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IMMERSION COOLING SYSTEM
INCLUDING METAL-ENCASED,
POUCH-TYPE BATTERY CELLS FOR HOT
GAS FLOW SEPARATION IN BATTERY
SYSTEMS OF ELECTRIC VEHICLES

INTRODUCTION

[0001] The information provided in this section is for the
purpose of generally presenting the context of the disclo-
sure. Work of the presently named inventors, to the extent it
is described in this section, as well as aspects of the
description that may not otherwise qualify as prior art at the
time of filing, are neither expressly nor impliedly admitted
as prior art against the present disclosure.

[0002] The present disclosure relates to battery systems,
and more particularly to immersion cooling systems for
battery systems of electric vehicles.

[0003] Electric vehicles (EVs) such as battery electric
vehicles (BEV), fuel cell vehicles or hybrid vehicles include
a battery system with one or more battery cells, modules
and/or packs. A power control system controls charging
and/or discharging of the battery system during charging,
regeneration and/or driving. During driving, one or more
electric motors of the EV receive power from the battery
system to provide propulsion for the vehicle and/or to return
power to the battery system during regeneration and/or
charging from a utility.

[0004] During operation, power is delivered by the battery
system to the motor(s) and returned by the motor(s) to the
battery system using one or more components such as power
inverters, DC-DC converters and/or other components. The
battery system is designed to deliver high power when
requested, absorb high power quickly during charging from
the utility and/or to absorb high power during regeneration.
[0005] The battery systems are expected to continue to
increase in power density and operate at higher voltage
levels. When operating under these conditions, significant
heating of the battery cells, the battery modules, the battery
pack, the power inverters, the DC-DC converters and/or
other EV components can occur.

SUMMARY

[0006] An immersion cooling system for a battery system
includes a battery enclosure and C metal-encased, pouch-
type battery cells including C metal cases, C pouch-type
battery cells arranged in the C metal cases, respectively,
where C is an integer greater than one, and C vents on the
C metal cases, respectively. A vent gas manifold is in fluid
communication with the C vents of the C metal cases and is
configured to remove vent gas passing through the C vents
of the C metal cases from the battery enclosure.

[0007] In other features, a first liquid manifold is config-
ured to supply dielectric fluid to the battery enclosure to
immerse the C metal-encased, pouch-type battery cells. A
second liquid manifold is configured to receive dielectric
fluid from the battery enclosure.

[0008] In other features, the C pouch-type battery cells
include first and second connecting tabs extending from
longitudinal ends thereof. The C metal cases include first
and second openings to receive the first and second con-
necting tabs of the C pouch-type battery cells, respectively.
[0009] In other features, a plurality of insulating members
arranged between adjacent ones of the C metal-encased,

Nov. 16, 2023

pouch-type battery cells. A plurality of spacer members
arranged between adjacent ones of the C metal-encased,
pouch-type battery cells.

[0010] In other features, each of the plurality of spacer
members includes a plurality of vertical members arranged
horizontally spaced from one another between adjacent ones
of the C metal-encased, pouch-type battery cells. A thermal
insulating layer is arranged on the C metal cases around the
C vents.

[0011] In other features, the vent gas manifold is arranged
in the battery enclosure on the thermal insulating layer
above the C vents of the C metal cases. In other features, the
vent gas manifold includes C vent openings that align with
the C vents of the C metal cases, respectively, when installed
in the battery enclosure. In other features, the vent gas
manifold includes an open bottom surface in fluid commu-
nication with the C vents of the C metal cases when installed
in the battery enclosure.

[0012] An immersion cooling system for a battery system
includes a battery enclosure, C metal-encased, pouch-type
battery cells including C metal cases, C pouch-type battery
cells arranged in the C metal cases, respectively, where C is
an integer greater than one. Each of the C pouch-type battery
cells includes first and second connecting tabs extending
from longitudinal ends thereof. The C metal-encased,
pouch-type battery cells include C vents on the C metal
cases, respectively, and first and second openings on the C
metal cases configured to receive the first and second
connecting tabs of the C pouch-type battery cells, respec-
tively, and a thermal insulating layer arranged on the C metal
cases around the C vents of C metal cases. A vent gas
manifold in fluid communication with the C vents of the C
metal cases is configured to remove vent gas passing
through the C vents of the C metal cases from the battery
enclosure.

