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TEMPERATURE ADJUSTING STRUCTURE AND TEMPERATURE ADJUSTING
‘ METHOD FOR ELECTRIC POWER STORAGE DEVICE

BACKGROUND OF THE INVENTION
1. Field of the Invention )
[0001] The present invention relates to a temperature adjusting structure and a

temperature adjusting method for an electric powér_storage device.

2. Description of Related Art

[0002] - A battery assembly can be configured by stacking a plurality of batteries.
At this time, a space through which cooling air flows can be formed between two each of
the batteries that are arranged in a stacked manner by alternately stacking the batteries
and spacers. The battery assembly is cooled when the cooling air flows through the
space that is formed by the spacer (for example, Japanese Patent Application Publication
No. 2012-238603 (JP 2012-238603 A)). ' '

[0003] In a cooling structure of JP 2012-238603 A, the space through which the
cooling air flows is provided by arranging the spacer between the batteries that are
adjacent to each other in a stacking‘ direction. Consequently, the battery assembly is
enlarged. Considering this problem, the battery assembly is configured by stacking the
batteries tightly without providing the spacer. In this case, the battery assembly can be
cooled by bringing the cooling air into contact with a periphery of the battery assembly,
for example, a lateral surface thereof.

[0004] However, the battéry assembly cannot be cooled efficiently if the cooling
air flows while simply contacting the lateral surface of the battery assembly that extends
in the stacking direction. For example, in a case where the cooling air flows uniformly
in the stacking direction of the battery assembly for cooling, cooling efficiency is
degraded on a downstream side in a flowing direction of the cooling air. More

specifically, when the cooling air that has exchanged heat with the battery positioned on

‘an upstream side simply exchanges heat with the battery on the downstream side, the

battery on the downstream side is influenced by the cooling air whose temperature has
been increased on the upstream side.

[0005]  Just as described, when the cooling air flows uniformly in the stacking
direction, and the cooling air contacts the lateral surface of the battery assembly, a
surface of the battery assembly that contacts the cooling air along the flowing direction of

the cooling air (a cooling length) is extended. This causes thickening of a temperature

~ boundary layer as the temperature boundary layer advances to the downstream.

Consequently, the cooling efficiency of the battery assembly is lowered. In view of the

CONFIRMATION COPY
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above, it is considered to let the cooling air flow uniformly along a longitudinal direction
of the lateral surface the battery assembly (the battery) that is orthogonal to the stacking

direction. However, also in this case, the cooling length is extended in the flowing

direction of the cooling air. Thus, due to the same reason as above, the battery assembly

cannot be cooled efficiently.

SUMMARY OF THE INVENTION

[0006] In view of the above, the present invention provides a temperature
adjusting structure for an electric power storage device in which electric power storage
elements, each of which includes a case for housing an electric power generation element
performing charging and discharging, are stacked. In the electric power storage device,
temperature adjusting air is brought into contact with a lateral surface of the case for the
electric power storage element, so as to efficiently adjust a temperature of the electric
power storage element. The temperature adjusting structure allows downsizing of the
electric power storage device. ’

[0007] The temperature adjusting structure of the electric power storage device
in the presenf invention has following configurations. The electric power storage device
is configured by including the plural electric power storage elements that are aligned in a
specified direction. The electric power storage element is configured by including the
electric power generation element that is housed in the case, and the electric power
generation element performs charging and discharging. The temperature adjusting
structure includes a circulation path and a vortex flow generation section. The
circulation path is provided on a lateral surface of the case. A longitudinal direction of
the circulation path is a direction in which a bottom surface of the case faces a surface
that opposes the bottom surface. The lateral surface is a surface that is positioned on

both sides in a horizontal direction when the electric power storage device is seen in the

. specified direction. The circulation path is -configured to guide the temperature

adjusting air in the longitudinal direction, and the air exchanges heat with the case. The
vortex flow generation section is configured to generate a vortex flow of the air that
flows into the circulation path, the vortex flow swirling with the longitudinal direction
being a rotational axis. .

[0008] According to the present invention, the temperature adjusting air is

brought into contact with the lateral surface of each of the plural electric power storage

elements that constitutes the electric power storage device, and the vortex flow of the air

that swirls with the longitudinal direction of the lateral surface being the rotational axis is
generated. Accordingly, since the swirling vortex flow contacts the lateral surface with

a width direction of the lateral surface that is orthbgonal to the longitudinal direction
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being a first contact length, the contact length (a cooling length) is reduced. In addition,
the swirling vortex flow that advances in the longitudinal direction suppresses an increase
in a temperature boundary layer of a second contact length in the longitudinal direction of
the lateral surface of the case. Thus, a temperature of the electric power storage element
can be adjusted efficiently on the lateral surface of the case of the electric power storage
element without bringing the air into contact with a space between the stacked electric
power storage elements, and the electric power storage device can be downsized.

[0009] The circulation path may include a first wall section and a second wall
section. The first wall section opposes the lateral surface in the horizontal direction and

extends in the longitudinal direction. The second wall section covers a space between

“the lateral surface and the first wall section in a width direction that is orthogonal to the

horizontal direction and extends in the longitudinal direction. The vortex flow
generation section may include a blowoff port through which the air flows into the
circulation path. A length of the blowoff port in the width direction may be smaller than
a length in the width direction and a length in the horizontal direction of a flow path cross
section in the horizontal direction of the circulation path.

[0010] With such a configuration, a laminar flow of the air that has the smaller
width than the length in the width direction and the length in the horizontal direction of
the flow path cross section in the horizontal direction of the circulation path flows into
the circulation path from the blowoff port. Thus, it is possible to generate the swirling
vortex flow with the longitudinal direction being the rotational axis and the width
direction of the lateral surface of the case being the contact length.

[0011]  The temperature adjusting structure described above may further include
a partition wall that divides the circulation path along the longitudinal direction. The
blowoff port may be configured to be provided in the each circulation path that is divided
by the partition wall and extends in the longitudinal direction. ~With such a
configuration, the plural swirling vortex flows with the longitudinél direction being the
rotational axis with respect to the lateral surface of the case are generated. Thus, the
first cooling length between the swirling vortex flow and the lateral surface of the case
can further be reduced, and the cooling efficiency can further be improved. _ |

[0012] The temperature adjusting structure described above may further include:
a supply path that guides the air to the bottom surface such that the air is supplied in a
substantially perpendicular direction to the bottom surface of the case; and a guide
surface that circulates the air along the bottom surface, the air flowing from the supply
path to exchange heat with the bottom surface. The air that circulates along the bottom
surface by the guide surface may be configured to be supplied to the circulation path via:

the vortex flow generation section. With such a configuration, downsizing of the
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electric power storage device can be realized, and the temperature of the electric power

storage element can be adjusted efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic top view of a battery pack in a first embodiment;

FIG. 2 is a schematic perspective view of an example of a battery assembly that
includes a temperature adjusting structure in the first embodiment; '

FIG. 3 i1s an exterior perspective view of a guide section that constitutes the
temperaturé adjusting structure in the first embodiment;

FIG. 4 is a front view of a unit cell that includes the guide section when seen in a
stackirig direction, and is a view for illustrating a temperature adjusting method of a
lateral surface of the unit cell in the first embodiment;

FIG. 5 is a cross-sectional view that is taken along V-V in FIG. 4 in the first
embodiment; , - |

FIG. 6 is a view for illustrating a blowoff structure that generates a swirling vortex
flow in the first embodiment; ' ‘

FIG. 7 is a cross-sectional view taken along VII-VII in FIG. 4 in the first
embodiment; »

FIG. 8 is a view of a first modified example of a vortex flow generating section in
the first embodiment;

FIG. 9 is a view of a second modified example of the vortex flow generating section
in the first embodiment;

FIG. 10 is a schematic perspective view of an example of a battery pack that
includes temperature adjusting structures of a lateral surface and a bottom surface of a
battery assembly (a unit cell) in a second embodiment;

FIG. 11 is an exterior perspective view of the unit cell and a guide section in the
second embodiment; ’

FIG. 12 is a top view of the guide section in the second embodiment;

