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CONDENSER AND OPEN LOOP TWO
PHASE COOLING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This non-provisional application claims priority
under 35 US.C. § 119(a) on Patent Application No(s).
202111039333.1 filed in China, on September 6th, 2021
and on Patent Application No(s). 2021110380558 filed in
China, on September 6th, 2021, the entire contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Technical Field of the Invention

[0002] The invention relates to a condenser and a cooling
system, more particularly to a condenser and an open loop
two phase cooling system.

Description of the Related Art

[0003] As technology rapidly progresses, especially in the
era of increasing requirements of network, artificial intelli-
gence, and cloud server, data center is required to process
much more amount of data. In order to maintain or increas-
ing the processing performance, it is necessary to constantly
and effectively dissipate heat of the data center. However,
the power density of the data center is high, such that the
data center generates a large amount of heat while in opera-
tion. Therefore, the power and scale of the conventional heat
dissipation devices are required to be increased to deal with
heat, but this may also increase the power consumption,
which increase the cost and the impact to the environment.
[0004] As a result, liquid cooling technique, such as
immersion cooling, is widely used in recent years. The
immersion cooling not only effectively dissipates heat of
the data center in a low power consumption and cost man-
ner, but also facilitates the size reduction of the data center.
Specifically, the immersion cooling is to immerse heat
sources of the data center, such as a motherboard and elec-
tronic components thereon, in a working fluid which is not
electrically conductive, such that the heat generated by those
heat sources can be rapidly absorbed by the working fluid,
and there is no need to additionally dispose any active cool-
ing device, such as fan. Therefore, immersion cooling
increases the heat dissipation efficiency and facilitates the
arrangement of hardware of the data center.

[0005] The more data the data center is required to pro-
cess, the larger amount of heat the data center generates,
and thus a present immersion cooling system uses a conden-
ser to condense the working fluid in the immersion cooling
system. The condenser generally uses a fan to generate an
airflow to cool the gaseous working fluid in the condenser.
However, such condenser having the fan is required to be
large in size for effectively dissipate heat absorbed by the
working fluid, but the large-sized condenser is difficult to be
installed in a finite space of a rack. Therefore, only a con-
denser having a small size is available for the installation,
which results in an issue of the insufficient heat dissipation
efficiency.
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SUMMARY OF THE INVENTION

[0006] The invention provides a condenser and an open
loop two phase cooling system which have an improved
heat dissipation efficiency of the condenser.

[0007] One embodiment of the invention provides a con-
denser. The condenser is configured to cool a working fluid
via a coolant. The condenser includes a casing and a plural-
ity of pipes. The casing includes an inlet chamber, an outlet
chamber, a first inlet, a first outlet, an accommodation space,
a second inlet, and a second outlet. The inlet chamber and
the outlet chamber are respectively located at two opposite
sides of the casing, the first inlet and the first outlet are
respectively in fluid communication with the inlet chamber
and the outlet chamber. The accommodation space is not in
fluid communication with the inlet chamber and the outlet
chamber, the accommodation space is configured to accom-
modate the coolant, and the second inlet and the second out-
let are in fluid communication with the accommodation
space. The pipes are disposed in the accommodation
space. Two opposite ends of each of the pipes are respec-
tively in fluid communication with the inlet chamber and the
outlet chamber, and the working fluid is configured to flow
from the inlet chamber to the outlet chamber via the pipes.
The first inlet is located closer to the second outlet than the
first outlet, and the first outlet is located closer to the second
inlet than the first inlet.