[0013] In other features, a first liquid manifold to supply
dielectric fluid to the battery enclosure to immerse the C
metal-encased, pouch-type battery cells. A second liquid
manifold is configured to receive dielectric fluid from the
battery enclosure. A plurality of insulating members are
arranged between adjacent ones of the C metal-encased,
pouch-type battery cells. A plurality of spacer members are
arranged between adjacent ones of the C metal-encased,
pouch-type battery cells. Each of the plurality of spacer
members includes a plurality of vertical members arranged
horizontally spaced from one another between adjacent ones
of the C metal-encased, pouch-type battery cells.

[0014] A method for cooling a battery system includes
providing C metal-encased, pouch-type battery cells by:
providing C metal cases each including a vent and first and
second openings; arranging C pouch-type battery cells in the
C metal cases, respectively, where C is an integer greater
than one, wherein the first and second openings of the C
metal cases receive connecting tabs of the C pouch-type
battery cells; and arranging the C metal-encased, pouch-type
battery cells in a battery enclosure. The method includes
arranging a vent gas manifold in fluid communication with
the vent of each of the C metal cases; and removing vent gas
passing through the vent of each of the C metal cases from
the battery enclosure via the vent gas manifold.

[0015] In other features, the method include supplying
dielectric fluid to the battery enclosure to immerse the C
metal-encased, pouch-type battery cells. The method
includes arranging a plurality of insulating members
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between adjacent ones of the C metal-encased, pouch-type
battery cells. The method includes arranging a plurality of
spacer members between adjacent ones of the C metal-
encased, pouch-type battery cells. Each of the plurality of
spacer members includes a plurality of vertical members
arranged horizontally spaced from one another between
adjacent ones of the C metal-encased, pouch-type battery
cells.

[0016] The method includes arranging a thermal insulat-
ing layer on the C metal cases around the vent of each of the
C metal cases.

[0017] Further areas of applicability of the present disclo-
sure will become apparent from the detailed description, the
claims and the drawings. The detailed description and spe-
cific examples are intended for purposes of illustration only
and are not intended to limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present disclosure will become more fully
understood from the detailed description and the accompa-
nying drawings, wherein:

[0019] FIG. 1 is a perspective view of an example of a
pouch-type battery cell for a battery system;

[0020] FIG. 2 is a perspective view of an example of a
metal case for a pouch-type battery cell according to the
present disclosure;

[0021] FIG. 3 is perspective view of an example of a
metal-encased, pouch-type battery cell according to the
present disclosure;

[0022] FIG. 4 is perspective view of an example of a
metal-encased, pouch-type battery cell with a thermal bar-
rier layer around a vent according to the present disclosure;
[0023] FIG. 5 is a plan view of an example of an immer-
sion cooling system including metal-encased, pouch-type
battery cells according to the present disclosure;

[0024] FIG. 6A is a top view of an example of a gas
manifold according to the present disclosure;

[0025] FIG. 6B is a bottom view of the vent gas manifold
of FIG. 6A;

[0026] FIG. 6C is an end view of the vent gas manifold of
FIG. 6A;

[0027] FIG.7Ais atop view of another example of a vent
gas manifold according to the present disclosure;

[0028] FIG. 7B is a bottom view of another example of the
vent gas manifold in FIG. 7A;

[0029] FIG. 7C is an end view of the vent gas manifold of
FIG. 7A;
[0030] FIG. 8A is a perspective view of another example

of the immersion cooling system including the vent gas
manifold of FIGS. 6A and 6B arranged on a top surface of
the metal-encased, pouch-type battery cells in the battery
enclosure according to the present disclosure;

[0031] FIG. 8B is a perspective view of another example
of the immersion cooling system including the vent gas
manifold of FIGS. 7A and 7B arranged on the top surface of
the metal-encased, pouch-type battery cells in the battery
enclosure according to the present disclosure;

[0032] FIG. 9 is a plan view of another example of an
immersion cooling system including metal-encased, pouch-
type battery cells with insulating members located therebe-
tween according to the present disclosure; and

[0033] FIG. 10 is a plan view of another example of an
immersion cooling system including metal-encased, pouch-
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type battery cells with insulating spacer members located
therebetween according to the present disclosure.