FIG. 13 is a cross-sectional view that is taken along XIII-XIII in FIG. 12 in the
second embodiment; ‘ ,

FIG. 14 shows an example of an aspect in which the air is suctioned for a bottom

surface of the unit cell by a first guide section in the second embodiment;
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FIG. 15 is a view of the temperature adjusting structure of the bottom surface of the
battery assembly (the unit cell) in the second embodiment;
FIG. 16 is a cross-sectional view that is taken along XVI-XVI in FIG. 12 and

illustrates a flow of the air from the temperature adjusting structure of the bottom surface

- of the battery assembly (the unit cell) to the temperature adjusting structure of the lateral

surface in the second embodiment; »

FIG. 17 illustrates the temperature adjusting structure in which the air supplied
(exhausted) from the first guide section turns into a swirling vortex flow by a second
guide section in the second embodiment; ’

FIG. 18 is a view of a first modified example of the temperature adjusting structure

on a bottom surface of a battery assembly in the second embodiment; and

FIG. 19 is a view of a second modified example of the temperature adjusting

structure on the bottom surface of the battery assembly in the second embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
[0014] A description will hereinafter be made on embodiments of the present
invention. _
[0015] FIG. 1 to FIG. 9 are views of a first embodiment of the present invention.
FIG. 1 is a schematic top view of an example of a temperature adjusting structure of a
battery pack. In FIG. 1 and the like, an X-axis, é Y-axis, and a Z-axis are orthogonal to

~ each other. A relationship among the X-axis, the Y-axis, and the Z-axis is the same in

other drawings. In this embodiment, an axis that corresponds to a vertical direction is

-set as the Z-axis.

[0016] A battery pack 1 can be mounted in a vehicle. The battery pack 1 is
fixed to a floor panel (a body) of the vehicle. For example, the battery pack 1 can be
arranged in a space under a seat such as a front seat or a rear seat in a cabin, a space
between the front seats, a luggage space that is positioned at the rear of the rear seat, or
the like. | S

[0017] The battery pack 1 outputs energy that is used for traveling of the vehicle.
As the vehicle, a hybrid vehicle or an electric vehicle can be raised. The hybrid vehicle
is a vehicle that includes the battery pack 1 and another power source such as a fuel cell
or an internal combustion engine as power sources for traveling the vehicle. The
electric vehicle is a vehicle that only includes the battery pack 1 as the power source of
the vehicle.

[0018]  The battery pack 1 is connected to a motor generator. The motor
generator can generate kinetic energy for traveling the vehicle by receiving electric power

from the battery pack 1. The motor generator is connected to wheels, and the kinetic
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energy that is generated by the motor generator is transmitted to the wheels. When the
vehicle is decelerated or brought to a stop, the motor generator converts the kinetic
energy that is generated upon braking of the vehicle to electric energy. The electric
energy that is generated by the motor generator can be stored in the battery pack 1.

[0019] A DC-to-DC converter or an inverter can be arranged in a current path
between the battery pack 1 and the motor generator. By using the DC-to-DC converter,
an output voltage of the battery pack 1 can be increased and supplied to the motor
generator, or a voltage from the motor generator can be reduced and suppiied to the
battery pack 1. In addition, by using the inverter, a DC current that is output from the
battery pack 1 can be converted to an AC current, and an AC motor can be used as the
motor generator.

[0020] As shown in FIG. 1, a battery assembly 100 is an example of the electric
power storage device of the present invention. The battery assembly 100 has a plurality
of unit cells 10, the plurality of unit cells 10 is aligned in a specified direction (an X
direction). The unit cell 10 is an example of the electric power Storage element of the
present invention. The plurality of unit cells 10 is electrically connected in series by a
bus bar. The battery assembly 100 may include the‘plurality of unit cells 10 that is
electrically connected in parallel.

[0021] A secondary battery such as a nickel hydrogen battery or a lithium ion
battery can be used as the unit cell 10. In addition, an electric double-layered capacitor
(condenser) can be used instead of the secondary battery.

[0022] In this embodiment, the plurality of unit cells 10 is aligned in one
direction; however, a configuration of the unit cells 10 is not limited to this.
Specifically, one battery module can be configured by including the two or more unit
cells, and a plurality of the battery modules can be aligned in the X-direction. The
plurality of the unit cells that is included in the one battery module can electrically be
connected in series. — ' '

[0023] A pair of end plates 101 is arranged at both ends of the battery assembly
100 in an arrangement direction (the X-direction) in which the plurality of unit cells 10 is
aligned. The pair of end plates 101 holds the plurality of unit cells 10 that constitutes
the battery assembly 100 therebetween, and is used to apply a restraining force to the
plurality of unit cells 10. The restraining force is a force to hold the unit cells 10
between the pair of end plates 101 in the X-direction. It is possible by applying the
restraining force to each of the unit cells 10 to suppress inflation of the unit cell 10 and to
suppress degradation of an input/output characteristic of the unit cell 10. . |

[0024] More specifically, both ends of a restraining band 102 that extends in the
X-direction are connected to the pair of end plates 101. Accordingly, the pair of end
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plates 101 can apply the restraining force to the plurality of unit cells 10. The
restraining band 102 is arranged on right and left side surfaces (lateral surfaces in a
Y—directioh) of the battery assembly 100 via a guide section 50, which will be described
below. A position to arrange and the number of the restraining band 102 can
appropriately be set, and the both ends of the restraining band 102 only needs to be
connected to the pair of end plates 101. For example, the restraining band 102 may be
arranged on an upper side surface of the battery assembly 100 in a Z-direction. An
upper side indicates a positive side in the Z-direction in the drawings.

[0025] FIG. 2 is an exterior perspective view of the battery assembly 100 that
includes the guide section 50 of this embodiment. The guide section 50 that constitutes
a temperafure adjusting structure of the battery pack 1 is arranged for each of the unit
cells 10 that constitutes the battery assembly 100.

[0026] As shown in FIG. 2, the unit cell 10 has a cell case 11 in which an
electric power generation element 20 is housed. The unit cell 10 is a so-called square
cell, and the cell case 11 is formed in a rectangular parallelepiped shape. The cell case
11 can be formed of metal, for example. ' }

[0027]  An upper surface 11a of the cell case 11 is provided with a positive
electrode terminal 12 and a negative electrode terminal 13 that are connected to the
electric power generation element 20, the electric power generation element 20 being
housed in the cell case 11. For example, when the cell case 11 is configured by
including a case body and a lid that form a housing space for the electric power
generation element 20, the upper surface 11a corresponds to the lid that closes an opening
of the case body for incorporating the electric power generation element 20 from above.
The lid and the case body can be fixed by welding, for example, and the inside of the cell
case 11 is brought into a tightly sealed state. Here, the above indicates a positive side in
the Z-direction in the drawing.

[0028] The uppér surface 11a can be provided with a valve (not shown) that
discharges gas to the outside of the cell case 11 when the gas is produced in the cell case
11. The upper surface 11a can also be provided with a liquid injection port (not shown).
The liquid injection port is used to inject an electrolytic solution into the cell case 11, and
is closed by a liquid injection plug.

[0029] The electric power generation element 20 has a positive electrode
element, a negative electrode element, and a separator that is arranged between the
positive electrode element and the negative electrode element. The positive electrode
element has a current collector and a pbsitive electrode active material layer that is
formed on a surface of the current collector. The negative electrode element has a

current collector and a negative electrode active material layer that is formed on a surface
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of the current collector. The separator, the positive electrode active material layer, and
the negative electrode active material layer are soaked in the electrolytic solution. A
solid electrolyte can be used instead of the électrolytic solution.

[0030] In the unit cell 10 of this embodiment, a surface provided with the
positive electrode terminal 12 and the negative electrode terminal 13 is the upper surface
I1a of the unit cell 10, and a lower surface that opposes the upper surface 11a with the
electric power generation element 20 being interposed therebetween in the Z-direction is
a bottom surface 11b. When the battery assembly 100 is seen in the arrangement
direction (the X-direction), a surface that is located on both sides in a horizontal direction
(the Y-direction) is a lateral surface 11c of the cell case 11. A longitudinal direction of
the lateral surface 11c is the Z-direction in which the bottom surface 11b and the upper
surface 11a that opposes the bottom surface 11b face each other. A surface that extends
in the Y-direction with respect to the two lateral surfaces 11c, which are separately
arranged on the both sides in the horizontal direction, and that faces the another adjacent .
unit cell 10 is a stacking surface 11d.