[0008] Another embodiment of the invention provides an
open loop two phase cooling system. The open loop two
phase cooling system includes at least one immersion cool-
ing server, a condenser, a tank, a cooling distribution unit,
and a fluid driver. The condenser is in fluid communication
with the immersion cooling server and configured to cool a
working fluid via a coolant. The tank is in fluid communica-
tion with the immersion cooling server. The cooling distri-
bution unit is in fluid communication with the condenser.
The fluid driver is in fluid communication with the tank.
The condenser includes a casing and a plurality of pipes.
The casing includes an inlet chamber, an outlet chamber, a
first inlet, a first outlet, an accommodation space, a second
inlet, and a second outlet. The inlet chamber and the outlet
chamber are respectively located at two opposite sides of the
casing, the first inlet and the first outlet are respectively in
fluid communication with the inlet chamber and the outlet
chamber. The accommodation space is not in fluid commu-
nication with the inlet chamber and the outlet chamber, the
accommodation space is configured to accommodate the
coolant, and the second inlet and the second outlet are in
fluid communication with the accommodation space. The
pipes are disposed in the accommodation space. Two oppo-
site ends of each of the pipes are respectively in fluid com-
munication with the inlet chamber and the outlet chamber,
and the working fluid is configured to flow from the inlet
chamber to the outlet chamber via the pipes. The first inlet
1s located closer to the second outlet than the first outlet, and
the first outlet is located closer to the second inlet than the
first inlet

[0009] According to the condenser and the open loop two
phase cooling system as discussed in the above embodi-
ments, the first inlet is located closer to the second outlet
than the first outlet, and the first outlet is located closer to
the second inlet than the first inlet., such that the coolant and
the working fluid can respectively flow in the accommoda-
tion space and the pipes along two opposite directions.
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Therefore, the temperature difference between the coolant
and the working fluid can be ensured to increase the heat
exchange efficiency between the coolant and the working
fluid.

[0010] According to the condensers and the open loop two
phase cooling system as discussed in the above embodi-
ments, since the volume of the gaseous working fluid is
greater than that of the liquid working fluid, by designing
the diameter of the first inlet to be greater than the diameter
of the first outlet can increase the heat dissipation perfor-
mance of the condenser.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only and thus are not limitative of the present
invention and wherein:

[0012] FIG. 1 is a schematic view of an open loop two
phase cooling system having a condenser according to a
first embodiment of the invention;

[0013] FIG. 2 is a perspective view of the condenser in
FIG. 1;

[0014] FIG. 3 is a side view of the condenser in FIG. 2;
[0015] FIG. 4 is another side view of the condenser in
FIG. 2;

[0016] FIG. 5 is a cross-sectional view of the condenser in
FIG. 2;

[0017] FIG. 6 is a schematic cross-sectional view of a pipe
and a capillary structure of the condenser in FIG. 2; and
[0018] FIG. 7 is a schematic cross-sectional view of a pipe
and a capillary structure of a condenser according to a sec-
ond embodiment of the invention.

DETAILED DESCRIPTION

[0019] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

[0020] In addition, the terms used in the present invention,
such as technical and scientific terms, have its own mean-
ings and can be comprehended by those skilled in the art,
unless the terms are additionally defined in the present
invention. That is, the terms used in the following para-
graphs should be read on the meaning commonly used in
the related fields and will not be overly explained, unless
the terms have a specific meaning in the present invention.
[0021] Refer to FIG. 1, where FIG. 1 is a schematic view
of an open loop two phase cooling system 1 having a con-
denser 10 according to a first embodiment of the invention.
The condenser 10 is applied in an open loop two phase cool-
ing system 1. In this embodiment, the open loop two phase
cooling system 1 includes the condenser 10, an immersion
cooling server 20, a tank 30, a cooling distribution unit 40,
and a fluid driver 50.

[0022] The condenser 10, the immersion cooling server
20, the tank 30, and the fluid driver 50 are in fluid commu-
nication with one another, and a working fluid (not shown)
can sequentially flow through the immersion cooling server
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20, the condenser 10, the tank 30, and the fluid driver 50 so
as to complete a first cooling circulation. The condenser 10
is in fluid communication with the cooling distribution unit
40, and a coolant (not shown) can sequentially flow through
the condenser 10 and the cooling distribution unit 40 so as to
complete a second cooling circulation.

