flows into the first 
air-liquid heat exchanger 302 along the open second circula 
tion pipeline. Specifically, driven by the fluid conveying 
device 305, the circulation fluid with its temperature lowered 
(i.e., cold fluid) circulates and flows into the first air-liquid 
heat exchanger 302 along the open second circulation pipe 
line. The buried heat exchange unit 301, which may also be 
referred to as an underground buried pipe heat exchanger, is 
composed of a series of pipes buried in Soil 408 (i.e., a group 
of buried pipe structures). The pipes may be buried horizon 
tally or vertically, and are preferably buried vertically. A 
material of the buried pipes is preferably polyethylene (PE). 
The depth and number of the buried pipes are determined 
according to the actual application situation including 
exchanged heat quantity and local climate condition. 
0047. As shown in FIG. 4, in one implementation, a con 
trol valve 3.1 is disposed on the first circulation pipeline 
(specifically, the control valve 3.1 may be disposed on a liquid 
inlet pipe of the second air-liquid heat exchanger 303), and a 
control valve 3.2 is disposed on the second circulation pipe 
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line (specifically, the control valve 3.2 may be disposed on a 
liquid outlet pipe of the buried heat exchange unit 301). The 
control device 304 is a first control device, configured to 
control the opening of the control valve 3.1 and/or the control 
valve 3.2 according to the preset control policy and the 
acquired environment information. Specifically, when the 
control valve 3.1 is opened, the cooling is performed based on 
the first circulation pipeline; when the control valve 3.2 is 
opened, the cooling is performed based on the second circu 
lation pipeline; and when the control valves 3.1 and 3.2 are 
both opened, the cooling is performed based on the first 
circulation pipeline and the second circulation pipeline at the 
same time in parallel. 
0048. It should be noted that in the cooling system accord 
ing to Embodiment 1 of the present invention, the fluid con 
veying device 305 is disposed on the liquid inlet pipe of the 
first air-liquid heat exchanger 302. It is understood that the 
fluid conveying device 305 may also be disposed on the liquid 
outlet pipe of the first air-liquid heat exchanger 302. 
0049. As can be seen from the above, the cooling system 
according to Embodiment 1 of the present invention fully 
uses the underground soil and the outside air to dissipate heat 
according to local climate characteristics and soil tempera 
ture change characteristics of the equipment room. When the 
circulation fluid flows to the buried heat exchange unit 301, 
the heat is transferred to the soil; and when the circulation 
fluid flows to the second air-liquid heat exchanger 303, the 
heat is transferred to the outside air. Thus, through the alter 
nate or simultaneous cooling in the two modes, the cooling 
system according to Embodiment 1 of the present invention 
achieves better power-saving performance than conventional 
air conditioning systems for the equipment room. In addition, 
the problem of system instability caused by a high under 
ground soil temperature is prevented, where the high under 
ground soil temperature occurs because the underground soil 
receives the heat for a long time. Therefore, the cooling (tem 
perature control) system can operate more stably. 
0050. In addition, in the embodiment of the present inven 

tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
0051 FIG. 5 is a schematic diagram of a cooling system 
according to Embodiment 2 of the present invention. Refer 
ring to FIG. 5, the cooling system is applied to an outdoor 
integrated equipment room, and includes a buried heat 
exchange unit 401, a first air-liquid heat exchanger 402, a 
second air-liquid heat exchanger 403, a control device 404, a 
fluid conveying device 405, and correcting pipes 407. The 
buried heat exchange unit 401 is buried underground, the first 
air-liquid heat exchanger 402 is disposed in the equipment 
room, and the second air-liquid heat exchanger 403 is dis 
posed outside the equipment room. The second air-liquid heat 
exchanger 403 and the first air-liquid heat exchanger 402 are 
connected by the connecting pipes 407 to form a first circu 
lation pipeline, and the buried heat exchange unit 401 and the 
first air-liquid heat exchanger 402 are connected by the con 
necting pipes 407 to form a second circulation pipeline. 
0052. As shown in FIG. 5, different from Embodiment 1, 
control valves 4.1 and 4.2 are disposed on the first circulation 
pipeline (which are respectively disposed on a liquid inlet 
pipe and a liquid outlet pipe of the second air-liquid heat 
exchanger 403), and control valves 4.3 and 4.4 are disposed 
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on the second circulation pipeline (which are respectively 
disposed on an inlet pipe and an outlet pipe of the buried heat 
exchange unit 401). 
0053. The control device 404 is configured to acquire 
environment information, where the environment informa 
tion includes at least one of the following temperatures: an 
outdoor temperature of the equipment room and a tempera 
ture of the soil Surrounding buried pipes, and control the 
opening of the corresponding control valves 4.1, 4.2 and/or 
control valves 4.3, 4.4 according to a preset control policy and 
the acquired environment information, to enable the first cir 
culation pipeline and/or the second circulation pipeline to be 
in an open state. Specifically, when the control valves 4.1 and 
4.2 are opened, the first circulation pipeline which is formed 
by coil pipes of the first air-liquid heat exchanger 402, coil 
pipes of the second air-liquid heat exchanger 403, and a 
corresponding portion of the connecting pipes 407 is in an 
open state; and similarly, when the control valves 4.3 and 4.4 
are opened, the second circulation pipeline which is formed 
by the coil pipes of the first air-liquid heat exchanger 402. 
buried pipes of the buried heat exchange unit 401, and a 
corresponding portion of the connecting pipes 407 is in an 
open state. 
0054 The control policy may be implemented in many 
ways. In one implementation, the control policy is as follows. 
0055 According to a comparison result between an out 
door temperature of the equipment room and a preset value, a 
flow direction of a circulation fluid flowing out of the first 
air-liquid heat exchanger 402 is controlled. The preset value, 
for example, is approximate to the local annual mean tem 
perature of the equipment room, or a temperature value 
obtained by comprehensively considering the environment 
information including the indoor temperature and outdoor 
temperature of the equipment room and Soil situation, or a 
designed maximum working temperature of the first air-liq 
uid heat exchanger 402. 
0056 Specifically, when the outdoor temperature of the 
equipment room is higher than the preset value, the control 
device 404 opens the control valve 4.3 and the control valve 
4.4 (when the default state of the control valves 4.1, 4.2, 4.3, 
and 4.4 are closed) and/or closes the control valve 4.2 and the 
control valve 4.1 (when the default state of the control valves 
4.1, 4.2, 4.3, and 4.4 are open), and the circulation fluid 406 
absorbing the heat and flowing out of the first air-liquid heat 
exchanger 402 flows to the buried heat exchange unit 401 
along the open second circulation pipeline. After transferring 
the heat to the soil 408 through the buried heat exchange unit 
401, the circulation fluid 406 has its temperature lowered, and 
the circulation fluid 406 (i.e., cold fluid) flows back to the first 
air-liquid heat exchanger 402 along the open second circula 
tion pipeline. Therefore, one circulation is complete, and the 
heat in the equipment room is dissipated. 
0057 When the outdoor temperature of the equipment 
room is lower than the preset value, the control device 404 
opens the control valve 4.1 and the control valve 4.2 and/or 
closes the control valve 4.3 and the control valve 4.4, and the 
circulation fluid 406 absorbing the heat and flowing out of the 
first air-liquid heat exchanger 402 flows to the second air 
liquid heat exchanger 403 along the first circulation pipeline 
(specifically, the pipe is in an open state because the control 
valve 4.1 is opened). After transferring the heat to the outside 
air through the second air-liquid heat exchanger 403, the 
circulation fluid has its temperature lowered, and the circula 
tion fluid 406 (i.e., cold fluid) flows back to the first air-liquid 
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heat exchanger 402 along the first circulation pipeline (spe 
cifically, the pipe is in an open state because the control valve 
4.2 is opened). Therefore, one circulation is complete, and the 
heat in the equipment room is dissipated. 
0058. It should be noted that the circulation fluid 406 is 
driven by the fluid conveying device 405 to circulate and flow 
in the connecting pipes 407, and the fluid conveying device 
405 is disposed on the liquid inlet pipe of the first air-liquid 
heat exchanger 402. It is understood that the fluid conveying 
device 405 may also be disposed on the liquid outlet pipe of 
the first air-liquid heat exchanger 402. In one implementation, 
the fluid conveying device 405 is a circulation pump for 
driving a liquid to flow. 
0059. As can be seen from the above, the cooling system 
according to Embodiment 2 of the present invention fully 
uses the underground soil and the outside air to dissipate heat 
according to local climate characteristics and soil tempera 
ture change characteristics of the equipment room. When the 
circulation fluid flows to the buried heat exchange unit 401, 
the heat is transferred to the soil; and when the circulation 
fluid flows to the second air-liquid heat exchanger 403, the 
heat is transferred to the outside air. Thus, through the alter 
nate or simultaneous cooling in the two modes, the cooling 
system according to Embodiment 2 of the present invention 
achieves better power-saving performance than conventional 
air conditioning systems for the equipment room. In addition, 
the problem of system instability caused by a high under 
ground soil temperature is prevented, where the high under 
ground soil temperature occurs because the soil receives the 
heat for a long time. Therefore, the cooling (temperature 
control) system can operate more stably. 
0060. In addition, in the embodiment of the present inven 

tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
0061 FIG. 6 is a schematic diagram of a cooling system 
applied to an equipment room according to Embodiment 3 of 
the present invention. Referring to FIG. 6, the cooling system 
is applied to an equipment room 50, and at least one commu 
nication apparatus 506 is disposed in the equipment room 50. 
The cooling system includes a buried heat exchange unit 501, 
a first air-liquid heat exchanger 502, a second air-liquid heat 
exchanger 503, a control device 504, a fluid conveying device 
505, and connecting pipes 507. The first air-liquid heat 
exchanger 502 is disposed in the equipment room 50, the 
control device 504 and the fluid conveying device 505 are 
preferably disposed in the equipment room 50, the second 
air-liquid heat exchanger 503 is disposed outside the equip 
ment room 50, and the buried heat exchange unit 501 is buried 
underground. 
0062. The second air-liquid heat exchanger 503 and the 