[0034] In the drawings, reference numbers may be reused
to identify similar and/or identical elements.

DETAILED DESCRIPTION

[0035] As described above, the power density and oper-
ating voltage of battery systems for EVs has increased
significantly. Heating of EV components such as the battery
cells, the battery module(s), the battery pack(s), the power
inverter(s), the DC-DC converter(s) and/or other EV com-
ponent(s) may occur during charging or operation.

[0036] Heating of the battery cells above a predetermined
temperatures tends to accelerate wear and/or failure of the
battery cells. Battery cells can fail due to several different
reasons including decomposition, reaction between lithium
(Li) and solvent at the anode, electrolyte decomposition,
cathode decomposition, internal shorts due to separator
breakdown, and rapid oxidation-reduction reactions
between the cathode and the anode.

[0037] In some examples, DC fast charging (DCFC) sys-
tems may be used to charge the battery quickly, which may
heat the EV components. Cooling systems are used to
maintain the battery components below the predetermined
temperature to ensure optimal performance and/or to prevent
premature damage/wear due to excessive operating tempera-
tures. For example, excessive heating of the battery cells
may cause a condition called thermal runaway.

[0038] As a battery cell begins to fail, hot gas/particles are
emitted by the battery cell. The hot gas/particles from the
failed battery cell can cause heat transfer to other adjacent
battery cells. As the adjacent battery cells are heated, they
too can fail and cause further failures or propagation.
[0039] An immersion cooling system according to the
present disclosure prevents hot gas from heating neighbor-
ing battery cells by arranging pouch-type battery cells in
metal cases with vents and managing vent gas generated by
each of'the battery cells to prevent the vent gas from causing
further battery cell failures due to overheating. In other
words, the immersion cooling system prevents hot gas
convection to neighboring battery cells to prevent thermal
runaway propagation.

[0040] The immersion cooling system according to the
present disclosure has improved cooling performance that
enables DC fast charging while protecting battery life. The
battery cooling system also provides effective cooling of a
bus bar/connector/tab. The improved cooling tends to reduce
the likelihood of an initial thermal runaway event. When one
of' the battery cells experiences a thermal runaway event, the
immersion cooling system prevents thermal runaway propa-
gation. In some examples, dielectric liquid has fire suppres-
sion characteristics that improved safety. The immersion
cooling system according to the present disclosure allows
release of vent gas without loss of dielectric fluid.

[0041] Referring now to FIGS. 1-4, a metal-encased,
pouch-type battery cell for a battery system is shown. In
FIG. 1, a pouch-type battery cell 10 is shown to include a
pouch-type enclosure 14 and connecting tabs 18, 20 extend-
ing from opposite longitudinal ends of the pouch-type
enclosure 14. In FIG. 2, a metal case 30 is configured to
enclose the pouch-type battery cell 10. The metal case 30
includes an inner cavity to receive the pouch-type battery
cell 10, side surfaces 34, end edges 35 and side edges 37. A
vent 38 is located along one of the side edges 37 to direct and
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control a location and path of the vent gas as it is directed
out of the battery enclosure 113. Openings 36 are located
along the end edges 35 to allow the connecting tabs 18, 20
to pass through the metal case 30.

[0042] In FIG. 3, a metal-encased, pouch-type battery cell
40 includes the pouch-type battery cell 10 installed in the
metal case 30 with the connecting tabs 18, 20 extending
through the openings 36. In FIG. 4, a thermal barrier layer
42 is arranged around the vent 38. In some examples, the
thermal barrier layer 42 includes tape. In some examples, the
thermal barrier layer 42 may extend onto the side surfaces
34.