[0031]' The unit cell 10 of this embodiment has a long side in the Y-direction,
and has a length L in the Y-direction, a width D in the X-direction, and a height H in the
Z-direction. Each of the upper surface 11a and the bottom surface 11b of the unit cell
10 has the length L in the Y-direction and the width D in the X-direction. The lateral
surface 11c¢ has the width D in the X-direction and the height H in the Z-direction. The
stacking surface 11d has the length L in the Y-direction and the height H in the |
Z-direction.

[0032] In the example of FIG. 2, the guide section 50 that is provided in each of
the unit cells 10 for constituting the battery assembly 100 contacts the stacking surface
11d that is orthogonal to the arrangement direction of the unit cell 10, and electrically
insulates the adjacent unit cells 10 in the stacking direction (the X-direction). In this
embodiment, a space between the two unit cells 10 that are adjacently arranged is closed
by the guide section 50, and thus a space in which temperature adjusting air circulates is
not provided between the unit cells 10. Each of the unit cells 10 that constitutes the
battery assembly 100 of this embodiment is tightly arranged in the stacking direction via
the guide section 50. The guide section 50 can be formed of an insulating material such
as a resin. ' »

' [0033] Returning to FIG. 1, a blower 400 supplies the temperature adjusting air
into the battery pack 1. An air intake duct 401 is connected to an outlet port of the -
blower 400. The air intake duct 401 is branched into two in the Y-direction. One
branched duct 401a is arranged on one lateral surface of the battery assembly 100 and
extends in the stacking direction. Meanwhile, another branched duct 401b is arranged
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on another lateral surface of the battery assembly 100 and extends in the stacking
direction.

[0034] Each of the branched ducts 401a, 401b 1s connected to the guide section
50 that is provided in the each unit cell 10. By driving a blower motor, the blower 400
suctions the air in the cabin from an inlet port and supplies the air to the each guide
section 50 through the air intake duct 401.

[0035] .The temperature adjusting air contacts an outer surface of the unit cell 10,
that is, a surface of the cell case 11 and exchanges heat with the cell case 11, in which the
air and the electric power generation element are housed. For example, when the unit
cell 10 generates heat by charging, discharging, and the like, a temperature increase of the
unit cell 10 can be suppressed by bringing cooling air into contact with the unit cell 10.
On the other hand, when the unit cell 10 is excessively cooled, a temperature reduction of -
the unit cell 10 can be suppressed by bringing heating air into contact with the unit cell
10.

' [0036] The air in the cabin is set at a temperature that is suited for temperature
adjustment of the unit cell 10 by an air conditioning device or the like that is mounted in
the vehicle. Thus, the temperature adjustment of the unit cell 10 can be perfofmed by
supplying the air in the cabin to the unit cell 10. It is possible by adjusting a
temperature of the unit cell 10 to suppress degradation of the input/output characteristic
of the unit cell 10. | |

[0037] The battery pack 1 of this embodiment has an upper case and a lower
case, both of which are not shown, and, together with the guide section 50, the battery
assembly 100 is arranged in a housing space that is surrounded by the upper case and the
lower case. The air intake duct 401 that extends from the blower 400 is connected to the
battery pack 1 in which the battery assembly 100 is housed in the housing space. The
air that is supplied from the blower 400 circulates in the battery pack 1. The air that
flows through the battery pack 1 is guided to the lateral surface 11c of the each unit cell
10 by the guide section 50. The air that has been guided to the lateral surface 11c
exchanges heat with the unit cell 10 and is exhausted to the outside of the battéry pack 1.

[0038]' FIG. 3 is an exterior perspective view of the guide section 50 of this
embodiment. The guide section 50 is configured by including a first wall section 51, a

_ se‘cond wall section 52, and a bottom section 53. The first wall section 51 forms a

surface that opposes the lateral surface 11c of the unit cell 10 in the Y-direction, and
extends in a longitudinal direction of the lateral surface 11c (the Z-direction). The two
second wall sections 52 extend substantially in parallel with the‘stacking surface 11d of
the unit cell 10 in the Y-direction. The bottom section 53 contacts the bottom surface
11b of the unit cell 10.
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[0039]  The heights of the first wall section 51 and the second wall section 52 are
the same as the height H of the unit cell 10. The second wall sections 52 are provided to
correspond with the two stacking surfaces 11d that are aligned in the stacking direction of
the unit cell 10, and are each formed to extend to the outside in the Y-direction by a
distance L1 from the lateral surface 11c that is positioned at the end of the stacking
surface 11d in the Y-direction. The pair of second wall sections 52 is separated from
each other by a distance that corresponds to the width D of the unit cell 10 (the case 11)
in the X-direction. The first wall section 51 is provided at the end of the second wall
section 52 that extends to the outside from the lateral surface 11c.

[0040] The second wall section 52 of this embodiment is formed to be longer
than the length L of the stacking surface 11d of the unit cell 10 in the Y-direction by the
length L1 x 2. The guide section 50 of this embodiment is formed in a shape that
surrounds a periphery of the unit cell 10 other than the upper surface 11a, so that a spacé
(a circulation path S1) in which the air circulates for the unit cell 10 is only formed
between the lateral surface 11c and the first wall section 51.

[0041] In correspondence with the circulation path S1, the bottom section 53 is
also formed to be longer than the length L of the stacking surface 11d of the unit cell 10
in the Y-direction by the length L1 x 2.  An end of the circulation path S1 on the bottom
surface 11b side of the unit cell 10 is closed by the bottom section 53, and an end thereof
on the upper surface 11a side is opened as an exhaust port of the air.

[0042]  The guide section 50 further includes a supply section 54 that supplies
the air to the circulation path S1. The supply section 54 can be provided at one end of
the circulation path S1 that is closed by the bottom section 53. The air that flows into
the circulation path S1 from the supply section 54 is guided by the first wall section 51,
flows toward the exhaust port of the circulation path S1, and is then exhausted. The
exhaust port is an opening on the upper side of the circulation path S1 that is provided at
another end of the circulation path S1. The upper side indicates the positive side in the
Z-direction in the drawings. ‘ |

[0043] As shown in FIG. 3, for example, the supply section 54 forms an air
supply path S2 that extends in the Y-direction with respect to the circulation path S1 that
extends in the Z-direction along the lateral surface 11¢c. The supply section 54 has an air
inflow port 54a that communicates with the inside of the circulation path S1 and a
connection port 54b that is connected to the air intake duct 401 (401a or 401b) that
extends from the blower 400. The supply path S2 of the supply section 54 and the
circulation path S1 are formed in a substantial L shape in a YZ plane view, and the air is
supplied from the Y-direction to the circulation path S1 (the lateral surface 11c) in a

substantially perpendicular manner.
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[0044] The supply section 54 of this embodiment includes a vortex flow
generating section 5 for generating a vortex flow in the air that flows into the circulation
path S1, the vortex flow swirling with the longitudinal direction of the lateral surface 11c¢
being a rotational axis. The vortex flow generating section 5 includes two blowoff ports
541a, 541b in the inflow port 54a, and generates the swirling vortex flow of the air by an
air blowoff structure to the circulation path S1, the structure being configured by
including the blowoff ports 541a, 541b. '

[0045] FIG. 4 is a front view of the unit cell 10 that includes the guide section
50 when seen in the stacking direction, and is a view for illustrating a temperature
adjusting method of the lateral surface 11c of the unit cell 10. As shown in FIG. 4, the
supply section 54 supplies the air from the Y-direction to the circulation path S1 that
extends in the Z-direction in the substantially perpendicular manner. A laminar flow of
the air with a height H1 in the Z-direction flows into the circulation path S1 from the
supply section 54 via the blowoff ports 54la, 541b. The air that flows into the
circulation path S1 turns into the swirling vortex flow by the blowoff structure that is
configured by the blowoff ports 541a, 541b with respect to the circulation path S1, and
flows toward the exhaust port on the upper surface 11a side of the unit cell 10 while
contacting the lateral surface 11c with the longitudinal direction of the lateral surface 11¢
being the rotational axis. | -