first air-liquid heat exchanger 502 are connected by the con 
necting pipes 507 to form a first circulation pipeline, and the 
buried heat exchange unit 501 and the first air-liquid heat 
exchanger 502 are connected by the connecting pipes 507 to 
form a second circulation pipeline. Control valves 5071 and 
5073 are disposed on the first circulation pipeline, and control 
valves 5072 and 5074 are disposed on the second circulation 
pipeline. 
0063. The first air-liquid heat exchanger 502 mainly 
includes a coil pipe structure, an air inlet 5021, an air outlet 
5022, and an air conveying device 5023. The internal air 
conveying device 5023 sucks in hot air inside the equipment 
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room 50 through the air inlet 5021. The hot air exchanges heat 
with the circulation fluid flowing in the coil pipe structure. 
The hot air with its heat released flows back into the equip 
ment room 50 through the air outlet 5022 as cold air, and the 
circulation fluid flowing inside the coil pipe structure is driven 
by the fluid conveying device 505 to flow out of the first 
air-liquid heat exchanger 502 after absorbing the heat of the 
hot air. 

0064. It should be noted that the first air-liquid heat 
exchanger 502 is preferably in a vertical structure. When the 
internal space of the equipment room 50 is small, the first 
air-liquid heat exchanger 502 may be in a horizontal structure 
and suspended on the ceiling. The internal structure of the first 
air-liquid heat exchanger 502 may vary according to actual 
situations, and the air conveying device 5023 in the first 
air-liquid heat exchanger 502 may be an axial fan or a cen 
trifugal fan, and is preferably a centrifugal fan. 
0065. The control device 504 is configured to acquire 
environment information, where the environment informa 
tion includes at least one of the following temperatures: an 
outdoor temperature of the equipment room and a tempera 
ture of the soil Surrounding buried pipes, and control the 
opening of the first circulation pipeline and/or the second 
circulation pipeline according to a preset policy and the 
acquired environment information. The outgoing circulation 
fluid flows to the second air-liquid heat exchanger 503 or the 
buried heat exchange unit 501 through the open circulation 
pipeline. 
0066. In one implementation, the control device 504 is 
specifically configured to control the opening or closing of 
the control valve 5071 and the control valve 5073 and/or the 
opening or closing of the control valve 5072 and the control 
valve 5074. When the control valve 5071 and the control 
valve 5073 are opened, the first circulation pipeline is in an 
open state; and similarly, when the control valve 5072 and the 
control valve 5074 are opened, the second circulation pipe 
line is in an open state. The circulation fluid flows to the 
second air-liquid heat exchanger 503 through the first circu 
lation pipeline, and flows back to the first air-liquid heat 
exchanger 502; and/or the circulation fluid flows to the buried 
heat exchange unit 501 through the second circulation pipe 
line, and flows back to the first air-liquid heat exchanger 502. 
0067. According to a specific control policy, when the 
outdoor temperature of the equipment room is lower thana set 
value (the set value may be determined according to local 
climate conditions and local annual mean temperature), the 
control device 504 controls the opening of the control valves 
5071 and 5073, and the circulation fluid (hot fluid) enters the 
second air-liquid heat exchanger 503 outside the equipment 
room 50 along the first circulation pipeline. 
0068. The second air-liquid heat exchanger 503 mainly 
includes a coil pipe structure 5031 and an air conveying 
device 5032. When the circulation fluid (i.e., hot fluid) flows 
in the coil pipe structure 5031, the air conveying device 5032 
drives the cold air in the environment to flow along an outer 
wall of the coil pipe structure 5031, so as to cool the circula 
tion fluid (i.e., hot fluid) flowing in the coil pipe structure 
5031. After the circulation fluid (i.e., hot fluid) has its tem 
perature lowered, the circulation fluid circulates and flows 
into the first air-liquid heat exchanger 502 along the first 
circulation pipeline as a cold fluid. It should be noted that the 
air conveying device 5032 in the second air-liquid heat 
exchanger 503 is preferably an axial fan. 
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0069. According to a specific control policy, when the 
outdoor temperature of the equipment room is higher than the 
set value, the control device 504 controls the opening of the 
control valves 5072 and 5074, and the circulation fluid (hot 
fluid) flowing out of the first air-liquid heat exchanger 503 
enters the buried heat exchange unit 501 along the second 
circulation pipeline. 
0070 The buried heat exchange unit 501 mainly includes 
a group of underground buried pipes. The circulation fluid 
(hot fluid) transfers its heat to the soil when flowing in the 
underground buried pipes, has its temperature lowered, and 
enters the first air-liquid heat exchanger 502 in the equipment 
room 50 along the second circulation pipeline as a cold fluid. 
0071. As can be seen from the above, the cooling system 
according to Embodiment 3 of the present invention fully 
uses the underground soil and the outside air to dissipate heat 
according to local climate characteristics and soil tempera 
ture change characteristics of the equipment room. When the 
circulation fluid flows to the buried heat exchange unit 501, 
the heat is transferred to the soil; and when the circulation 
fluid flows to the second air-liquid heat exchanger 503, the 
heat is transferred to the outside air. Thus, through the alter 
nate cooling in the two modes, the cooling system according 
to Embodiment 3 of the present invention achieves better 
power-saving performance than conventional air condition 
ing systems for the equipment room. In addition, the problem 
of system instability caused by a high underground soil tem 
perature is prevented, where the high underground Soil tem 
perature occurs because the soil receives the heat for a long 
time. Therefore, the cooling (temperature control) system can 
operate more stably. 
0072. In addition, in the embodiment of the present inven 

tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
0073 FIG. 7 is a schematic diagram of a cooling system 
according to Embodiment 4 of the present invention. The 
cooling system is applied to an outdoor integrated equipment 
room, and includes a buried heat exchange unit 601, a first 
air-liquid heat exchanger 602, a second air-liquid heat 
exchanger 603, a control device 604, a fluid conveying device 
605, and connecting pipes 607. The buried heat exchange unit 
601 is buried underground, the first air-liquid heat exchanger 
602 is disposed in the equipment room, and the second air 
liquid heat exchanger 603 is disposed outside the equipment 
room. The second air-liquid heat exchanger 603 and the first 
air-liquid heat exchanger 602 are connected by the connect 
ing pipes 607 to form a first circulation pipeline, and the 
buried heat exchange unit 601 and the first air-liquid heat 
exchanger 602 are connected by the connecting pipes 607 to 
form a second circulation pipeline. 
0074 As shown in FIG. 7, different from Embodiment 2, 
three-way valves 6.1 and 6.2 are disposed on an intersection 
pipe of the first circulation pipeline and the second circulation 
pipeline. The three-way valves 6.1 and 6.2 have the same 
function as the control valves 4.1, 4.2, 4.3, and 4.4 in Embodi 
ment 2. The function of the three-way valves is to close the 
other pipe when opening one pipe, or to open both pipes at the 
same time. 
0075. The control device 604 is configured to acquire 
environment information, where the environment informa 
tion includes at least one of the following temperatures: an 
outdoor temperature of the equipment room and a tempera 
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ture of the soil Surrounding buried pipes, and control the 
opening and/or the closing of the three-way valve 6.1 and the 
three-way valve 6.2 according to a preset control policy and 
the acquired environment information, to enable the first cir 
culation pipeline and/or the second circulation pipeline to be 
in an open state, and the circulation fluid flows in the open 
circulation pipeline to complete cooling. 
0076. It should be noted that the circulation fluid is driven 
by the fluid conveying device 605 to circulate and flow in the 
connecting pipes, and the fluid conveying device 605 is dis 
posed on a liquid inlet pipe of the first air-liquid heat 
exchanger 602. It is understood that the fluid conveying 
device 605 may also be disposed on a liquid outlet pipe of the 
first air-liquid heat exchanger 602. 
0077. As can be seen from the above, the cooling system 
according to Embodiment 4 of the present invention performs 
the cooling by using the circulation fluid flowing in the first 
circulation pipeline and/or the second circulation pipeline. 
Thus, through the alternate or simultaneous cooling in the two 
modes, the cooling system according to Embodiment 4 of the 
present invention achieves better power-saving performance 
than conventional air conditioning systems for the equipment 
room. In addition, the problem of system instability caused by 
a high underground soil temperature is prevented, where the 
high underground soil temperature occurs because the soil 
receives the heat for a long time. Therefore, the cooling (tem 
perature control) system can operate more stably. 
0078. In addition, in the embodiment of the present inven 
tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
007.9 FIG. 8 is a schematic diagram of a cooling system 
according to Embodiment 5 of the present invention. The 
cooling system is applied to an outdoor integrated equipment 
room, and includes a buried heat exchange unit 701, a first 
air-liquid heat exchanger 702, a second air-liquid heat 
exchanger 703, a control device 704, a fluid conveying device 
705, and connecting pipes 707. The buried heat exchange unit 
701 is buried underground, the first air-liquid heat exchanger 
702 is disposed in the equipment room, and the second air 
liquid heat exchanger 703 is disposed outside the equipment 
room. The second air-liquid heat exchanger 703 and the first 
air-liquid heat exchanger 702 are connected by the connect 
ing pipes 707 to form a first circulation pipeline, the buried 
heat exchange unit 701 and the first air-liquid heat exchanger 
702 are connected by the connecting pipes 707 to form a 
second circulation pipeline, and the first air-liquid heat 
exchanger 702, the second air-liquid heat exchanger 703, and 
the buried heat exchange unit 701 are connected by the con 
necting pipes 707 to form a third circulation pipeline. 
0080. As shown in FIG.8, three-way valves 7.1 and 7.2 are 
disposed on an intersection pipe of the first circulation pipe 
line and the second circulation pipeline, and the position of 
the three-way valve 7.2 is different from the three-way valve 
6.2 in Embodiment 4. 
I0081. The control device 704 is configured to acquire 
environment information, where the environment informa 
tion includes at least one of the following temperatures: an 
outdoor temperature of the equipment room and a tempera 
ture of the soil Surrounding buried pipes, and control the 
opening and/or the closing of the valves in the corresponding 
three-way valves 7.1 and 7.2, to enable at least one of the first 
circulation pipeline, the second circulation pipeline, and the 
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third circulation pipeline to be in an open state (for example, 
only the first circulation pipeline is in an open state, only the 
second circulation pipeline is in an open State, two of the three 
circulation pipelines are in an open state, or all the three 
circulation pipelines are in an open state). The circulation 
fluid flows in the open circulation pipeline to complete the 
cooling. Specifically, when the first circulation pipeline is in 
an open state, the circulation fluid (i.e., hot fluid) flowing out 
of the first air-liquid heat exchanger 702 flows into the second 
air-liquid heat exchanger 703 through the horizontal connect 
ing pipes on which the three-way valve 7.1 is arranged to 
perform heat exchange, and the circulation fluid (i.e., cold 
fluid) flowing out of the second air-liquid heat exchanger 703 
flows back to the first air-liquid heat exchanger 702 through 
the horizontal connecting pipes on which the three-way valve 
7.2 is arranged to complete the cooling. 
0082. When the second circulation pipeline is in an open 
state, the circulation fluid (i.e., hot fluid) flowing out of the 
first air-liquid heat exchanger 702 flows into the buried heat 
exchange unit 701 through the vertical connecting pipes on 
which the three-way valves 7.1 and 7.2 are arranged to per 
form heat exchange, and the circulation fluid (i.e., cold fluid) 
flowing out of the buried heat exchange unit 701 flows back to 
the first air-liquid heat exchanger 702 to complete the cooling. 
0083. When the third circulation pipeline is in an open 
state, the circulation fluid (i.e., hot fluid) flowing out of the 
first air-liquid heat exchanger 702 flows into the second air 
liquid heat exchanger 703 through the horizontal connecting 
pipes on which the three-way valve 7.1 is arranged to perform 
heat exchange, the circulation fluid (i.e., cold fluid) flowing 
out of the second air-liquid heat exchanger 703 flows into the 
buried heat exchange unit 701 through the vertical connecting 
pipes on which the three-way valve 7.2 is arranged to perform 
heat exchange, and the circulation fluid (i.e., cold fluid) flow 
ing out of the buried heat exchange unit 701 flows back to the 
first air-liquid heat exchanger 702 to complete the cooling. 
0084. It should be noted that the circulation fluid is driven 
by the fluid conveying device 705 to circulate and flow in the 
connecting pipes, and the fluid conveying device 705 is dis 
posed on a liquid inlet pipe of the first air-liquid heat 
exchanger 702. It is understood that the fluid conveying 
device 705 may also be disposed on a liquid outlet pipe of the 
first air-liquid heat exchanger 702. 
0085. As can be seen from the above, in the cooling system 
according to Embodiment 5 of the present invention, the 
circulation fluid flows in at least one of the first circulation 
pipeline, the second circulation pipeline, and the third circu 
lation pipeline to complete the cooling. Thus, the cooling 
system according to Embodiment 5 of the present invention 
achieves better power-saving performance than conventional 
air conditioning systems for the equipment room. In addition, 
the problem of system instability caused by a high under 
ground soil temperature is prevented, where the high under 
ground soil temperature occurs because the soil receives the 
heat for a long time. Therefore, the cooling (temperature 
control) system can operate more stably. 
I0086. In addition, in the embodiment of the present inven 
tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
0087 FIG. 9 is a schematic diagram of a cooling system 
according to Embodiment 6 of the present invention. The 
cooling system is applied to an outdoor integrated equipment 
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room, and includes a buried heat exchange unit 901, a first 
air-liquid heat exchanger 902, a second air-liquid heat 
exchanger903, a control device 904, a fluid conveying device 
905, and connecting pipes 907. The buried heat exchange unit 
901 is buried underground, the first air-liquid heat exchanger 
902 is disposed in the equipment room, and the second air 
liquid heat exchanger903 is disposed outside the equipment 
room. The second air-liquid heat exchanger903 and the first 
air-liquid heat exchanger902 are connected by the connect 
ing pipes 907 to form a first circulation pipeline, and the 
buried heat exchange unit 901 and the first air-liquid heat 
exchanger902 are connected by the connecting pipes 907 to 
form a second circulation pipeline. 
I0088. As shown in FIG. 9, a three-way valve 9.1 is dis 
posed on an intersection pipe of the first circulation pipeline 
and the second circulation pipeline. 
I0089. The control device 904 is configured to acquire 
environment information, where the environment informa 
tion includes at least one of the following temperatures: an 
outdoor temperature of the equipment room and a tempera 
ture of the soil Surrounding buried pipes, and control the 
opening and/or the closing of the corresponding valves of the 
three-way valve 9.1, to enable the first circulation pipeline 
and/or the second circulation pipeline to be in an open state. 
The circulation fluid flows in the open circulation pipeline to 
complete the cooling. 
0090. It should be noted that the circulation fluid is driven 
by the fluid conveying device 905 to circulate and flow in the 
connecting pipes, and the fluid conveying device 905 is dis 
posed on a liquid inlet pipe of the first air-liquid heat 
exchanger 902. It is understood that the fluid conveying 
device 905 may also be disposed on a liquid outlet pipe of the 
first air-liquid heat exchanger902. 
0091. As can be seen from the above, in the cooling system 
according to Embodiment 6 of the present invention, the 
circulation fluid flows in the first circulation pipeline and/or 
the second circulation pipeline to complete the cooling. Thus, 
the cooling system according to Embodiment 6 of the present 
invention achieves better power-saving performance than 
conventional air conditioning systems for the equipment 
room. In addition, the problem of system instability caused by 
a high underground soil temperature is prevented, where the 
high underground soil temperature occurs because the soil 
receives the heat for a long time. Therefore, the cooling (tem 
perature control) system can operate more stably. 
0092. In addition, in the embodiment of the present inven 
tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
0093 FIG. 10 is a schematic diagram of a cooling system 
according to Embodiment 7 of the present invention. The 
cooling system is applied to an outdoor integrated equipment 
room, and includes a buried heat exchange unit 801, a first 
air-liquid heat exchanger 802, a second air-liquid heat 
exchanger 803, a control device 804, fluid conveying devices 
8051 and 8052, and connecting pipes 807. The buried heat 
exchange unit 801 is buried underground, the first air-liquid 
heat exchanger 802 is disposed in the equipment room, and 
the second air-liquid heat exchanger 803 is disposed outside 
the equipment room. The second air-liquid heat exchanger 
803 and the first air-liquid heat exchanger 802 are connected 
by the connecting pipes 807 to form a first circulation pipe 
line, and the buried heat exchange unit 801 and the first 
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air-liquid heat exchanger 802 are connected by the connect 
ing pipes 807 to form a second circulation pipeline. 
0094. As shown in FIG. 10, a three-way valve 8.1 is dis 
posed on an intersection pipe of the first circulation pipeline 
and the second circulation pipeline. Different from Embodi 
ment 6, the fluid conveying devices are controlled in this 
embodiment, that is, the fluid conveying device 8051 is dis 
posed on the first circulation pipeline, and the fluid conveying 
device 8052 is disposed on the second circulation pipeline 
(the fluid conveying devices are not disposed at the same pipe 
position of the two circulation pipelines, for example, the 
liquid outlet pipe and liquid inlet pipe of the first air-liquid 
heat exchanger). 
0095. The control device 804 is configured to acquire 
environment information, where the environment informa 
tion includes at least one of the following temperatures: an 
outdoor temperature of the equipment room and a tempera 
ture of the Soil Surrounding buried pipes, and control the 
opening and/or the closing of the corresponding valves of the 
three-way valve 8.1 and control the fluid conveying device 
8051 and/or the fluid conveying device 8052 according to a 
preset control policy and the acquired environment informa 
tion, to enable the first circulation pipeline and/or the second 
circulation pipeline to be in an open state. The circulation 
fluid flows in the open circulation pipeline to complete the 
cooling. For example, when the control device 804 controls 
the opening of all valves of the three-way valve 8.1 and 
controls the starting of the fluid conveying device 8051 and 
the fluid conveying device 8052, the first circulation pipeline 
and the second circulation pipeline perform the cooling at the 
same time in parallel, that is, the circulation fluid flows in the 
open first circulation pipeline and the open second circulation 
pipeline to complete the cooling. 
0096. When the control device 804 controls the opening of 
the horizontal valves of the three-way valve 8.1 and controls 
the starting of the fluid conveying device 8051, the circulation 
fluid is driven by the fluid conveying device 8051 to flow in 
the open first circulation pipeline to complete the cooling. 
0097. When the control device 804 controls the opening of 
the vertical valves of the three-way valve 8.1 and controls the 
starting of the fluid conveying device 8052, the circulation 
fluid is driven by the fluid conveying device 8052 to flow in 
the open second circulation pipeline to complete the cooling. 
0098. As can be seen from the above, in the cooling system 
according to Embodiment 7 of the present invention, the 
circulation fluid flows in the first circulation pipeline and/or 
the second circulation pipeline to perform the cooling. Thus, 
the cooling system according to Embodiment 7 of the present 
invention achieves better power-saving performance than 
conventional air conditioning systems for the equipment 
room. In addition, the problem of system instability caused by 
a high underground Soil temperature is prevented, where the 
high underground Soil temperature occurs because the soil 
receives the heat for a long time. Therefore, the cooling (tem 
perature control) system can operate more stably. 
0099. In addition, in the embodiment of the present inven 

tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
0100. To achieve further objectives of saving power and 
reducing noise, for the first air-liquid heat exchanger and the 
second air-liquid heat exchanger according to the first to 
seventh embodiments, the control device can further regulate 