[0023] Refer to FIGS. 2 to 5, where FIG. 2 is a perspective
view of the condenser 10 in FIG. 1, FIG. 3 is a side view of
the condenser 10 in FIG. 2, FIG. 4 is another side view of
the condenser 10 in FIG. 2, and FIG. 5 is a cross-sectional
view of the condenser 10 in FIG. 2.

[0024] The condenser 10 is configured to cool the working
fluid (not shown) via the coolant (not shown). The coolant
is, for example, water, and the working fluid is, for example,
a dielectric fluid. In this embodiment, the condenser 10
includes a casing 100, a plurality of pipes 200, a plurality
of baffles 300, and a plurality of capillary structures 400.
[0025] In this embodiment, the casing 100 includes an
inlet chamber 101, an outlet chamber 102, a first inlet 103,
a first outlet 104, an accommodation space 105, a second
inlet 106, and a second outlet 107. The inlet chamber 101
and the outlet chamber 102 are respectively located at two
opposite sides of the casing 100. The first inlet 103 and the
first outlet 104 are respectively in fluid communication with
the inlet chamber 101 and the outlet chamber 102.

[0026] In addition, a diameter D1 of the first inlet 103 is
greater than a diameter D2 of the first outlet 104. Therefore,
a difference between a speed of the gaseous working fluid
flowing to the inlet chamber 101 from the first inlet 103 and
a speed of the liquid working fluid flowing out of the outlet
chamber 102 from the first outlet 104 can be decreased, so
that the cooling efficiency of the coolant to the working fluid
can be improved, and the size of the condenser 10 can be
reduced.

[0027] In addition, in this embodiment, in a direction G of
gravity, the first inlet 103 is located above the first outlet
104, such that it facilitates the recycling of the liquid work-
ing fluid flowing out of the condenser 10 from the first outlet
104.

[0028] Moreover, the first inlet 103 is located closer to the
second outlet 107 than the first outlet 104, and the first outlet
104 is located closer to the second inlet 106 than the first
inlet 103.

[0029] The accommodation space 105 is not in fluid com-
munication with the inlet chamber 101 and the outlet cham-
ber 102, and the accommodation space 105 is configured to
accommodate the coolant. The second inlet 106 and the sec-
ond outlet 107 are in fluid communication with the accom-
modation space 105.

[0030] The pipes 200 are disposed in the accommodation
space 105. Two opposite ends of each of the pipes 200 are
respectively in fluid communication with the inlet chamber
101 and the outlet chamber 102. The working fluid is con-
figured to flow from the inlet chamber 101 to the outlet
chamber 102 via the pipes 200. Furthermore, in this embo-
diment, each of the pipes 200 has a diameter D3 which gra-
dually decreases from one end thereof in fluid communica-
tion with the inlet chamber 101 to another end thereof in
fluid communication with the outlet chamber 102, such
that a difference between a speed of the gaseous working
fluid and a speed of the liquid working fluid in the pipes
200 can be reduced, thereby increasing the recycling effi-
ciency of the working fluid. In some other embodiments,
each of the pipes may have a constant diameter from one
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end thereof in fluid communication with the inlet chamber to
another end thereof in fluid communication with the outlet
chamber.

[0031] In this embodiment, the baffles 300 are fixed to the
casing 100 and located in the accommodation space 105,
such that the coolant can be maintained in the accommoda-
tion space 105 much longer, thereby increasing the heat
exchange efficiency between the working fluid and the cool-
ant. In this embodiment, each of the baffies 300 has a plur-
ality of through holes 301. At least some of the pipes 200 are
respectively disposed through the through holes 301 of each
baffle 300. Moreover, the baffies 300 are misaligned from
one another so as to increase the time that the coolant is held
in the accommodation space 105. In some other embodi-
ments, the baffles may not be misaligned with one another.
In another embodiment, the baffles may not have any
through hole and may be directly fixed to outer surfaces of
the pipes. In still another embodiment, the condenser may
not include the baffles 300.

