TITLE OF INVENTION: IMMERSION TYPE BATTERY COOLING SYSTEM INCLUDING
VORTEX GENERATOR

BACKGROUND
1. Field

[0001] The following description relates to an immersion type battery cooling system, and
more specifically, to an immersion type battery cooling system, which brings a cooling fluid
into direct contact with a battery and includes a vortex generation structure inside a cooling

block, thereby improving cooling performance of a battery for an electric vehicle.

2. Discussion of Related Art

[0002] Vehicles currently use fossil energy such as petroleum as a power source, but
since the fossil energy reserves are gradually decreasing and cause environmental pollution
due to exhaust gases, electric vehicles using electricity as a power source are being

developed.

[0003] A structure of the battery used in electric vehicles is typically composed of a
plurality of battery cells composed of a lithium ion secondary battery or the like, a battery
module to which the plurality of battery cells are connected, and a plate-shaped battery pack

in which the battery modules are connected in series and/or in parallel.

[0004] Since the battery module generates heat upon charging or discharging, in the
electric vehicles, a battery cooling device is typically configured along with the battery, and
the battery cooling device has a structure in which a cooling fluid may flow. The cooling fluid

absorbs the heat emitted by the battery module to adjust a temperature of the battery module.

[0005] FIG. 1 is a view showing a conventional battery cooling system. Referring to FIG.
1, the conventional battery cooling system is configured in the form of positioning a cooling
block at the bottom of a pouch-type battery pack in which a plurality of battery cells are

stacked to absorb the heat of the battery pack at the top.

[0006] Here, since a contact area between the battery pack and the cooling block is
limited to an area of a bottom surface of the battery pack, cooling efficiency of the battery
pack is not good. In order to respond to a high density of electric vehicle batteries and an

increase in the amount of heat generated through continuous R&D in the future, it is



necessary to introduce a cooling system with a structure capable of improving the cooling

efficiency of the battery pack.

[0007] In addition, in the conventional battery cooling system, there may occur a problem
that cooling is performed from the bottom surface, and thus a temperature deviation within
the battery cell increases due to a low thermal conductivity of the battery cell. This
temperature deviation within the battery cell may lead to a problem of reducing the charging

and discharging efficiency of the battery.

[0008]  Accordingly, it is necessary to develop a battery cooling system, which solves the
above-described problem and exhibits sufficient cooling performance by designing a
structure of a cooling system in which the battery and the cooling fluid come into direct

contact with each other to cool the battery.

[0009] [Related Art Documents]

[0010] [Patent Documents]

[0011] [Patent Document 1] Korean Patent No. 10-2269252

[0012] [Patent Document 2] Korean Patent No. 10-2269290

SUMMARY

[0013] This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not intended
to identify key features or essential features of the claimed subject matter, nor is it intended

to be used as an aid in determining the scope of the claimed subject matter.

[0014] In one general aspect, an immersion type battery cooling system includes a
cooling block configured to accommodate a cooling fluid flowable within the cooling block,
and a battery accommodated within the cooling block. The cooling block has a vortex
generator, formed on an inner wall of the cooling block, configured to protrude towards the

battery.

[0015] The cooling block may include an inlet through which the cooling fluid is

introduced, and an outlet through which the cooling fluid is discharged.

[0016] The vortex generator may be spaced apart from the battery by a first distance,

and the cooling fluid flows between the vortex generator and the battery.



[0017]  The first distance between the vortex generator and the battery may be 1/2 or

more of a second distance between the inner wall of the cooling block and the battery.

[0018]  The first distance between the vortex generator and the battery may be 3 mm or

more.

[0019] The vortex generator may include a plurality of vortex generators each spaced
apart from another by a first interval. A ratio of a length of the battery and the first interval

may be configured to be 0.1 or more.
[0020] The battery may be formed by stacking a plurality of cells.

[0021] The battery may be configured to have any one of a cylindrical shape, a prismatic

shape, and a pouch shape.

[0022] In another general aspect, an immersion type battery cooling system includes a
cooling block configured to accommodate a cooling fluid flowable within the cooling block, a
battery accommodated within the cooling block, and a vortex generator fixed to an inner wall

of the cooling block. The cooling fluid may directly contact the battery within the cooling block.