Feb. 24, 2011 

the speed of fans of the first air-liquid heat exchanger and the 
second air-liquid heat exchanger. For example, the first air 
liquid heat exchanger has two types, one is the first air-liquid 
heat exchanger without fan speed regulation, and the other is 
the first air-liquid heat exchanger with fan speed regulation; 
and similarly, the second air-liquid heat exchanger also has 
two types, one is the second air-liquid heat exchanger without 
fan speed regulation, and the other is the second air-liquid 
heat exchanger with fan speed regulation. 
0101 Correspondingly, referring to FIG. 5, for example, 
the first circulation pipeline has three combinations: 1. the 
first circulation pipeline formed by the connecting pipes 
between the second air-liquid heat exchanger with fan speed 
regulation and the first air-liquid heat exchanger without fan 
speed regulation; 2. the first circulation pipeline formed by 
the connecting pipes between the second air-liquid heat 
exchanger without fan speed regulation and the first air-liquid 
heat exchanger with fan speed regulation; and 3. the first 
circulation pipeline formed by the connecting pipes between 
the second air-liquid heat exchanger without fan speed regu 
lation and the first air-liquid heat exchanger without fan speed 
regulation. 
0102 The second circulation pipeline has two combina 
tions: 1. the second circulation pipeline formed by the con 
necting pipes between the buried heat exchange unit and the 
first air-liquid heat exchanger with fan speed regulation; and 
2. the second circulation pipeline formed by the connecting 
pipes between the buried heat exchange unit and the first 
air-liquid heat exchanger without fan speed regulation. 
0103 Many fan speed regulation policies may be adopted, 
one of which is described in the following. 
0104. The fan speed regulation policy of the second air 
liquid heat exchanger is as follows. 
0105. A temperature of a circulation fluid outlet of the 
second air-liquid heat exchanger remains unchanged, and 
different outdoor temperatures (for example, air inlet tem 
peratures) are corresponding to different fan speeds. As 
shown in FIG.16, the full speed of the fan is corresponding to 
the maximum allowed outdoor temperature Tfmax, and when 
the cooling load is unchanged, Tfmax=Tf (where Tf is the 
designed maximum working temperature of the second air 
liquidheat exchanger). The lowest fan speed is corresponding 
to a temperature Tfmin. When the outdoor temperature equals 
Tf, the fan rotates at full speed; when the outdoor temperature 
is lower than or equal to the lowest temperature Tfmin, the fan 
rotates at the lowest speed; and when the outdoor temperature 
is lower than a limit temperature Tflimit, the fan may even be 
stopped. 
0106 The fan speed regulation policy of the first air-liquid 
heat exchanger is as follows. 
0107 Preferably, the speed is regulated according to the 
indoor temperature or other parameters. The indoor tempera 
ture is one of a temperature at an outlet of the indoor fan coil 
pipes, an air temperature at an inlet of the indoor communi 
cation apparatus, and an indoor mean temperature. Next, the 
“air temperature at the inlet of the indoor communication 
apparatus is taken as an example in the following descrip 
tion. 

0108. As shown in FIG. 17, the full speed of the fan is 
corresponding to the indoor maximum allowed temperature 
Tsmax, and the lowest fan speed is corresponding to a tem 
perature Tsmin. 
0109 When the air temperature at the inlet of the commu 
nication apparatus equalsTsmax, the fan rotates at full speed. 
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0110. When the air temperature at the inlet of the commu 
nication apparatus is lower than or equal to Tsmin, the fan 
rotates at the lowest speed. 
0111. When the air temperature at the inlet of the commu 
nication apparatus is between TSmax and Tsmin, the fan 
speed is regulated according to a set fan speed regulation 
CUV. 

0112. When the air temperature at the inlet of the commu 
nication apparatus is lower than a limit temperature Tslimit, 
the fan may be stopped. 
0113. The implementations of the control device are 
described in the following. 
0114. In one implementation, at least one control valve is 
disposed on each circulation pipeline, and at least one fluid 
conveying device is disposed on each of the circulation pipe 
lines. When there is a same fluid conveying device disposed 
on each of the circulation pipelines, the control device is a first 
valve control device, configured to control the opening or the 
closing of the corresponding control valve according to the 
preset control policy and the acquired environment informa 
tion, to enable at least one circulation pipeline to be in an open 
state. The circulation fluid is driven by the fluid conveying 
device to flow in the open circulation pipeline to complete the 
cooling. 
0115. In another implementation, at least one control 
valve is disposed on each of the circulation pipelines, and at 
least one fluid conveying device is disposed on each of the 
circulation pipelines. When there is not a same fluid convey 
ing device disposed on each of the circulation pipelines, the 
control device is a second valve control device, configured to 
control the opening or the closing of the corresponding con 
trol valve to enable at least one circulation pipeline to be in an 
open state, and to control the corresponding fluid conveying 
device to drive the circulation fluid to flow in the open circu 
lation pipeline according to the preset control policy and the 
acquired environment information. The circulation fluid 
flows in the open circulation pipeline to complete the cooling. 
0116. In another implementation, the second air-liquid 
heat exchanger and the first air-liquid heat exchanger are 
connected by the connecting pipes to form the first circulation 
pipeline, and the buried heat exchange unit and the first air 
liquid heat exchanger are connected by the connecting pipes 
to form the second circulation pipeline. 
0117. A first control valve and a second control valve are 
disposed on the first circulation pipeline, and a third control 
valve and a fourth control valve are disposed on the second 
circulation pipeline. The control device is a third valve con 
trol device, configured to control the opening of the first 
control valve and the second control valve and/or the third 
control valve and the fourth control valve according to the 
preset control policy and the acquired environment informa 
tion. The circulation fluid flows in the first circulation pipeline 
and/or the second circulation pipeline on which the control 
valves are opened to complete the cooling. 
0118 Specifically, in one implementation, the control 
device is further configured to perform fan speed regulation 
control on the fan of the second air-liquid heat exchanger 
according to the acquired outdoor temperature and preset 
association information between the outdoor temperature 
information and the fan speed, and/or perform fan speed 
regulation control on the fan of the second air-liquid heat 
exchanger according to the acquired indoor temperature and 
preset association information between the indoor tempera 
ture information and the fan speed. 
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0119 FIG. 11 is an internal structural view of a control 
device of a cooling system according to an embodiment of the 
present invention. As shown in FIG. 11, the control device 
includes a control unit 1000 and an environment information 
acquiring unit 2000. 
0.120. The environment information acquiring unit 2000 is 
configured to acquire environment information, where the 
environment information includes at least one of the follow 
ing temperatures: an outdoor temperature of the equipment 
room and a temperature of the soil Surrounding buried pipes. 
I0121 The control unit 1000 is configured to control the 
opening of at least one of the corresponding circulation pipe 
lines according to the preset control policy and the environ 
ment information that is acquired by the environment infor 
mation acquiring unit 2000. That is, the control unit 1000 is 
configured to control at least one of the at least two circulation 
pipelines to be in an open state, where the circulation fluid is 
driven by the fluid conveying device to flow in the open 
circulation pipeline to complete the cooling. 
0.122 To enable the control unit 1000 to control at least 
one circulation pipeline of the corresponding circulation 
pipelines to be in an open state, in one implementation, at 
least one control valve is disposed on each circulation pipe 
line, and at least one fluid conveying device is disposed on 
each circulation pipeline. 
I0123. When there is a same fluid conveying device dis 
posed on each of the circulation pipelines, the control unit 
1000 is a first valve control unit, configured to control the 
opening or the closing of the corresponding control valves 
according to the preset control policy and the environment 
information that is acquired by the environment information 
acquiring unit 2000, to enable at least one circulation pipeline 
to be in an open state. The circulation fluid is driven by the 
fluid conveying device to flow in the open circulation pipeline 
to complete the cooling. 
0.124 When there is not a same fluid conveying device 
disposed on each of the circulation pipelines, the control unit 
1000 is a second valve control unit. According to the preset 
control policy and the environment information that is 
acquired by the environment information acquiring unit 
2000, the control unit 1000 is configured to control the open 
ing or the closing of the corresponding control valves to 
enable at least one circulation pipeline to be in an open state, 
and control the corresponding fluid conveying device to drive 
the circulation fluid to flow in the corresponding open circu 
lation pipeline. The circulation fluid flows in the open circu 
lation pipeline to complete the cooling. 
0.125. The environment information acquiring unit 2000 is 
further configured to acquire the indoor temperature of the 
equipment room. 
0.126 Correspondingly, the control unit 1000 is further 
configured to perform fan speed regulation control on the fan 
of the second air-liquid heat exchanger according to the 
acquired outdoor temperature and the preset association 
information between the outdoor temperature information 
and the fan speed of the second air-liquid heat exchanger, 
and/or perform fan speed regulation control on the fan of the 
first air-liquid heat exchanger according to the acquired 
indoor temperature and the preset association information 
between the indoor temperature information and the fan 
speed of the first air-liquid heat exchanger. 
I0127 Next, a control method according to the embodi 
ments of the present invention will be described in detail in 
the following. FIG. 12 is a flow chart of a control method 
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according to an embodiment of the present invention. The 
method is applicable to a cooling system including a buried 
heat exchange unit, a first air-liquid heat exchanger, a second 
air-liquid heat exchanger, a control device, a fluid conveying 
device, and connecting pipes. The cooling system is applied 
to an equipment room. The second air-liquid heat exchanger 
and the buried heat exchange unit are connected by the con 
necting pipes to the first air-liquid heat exchanger to form at 
least two circulation pipelines. The control method includes 
the following steps. 
0128. In step 1010, environment information is acquired, 
where the environment information includes at least one of 
the following temperatures: an outdoor temperature of the 
equipment room and a temperature of the Soil Surrounding 
buried pipes. 
0129. In step 1020, according to a preset control policy 
and the acquired environment information, the opening and/ 
or the closing of the corresponding circulation pipeline (s) is 
controlled, to enable at least one of the at least two circulation 
pipelines to be in an open state (that is, at least one of the at 
least two circulation pipelines is controlled to be in an open 
state), where a circulation fluid flows in the open circulation 
pipeline to complete cooling. 
0130. When the second air-liquid heat exchanger and the 