[0043] Referring now to FIG. 5, an immersion cooling
system 100 including the metal-encased, pouch-type battery
cells 40-1,40-2, . . ., and 40-C (collectively and individually
metal-encased, pouch-type battery cell(s) 40) is shown. In
this example, the side surfaces of the metal-encased, pouch-
type battery cells 40 are arranged in direct contact with
adjacent ones of the metal-encased, pouch-type battery cells
40.

[0044] A liquid manifold 112 supplies dielectric fluid via
one or more conduits and/or connectors 114-1, 114-2, . . .,
and 114-G to a battery enclosure 113 to immerse the
metal-encased, pouch-type battery cells 40, where G is an
integer greater than zero. A liquid manifold 118 evacuates
dielectric fluid from the battery enclosure 113 via conduits
and/or connectors 120-1, 120-2, . . . and 120-H, where H is
an integer greater than zero and where H>G, H<G or H=G.
In some examples, a pump and dielectric fluid source (not
shown) may be used to supply or remove the dielectric fluid
from the battery enclosure 113 (e.g. a cooling loop). While
the liquid manifolds are shown connected to sides of the
battery enclosure, the liquid manifolds can be connected to
longitudinal ends of the manifolds.

[0045] A vent gas manifold 160 is arranged on a top
surface of the metal-encased, pouch-type battery cells 40
and transversely relative to a longitudinal direction of the
metal-encased, pouch-type battery cells 40. The vent gas
manifold 160 receives vent gases flowing out of the vents 38
and directs the vent gases away from the metal-encased,
pouch-type battery cells 40 and the dielectric fluid and out
of the battery enclosure 113. Upper portions of the metal-
encased, pouch-type battery cells 40 are protected from high
temperatures of the vent gases by the thermal barrier layer
42. A gas conduit 140 may be connected to an outlet of the
vent gas manifold 160 to direct the vent gases to another
location.

[0046] Significant cooling of the battery cells can be
performed by flowing dielectric fluid around exposed sur-
faces of the battery cells. In this example, the exposed
surfaces of the battery cells are predominantly the edges of
the battery cells. However, both the edges and the faces can
be cooled as described further below.

[0047] Referring now to FIGS. 6A, 6B and 8A, the vent
gas manifold 160 is shown in further detail. The vent gas
manifold 160 includes a top side 162 and manifold openings
164 on a bottom surface 166 thereof. The manifold openings
164 align with the vents 38 of the metal-encased, pouch-type
battery cells 40 when installed in the battery enclosure 113.
Vent gas flowing from the vents 38 of the metal-encased,
pouch-type battery cells 40 flows through the manifold
openings 164 into the vent gas manifold 160. The vent gas
manifold 160 directs the vent gases away from adjacent ones
of the metal-encased, pouch-type battery cells 40, the dielec-
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tric fluid, and out of the battery enclosure. As can be
appreciated, one or both ends of the vent gas manifold can
be blocked or open to a conduit or another type of gas
connection can be used.

[0048] Referring now to FIGS. 7A, 7B, and 8B, the vent
gas manifold 170 is shown in further detail. The vent gas
manifold 170 includes a top side 172, side surfaces 174, 176,
and one or more end walls 178. Vent gas flowing from the
metal-encased, pouch-type battery cells 40 flows into the
vent gas manifold 170. The vent gas manifold 170 directs the
vent gases away from adjacent ones of the metal-encased,
pouch-type battery cells 40 and the dielectric fluid and out
of the battery enclosure 113. As can be appreciated, one or
both ends of the vent gas manifold 170 can be blocked or
open to a conduit or another type of gas connection can be
used.

[0049] Referring now to FIG. 9, an immersion cooling
system 200 includes insulating members 210-1, 210-2, . . .
, and 210-T installed between adjacent ones of the metal-
encased, pouch-type battery cells 40.