[0023] The vortex generator may include a plurality of vortex generators, disposed on
upper and lower inner walls of the cooling block, spaced apart from the battery by a first

distance.
[0024]  The cooling fluid may absorb heat emitted by the battery through direct contact.
[0025]  The cooling fluid may have insulating property.

[0026] In another general aspect, a vortex generator includes a plate extending in a first
direction, and a plurality of protrusions formed on one surface of the plate. The protrusions

are formed to be spaced apart from another by a first distance in the first direction.

[0027]  The protrusions may be formed in columns with top surfaces integrated with the

plate.
[0028] The columns may have either a triangular or sectorial cross section.

[0029] An immersion type battery cooling system includes a cooling block configured to
accommodate a cooling fluid flowable within the cooling block, wherein the cooling block

comprises the vortex generator above; and a battery accommodated within the cooling block.

[0030] Other features and aspects will be apparent from the following detailed description,

the drawings, and the claims.



BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided

by the Office upon request and payment of the necessary fee.
[0032] FIG. 1 is a view showing a structure of a conventional battery cooling system.

[0033] FIGS. 2A and 2B are an exploded view and a cross-sectional view showing a
configuration of an immersion type battery cooling system according to one embodiment of

the present disclosure, respectively.

[0034] FIGS. 3A and 3B are views showing the flow of a cooling fluid of the immersion
type battery cooling system according to one embodiment of the present disclosure and a

temperature for each zone according to the flow of the cooling fluid, respectively.

[0035] FIG. 4 is a view showing a structure of a vortex generator according to one

embodiment of the present disclosure.

[0036] FIGS. 5A to 5D are views showing various embodiments of the vortex generator

according to the present disclosure.

[0037] Throughout the drawings and the detailed description, the same reference
numerals refer to the same or like elements. The drawings may not be to scale, and the
relative size, proportions, and depiction of elements in the drawings may be exaggerated for

clarity, illustration, and convenience.

DETAILED DESCRIPTION

[0038] The following detailed description is provided to assist the reader in gaining a
comprehensive understanding of the methods, apparatuses, and/or systems described
herein. However, various changes, modifications, and equivalents of the methods,
apparatuses, and/or systems described herein will be apparent after an understanding of
the disclosure of this application. For example, the sequences of operations described
herein are merely examples, and are not limited to those set forth herein, but may be
changed as will be apparent after an understanding of the disclosure of this application, with
the exception of operations necessarily occurring in a certain order. Also, descriptions of
features that are known after understanding of the disclosure of this application may be

omitted for increased clarity and conciseness.

[0039] The features described herein may be embodied in different forms, and are not to
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be construed as being limited to the examples described herein. Rather, the examples
described herein have been provided merely to illustrate some of the many possible ways
of implementing the methods, apparatuses, and/or systems described herein that will be

apparent after an understanding of the disclosure of this application.

[0040] Throughout the specification, when an element, such as a layer, region, or
substrate, is described as being "on," "connected to," or "coupled to" another element, it may

nn

be directly "on," "connected to," or "coupled to" the other element, or there may be one or
more other elements intervening therebetween. In contrast, when an element is described
as being "directly on," "directly connected to," or "directly coupled to" another element, there

can be no other elements intervening therebetween.

[0041] As used herein, the term "and/or" includes any one and any combination of any

two or more of the associated listed items.

[0042] Although terms such as "first," "second,"” and "third" may be used herein to
describe various members, components, regions, layers, or sections, these members,
components, regions, layers, or sections are not to be limited by these terms.  Rather, these
terms are only used to distinguish one member, component, region, layer, or section from
another member, component, region, layer, or section. Thus, a first member, component,
region, layer, or section referred to in examples described herein may also be referred to as
a second member, component, region, layer, or section without departing from the teachings

of the examples.

[0043] Spatially relative terms such as "above, below," and "lower" may be

upper,
used herein for ease of description to describe one element’s relationship to another element
as shown in the figures. Such spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to the orientation depicted in the
figures. For example, if the device in the figures is turned over, an element described as
being "above" or "upper" relative to another element will then be "below" or "lower" relative
to the other element. Thus, the term "above" encompasses both the above and below
orientations depending on the spatial orientation of the device. The device may also be
oriented in other ways (for example, rotated 90 degrees or at other orientations), and the

spatially relative terms used herein are to be interpreted accordingly.