first air-liquid heat exchanger are connected by the connect 
ing pipes to form the first circulation pipeline, and the buried 
heat exchange unit and the first air-liquid heat exchanger are 
connected by the connecting pipes to form the second circu 
lation pipeline, step 1020 is specifically as follows: control 
the opening of the first circulation pipeline and/or the second 
circulation pipeline according to the preset control policy and 
the acquired environment information. The circulation fluid 
flowing out of the first air-liquid heat exchanger flows into the 
corresponding second air-liquid heat exchanger through the 
first circulation pipeline to perform the cooling, and circulates 
and flows back to the first air-liquid heat exchanger through 
the first circulation pipeline; and/or the circulation fluid flow 
ing out of the first air-liquid heat exchanger flows into the 
corresponding buried heat exchange unit through the second 
circulation pipeline to perform the cooling, and flows back to 
the first air-liquid heat exchanger through the second circu 
lation pipeline. 
0131 Referring to FIG. 5, the circulation fluid flowing out 
of the first air-liquid heat exchanger flows into the corre 
sponding second air-liquid heat exchanger through the first 
circulation pipeline to perform the cooling, and circulates and 
flows back to the first air-liquid heat exchanger through the 
first circulation pipeline; and/or the circulation fluid flowing 
out of the first air-liquid heat exchanger flows into the corre 
sponding buried heat exchange unit through the second cir 
culation pipeline to perform the cooling, and flows back to the 
first air-liquid heat exchanger through the second circulation 
pipeline. 
0132) To control at least one of the at least two circulation 
pipelines to be in an open state, in one implementation, at 
least one control valve is disposed on each of the circulation 
pipelines, and at least one fluid conveying device is disposed 
on each of the circulation pipelines. 
0.133 When the control valves are disposed on the circu 
lation pipelines and the circulation pipelines share one fluid 
conveying device, step 1020 is specifically as follows: control 
the opening or the closing of the corresponding control valves 
according to the preset control policy and the acquired envi 
ronment information, to enable at least one circulation pipe 

Feb. 24, 2011 

line to be in an open state. The circulation fluid is driven by the 
fluid conveying device to flow in the open circulation pipeline 
to complete the cooling. 
I0134. When the control valves are disposed on the circu 
lation pipelines and there is not a shared fluid conveying 
device disposed on each of the circulation pipelines, step 
1020 is specifically as follows: according to the preset control 
policy and the acquired environment information, control the 
opening or the closing of the corresponding control valves to 
enable at least one circulation pipeline to be in an open state 
and control the corresponding fluid conveying device to drive 
the circulation fluid to flow in the open circulation pipeline. 
The circulation fluid flows in the open circulation pipeline to 
complete the cooling. 
I0135) In one implementation, the control policy involved 
in the control method according to the embodiment of the 
present invention may be as follows. 
0.136 For ease of description, the control policy is illus 
trated with reference to FIG.5. When the outdoor temperature 
Tl of the equipment room is equal to or lower than a designed 
maximum working temperature Tf of the second air-liquid 
heat exchanger (specifically, the current working temperature 
of the second air-liquid heat exchanger is lower than or equal 
to the designed maximum working temperature Tf of the 
second air-liquid heat exchanger), the first circulation pipe 
line is opened, the circulation fluid flowing out of the first 
air-liquid heat exchanger enters the second air-liquid heat 
exchanger, and the system uses the first circulation pipeline to 
perform the cooling. In one implementation, the designed 
maximum working temperature Tf of the second air-liquid 
heat exchanger is calculated according to the cooling load 
inside the equipment room and parameters of the air-liquid 
heat exchanger. 
0.137 When the outdoor temperature T1 of the equipment 
room is higher than the designed maximum working tempera 
ture Tf of the second air-liquid heat exchanger, the first cir 
culation pipeline is closed, the second circulation pipeline is 
opened, and the circulation fluid flowing out of the first air 
liquid heat exchanger enters the buried heat exchange unit. 
0.138. When the two circulation pipelines cannot satisfy 
the cooling requirements, that is, when the indoor tempera 
ture T2 of the equipment room is higher than the indoor 
maximum allowed temperature of the equipment room (for 
example, the maximum allowed inlet temperature of the 
indoor communication apparatus in the equipment room), 
and the outdoor temperature T1 of the equipment room is 
higher than the designed maximum working temperature Tf 
of the second air-liquid heat exchanger, the first circulation 
pipeline and the second circulation pipeline are both opened 
to perform the cooling. It is understood that the control policy 
is applicable to FIGS. 4 to 7, FIG.9, and FIG. 10. 
0.139 FIG. 13 is a detailed flow chart of a control method 
according to Embodiment 1 of the present invention. Refer 
ring to FIG. 13, the method is applicable to a cooling system 
including a buried heat exchange unit, a first air-liquid heat 
exchanger, a second air-liquid heat exchanger, a control 
device, a fluid conveying device, and connecting pipes. For 
ease of description, the control method is illustrated with 
reference to FIG. 5. After the cooling system starts to operate, 
the method includes the following steps. 
0140. In step 1011, an outdoor temperature T1 of the 
equipment room and an indoor temperature T2 of the equip 
ment room are acquired. 
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0141 Specifically, the outdoor temperature T1 and the 
indoor temperature T2 of the equipment room are acquired by 
using a temperature sensor. 
0142. In step 1012, according to the control policy, the 
outdoor temperature T1 is compared with the designed maxi 
mum working temperature Tf of the second air-liquid heat 
exchanger, and when T1DTf, step 1014 is performed; other 
wise, step 1013 is performed. 
0143. In step 1013, according to the control policy, the 
indoor temperature T2 of the equipment room is compared 
with the indoor maximum allowed temperature Ts of the 
equipment room (for example, the maximum allowed inlet 
temperature of the indoor communication apparatus of the 
equipment room), and when T2>Ts, step 1016 is performed: 
otherwise, step 1015 is performed. 
0144. In step 1014, control the opening of the second 
circulation pipeline, and the second circulation pipeline oper 
ates. 

0145 Specifically, control the opening of the second cir 
culation pipeline, and the circulation fluid is driven by the 
fluid conveying device to flow in the open second circulation 
pipeline to complete the cooling. 
0146 In step 1015, control the opening of the first circu 
lation pipeline, and the first circulation pipeline operates. 
0147 Specifically, control the opening of the first circula 
tion pipeline, and the circulation fluid is driven by the fluid 
conveying device to flow in the open first circulation pipeline 
to complete the cooling. 
0148. In step 1016, control the opening of the first circu 
lation pipeline and the second circulation pipeline, and the 
first circulation pipeline and second circulation pipeline oper 
ate at the same time. 
0149 Specifically, control the opening of the first circula 
tion pipeline and the second circulation pipeline at the same 
time, and the circulation fluid is driven by the fluid conveying 
device to flow in the open first circulation pipeline and the 
open second circulation pipeline to complete the cooling. 
0150. As can be seen from the above, in the control method 
according to the embodiment of the present invention, the 
circulation fluid flows in the first circulation pipeline and/or 
the second circulation pipeline to perform the cooling. Thus, 
the present invention achieves better power-saving perfor 
mance than conventional air conditioning systems for the 
equipment room. In addition, the problem of system instabil 
ity caused by a high underground Soil temperature is pre 
vented, where the high underground soil temperature occurs 
because the soil receives the heat for a long time. Therefore, 
the cooling (temperature control) system can operate more 
stably. 
0151. In addition, in the embodiment of the present inven 

tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
0152. In another implementation, the control policy 
involved in the control method according to the embodiment 
of the present invention may also be as follows. An outdoor 
temperature T1, a temperature T3 of the soil surrounding the 
underground buried pipes, a designed maximum working 
temperature Tf of the second air-liquid heat exchanger, and a 
designed maximum temperature Tm of the soil Surrounding 
the underground buried pipes are discussed in the following. 
0153. For ease of description, the control method is 
described with reference to FIG. 5. When the cooling system 
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starts to operate, the second circulation pipeline is opened, so 
that the circulation fluid flowing out of the first air-liquid heat 
exchanger enters the buried heat exchange unit, and transfers 
heat to the underground soil. When the temperature T3 of the 
SoilSurrounding the underground buried pipes gradually rises 
to Tm, T1 is compared with Tf. When T1 is lower than or 
equal to Tf, the first circulation pipeline is opened, and the 
second circulation pipeline is closed; and when T1 is higher 
than Tf, the first circulation pipeline and the second circula 
tion pipeline are opened at the same time, so that the two 
circulation pipelines share a certain part of the heat load. The 
control policy is applicable to FIGS. 4 to 7, FIG.9, and FIG. 
10. 