[0032] Refer to FIG. 6, FIG. 6 is a schematic cross-sec-
tional view of one pipe 200 and one capillary structure 400
of the condenser 10 in FIG. 2. In this embodiment, the capil-
lary structures 400 are respectively disposed in the pipes
200, the following description takes one pipe 200 and one
capillary structure 400 therein for detailed introduction, and
the remaining of them are the same in structure and thus not
further introduced. The capillary structure 400 is disposed
on an inner surface 201 of the pipe 200 and surrounds a
vapor channel 202 in the pipe 200. In the pipe 200, the gas-
eous working fluid mainly flows along the vapor channel
202, and the liquid working fluid mainly flows along the
capillary structure 400. The capillary structure 400 assists
the liquid working fluid flowing towards the outlet chamber
102 from the pipe 200 and thus facilitates the recycling of
the working fluid. In this embodiment, the capillary struc-
ture 400 extends from one end of the pipe 200 in fluid com-
munication with the inlet chamber 101 to another end of the
pipe 200 in fluid communication with the outlet chamber
102, and the capillary structure 400 has a constant thickness
T relative to the inner surface 201 of the pipe 200 from one
end thereof located closer to the inlet chamber 101 to
another end thereof located closer to the outlet chamber
102, but the present invention is not limited thereto.

[0033] Refer to FIG. 7, where FIG. 7 is a schematic cross-
sectional view of a pipe 200q and a capillary structure 400a
of a condenser according to a second embodiment of the
invention. In this embodiment, in each pipe 200a, the capil-
lary structure 400a has a thickness Ta gradually increasing,
relative to an inner surface 201a of the pipe 200a, from one
end thereof located closer to an inlet chamber 101a to
another end thereof located closer to an outlet chamber
102a. Therefore, a vapor channel 202a surrounded by the
capillary structure 400q tapers from one end thereof located
closer to the inlet chamber 101a to another end thereof
located closer to the outlet chamber 102a. Accordingly, a
difference between a speed of the gaseous working fluid
and a speed of the liquid working fluid in the pipe 200a
can be further reduced, thereby increasing the recycling effi-
ciency of the working fluid.

[0034] According to the condensers and the open loop two
phase cooling system as discussed in the above embodi-
ments, the first inlet is located closer to the second outlet
than the first outlet, and the first outlet i1s located closer to
the second inlet than the first inlet., such that the coolant and
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the working fluid can respectively flow in the accommoda-
tion space and the pipes along two opposite directions.
Therefore, the temperature difference between the coolant
and the working fluid can be ensured to increase the heat
exchange efficiency between the coolant and the working
fluid.

[0035] According to the condensers and the open loop two
phase cooling system as discussed in the above embodi-
ments, since the volume of the gaseous working fluid is
greater than that of the liquid working fluid, by designing
the diameter of the first inlet to be greater than the diameter
of the first outlet can increase the heat dissipation perfor-
mance of the condenser.

[0036] In one embodiment of the invention, the condenser
disclosed by the invention can be applied to a server, and the
server may be applied to artificial intelligence (AI) comput-
ing, edge computing and can be used as 5G server, cloud
computing server, or vehicle internet server.

[0037] It will be apparent to those skilled in the art that
various modifications and variations can be made to the pre-
sent invention. It is intended that the specification and exam-
ples be considered as exemplary embodiments only, with a
scope of the invention being indicated by the following
claims and their equivalents.

What is claimed is:

1. A condenser, configured to cool a working fluid via a
coolant, the condenser comprising:

acasing, comprising an inlet chamber, an outlet chamber, a

first inlet, a first outlet, an accommodation space, a sec-
ond inlet, and a second outlet, wherein the inlet chamber
and the outlet chamber are respectively located at two
opposite sides of the casing, the first inlet and the first
outlet are respectively in fluid communication with the
inlet chamber and the outlet chamber, the accommoda-
tion space is not in direct fluid communication with the
inlet chamber and the outlet chamber, the accommoda-
tion space is configure to accommodate the coolant, and
the second inlet and the second outlet are in fluid com-
munication with the accommodation space; and

a plurality of pipes, disposed in the accommodation space,

wherein two opposite ends of each of the plurality of
pipes are respectively in fluid communication with the
inlet chamber and the outlet chamber, and the working
fluid is configured to flow from the inlet chamber to the
outlet chamber via the plurality of pipes;

wherein the first inlet is located closer to the second outlet

than the first outlet, and the first outlet is located closer to
the second inlet than the first inlet.