[0044] The terminology used herein is for describing various examples only, and is not

nn

to be used to limit the disclosure. The articles "a," "an," and "the" are intended to include

the plural forms as well, unless the context clearly indicates otherwise. The terms

"comprises," "includes,"” and "has" specify the presence of stated features, numbers,
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operations, members, elements, and/or combinations thereof, but do not preclude the
presence or addition of one or more other features, numbers, operations, members,

elements, and/or combinations thereof.

[0045] The features of the examples described herein may be combined in various ways
as will be apparent after an understanding of the disclosure of this application. Further,
although the examples described herein have a variety of configurations, other
configurations are possible as will be apparent after an understanding of the disclosure of

this application.
[0046] <Immersion type battery cooling system>

[0047] The present disclosure is directed to providing an immersion type battery cooling
system with improved battery cooling performance through a direct cooling method in which

a battery and a cooling fluid come into direct contact with each other.

[0048] In addition, the present disclosure is directed to providing an immersion type
battery cooling system in which a heat transfer coefficient is improved by changing the flow
characteristics of a cooling fluid through a vortex generator formed on an inner wall of a

cooling block.

[0049] FIG. 2Ais an exploded view showing a configuration of an immersion type battery
cooling system 100 according to one embodiment of the present disclosure, FIG. 2B is a
cross-sectional view showing a configuration of the immersion type battery cooling system
100 according to one embodiment of the present disclosure, FIG. 3A is a perspective view
showing a drive method of the immersion type battery cooling system 100 according to one
embodiment of the present disclosure, and FIG. 3B is a cross-sectional view showing a
temperature for each zone according to the flow of the cooling fluid according to one
embodiment of the present disclosure. Referring to FIGS. 2A and 2B and FIGS. 3A and 3B,
the immersion type battery cooling system 100 is largely composed of a cooling block 10
and a battery 20, and the cooling block 10 includes a vortex generator 11, an inlet 12, and

an outlet 13. A description of each configuration and detailed configuration is as follows.

[0050] The cooling block 10 may be configured as a housing having a cylindrical structure.
Here, the cooling block 10 may accommaodate the battery 20 therein and may be configured
as a housing provided with a space in which a cooling fluid may move. For example, the
cooling block 10 may be configured in a cylindrical structure having a cross section of a

polygon such as a rectangle or a pentagon, or a circle

[0051] Meanwhile, the shape of the cooling block 10 according to one embodiment of the
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present disclosure is presented and described as a rectangular parallelepiped shape, but it
should be understood that this is not intended to limit the scope of the present disclosure,
and as described above, a housing structure provided with the space in which the battery
20 is accommodated and the cooling fluid may flow corresponds to the cooling block 10 of

the present disclosure.

[0052] In one embodiment, the cooling block 10 may be formed with the inlet 12 and the
outlet 13 through which the cooling fluid passes. The inlet 12 and the outlet 13 may be
configured in the form of an opening with a certain size and are formed on surfaces facing
each other so that the cooling fluid may circulate inside the cooling block 10 and may be

discharged therefrom.

[0053] In one embodiment, the cooling block 10 may have the vortex generator 11 formed
on the inner wall. Here, the vortex generator 11 serves to generate a vortex of the cooling
fluid in order to change the flow characteristics of the cooling fluid that flows inside the
cooling block 10. In order to perform this role, the vortex generator 11 may be configured in
the form of protruding from the inner wall of the cooling block 10 in a certain size and shape.
Referring to FIG. 3B, it may be confirmed that a heat boundary layer generated by the
cooling fluid absorbing the heat of the battery 20 while the cooling fluid moves inside the
cooling block 10 is periodically destroyed by the vortex generator 11. Here, the heat
boundary layer is generated by a temperature change of the cooling fluid between the inner
walls of the cooling block 10 in the battery 20, and the development of the heat boundary
layer is a factor that degrades the cooling performance of the battery 20. Accordingly, the
vortex generator 11 can periodically destroy the heat boundary layer, thereby improving the

cooling efficiency of the battery 20.

[0054] In one embodiment, the vortex generator 11 may be located at the top and bottom
of the battery 20 with respect to a direction in which the cooling fluid moves within the cooling
block 10. Here, the vortex generator 11 may be fixed to the inner wall of the cooling block

10 in an integrated or coupled form.