[0046] The supply section 54, for exampie, can be formed by extending a
portion of each of the second wall section 52 and the bottom section 53 from the first
wall section 51 to the outside in the Y-direction for a specified length. The outside is an
opposite side from a side on which the unit cell 10 is positioned. Then, the supply path
S2 can be formed by providing a wall section 51a in a position that corresponds to an
upper end of each of the blowoff ports 541a, 541b in the Z-direction, the wall section 51a
being projected in the Y-direction from the first wall section 51 in a substantially
perpendicular manner. |

[0047] FIG. 5 is a cross-sectional view that is taken along V-V in FIG. 4. As
shown in FIG. 3 and FIG. 4, each of the blowoff ports 541a, 541b is a rectangular
opening with the height H1 and a specified width in the X-direction from the end of the
circulation path S1 on the bottom surface 11b side. The blowoff ports 541a, 541b
constitutes the inflow port 54a from the supply path S2 to the circulation path S1. As
shown in FIG. 5, a first guide surface 542 and a second guide surface 55a are provided to
the upstream side of the supply path S2 to which the air is supplied from an opening end
of each of the blowoff ports 541a, 541b. ’

[0048]  The second wall section 52 that forms the supply path S2 of the supply
section 54 can constitute the first guide surface 542. In order to form the supply path S2
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as described above, the first guide surface 542 can be formed by extending the portion of
the second wall section 52 to the outside in the Y-direction. Thus, the second wall
section 52 can be used as the first guide surface 542 that guides the air to each of the
blowoff ports 541a, 541b. ' '
[0049] The second guide surface 55a is a surface that opposes the first guide

surface 542 in the vortex flow generating section 5 in the X-direction. A guide member

* 55 forms the blowoff ports 541a, 541b as the inflow port 54a from the supply path S2 to

the circulation path S1, and is configured as a branch section that branches the air flowing
from the connection port 54b and guides the air to the two blowoff ports 541a, 541b that
are separated in the X-direction. A surface in the branch section that opposes the first
guide surface 542 in the X-direction serves as the second guide surface 55a. The second
guide surface 55a is positioned on the inside in the X-direction (the width direction) of
the lateral surface 11c from the first guide surface 542.

[0050] As in the example of FIG. 5, the guide member 55 of this embodiment is
arranged between the pair of first guide surfaces 542 (542a, 542b) that forms the supply
path S2 of the supply section 54, and can be formed in a shape that is projected to the
upstream side of the supply path S2. For example, as in the example of FIG. 5, the
guide member 55 can be formed in a trapezoidal shape that has a tapered and inclined
surface, so that the air supply path is narrowed from the connection port 54b to the
blowoff borts 541a, 541b of the supply section 54.

[0051] A surface that is in the same XZ plane as an opening surface of each of
the blowoff ports 541a, 541b, that faces the inside of the circulation path S1, and opposes
the lateral surface 11c is a guide surface 51b of the first wall section 51 that constitutes
the circulation path S1.  The guide surfaces 51b extend substantially parallel in the
X-direction and divide the supply path S2 except the blowoff ports 541a, 541b from the
circulation path S1. The guide surface 51b of the guide member 55 that is positioned in -
the same XZ plane as the first wall section 51 is arranged on the inside in the X-direction
of the lateral surface 11c from the blowoff ports 541a, 541b. In other words, the guide
surface 51b has a smaller width than the width D of the first wall section 51 in the
X-direction, and each of the blowoff ports 541a, 541b is formed on both ends of the guide
surface 510 in the X-direction. '

[0052] The second guide surface 55a of the guide members 55 can be
configured integrally to extend from the guide surface 51b to the upstream side of the
supply path S2 that supplies the air to the circulation path S1. In this embodiment, on
the one lateral surface 11c, the two swirling vortex flows are formed by the two blowoff
ports 541a, 541b. ' '
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[0053] As shown in FIG. 5, a partition wall 56 is provided that divides the
circulation path S1 in the X-direction along the longitudinal direction of the lateral
surface 11c with respect to the blowoff ports 541a, 541b. The partition wall 56 can
integrally be provided with the guide member 55, and extends from the guide surface 51b
toward the lateral surface 11c. ’

[0054] Here, a description will be made on principle of generating the swirling -
vortex flow by the blowoff structure of this embodiment. As shown in FIG. 5, in the
XY plan view, the circulation path S1 is divided into two paths Sla, S1b by the partition
wall 56, and the blowoff ports 541a, 541b are respectively provided for the circulation
paths Sla, S1b that are divided.

[0055] FIG. 6 is a view for illustrating the blowoff structure that generates the
swirling vortex flow, and is an enlarged view of the divided circulation path Sla and the
blowoff port 541a. As shown in FIG. 6, the divided circulation path Sla is a space that
has a length w1l in the Y-direction and a width d1 in the X-direction. The width d1 in
the X-direction corresponds to a half of the width D of the lateral surface 11c, for
example. The blowoff port 541a has a width d2 in the X-direction and is connected to
the supply path S2 that is formed by the first guide surface 542 and the second guide
surface 55a.

[0056] At this time, an opening of the blowoff port 541a is formed to have the
width d2 that is smaller than the length w1 and the width d1 of the divided path Sla (d2
<wl,d2 <dl). Here, a magnitude relationship between the length w1 and the width d1
of the circulation path Slais arbitrary.

[0057] In other words, as shown in FIG. 6, in the XY plan view, a flow path
cross section (an opening surface) of the blowoff port 541a is formed to be smaller than a
flow path cross section of the circulation path Sla, and the blowoff structure is formed in
which the laminar flow of the air in the width d2 (and the height H1) flows into the
circulation path Sla from the blowoff port 541a. The width d2 is smaller than the
length w1 and the width d1 of the circulation path Sla.

[0058] Then, in the blowoff structure of this embodiment, in the lateral surface
11c, the first wall section 51 (51b), the second wall section 52 that form the circulation
path Sla, the laminar flow with the height H1 in the Z-direction ari_d the width d2 in the
X-direction that is smaller than the width d1 in the X-direction and the length w1 in the
Y-direction of the flow path cross section of the circulation path Sla in the Y-direction
while the air flows into the circulation path S1a along the second wall section 52.

[0059] The laminar flow that flows from the blowoff port 541a along the second
wall section 52 changes a direction thereof to the X-direction along the lateral surface 11c

when reaching the lateral surface 11c, and then flows toward the partition wall 56. The
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laminar flow that has reached the partition wall 56 further changes the direction thereof to
the Y-direction along the partition wall 56, and flows toward the guide surface 51b (the
first wall section 51). The laminar flow that has reached the guide surface 51b flows
toward the second wall section 52 along the guide surface 51b.  Just as described, when
the laminar flow of the air is swirled along an inner surface of the circulation path Sla,
the swirling vortex flow can be generated that has the longitudinal direction of the lateral
surface 11c as the rotational axis and has a cooling length in the X-direction of the lateral
surface 11c.

[0060]  The blowoff port 541b also has the same blowoff structure. In the
lateral surface 11c, the first wall section 51 (51b), the second wall section 52, and the
partition wall 56 that form the circulation path S1b, the laminar flow with the height H1
in the Z-direction and the width d2 in the X-direction flows into the circulation path S1b
while the air flows into the circulation path S1b along the second wall section 52. The
width d2 is smaller than the width dl in the X-direction and the length wl in the

"Y-direction of a flow path cross section of the circulation path S1b in the horizontal

direction. The laminar flow of the air is swirled along an inner surface of the circulation
path S1b, and the swirling vortex flow can thereby be generated that has the longitudinal
direction of the lateral surface 11c as the rotational axis and has the cooling length in the
X-direction of the lateral surface 11c. . :

[0061] FIG. 7 is a cross-sectional view taken along VII-VII in FIG. 4. As
shown in FIG. 7, the laminar flows of the air that are blown off from the blowoff ports
541a, 541b with the height H1 in the Z-direction and the width d2 in the X-direction to
the circulation paths Sla, S1b form the independent swirling vortex flows that are divided
by the partition wall 56. The two swirling vortex flows with the Z-direction being the

rotational axis are formed with respect to the width D of the lateral surface 11c in the

X-direction.