0154 That is, when the temperature T3 of the soil sur 
rounding the underground buried pipes is lower than the 
designed maximum temperature Tm of the soil Surrounding 
the underground buried pipes, control the opening of the 
second circulation pipeline, and the circulation fluid is driven 
by the fluid conveying device to flow in the open second 
circulation pipeline to complete the cooling. 
(O155 When the temperature T3 of the soil surrounding the 
underground buried pipes is higher than or equal to the 
designed maximum temperature Tm of the soil Surrounding 
the underground buried pipes, and T1 is lower than or equal to 
the designed maximum working temperature Tf of the second 
air-liquid heat exchanger, control the opening of the first 
circulation pipeline, and the circulation fluid is driven by the 
fluid conveying device to flow in the open first circulation 
pipeline to complete the cooling. 
0156 When the temperature T3 of the soil surrounding the 
underground buried pipes is higher than or equal to the 
designed maximum temperature Tm of the soil Surrounding 
the underground buried pipes, and T1 is higher than the 
designed maximum working temperature Tf of the second 
air-liquid heat exchanger, control the opening of the first 
circulation pipeline and the second circulation pipeline. The 
circulation fluid is driven by the fluid conveying device to 
flow in the open first circulation pipeline and second circula 
tion pipeline to complete the cooling. 
0157 FIG. 14 is a detailed flow chart of a control method 
according to Embodiment 2 of the present invention. The 
method is applicable to a cooling system including a buried 
heat exchange unit, a first air-liquid heat exchanger, a second 
air-liquid heat exchanger, a control device, a fluid conveying 
device, and connecting pipes. For ease of description, the 
control method is described with reference to FIG.5. After the 
cooling system starts to operate, the method includes the 
following steps. 
0158 An outdoor temperature T1, a temperature T3 of the 
underground soil in which buried pipes are buried, a designed 
maximum working temperature Tf of the second air-liquid 
heat exchanger, and a designed maximum temperature Tm of 
the Soil Surrounding the underground buried pipes are dis 
cussed in the following. 
0159. In step 2011, the outdoor temperature T1 of the 
equipment room and the temperature T3 of the soil surround 
ing the buried pipes are acquired. 
0160 Specifically, the outdoor temperature T1 and the 
temperature T3 of the soil surrounding the buried pipes are 
acquired by using a temperature sensor. 
0.161. In step 2012, according to a control policy, the tem 
perature T3 of the soil surrounding the buried pipes is com 
pared with the designed maximum temperature Tm of the soil 
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Surrounding the underground buried pipes, and whenT3<Tm, 
step 2014 is performed; otherwise, step 2013 is performed. 
0162. In step 2013, according to the control policy, the 
outdoor temperature T1 is compared with the designed maxi 
mum working temperature Tf of the second air-liquid heat 
exchanger, and when T1D-Tf step 2016 is performed; other 
wise, step 2015 is performed. 
0163. In step 2014, control the opening of the second 
circulation pipeline, and the second circulation pipeline oper 
ates. 

0164. Specifically, control the opening of the second cir 
culation pipeline, and the circulation fluid is driven by the 
fluid conveying device to flow in the open second circulation 
pipeline to complete the cooling. 
0.165. In step 2015, control the opening of the first circu 
lation pipeline, and the first circulation pipeline operates. 
0166 Specifically, control the opening of the first circula 
tion pipeline, and the circulation fluid is driven by the fluid 
conveying device to flow in the open first circulation pipeline 
to complete the cooling. 
0167. In step 2016, control the opening of the first circu 
lation pipeline and the second circulation pipeline, and the 
first circulation pipeline and the second circulation pipeline 
operate at the same time. 
0168 Specifically, control the opening of the first circula 
tion pipeline and the second circulation pipeline at the same 
time, and the circulation fluid is driven by the fluid conveying 
device to flow in the open first circulation pipeline and second 
circulation pipeline to complete the cooling. 
0169. As can be seen from the above, in the control method 
according to the embodiment of the present invention, the 
circulation fluid flows in the first circulation pipeline and/or 
the second circulation pipeline to perform the cooling. Thus, 
the present invention achieves better power-saving perfor 
mance than conventional air conditioning systems for the 
equipment room. In addition, the problem of system instabil 
ity caused by a high underground Soil temperature is pre 
vented, where the high underground soil temperature occurs 
because the soil receives the heat for a long time. Therefore, 
the cooling (temperature control) system can operate more 
stably. 
0170 In addition, in the embodiment of the present inven 

tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
(0171 FIG. 15 is a detailed flow chart of a control method 
according to Embodiment 3 of the present invention. Refer 
ring to FIG. 15, the method is applicable to a cooling system 
including a buried heat exchange unit, a first air-liquid heat 
exchanger, a second air-liquid heat exchanger, a control 
device, a fluid conveying device, and connecting pipes, and 
the cooling system is applied to an equipment room. As 
shown in FIG. 5, control valves 4.3, 4.4, 4.2, and 4.1 are 
disposed at different positions of the connecting pipes 407. 
The control method includes the following steps. 
0172. In step 3011, outdoor temperature information T1 is 
collected from at least one measure and control point dis 
posed outside the equipment room. 
0173 It should be noted that when the outdoor tempera 
ture information is collected from multiple measure and con 
trol points, an outdoor mean temperature can be obtained 
through calculation. 
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0.174. In step 3012, according to the control policy, the 
collected outdoor temperature T1 is compared with a preset 
value Ts, and when T1D-Ts, step 3013 is performed; other 
wise, step 3014 is performed. 
0.175. That is, control the opening or the closing of the 
corresponding control value according to the comparison 
result. 

0176 The preset value, for example, is approximate to the 
local annual mean temperature of the equipment room, or a 
temperature value obtained by comprehensively considering 
the environment information including the indoor tempera 
ture and outdoor temperature of the equipment room and the 
soil situation. 

0177. In step 3013, control the opening of the control valve 
4.3 and the control valve 4.4. 

0178. In step 3014, control the opening of the control valve 
4.2 and the control valve 4.1. 

0179 The control method is described in detail below with 
reference to FIG. 5. The specific description is illustrated in 
the following: when the outdoor temperature T1 of the equip 
ment room is higher than the set value Ts, control the opening 
of the control valve 4.3 and the control valve 4.4 and close the 
control valve 4.2 and the control valve 4.1. The circulation 
fluid 406 flowing out of the first air-liquid heat exchanger 402 
and absorbing the heat flows to the buried heat exchange unit 
401 along the open second circulation pipeline, the buried 
heat exchange unit 401 transfers the heat to the soil 408, and 
the temperature of the buried heat exchange unit 401 is low 
ered. The circulation fluid 406 (i.e., cold fluid) flows back to 
the first air-liquid heat exchanger 402 along the open second 
circulation pipeline to complete one circulation, so as to 
dissipate the heat in the equipment room. 
0180. When the outdoor temperature T1 of the equipment 
room is lower than the set valueTs, control the opening of the 
control valve 4.1 and the control valve 4.2 and close the 
control valve 4.3 and the control valve 4.4. The circulation 
fluid 406 flowing out of the first air-liquid heat exchanger 402 
and absorbing the heat flows to the second air-liquid heat 
exchanger 403 along the open first circulation pipeline. In the 
second air-liquid heat exchanger 403, the circulation fluid 
transfers the heat to the outside air, and has its temperature 
lowered. The circulation fluid 406 (i.e., cold fluid) flows back 
to the first air-liquid heat exchanger 402 along the open first 
circulation pipeline to complete one circulation, so as to 
dissipate the heat in the equipment room. 
0181. As can be seen from the above, the embodiments of 
the present invention fully use the underground soil and the 
outside air to dissipate heat according to local climate char 
acteristics and soil temperature change characteristics of the 
equipment room. When the circulation fluid flows to the 
buried heat exchange unit, the heat is transferred to the soil; 
and when the circulation fluid flows to the second air-liquid 
heat exchanger, the heat is transferred to the outside air. Thus, 
through the alternate or simultaneous cooling in the two 
modes, the equipment room can reach a suitable temperature, 
and the communication apparatus in the equipment room can 
operate normally for a long period. Therefore, the present 
invention achieves better power-saving performance than 
conventional air conditioners for the equipment room, 
reduces the influence on the environment, and prevents the 
problem of system instability caused by high underground 
soil temperature as the soil receives the heat for a long time, 
So as to enable the cooling system to operate more stably. 
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0182. In addition, in the embodiment of the present inven 
tion, when the outside air is used for cooling, the outside air is 
not directly introduced into the equipment room, so the cool 
ing system has low requirements for the air quality. There 
fore, the application scenarios are not limited. 
0183 Persons of ordinary skill in the art should under 
stand that the process of the control method according to the 
embodiments of the present invention may be implemented 
by a program instructing relevant hardware. The program 
may be stored in a computer readable storage medium. When 
the program is run, the steps of the method according to the 
embodiments of the present invention are performed. The 
storage medium may be a ROM, a RAM, a magnetic disk, or 
an optical disk. 
0184. To sum up, the above descriptions are merely pre 
ferred embodiments of the present invention, but are not 
intended to limit the protection scope of the present invention. 
Any modification, equivalent replacement, or improvement 
made without departing from the spirit and principle of the 
present invention should fall within the scope of the present 
invention. 