[0055] In one embodiment, the vortex generator 11 may be formed in a state of being
spaced apart from the battery 20 accommodated inside the cooling block 10 by a certain
distance h, so that the cooling fluid may move between the vortex generator 11 and the
battery 20. Here, the certain distance h, that is, the distance h between the vortex generator
11 and the battery 20 means a straight distance from an end of the vortex generator 11 to a

surface of the battery 20.

[0056] In one embodiment, the distance h between the vortex generator 11 and the
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battery 20 may be formed to be 1/2 or more of a distance H between the inner wall of the
cooling block 10 and the battery 20. In other words, the vortex generator 11 may protrude
by a size of less than 1/2 of the distance H between the inner wall of the cooling block 10
and the battery 20. Specifically, the distance h between the vortex generator 11 and the

battery 20 may be formed to be 3 mm or more.

[0057] Here, when the vortex generator 11 excessively protrudes and thus the distance
h between the vortex generator 11 and the battery 20 is excessively short, less than 3 mm,
the excessive pressure drop of the cooling fluid passing through between the vortex
generator 11 and the battery 20 may occur to reduce a flow rate of the cooling fluid, and

degrading the cooling efficiency of the immersion type battery cooling system 100.

[0058] In one embodiment, a plurality of vortex generators 11 are configured and may be
formed on the inner wall of the cooling block 10 in a state of being spaced apart from each
other by a certain interval d, and a ratio (d/L) between an entire length L of the battery 20
and the interval d between the vortex generators 11 may be configured to be 0.1 or more.
Here, when the plurality of vortex generators 11 are formed at an excessively short interval
so that the ratio (d/L) is less than 0.1, since the effect of changing the flow characteristics of
the cooling fluid may be insignificant, the plurality of vortex generators 11 may be formed to

be spaced apart from each other so that the ratio (d/L) is 0.1 or more.

[0059] The battery 20 may be configured as a lithium ion battery generally used in electric
vehicles. Here, the battery 20 may be formed by stacking a plurality of cells, and configured

in any one of a cylindrical shape, a prismatic shape, and a pouch shape.

[0060] In one embodiment, it should be noted that the battery 20 may be accommodated
in the cooling block 10, it is sufficient when the battery 20 may be accommodated in the

cooling block 10, and the shape of the battery cell 20 is not limited to a special configuration.

[0061] In one embodiment, the battery 20 may come into direct contact with the cooling
fluid inside the cooling block 10, so that the heat emitted from the battery 20 may be cooled.
Here, the cooling fluid may be made of a fluid having an insulating property because it comes

into direct contact with the battery 20, thereby preventing damage to the battery 20.
[0062] <Vortex generator>

[0063] FIG. 4 is a view showing a structure of the vortex generator 11 according to one
embodiment of the present disclosure, and FIGS. 5A to 5D are views showing various
embodiments of the vortex generator 11 according to the present disclosure. Referring to

FIG. 4, and FIGS. 5Ato 5D, the vortex generator 11 is composed of a plate 1 and a protrusion
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2. A description of each configuration is as follows.

[0064] The plate 1 is a flat plate extending in a certain direction. In one embodiment, a
surface of the plate 1 may be formed in a smooth state so that there is no resistance to the
flow of the fluid because the plate 1 may come into contact with various fluids such as the
cooling fluid. In addition, the plate 1 may be made of a material having non-reactive

characteristics with the fluid so that damage due to the fluid does not occur.

[0065]  The protrusion 2 serves to generate a vortex by changing the flow characteristics
of the fluid flowing to one side of the plate 1. In order to perform this role, the protrusion 2
may be formed on one surface of the plate 1, and configured in the form of a column
integrated with the plate 1. Specifically, the protrusion 2 has one surface that comes into
surface contact with the fluid flowing in a certain direction, and the fluid coming into surface
contact with the protrusion 2 flows along the surface of the protrusion 2 and thus a flow
velocity becomes slower than that of the fluid not going through the protrusion 2, so that a

flow rate for each zone of the entire fluid may be changed.