[0062] Here, as in an example of FIG. 7, the partition wall 56 is higher than the _
height H1 of each of the blowoff ports 541a, 541b in the longitudinal direction of the

‘lateral surface 11c and does not extend to the end of the circulation path S1 in the

Z-direction. A height of the partition wall 56 can be set arbitrarily such that the laminar
flows of the air blown off from the two blowoff ports 541a, 541b are not mixed with each
other and thus form the swirling vortex flows that are independent of each other. Here,
the partition wall 56 can be provided that extends to the end of the circulation path S1 in
the Z-direction to have the height H. ‘

[0063] The swirling vortex flow that is generated by each of the blowoff ports
541a, 541b swirls with the longitudinal direction of the lateral surface 1lc (the.
Z-direction) being the rotational axis, has a first cooling length (D/2) that is the width
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direction orthogonal to the longitudinal direction of the lateral surface 11c, flows in the
Z-direction along the longitudinal direction of the lateral surface 11c while contacting the
lateral surface 11c.

[0064]  Accordingly, since the air in the vortex flow that flows while swirling
has the first cooling length in the X-direction and contacts the lateral surface 1lc, the

cooling length can be reduced in comparison with a case where the air flows along the

~longitudinal direction of the lateral surface 11c. Thus, the temperature adjustment can

be performed efficiently. Furthermore, the swirling vortex flow that advances in the
longitudinal direction of the lateral surface 11c also advances a second cooling length
that extends in the longitudinal direction of the lateral surface 11c (the Z-direction) while
swirling in the X-direction. Thus, it is possible to disturb a temperature boundary layer
in a length direction of the second cooling length, to suppress an increase in the
temperature boundary layer along the longitudinal direction of the lateral surface 11¢, and
thus to efficiently perform the temperature adjustment.

[0065] Particularly, instead of the vortex flow that is produced by turbulence,
the vortex flow generating section 5 (the blowoff ports 541a, 541b) of this embodiment
swirls the laminar flow that has the height H1 in the Z-direction and the width d2 in the
X-direction to form the vortex flow. . Since the swirling vortex flow that has the
longitudinal direction of the lateral surface 11c as the rotational axis and has the cooling
length in the X-direction of the lateral surface 1lc is generated, the heat exchange
between the lateral surface 11c and the air can be performed efficiently.

[0066]  As described above, with the temperature adjusting structure of this

- embodiment, the temperature of the lateral surface 11c of the case 11 of the unit cell 10

can efficiently be adjusted without bringing the air into contact with a space between the
stacked unit cells 10. Thus, the battery pack 1 can be downsized in the X-direction (the
direction in which the unit cells 10 are aligned). In addition, since the air supply path to
the guide section 50 is positioned on the lateral surface of the battery pack 1, the battery
pack 1 can also be downsized in the Z-direction (the height). In this embodiment, as in
the example of FIG. 7 and the like, the two swirling vortex flows with the rotational axis
in the Z-direction are produced in the X-direction (the width direction) of the lateral
surface 11c.  Accordingly, the first cooling length of the each swirling vortex flow in the
X-direction of the lateral surface 11c is halved, and thus the temperature adjustment can
be performed fuﬁher efficiently.

[0067] In addition, by the guide section 50, the temperature adjusting air that is
supplied from the blower 400 is suctioned and exhausted in parallel (independently) with
respect to the lateral surface 11c of each of the unit cells 10 that constitute the battery

assembly 100. Thus, cooling air on the downstream side is not influenced by the
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temperature increase of cooling air on the upstream side. Therefore, the cooling
efficiencies of the unit cells 10 on the upstream side and the downstream side can be
equalized, and thus variations in temperature between the unit cells 10 can be suppressed.
[0068] FIG. 8 and FIG. 9 show modified examples of the blowoff structure of
the temperature adjusting structure of this embodiment. An example of FIG. 8 is a
blowoff structure in which the circulation path S1 is not divided by the partition wall 56,
in which one blowoff port 541c is provided for the circulation path S1, and in which the
laminar flow swirls with the longitudinal direction of the lateral surface 1lc (the
Z-direction) being the rotational axis, has the first cooling length that is the width D
orthogonal to the longitudinal direction of the lateral surface lllc, contacts the lateral
surface 11c while flowing in the Z-direction along the longitudinal direction of the lateral
surface 11c. _
. [0069] Also in the modified example in FIG. 8, as shown in F IG. 6, a blowoff
port 541c is formed to ha{/e an opening that has a smaller width d3 than a length (w1l x 2)
and the width (d1 x 2) of the flow path cross section of the circulatibn path S1 in the XY

~ plane. The laminar flow of the air with the height H1 in the Z-direction and the width

d3 in the X-direction flows into the circulation path S1 along the second wall section 52
of the lateral surface 11c, the first wall section 51 (51b), and the second wall section 52
that form the circulation path S1. Accordingly, the laminar flow of the air swirls along
the inner surface of the circulation path S1, and thus the swirling vortex flow can be
generated with the longitudinal direction of the lateral surface 11c being the rotational
axis and that has the cooling length in the X-direction of the lateral surface 11c.

[0070]  Next, the modified example shown in FIG. 9 is an example of the
blowoff structure in which the laminar flow of the air flows into the circulation paths S1a,
S1b from the blowoff ports 541a, 541b along the partition wall 56 that divides the
circulation path S1.

[0071] As described above, the circulation path Sla is surrounded by the lateral
surface 11c, the first wall section 51 (51b), the second wall section 52, and the partition
wall 56. Thus, the partition wall 56 is extended to the upstfeam side of the supply path
S2 from the first wall section 51b, and the blowoff port 541a can be formed on the
partition wall 56 side. ‘ | ) , '

[0072] In other words, in the example of FIG. 9, a positional relationship
between the blowoff ports 541a, 541b with respect to the circulation paths Sla, S1b that
are shown in FIG. 5 and divided by the partition wall 56 is that the blowoff ports 541a,
541b are arranged to be adjacent to each other with the partition wall 56 being interposed
therebetween in the X-direction. In a case where the partition wall 56 corresponds to
the second wall section 52 of the blowoff structure that is shown in FIG. 5 and where the
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circulation path S1 is divided by the partition wall 56, the second wall section 52 that

covers the space between the lateral surface 11c and the first wall section 51 in the

~circulation path S1a is configured by including a portion that is extended by the length L1

in the Y-direction and the partition wall 56.

[0073] As described above, in the modified example of FIG. 9, the laminar flow
with the height H1 in the Z-direction and the width d2 in the X-direction flows into the
circulation path Sla while the air flows into the circulation path Sla along the partition
wall 56. The width d2 is smaller than the width d1 in the X-direction and the length w1
in the Y-direction in the flow path cross section in the Y-direction of the circulation path
Sla. With such a structure, the laminar flow of the air swirls along the inner surface of
the circulation path Sla, and thus the swirling vortex flow can be generated with the
longitudinal direction of the lateral surface 11c being the rotational axis and that has a
half of the first cooling length in the X-direction of the lateral surface 11c. The same
can be said for the blowoff port 541b.

[0074] In this embodiment, the rectangular circulation path S1 has been .
described as the example. Howe{/er, the shape of the circulation path S1 is not limited
thereto. For example, the circulation path rhay have an arcuate shape in which a
cross-sectional shape in the XY plane has a curve. In addition, the first guide surface
542 and the second guide surface 55a can each be configured as a guide surface that is
substantially parallel to the Y-direction for each of the blowoff ports 541a, 541b. In
other words, it may be configured to provide the supply path S2 that has the same width
as the opening of each of the blowoff ports 541a, 541b and extends to the outside in the
Y-direction. In addition, the first guide surface 542 can be provided in a manner to be
tilted to the outside in the X-direction with respect to the second wall section 52.

[0075] The supply section 54 and the guide member 55 can be formed as
separate components from the circulation path S1. In this case, for example, the inflow
port 54a that is formed with the blowoff ports 541a, 541b is formed in the first wall

section 51, and the supply section 54 and the guide member 55 that has the guide surface

51b are connected to the inflow port 54a. Thus, the blowoff structure by the blowoff
ports 541a, 541b can be formed.