[0050] Referring now to FIG. 10, an immersion cooling
system 300 includes insulating spacer members 310-1, 310-
2, ..., and 310-S (collectively and individually insulating
spacer members 310) installed between adjacent ones of the
metal-encased, pouch-type battery cells 40 to prevent heat
propagation. Each of the insulating spacer members 310-1,
310-2, . . . , and 310-S includes a plurality of vertical
insulating members 330 that are horizontally spaced a
predetermined distance from one another. In some examples,
the plurality of vertical insulating members 330 are rectan-
gular cube shaped. Spaces 332 between the insulating spacer
members 310 allow dielectric fluid to flow along side
surfaces of the metal-encased, pouch-type battery cells 40.
In other words, both edge cooling and face cooling is
performed.

[0051] The foregoing description is merely illustrative in
nature and is in no way intended to limit the disclosure, its
application, or uses. The broad teachings of the disclosure
can be implemented in a variety of forms. Therefore, while
this disclosure includes particular examples, the true scope
of the disclosure should not be so limited since other
modifications will become apparent upon a study of the
drawings, the specification, and the following claims. It
should be understood that one or more steps within a method
may be executed in different order (or concurrently) without
altering the principles of the present disclosure. Further,
although each of the embodiments is described above as
having certain features, any one or more of those features
described with respect to any embodiment of the disclosure
can be implemented in and/or combined with features of any
of the other embodiments, even if that combination is not
explicitly described. In other words, the described embodi-
ments are not mutually exclusive, and permutations of one
or more embodiments with one another remain within the
scope of this disclosure.

[0052] Spatial and functional relationships between ele-
ments (for example, between modules, circuit elements,
semiconductor layers, etc.) are described using various
terms, including “connected,” “engaged,” “coupled,” “adja-
cent,” “next to,” “on top of,” “above,” “below,” and “dis-
posed.” Unless explicitly described as being “direct,” when
a relationship between first and second elements is described
in the above disclosure, that relationship can be a direct
relationship where no other intervening elements are present
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between the first and second elements, but can also be an
indirect relationship where one or more intervening ele-
ments are present (either spatially or functionally) between
the first and second elements. As used herein, the phrase at
least one of A, B, and C should be construed to mean a
logical (A OR B OR C), using a non-exclusive logical OR,
and should not be construed to mean “at least one of A, at
least one of B, and at least one of C.”

[0053] In the figures, the direction of an arrow, as indi-
cated by the arrowhead, generally demonstrates the flow of
information (such as data or instructions) that is of interest
to the illustration. For example, when element A and element
B exchange a variety of information but information trans-
mitted from element A to element B is relevant to the
illustration, the arrow may point from element A to element
B. This unidirectional arrow does not imply that no other
information is transmitted from element B to element A.
Further, for information sent from element A to element B,
element B may send requests for, or receipt acknowledge-
ments of, the information to element A.

1. An immersion cooling system for a battery system,
comprising:

a battery enclosure;

C metal-encased, pouch-type battery cells including:

C metal cases;

C pouch-type battery cells arranged in the C metal
cases, respectively, where C is an integer greater than
one; and

C vents on the C metal cases, respectively; and

a vent gas manifold in fluid communication with the C
vents of the C metal cases and configured to remove
vent gas passing through the C vents of the C metal
cases from the battery enclosure.

2. The immersion cooling system of claim 1, further

comprising:

a first liquid manifold configured to supply dielectric fluid
to the battery enclosure to immerse the C metal-
encased, pouch-type battery cells; and

a second liquid manifold configured to receive dielectric
fluid from the battery enclosure.

3. The immersion cooling system of claim 1, wherein:

the C pouch-type battery cells include first and second
connecting tabs extending from longitudinal ends
thereof; and

the C metal cases include first and second openings to
receive the first and second connecting tabs of the C
pouch-type battery cells, respectively.

4. The immersion cooling system of claim 1, further
comprising a plurality of insulating members arranged
between adjacent ones of the C metal-encased, pouch-type
battery cells.