[0066] In one embodiment, the protrusion 2 may be formed in the form of a column having
a cross section of any one of a polygonal shape, such as a triangle or a quadrangle, a
circular shape, and a sector shape. Referring to of FIGS. 5A to 5D, the protrusion 2 may be
configured in the form of a column of various shapes according to an interior angle of a figure
configuring a cross section. For example, when the protrusion 2 is configured as a triangular
column having a triangular cross section, the degree of sharpness of the protrusion 2 may
be adjusted depending on the interior angle of the cross-sectional triangle corresponding to
the location of the end thereof. In addition, when the protrusion 2 is configured as a cylinder
having a sectoral cross section, a size of the cross-sectional area coming into contact with

the fluid may be adjusted depending on the interior angle of the sectoral cross section.

[0067] While this disclosure includes specific examples, it will be apparent after an
understanding of the disclosure of this application that various changes in form and details
may be made in these examples without departing from the spirit and scope of the claims
and their equivalents. The examples described herein are to be considered in a descriptive
sense only, and not for purposes of limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar features or aspects in other
examples. Suitable results may be achieved if the described techniques are performed in
a different order, and/or if components in a described system, architecture, device, or circuit
are combined in a different manner, and/or replaced or supplemented by other components

or their equivalents. Therefore, the scope of the disclosure is defined not by the detailed
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description, but by the claims and their equivalents, and all variations within the scope of the

claims and their equivalents are to be construed as being included in the disclosure.
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WHAT IS CLAIMED IS:

[Claim 1] An immersion type battery cooling system, comprising:

a cooling block configured to accommodate a cooling fluid flowable within the cooling

block; and
a battery accommodated within the cooling block,

wherein the cooling block has a vortex generator, formed on an inner wall of the

cooling block, configured to protrude towards the battery.

[Claim 2] The immersion type battery cooling system of claim 1, wherein the
cooling block comprises an inlet through which the cooling fluid is introduced, and an outlet

through which the cooling fluid is discharged.

[Claim 3] The immersion type battery cooling system of claim 1, wherein the
vortex generator is spaced apart from the battery by a first distance, and the cooling fluid

flows between the vortex generator and the battery.

[Claim 4] The immersion type battery cooling system of claim 3, wherein the first
distance between the vortex generator and the battery is 1/2 or more of a second distance

between the inner wall of the cooling block and the battery.

[Claim 5] The immersion type battery cooling system of claim 3, wherein the first

distance between the vortex generator and the battery is 3 mm or more.

[Claim 6] The immersion type battery cooling system of claim 1, wherein the
vortex generator comprises a plurality of vortex generators each spaced apart from another

by a first interval, and

a ratio of a length of the battery and the first interval is configured to be 0.1 or more.
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[Claim 7] The immersion type battery cooling system of claim 1, wherein the

battery is formed by stacking a plurality of cells.

[Claim 8] The immersion type battery cooling system of claim 1, wherein the
battery is configured to have any one of a cylindrical shape, a prismatic shape, and a pouch

shape.

[Claim 9] An immersion type battery cooling system, comprising:

a cooling block configured to accommodate a cooling fluid flowable within the cooling
block;

a battery accommodated within the cooling block; and
a vortex generator fixed to an inner wall of the cooling block,

wherein the cooling fluid directly contacts the battery within the cooling block.

[Claim 10] The immersion type battery cooling system of claim 9, wherein the
vortex generator comprises a plurality of vortex generators, disposed on upper and lower

inner walls of the cooling block, spaced apart from the battery by a first distance.

[Claim 11] The immersion type battery cooling system of claim 9, wherein the

cooling fluid absorbs heat emitted by the battery through direct contact.

[Claim 12] The immersion type battery cooling system of claim 9, wherein the

cooling fluid has insulating property.

[Claim 13] A vortex generator, comprising:

a plate extending in a first direction; and

a plurality of protrusions formed on one surface of the plate,

wherein the protrusions are formed to be spaced apart from another by a first

distance in the first direction.
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[Claim 14] The vortex generator of claim 13, wherein the protrusions are formed

in columns with top surfaces integrated with the plate.

[Claim 15] The vortex generator of claim 14, wherein the columns have either a

triangular or sectorial cross section.

[Claim 16] An immersion type battery cooling system, comprising:

a cooling block configured to accommodate a cooling fluid flowable within the cooling

block, wherein the cooling block comprises the vortex generator of claim 14; and

a battery accommodated within the cooling block.
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