[0076] The blowoff ports 541a, 541b can be provided in the second wall section
52. In other words, the supply path S2 can be connected to the circulation path S1 so as
to supply the air in a direction that is substantially parallel to the Y-direction to the
circulation path S1. In this case, the laminar flow of the air that flows into the
circulation path S1 via the blowoff ports 541a, 541b flows into the circulation path S1
along the guide surface 51b (the first wall section 51) or the lateral surface 11c.
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[0077] In the guidc'section 50 of this embodiment, the pair of second wall
sections 52 is provided to correspond to the two stacking surfaces 11d of the one unit cell
10, and the circulation path S1 that extends in the longitudinal direction of the lateral
surface 1lc is closed by the two second wall sections 52 of the guide section 50.
However, the circulation path S1 that extends in the longitudinal direction of the lateral
surface 11c can be formed by using the second wall section 52 of the guide section 50 in
the other adjacent unit cell 10 in the X-direction.

[0078] For example, in the example of FIG. 3, the second wall section 52 of the
guide section 50 that is provided to correspond to the each adjacent unit cell 10 is
arranged to be doubled between the two adjacent unit cells 10 that are stacked in the
X-direction. However, the guide section 50 can be configured such that one of the two
second wall sections 52 is removed and that the first wall section 51 is formed at both
ends in the Y-direction of the one second wall section 52 that extends substéntially
parallel to the stacking surface 11d of the unit cell 10 in the Y-direction.

[0079] In this case, the second wall section 52 of the guide section 50 in the one
unit cell 10 that is stacked in the X-direction while being sandwiched between the unit
cells 10 is arranged on the stacking surface 11d of the other unit cell 10 that is adjacent in
the X-direction. Thus, the one unit cell 10 and the other unit cell 10 that are adjacent in
the stacking direction are tightly arranged with the single second wall section 52 being

interposcd (sandwiched) therebetween. Then, the space between the lateral surface 11¢

-of the one unit cell 10 and the first wall section 51 can be configured to be closed.in the

X-direction by the second wall section 52 of the guide section 50 and the second wall
section 52 of the guide section 50 in the other unit cell 10 that is adjacent in the
X-direction. Thus, it is possible to form the circulation path S1 that extends in the
longitudinal direction of the lateral surface 11c. v .

[0080] The bottom section 53 of this embodiment may not have the shape that
covers the entire bottom surface 11b of the unit cell 10. For example, the bottom
section 53 that is extended to the outside from the end of the bottom surface 11b in the
Y-direction by the length L1 and that corresponds to the each lateral surface 11c can be
provided to at least close the end of the bottom surface 11b in the unit cell 10 that
corresponds to the circulation path S1. In addition, the second wall section 52 can be.
formed to be higher than the height H of the unit cell 10, so as to protrude from the upper
surface 11a of the unit cell 10 in the Z-direction. With such a configuration, an
insulation property between the unit cells 10 can further be improved.

[0081]  The plural guide sections 50 that are provided for the each unit cell 10
can be configured integrally. More specifically, the plural guide sections 50 of this

embodiment can be provided in the stacking direction, so as to correspond to the plural
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unit cells 10 that constitute the battery assembly 100. In addition, the plural guide
sections that are provided in the stacking directions can be configured integrally.

[0082] FIG. 10 to FIG. 19 depict the second embodiment of the present
invention. This embodiment further includes a temperature adjusting structure of the

bottom surface 11b of the case 11, in addition to the temperature adjusting structure of

. the lateral surface 11lc of the first emediment described above. This embodiment

performs the temperature adjustment by bringing the air into contact with the bottom
surface 11b and the lateral surface 11c of the unit cell 10 that constitutes the battery
assembly 100. 7

[0083] FIG. 10 is a schematic perspective view of the temperature adjusting
structure of the battery pack 1 of this embodiment. A guide section 500 is configured
by including: a first guide section 50A that is arranged between the bottom surface (lower
surface) side of the battery assembly 100 and a lower case 300; and a second guide
section 50B that is provided on the lateral surfaces on both sides in the Y-direction (the
horizontal direction) when the battery assembly 100 is seen in the X-direction in which
the unit cells 10 are aligned.. |

[0084] In this embodiment, the second guide section 50B corresponds to the
example of the guide section 50 in the above first embodiment. In the following
description, the second guide section 50B is denoted with the same reference numerals as
those indicated by the each drawing in the first embodiment, and a description thereof
will not be made. In-addition, for the guide section 500 of this embodiment, an aspect in
which the first guide section 50A and the second guide section 50B are configured
integrally is illustrated as an example. However, the guide section 500 can be
configured by combining the separate guide sections.

[0085] The blower 400 can be arranged adjacently to the battery assembly 100
in the X-direction. An air intake duct 402 that is connected to the outlet port of the
blower 400 is connected to an air intake path P on the bottom surface side of the battery
assembly 100 that is formed by the first guide section 50A. The air intake path P
extends in the X-direction. The blower 400 may not be arranged in alignment with the
battery assembly 100 in the X-direction. For example, the blower 400 may be aligned
in the Y-direction. In this case, the blower 400 can be formed in an arbitrary shape such
that the outlet port of the blower 400 and the air intake duct 402 are connected to an end
of the air intake path P that extends in the X-direction. ‘

[0086] FIG. 11 is a view of an example of the guide section 500 of this
embodiment. The guide section 500 of this embodiment is provided for the each unit
cell 10 that constitutes the battery assembly 100. In the example of FIG. 10 and the like,
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the plural guide sections 500, each of which is provided for the each unit cell 10, are
separately provided. However, the guide sections 500 can be provided integrally.

[0087] As shown in FIG. 11, the first guide section 50A that constitutes the
guide section 500 has the substantially same width as the width D of the bottom surface
11b of the unit cell 10, and is formed to be long, so as to correspond to the length L of the

- unit cell 10 (the bottom surface 11b) in the Y-direction. The guide section S0A includes

a guide section body 71 that 1s provided on the bottom surface 11b side and a pair of legs
77 that is arranged between the guide section body 71 and the lower case 300.

[0088] The leg 77 extends from the guide section body 71 toward the lower case
300, and an end thereof contacts an upper surface of the lower case 300. The leg 77 can
be provided integrally with or independent of the guide section body 71. The leg 77
defines a space between the lower case 300 and the guide section body 71 in which the
air circulates. The paired legs 77 are arranged to be separated for a specified distance in
the Y-direction. The space between the paired legs 77 serves as the air intake path P of
the temperaturé adjusting air that circulates in the X-direction of the unit cell 10 (the
battery assembly 100). |

[0089] FIG. 12 is a top view of the guide section 500. FIG. 13 is a
cross-sectional view that is taken along XIII-XIII in FIG. 12. The guide section body 71
includes a supply path 72, a guide surface 73, a discharge path 74, and a mounting
surface 75. The supply path 72 supplies the air to the bottom surface 11b of the each
unit cell 10 that constitutes the battery assembly 100. The guide surface 73 guides the
air that is supplied from the supply path 72 to the outside of the unit cell 10 along the
bottom surface 11b in the X-direction. The discharge path 74 is a path that discharges
the air that has exchanged the heat with the bottom surface 11b. The mounting surface
75 is a surface that at least a portion of the bottom surface 11b contacts. |

[0090] The mounting surface 75 is provided on an upper surface of the guide
section body 71 and serves as a region that a portion of an end of the bottom surface 11b
of the unit cell 10 in the Y-direction contacts. The mounting surface 75 is provided at a
position at an end of the upper surface of the guide section body 71 in the Y-direction
that corresponds to the each end of the bottom surface 11b (see FIG. 14).