What is claimed is: 
1. A cooling system, applied to an equipment room, and 

comprising a first air-liquid heat exchanger, a second air 
liquid heat exchanger, a buried heat exchange unit, a control 
device, a fluid conveying device, and connecting pipes, 
wherein the first air-liquid heat exchanger is disposed in the 
equipment room, the second air-liquid heat exchanger is dis 
posed outside the equipment room, the buried heat exchange 
unit is buried underground, and the second air-liquid heat 
exchanger and the buried heat exchange unit are connected by 
the connecting pipes to the first air-liquid heat exchanger to 
form at least two circulation pipelines; and 

the control device is configured to acquire environment 
information, and control at least one of the at least two 
circulation pipelines to be in an open State according to 
a control policy and the acquired environment informa 
tion, wherein a circulation fluid is driven by the fluid 
conveying device to flow in the open circulation pipe 
line, and the environment information comprises at least 
one of the following temperatures: an outdoor tempera 
ture of the equipment room and a temperature of the soil 
Surrounding buried pipes. 

2. The system according to claim 1, wherein the first air 
liquid heat exchanger comprises a coil pipe structure, an air 
inlet, an air outlet, and an air conveying device, and is con 
figured to use the air conveying device to Suck in hot air in the 
equipment room through the air inlet, wherein the hot air 
exchanges heat with the circulation fluid flowing in the coil 
pipe structure, the hot air returns to the equipment room as 
cold air after releasing the heat, and the circulation fluid 
flowing in the coil pipe structure is driven by the fluid con 
veying device to flow out of the first air-liquid heat exchanger 
after absorbing the heat of the hot air. 

3. The system according to claim 1, wherein the second 
air-liquid heat exchanger and the first air-liquid heat 
exchanger are connected by the connecting pipes to form a 
first circulation pipeline, and the buried heat exchange unit 
and the first air-liquid heat exchanger are connected by the 
connecting pipes to form a second circulation pipeline; and 

the control device is a first control device, and is configured 
to acquire the environment information, and control the 
first circulation pipeline to be in an open state according 
to the control policy and the acquired environment infor 
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mation, wherein the circulation fluid is driven by the 
fluid conveying device to flow in the open first circula 
tion pipeline, and the environment information includes 
at least one of the following temperatures: an outdoor 
temperature of the equipment room and a temperature of 
the Soil Surrounding buried pipes; or 

the control device is a first control device, and is configured 
to acquire the environment information, and control the 
second circulation pipeline to be in an open state accord 
ing to the control policy and the acquired environment 
information, wherein the circulation fluid is driven by 
the fluid conveying device to flow in the open second 
circulation pipeline, and the environment information 
includes at least one of the following temperatures: an 
outdoor temperature of the equipment room and a tem 
perature of the soil Surrounding buried pipes; or 

the control device is a first control device, and is configured 
to acquire the environment information, and control the 
first circulation pipeline and the second circulation pipe 
line to be in an open state according to the control policy 
and the acquired environment information, wherein the 
circulation fluid is driven by the fluid conveying device 
to flow in the open first circulation pipeline and second 
circulation pipeline, and the environment information 
includes at least one of the following temperatures: an 
outdoor temperature of the equipment room and a tem 
perature of the soil Surrounding buried pipes. 

4. The system according to claim 3, wherein after the 
circulation fluid flows into the second air-liquid heat 
exchanger along the open first circulation pipeline, the second 
air-liquid heat exchanger is configured to enable the circula 
tion fluid flowing in coil pipes of the second air-liquid heat 
exchanger to exchange the heat with the air flowing outside 
the coil pipes, wherein the circulation fluid with a lowered 
temperature is driven by the fluid conveying device to circu 
late and flow back to the first air-liquid heat exchanger along 
the open first circulation pipeline. 

5. The system according to claim3, wherein the buried heat 
exchange unit comprises one or more groups of underground 
buried pipes; when the circulation fluid flows into the buried 
heat exchange unit along the open second circulation pipe 
line, the buried heat exchange unit is configured to enable the 
circulation fluid to transfer the heat to the soil when flowing in 
the underground buried pipes, wherein the circulation fluid 
with a lowered temperature is driven by the fluid conveying 
device to flow back to the first air-liquid heat exchanger along 
the open second circulation pipeline. 

6. The system according to claim 1, wherein at least one 
control valve is disposed on each of the circulation pipelines, 
and at least one fluid conveying device is disposed on each of 
the circulation pipelines and the at least one fluid conveying 
device is disposed at the same pipe position of the circulation 
pipelines, 

the control device is a first valve control device, configured 
to control the opening or the closing of the correspond 
ing control valves according to the control policy and the 
acquired environment information, to enable at least one 
circulation pipeline to be in an open state, wherein the 
circulation fluid is driven by the fluid conveying device 
to flow in the open circulation pipeline. 

7. The system according to claim 1, wherein at least one 
control valve is disposed on each of the circulation pipelines, 
and at least one fluid conveying device is disposed on each of 
the circulation pipelines separately, 
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the control device is a second valve control device, config 
ured to control the opening or the closing of the corre 
sponding control valves, to enable at least one circula 
tion pipeline to be in an open State, and control the 
corresponding fluid conveying device to drive the circu 
lation fluid to flow in the open circulation pipeline, 
according to the control policy and the acquired envi 
ronment information, wherein the circulation fluid flows 
in the open circulation pipeline. 

8. An equipment room, wherein a cooling system is applied 
to the equipment room, the cooling system comprises a first 
air-liquid heat exchanger, a second air-liquid heat exchanger, 
a buried heat exchange unit, a control device, a fluid convey 
ing device, and connecting pipes; the first air-liquid heat 
exchanger is disposed in the equipment room; the second 
air-liquid heat exchanger disposed outside the equipment 
room, and the buried heat exchange unit buried underground 
are connected by the connecting pipes to the first air-liquid 
heat exchanger to form at least two circulation pipelines; and 

the control device is configured to acquire environment 
information, and control at least one of the at least two 
circulation pipelines to be in an open State according to 
a control policy and the acquired environment informa 
tion, wherein a circulation fluid is driven by the fluid 
conveying device to flow in the open circulation pipe 
line, and the environment information includes at least 
one of the following temperatures: an outdoor tempera 
ture of the equipment room and a temperature of the soil 
Surrounding buried pipes. 

9. The equipment room according to claim 8, wherein at 
least one control valve is disposed on each of the circulation 
pipelines, at least one fluid conveying device is disposed on 
each of the circulation pipelines, and the at least one fluid 
conveying device is disposed at the same pipe position of the 
circulation pipelines, 

the control device is a first valve control device, configured 
to control the opening or the closing of the correspond 
ing control valves according to the control policy and the 
acquired environment information, to enable at least one 
circulation pipeline to be in an open state, wherein the 
circulation fluid is driven by the fluid conveying device 
to flow in the open circulation pipeline. 

10. The equipment room according to claim 8, wherein at 
least one control valve is disposed on each of the circulation 
pipelines, and at least one fluid conveying device is disposed 
on each of the circulation pipelines separately, 

the control device is a second valve control device, config 
ured to control the opening or the closing of the corre 
sponding control valves to enable at least one circulation 
pipeline to be in an open state, and control the corre 
sponding fluid conveying device to drive the circulation 
fluid to flow in the open circulation pipeline according to 
the control policy and the acquired environment infor 
mation, wherein the circulation fluid flows in the open 
circulation pipeline. 

11. The equipment room according to claim 8, wherein the 
second air-liquid heat exchanger and the first air-liquid heat 
exchanger are connected by the connecting pipes to form a 
first circulation pipeline, and the buried heat exchange unit 
and the first air-liquid heat exchanger are connected by the 
connecting pipes to form a second circulation pipeline; and 
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a first control valve and a second control valve are disposed 
on the first circulation pipeline, and a third control valve 
and a fourth control valve are disposed on the second 
circulation pipeline, 

the control device is a third valve control device, config 
ured to control the opening of the first control valve and 
the second control valve according to the control policy 
and the acquired environment information, wherein the 
circulation fluid flows in the first circulation pipeline on 
which the opened control valves are arranged; or 

the control device is a third valve control device, config 
ured to control the opening of the third control valve and 
the fourth control valve according to the control policy 
and the acquired environment information, wherein the 
circulation fluid flows in the second circulation pipeline 
on which the opened control valves are arranged; or 

the control device is a third valve control device, config 
ured to control the opening of the first control valve and 
the second control valve and the opening of the third 
control valve and the fourth control valve according to 
the control policy and the acquired environment infor 
mation, wherein the circulation fluid flows in the first 
circulation pipeline and the second circulation pipeline 
on which the opened control valves are arranged. 

12. The equipment room according to claim 8, wherein the 
control device comprises: 

an environment information acquiring unit, configured to 
acquire the environment information, wherein the envi 
ronment information includes at least one of the follow 
ing temperatures: an outdoor temperature of the equip 
ment room and a temperature of the Soil Surrounding 
buried pipes; and 

a control unit, configured to control at least one of the at 
least two circulation pipelines to be in an open state 
according to the control policy and the environment 
information that is acquired by the environment infor 
mation acquiring unit, wherein the circulation fluid is 
driven by the fluid conveying device to flow in the open 
circulation pipeline. 

13. The equipment room according to claim 12, wherein 
the environment information acquiring unit is further config 
ured to acquire an indoor temperature of the equipment room; 
and 

the control unit is further configured to perform corre 
sponding fan speed regulation control on a fan of the 
second air-liquid heat exchanger according to the 
acquired outdoor temperature of the equipment room 
and association information between the outdoor tem 
perature information and fan speeds of the fan of the 
second air-liquid heat exchanger; or 

the control unit is further configured to perform corre 
sponding fan speed regulation control on a fan of the first 
air-liquid heat exchanger according to the acquired 
indoor temperature of the equipment room and associa 
tion information between the indoor temperature infor 
mation and fan speeds of the fan of the first air-liquid 
heat exchanger; or 

the control unit is further configured to perform corre 
sponding fan speed regulation control on a fan of the 
second air-liquid heat exchanger according to the 
acquired outdoor temperature of the equipment room 
and association information between the outdoor tem 
perature information and fan speeds of the fan of the 
second air-liquid heat exchanger, and to perform corre 



US 2011/0042057 A1 

sponding fan speed regulation control on a fan of the first 
air-liquid heat exchanger according to the acquired 
indoor temperature of the equipment room and associa 
tion information between the indoor temperature infor 
mation and fan speeds of the fan of the first air-liquid 
heat exchanger. 