5. The immersion cooling system of claim 1, further
comprising a plurality of spacer members arranged between
adjacent ones of the C metal-encased, pouch-type battery
cells.

6. The immersion cooling system of claim 5, wherein each
of the plurality of spacer members includes a plurality of
vertical members arranged horizontally spaced from one
another between adjacent ones of the C metal-encased,
pouch-type battery cells.

7. The immersion cooling system of claim 1, further
comprising a thermal insulating layer arranged on the C
metal cases around the C vents.

Nov. 16, 2023

8. The immersion cooling system of claim 7, wherein the
vent gas manifold is arranged in the battery enclosure on the
thermal insulating layer above the C vents of the C metal
cases.

9. The immersion cooling system of claim 1, wherein the
vent gas manifold includes C vent openings that align with
the C vents of the C metal cases, respectively, when installed
in the battery enclosure.

10. The immersion cooling system of claim 1, wherein the
vent gas manifold includes an open bottom surface in fluid
communication with the C vents of the C metal cases when
installed in the battery enclosure.

11. An immersion cooling system for a battery system,
comprising:

a battery enclosure;

C metal-encased, pouch-type battery cells including:

C metal cases;

C pouch-type battery cells arranged in the C metal
cases, respectively, where C is an integer greater than
one, wherein each of the C pouch-type battery cells
includes first and second connecting tabs extending
from longitudinal ends thereof;

C vents on the C metal cases, respectively; and

first and second openings on the C metal cases config-
ured to receive the first and second connecting tabs
of the C pouch-type battery cells, respectively; and

a thermal insulating layer arranged on the C metal cases
around the C vents of the C metal cases; and

a vent gas manifold in fluid communication with the C
vents of the C metal cases and configured to remove
vent gas passing through the C vents of the C metal
cases from the battery enclosure.

12. The immersion cooling system of claim 11, further

comprising:

a first liquid manifold configured to supply dielectric fluid
to the battery enclosure to immerse the C metal-
encased, pouch-type battery cells; and

a second liquid manifold configured to receive dielectric
fluid from the battery enclosure.

13. The immersion cooling system of claim 11, further
comprising a plurality of insulating members arranged
between adjacent ones of the C metal-encased, pouch-type
battery cells.

14. The immersion cooling system of claim 11, further
comprising a plurality of spacer members arranged between
adjacent ones of the C metal-encased, pouch-type battery
cells.

15. The immersion cooling system of claim 14, wherein
each of the plurality of spacer members includes a plurality
of vertical members arranged horizontally spaced from one
another between adjacent ones of the C metal-encased,
pouch-type battery cells.

16. A method for cooling a battery system, comprising:

providing C metal-encased, pouch-type battery cells by:
providing C metal cases each including a vent and first

and second openings;

arranging C pouch-type battery cells in the C metal
cases, respectively, where C is an integer greater than
one,

wherein the first and second openings of the C metal
cases receive connecting tabs of the C pouch-type
battery cells; and

arranging the C metal-encased, pouch-type battery cells in
a battery enclosure;
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arranging a vent gas manifold in fluid communication
with the vent of each of the C metal cases; and

removing vent gas passing through the vent of each of the
C metal cases from the battery enclosure via the vent
gas manifold.
17. The method of claim 16, further comprising supplying
dielectric fluid to the battery enclosure to immerse the C
metal-encased, pouch-type battery cells.
18. The method of claim 16, further comprising arranging
a plurality of insulating members between adjacent ones of
the C metal-encased, pouch-type battery cells.
19. The method of claim 16, further comprising:
arranging a plurality of spacer members between adjacent
ones of the C metal-encased, pouch-type battery cells,

wherein each of the plurality of spacer members includes
a plurality of vertical members arranged horizontally
spaced from one another between adjacent ones of the
C metal-encased, pouch-type battery cells.

20. The method of claim 16, further comprising arranging
a thermal insulating layer on the C metal cases around the
vent of each of the C metal cases.
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