[0091] The supply path 72 is a path to guide the air that flows through the air
intake path P to the bottom surface 11b, the air intake path P being formed by the paired
legs 77. The supply path 72 can be formed by a pair of separated wall sections 73a, and
is a path that is inserted in the guidevsection body 71 in the Z-direction from the air intake
path P toward the bottom surface 11b. The supply path 72 extends in the Y-direction

and has the substantially same length as the bottom surface 11b.
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[0092]  The guide surface 73 is a surface that opposes the bottom surface 11b,
and is an upper surface of the wall section 73a that is positioned below the bottom surface
11b in the Z-direction. The guide surfaces 73 are provided with the supply path 72 that
extends in the Y-direction being interposed therebetween in the X-direction. As shown
in FIG. 13, the supply path 72 is provided near the center of the bottom surface 11b in the
X-direction, and the air guided from the supply path 72 that extends in the Y-direction to
the bottom surface 11b is guided by the guide surface 73 to both sides of the bottom
surface 11b in the X-direction. '

[0093] The guide surface 73 has the substantially same length as the supply path
72 that extends in the Y-direction, and has a width that corresponds to the width D of the
bottom surface 11b in the X-direction. In this embodiment, the temperature adjustment
of the unit cell 10 is performed by bringing the air that is guided from the supply path 72
into contact with the bottom surface 11b that is long in the Y-direction along the width
direction in which the width of the bottom surface 11b is shorter than the length thereof.

[0094] In other words, the air that has a width of the length L with respect to the
bottom surface 11b of the unit cell 10 is supplied from the supply path 72 and flows in
the width direction of the bottom surface 11b. Accordingly, the uniform air flow with
the length L flows along the bottom surface 11b in the X-direction and contacts the
bottom surface 11b. Thus, the cooling length ts shorter than a case where the air flows
through a length direction of the bottom surface 11b in the Y-direction, and the cooling
efficiency is improved.

[0095] The discharge path 74 is a path to discharge the air that exchanges the
heat with the bottom surface 11b, and is formed by the wall section 73a and a wall

section 74a that are separated from each other. The discharge path 74 is provided at a

position that is adjacent to the supply path 72 in the X-direction in a manner to be divided
from the supply path 72 by the wall section 73a. The discharge path 74 of the first =

guide section 50A is connected to the supply path 72 via the guide surface 73, and two of
the discharge paths 74 are arranged on both sides in the X-direction. |
[0096]  The guide surface 73 guides the air, which has flown into the bottom
surface 11b from the supply path 72 and that has exchanged the heat with the bottom
surface 11b, along the bottom surface 11b toward the discharge path 74 that is adjacent to
the supply path 72 in the X-direction. At this time, the supply path 72 and the discharge
path 74 are divided by the wall section 73a, a lower side of the discharge path 74 in the
Z-direction is closed by the wall section 74a and is divided from the air intake path P.
V [0097] The discharge path 74 is connected to the circulation path S1 in the
second guide section 50B at the each end in the Y-direction. In other words, in the
guide section 500 of this embodiment, the second guide section 50B is provided at both
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end sides of the first guide section 50A in the Y-direction in a manner to correspond to
the lateral surface 11c of the unit cell 10. |

[0098]  The second guide section 50B uses the discharge path 74 as a supply
path (S2) of the air and let the air that has exchanged the heat with the bottom surface 11b
flow into the circulation path S1 that extends in the Z-direction in the lateral surface 11c
of the unit cell 10. The discharge path 74 is connected to each of the right and left
second guide sections 50B at the ends in the Y-direction, and openings of the discharge
path 74 at ends in the Y-direction are configured as the blowoff ports 541a, 541b for the
circulation path S1.

[0099] Here, a positional relationship between the guide surface 73 and the
mounting surface 75 of the guide section body 71 will be described. As shown in
FIG.11, the guide surface 73 is positioned lower than the mounting surface 75 that
contacts the bottom surface 11b of the unit cell 10 in the Z-direction, and the space
through which the air flows in the X-direction is formed between the bottom surface 11b
and the guide surface 73. Thus, a step is formed between the mounting surface 75 and
the guide surface 73 in the Z-direction, and the mounting surface 75 is provided in a
region at the end of the guide surface 73 in the Y-direction. }

[0100]  As shown in FIG. 13, the supply path 72 of this embodiment can be
formed in a nozzle shap:e. More speciﬁcally,/the supply path 72 can be formed such that
a width of the path that extends in the Z-direction toward the bottom surface 11b (a width
in the X-direction) is narrowed as approaching the bottom surface 11b.  Since the supply |
path 72 is formed in the nozzle shape from the air intake path P toward the bottom
surface 11b of the unit cell 10, a flow rate of the air that is supplied to the bottom surface
11b can be increased, and the air can be supply to hit the bottom surface 11b. With such
a configuration, the heat exchange of the air that contacts the bottom surface 11b is
promoted, and thus the cooling efficiency is improved. Here, a width of a tip of the
nozzle, that is, a width of an opening of the supply path 72 in the X-direction that faces
the bottom surface 11b can arbitfarily be set.

[0101]  Next, the flow of the air in the terhperature adjusting structure of the first
guide section S0A will be described. FIG. 14 shows an example of an aspect in which
the air is suctioned for the bottom surface 11b of the unit cell 10 by the first guide section
50A. The air that is supplied from the blower 400 flows in the X-direction through the
air intake path P that is formed by the paired legs 77 and the lower case 300. The air
that has flown through the air intake path P in the X direction flows upward in the
Z-direction from the air intake path P and contacts the bottom surface 11b substantially
perpendicularly in the Z-direction,‘ the bottom surface 11b being planar in the

X-direction.
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[0102] FIG. 15 is a view of an aspect in which the air flowing through the air
intake path P is guided to the each unit cell 10 that constitutes the battery assembly 100
by the first guide section 50A.

[0103] Since the guide section 500 is provided for each of the unit cells 10 in
the battery assembly 100 that are aligned in the X-direction, the air that flows in the
X-direction flows into each of the supply paths 72 that is positioned above the air intake
path P in the Z-direction in parallel by the first guide section 50A. Thus, temperatures
of the air on the upstream side and the downstream side of the air intake path P become
the same, and the air that flows into the supply path 72 on the downstream side of the air
intake path P is not influenced by the air that is heated by the heat exchange with the unit
cell 10 on the upstream side. _

[0104] The supply path 72 is opened to the bottom surface 11b of the unit cell
10 and guides the air to the bottom surface 11b in the substantially perpendicular

direction. As shown in FIG. 15, the air flows upward in the Z-direction from the air

~ intake path P and contacts the bottom surface 11b substantially perpendicularly in the

Z-direction, the bottom surface 11b being planar in the X-direction.

[0105] The air that has contacted the bottom surface 11b substantially
perpendicularly changes a direction thereof at approximately 90 degrees and flows
through the spaces between the guide surfaces 73 on both of the sides of the supply path
72 in the X-direction and the bottom surface 11b in the width direction of the bottom
surface 11b. The air that has flown through the bottom surface 11b in the width
direction by the guide surface 73 and that has the length L in the Y-direction is guided to
the discharge path 74 that is provided on both of the sides of the supply path 72 in the
X-direction via the guide surface 73.

[0106] FIG. 16 shows an example of an aspect in which the air that has
contacted the bottom surface 11b of the unit cell 10 is discharged by the discharge path
74 and flows into the circulation path S1 in the second guide section 50B. As shown in
FIG. 16, the air that flows into the discharge path 74 from the guide surface 73 flows
downward in the Z-direction with respect to the guide surface 73 and flows toward the
end of the unit cell 10 in the Y-direction (on the outside in the Y-direction). Since the
circulation path S1 of the air for the lateral surface 11c is provided at the end of the
discharge path 74 in the Y-direction, the air that is discharged from the first guide section
50A flows through the discharge path 74 and then flows into the circulation path S1.

[0107] As described above, in this embodiment, the air is suctioned for the
bottom surface of the unit cell 10 substantially perpendicularly. In other words, the air

- is suctioned in the Z-direction with respect to the bottom surface 11b of the unit cell 10.

Furthermore, the air is discharged downwardly in the Z-direction with respect to the
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bottom surface 11b. A direction that is downward in the Z-direction is a negative
direction of Z in the drawings. In the first guide section 50A, the supply path 72, the
guide surface 73, and the discharge path 74 are provided to correspond with the bottom
surface 11b for the each unit cell 10, and thus the first guide section 50A allows the
intake and discharge of the air for the temperature adjustment of the unit cell 10 to be
performed by the one bottom surface 11b.