14. A control method, applicable to a cooling system com 
prising a buried heat exchange unit, a first air-liquid heat 
exchanger, a second air-liquid heat exchanger, a control 
device, a fluid conveying device, and connecting pipes, the 
cooling system being applied to an equipment room, wherein 
the second air-liquid heat exchanger and the buried heat 
exchange unit are connected by the connecting pipes to the 
first air-liquid heat exchanger to form at least two circulation 
pipelines, the method comprising: 

acquiring environment information, wherein the environ 
ment information comprises at least one of the following 
temperatures: an outdoor temperature of the equipment 
room and a temperature of the soil Surrounding buried 
pipes; and 

controlling at least one of the at least two circulation pipe 
lines to be in an open state according to a control policy 
and the acquired environment information, wherein a 
circulation fluid is driven by the fluid conveying device 
to flow in the open circulation pipeline. 

15. The method according to claim 14, wherein when the 
second air-liquid heat exchanger and the first air-liquid heat 
exchanger are connected by the connecting pipes to form a 
first circulation pipeline, and the buried heat exchange unit 
and the first air-liquid heat exchanger are connected by the 
connecting pipes to form a second circulation pipeline, 

the controlling at least one of the at least two circulation 
pipelines to be in an open state according to a control 
policy and the acquired environment information, 
wherein a circulation fluid is driven by the fluid convey 
ing device to flow in the open circulation pipeline com 
prises: 

controlling the opening of the first circulation pipeline 
according to the control policy and the acquired envi 
ronment information, wherein the circulation fluid flow 
ing out of the first air-liquid heat exchanger flows into 
the corresponding second air-liquid heat exchanger 
through the first circulation pipeline to perform the cool 
ing, and circulates and flows back to the first air-liquid 
heat exchanger through the first circulation pipeline; or 

controlling the opening of the second circulation pipeline 
according to the control policy and the acquired envi 
ronment information, wherein the circulation fluid flow 
ing out of the first air-liquid heat exchanger flows into 
the corresponding buried heat exchange unit through the 
second circulation pipeline to perform the cooling, and 
flows back to the first air-liquid heat exchanger through 
the second circulation pipeline; or 

controlling the opening of the first circulation pipeline and 
the second circulation pipeline according to the control 
policy and the acquired environment information, 
wherein the circulation fluid flowing out of the first 
air-liquid heat exchanger flows into the corresponding 
second air-liquid heat exchanger through the first circu 
lation pipeline to perform the cooling, and circulates and 
flows back to the first air-liquid heat exchanger through 
the first circulation pipeline; and, the circulation fluid 
flowing out of the first air-liquid heat exchanger flows 
into the corresponding buried heat exchange unit 
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through the second circulation pipeline to perform the 
cooling, and flows back to the first air-liquid heat 
exchanger through the second circulation pipeline. 

16. The method according to claim 14, wherein at least one 
control valve is disposed on each of the circulation pipelines, 
and at least one fluid conveying device is disposed on each of 
the circulation pipelines, and the at least one fluid conveying 
device is disposed at the same pipe position of the circulation 
pipelines, 

the controlling at least one of the at least two circulation 
pipelines to be in an open state according to a control 
policy and the acquired environment information, 
wherein a circulation fluid is driven by the fluid convey 
ing device to flow in the open circulation pipeline com 
prises: 

controlling the opening or the closing of the corresponding 
control valves according to the control policy and the 
acquired environment information, to enable at least one 
circulation pipeline to be in an open state, wherein the 
circulation fluid is driven by the fluid conveying device 
to flow in the open circulation pipeline. 

17. The method according to claim 14, wherein at least one 
control valve is disposed on each of the circulation pipelines, 
and at least one fluid conveying device is disposed on each of 
the circulation pipelines separately, 

the controlling at least one of the at least two circulation 
pipelines to be in an open state according to a control 
policy and the acquired environment information, 
wherein a circulation fluid is driven by the fluid convey 
ing device to flow in the open circulation pipeline com 
prises: 

controlling the opening or the closing of the corresponding 
control valves to enable at least one circulation pipeline 
to be in an open state, and controlling the corresponding 
fluid conveying device to drive the circulation fluid in the 
open circulation pipeline to flow, according to the con 
trol policy and the acquired environment information, 
wherein the circulation fluid flows in the open circula 
tion pipeline. 

18. The method according to claim 14, wherein the acquir 
ing environment information, wherein the environment infor 
mation comprises at least one of the following temperatures: 
an outdoor temperature of the equipment room and a tem 
perature of the soil Surrounding buried pipes comprises: 
acquiring the outdoor temperature T1 of the equipment room 
and an indoor temperature T2 of the equipment room; 
when the second air-liquid heat exchanger and the first 

air-liquid heat exchanger are connected by the connect 
ing pipes to form a first circulation pipeline, and the 
buried heat exchange unit and the first air-liquid heat 
exchanger are connected by the connecting pipes to 
form a second circulation pipeline, the controlling at 
least one of the at least two circulation pipelines to be in 
an open State according to a control policy and the 
acquired environment information comprises: 

when the outdoor temperature T1 of the equipment room is 
higher than a designed maximum working temperature 
Tf of the second air-liquid heat exchanger, controlling 
the opening of the second circulation pipeline, wherein 
the circulation fluid is driven by the fluid conveying 
device to flow in the open second circulation pipeline; 

when the outdoor temperature T1 of the equipment room is 
lower than or equal to the designed maximum working 
temperature Tf of the second air-liquid heat exchanger, 
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controlling the opening of the first circulation pipeline, 
wherein the circulation fluid is driven by the fluid con 
veying device to flow in the open first circulation pipe 
line; and 

when the indoor temperature T2 of the equipment room is 
higher than an indoor maximum allowed temperature Ts 
of the equipment room and the outdoor temperature T1 
of the equipment room is higher than the designed maxi 
mum working temperature Tf of the second air-liquid 
heat exchanger, controlling the opening of the first cir 
culation pipeline and the second circulation pipeline, 
wherein the circulation fluid is driven by the fluid con 
veying device to flow in the open first circulation pipe 
line and second circulation pipeline. 

19. The method according to claim 14, wherein the acquir 
ing environment information, wherein the environment infor 
mation comprises at least one of the following temperatures: 
an outdoor temperature of the equipment room and a tem 
perature of the Soil Surrounding buried pipes comprises: 

acquiring the outdoor temperature T1 of the equipment 
room and the temperature T3 of the soil surrounding the 
underground buried pipes; 

when the second air-liquid heat exchanger and the first 
air-liquid heat exchanger are connected by the connect 
ing pipes to form a first circulation pipeline, and the 
buried heat exchange unit and the first air-liquid heat 
exchanger are connected by the connecting pipes to 
form a second circulation pipeline, the controlling at 
least one of the at least two circulation pipelines to be in 
an open State according to a control policy and the 
acquired environment information comprises: 

when the temperature T3 of the soil surrounding the under 
ground buried pipes is lower than a designed maximum 
temperature Tm of the Soil Surrounding the underground 
buried pipes, controlling the opening of the second cir 
culation pipeline, wherein the circulation fluid is driven 
by the fluid conveying device to flow in the open second 
circulation pipeline; 

when the temperature T3 of the soil surrounding the under 
ground buried pipes is higher than or equal to the 
designed maximum temperature Tm of the Soil Sur 

16 
Feb. 24, 2011 

rounding the underground buried pipes and the outdoor 
temperature T1 of the equipment room is lower than or 
equal to a designed maximum working temperature Tf 
of the second air-liquid heat exchanger, controlling the 
opening of the first circulation pipeline, wherein the 
circulation fluid is driven by the fluid conveying device 
to flow in the open first circulation pipeline; and 

when the temperature T3 of the soil surrounding the under 
ground buried pipes is higher than or equal to the 
designed maximum temperature Tm of the soil Sur 
rounding the underground buried pipes and the outdoor 
temperature T1 of the equipment room is higher than the 
designed maximum working temperature Tf of the Sec 
ond air-liquid heat exchanger, controlling the opening of 
the first circulation pipeline and the second circulation 
pipeline, wherein the circulation fluid is driven by the 
fluid conveying device to flow in the open first circula 
tion pipeline and second circulation pipeline. 

20. A computer-readable storage medium having computer 
executable instructions for performing a control method, 
applicable to a cooling system comprising a buried heat 
exchange unit, a first air-liquid heat exchanger, a second 
air-liquid heat exchanger, a control device, a fluid conveying 
device, and connecting pipes, the cooling system being 
applied to an equipment room, wherein the second air-liquid 
heat exchanger and the buried heat exchange unit are con 
nected by the connecting pipes to the first air-liquid heat 
exchanger to form at least two circulation pipelines, the 
method comprising: 

acquiring environment information, wherein the environ 
ment information comprises at least one of the following 
temperatures: an outdoor temperature of the equipment 
room and a temperature of the soil Surrounding buried 
pipes; and 

controlling at least one of the at least two circulation pipe 
lines to be in an open state according to a control policy 
and the acquired environment information, wherein a 
circulation fluid is driven by the fluid conveying device 
to flow in the open circulation pipeline. 
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