2. The condenser according to claim 1, further comprising
atleast one baffle, wherein the at least one baffle is fixed to the
casing and located in the accommodation space.

3. The condenser according to claim 2, wherein the at least
one baffle has a plurality of through holes, and at least some of
the plurality of pipes are respectively disposed through the
plurality of through holes.

4. The condenser according to claim 3, wherein the quantity
of the at least one baffle is plural, and the baffles are misa-
ligned from one another.

5. The condenser according to claim 1, further comprising a
plurality of capillary structures, wherein the plurality of capil-
lary structures are respectively disposed in the plurality of

pipes.
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6. The condenser according to claim 5, wherein each of the
plurality of capillary structures extends from one end of one of
the plurality of pipes which is in fluid communication with the
inlet chamber to another end thereof which is in fluid commu-
nication with the outlet chamber, and each of the plurality of
capillary structures has a constant thickness from one end
thereof located closer to the inlet chamber to another end
thereof located closer to the outlet chamber.

7. The condenser according to claim 5, wherein each of the
plurality of capillary structures extends from one end of one of
the plurality of pipes which is in fluid communication with the
inlet chamber to another end thereof which is in fluid commu-
nication with the outlet chamber, and each of the plurality of
capillary structures has a thickness which gradually increases
from one end thereof located closer to the inlet chamber to
another end thereof located closer to the outlet chamber.

8. The condenser according to claim 1, wherein a diameter
of the first inlet is greater than a diameter of the first outlet.

9. The condenser according to claim 1, wherein each of the
plurality of pipes has a diameter which decreases from one
end thereof located closer to the inlet chamber to another
end thereof located closer to the outlet chamber.

10. The condenser according to claim 1, wherein in a direc-
tion of gravity, the first inlet of the casing is located above the
first outlet of the casing.

11. An open loop two phase cooling system, comprising:

at least one immersion cooling server;

a condenser, in fluid communication with the at least one
immersion cooling server and configured to cool a work-
ing fluid via a coolant;

atank, in fluid communication with the at least one immer-
sion cooling server;

acooling distribution unit, in fluid communication with the
condenser; and

a fluid driver, in fluid communication with the tank;
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wherein the condenser comprises:

acasing, comprising an inlet chamber, an outlet chamber, a
first inlet, a first outlet, an accommodation space, a sec-
ond inlet, and a second outlet, wherein the inlet chamber
and the outlet chamber are respectively located at two
opposite sides of the casing, the first inlet and the first
outlet are respectively in fluid communication with the
inlet chamber and the outlet chamber, the accommoda-
tion space is not in fluid communication with the inlet
chamber and the outlet chamber, the accommodation
space is configured to accommodate the coolant, and
the second inlet and the second outlet are in fluid com-
munication with the accommodation space; and

a plurality of pipes, disposed in the accommodation space,

wherein two opposite ends of each of the plurality of
pipes are respectively in fluid communication with the
inlet chamber and the outlet chamber, and the working
fluid is configured to flow from the inlet chamber to the
outlet chamber via the plurality of pipes;

wherein the first inlet is located closer to the second outlet

than the first outlet, and the first outlet is located closer to
the second inlet than the first inlet.

12. The open loop two phase cooling system according to
claim 11, further comprising at least one baffle, wherein the at
least one baffle is fixed to the casing and located in the accom-
modation space.

13. The open loop two phase cooling system according to
claim 11, further comprising a plurality of capillary structures,
wherein the plurality of capillary structures are respectively
disposed in the plurality of pipes.

14. The open loop two phase cooling system according to
claim 11, wherein a diameter of the first inlet is greater than a
diameter of the first outlet.
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