[0108] In other words, in this embodiment, the air is suctioned substantially
perpendicularly in the Z-direction with respect to the bottom surface 11b of the unit cell
10, and the air flows downwardly in the Z-direction with respect to the bottom surface
11b and is discharged in the Y-direction. Thus, the intake and discharge of the air is
completed for the one bottom surface 11b.

10109] The discharge path 74 of the first guide section 50A communicates with
the circulation path S1 of the second guide section 50B that is provided on the lateral
surface 11c, and the air that flows through the discharge path 74 is discharged from the
exhaust port that is located above the lateral surface 11c in the Z-direction through the
circulation path S1 that serves as an exhaust path.

[0110] The air that is guided to the bottom surface 11b of the unit cell 10 flows
into the circulation path S1 that is divided in a manner not to contact the air that flows
through the air intake path P. Accordingly, the intake and discharge of the air can be
configured as being independent for the each unit cell 10. Thus, the air that is guided to

the bottom surface 11b of the unit cell 10 on the downstream side of the air intake path P

has the substantially same temperature as the air that is guided to the bottom surface 11b
of the unit cell 10 on the upstream side, for example. The temperature adjusting air that
is supplied from the blower 400 is suctioned and discharged in parallel (separately) for
the bottom surface 11b of the each unit cell 10 that constitutes the battery assembly 100.
[0111] FIG. 17 illustrates the temperature adjusting structure of the second
guide section 50B with the discharge path 74 serving as a supply path S2.  As shown in
FIG. 17, the end of the discharge path 74 in the Y-direction communicates with the

_circulation path S1, and the opening of the discharge path 74 is configured as each of the

blowoff ports 541a, 541b with respect to the circulation path S1. :

[0112]  Each of the blowoff ports 541a, 541b that is formed as the opening at the
end of the discharge path 74 in the Y-direction is proVided on a lateral surface ét the end
of the first guide section 50A in the Y-direction, and is formed as the opening whose size
corresponds to a width d4 in the X-direction and a height H2 in the Z-direction of the
discharge path 74.  As shown in FIG. 6 and the like of the first embodiment described
above, each of the blowoff ports 541a, 541b is formed to have the smaller width d4 than
the length and the width of each of the circulation paths Sla, S1b in the circulation path



10

15

20

25

30

35

WO 2015/036828 PCT/IB2014/001758
25

S1 that are divided by the partition wall 56. The length and the width of each of the
circulation paths Sla, S1b indicate the length thereof in the X-direction and the length
thereof in the Y-direction.

[0113]  Also in the blowoff structure of this embodiment, in the lateral surface
11c (the guide surface 51b), the first wall section 51, and the second wall section 52 that
form the circulation path S1a, the laminar flow with the height H2 in the Z-direction and
the width d4 flows into the circulation path Sla while the air flows into the circulation

* path S1a along the second wall section 52. The width d4 is smaller than the width in the
X-direction and the length in the Y-direction of the flow path cross section of the

circulation path Sla in the Y-direction. In the example of FIG. 17, the lateral surface at
the end of the first guide section 50A in the Y-direction corresponds to the guide surface
51b of the above-described first embodiment.

[0114] The laminar flow that flows along the second wall section 52 from the
blowoff port 541a that is the opening at the end of the discharge path 74 of the first guide
section 50A in the Y-direction changes a direction thereof to the X-direction along the
first wall section 51 when reaching the first wall section 51, and then flows toward the
partition wall 56. The laminar flow that has reached the partition wall 56 further
changes the direction thereof to the Y-direction along the partition wall 56, and flows
toward the guide surface 51b- (the lateral surface | 11c). The laminar flow that has
reached the guide surface 51b flows toward the second wall section 52 along the guide
surface 51b. Just as described, when the laminar flow of the air is swirled along the
inner surface of the circulation path Sla, the swirling vortex flow can be generated that
has the longitudinal direction of the lateral surface 11c as the rotational axis and has a
cooling length in the X-direction of the lateral surface 11c. The same can be said for the
blowoff port 541b. |

[0115] The temperature adjusting structure of the battery pack 1 in this
embodiment has a first temperature adjusting structure in which the air is. brought into
contact with the bottom surface 11b of the unit cell 10 for the temperature adjustment and
a second temperature adjusting structure in which the air is brought into contact with the
lateral surface 11c of the unit cell 10 for the temperature adjustment. An exhaust path
(the discharge path 74) of the first temperature adjusting structure serves as a supply path

- (S2) of the second temperature adjusting structure.

[0116] The air that is supplied substantially perpendicularly to the bottom
surface 11b of the each unit cell 10 from the air intake path P that is formed on the .
bottom surface of the battefy assembly 100 and extends in the X-direction does not flow
through a space between the adjacent unit cells 10 but flows along the bottom surface 11b
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and the lateral surface 11c of the each unit cell 10 separately to exchange the heat with
the each unit cell 10.
| [0117]  According to this embodiment, the temperature adjusting air that

contacts the unit cell 10 contacts the bottom surface 11b of the unit cell 10. Then, the
air that has contacted the bottom surface 11b further contacts the lateral surface 11c¢ for
the heat exchange. Thus, compared to the case where the air is only brought into
contact with the lateral surface 1lc, the temperature of the unit cell 10 can further be
adjusted efficiently. In addition, the battery pack 1 can be downsized in the X-direction
(in the direction that the unit cells 10 are aligned).

[0118] FIG. 18 and FIG. 19 are views of modified examples of this embodiment.
FIG. 18 is a cross-sectional view of a modified example of the supply path 72 in the first
guide section S0A. As shown in FIG. 18, the arrangement of the supply path 72 in the
X-direction is changed. The supply path 72 is arranged not in the vicinity of the center
of the bottom surface 11b of the unit cell 10 in the X-direction but on the end side of the
bottom surface 11b in the X-direction. The supply path 72 is provided on the one end
side of the bottom surface 11b of the unit cell 10 in the X-direction, and the discharge
path 74 is provided on the other end side via a guide surface 73. The air that is guided
from the supply path 72 to the bottom surface 11b flows from the one end side to the
other end side in the X-direction. Also in this case, the uniform air with the length L
flows in the X-direction. Thus, the length of the path for the heat exchange is reduced,
and the unit cell 10 can efficiently be cooled.

[0119] The modified example of the temperature adjusting structure of the

lateral surface 11c, which is shown in FIG. 8 of the above-described first embodiment,

- can be adopted for the temperature adjusting structure of the bottom surface 11b shown in

FIG. 18, and the guide section 500 of this embodiment can be configured.

[0120]  Next, FIG. 19 is a view of a modified example of the temperature
adjusting structure of the bottom surface 11b described above. In the modified example
of FIG. 19, the air that is supplied substantially perpendicularly in the Z-direction to the
bottom surface 11b of the unit cell 10 circulates in the length direction (the Y-direction)
of the unit cell 10 and contacts the unit cell 10. .

[0121]  The guide section 500 of the modified example in FIG. 19 can be
configured by including two horizontally symrhetrical | guide sections. For example, in
the guide section 500 shown in FIG. 11, the first guide section 50A (the guide section
body 71) is separated in the X-direction in a region between the paired legs 77, and the
first guide sections 50A can be arranged with respect to the bottom surface 11b of the

unit cell 10 with a gap being provided therebetween in the Y-direction.
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[0122] In addition, the air intake path P is formed between the legs 77 of the two

first guide sections 50A that are arranged to separate from each other in the Y-direction,

and an opening between the two first guide sections 50A with respect to the bottom
surface 11b of the unit cell 10 forms the supply path 72. The guide surface 73 has the
substantially same width as the bottom surface 11b of the unit cell 10 in the X-direction,

. and extends in the Y-direction. The discharge path 74 is provided at an end of the each

guide surface 73 in the Y-direction, and the air that circulates in the Y-direction along the
bottom surface 11b of the unit cell 10 is guided to the discharge path 74.

[0123] The guide surface is located lower than the mounting surface 75 in the
Z-direction, and a space through which the air flows in the Y-direction is formed between
the bottom surface 11b and the guide surface 73. A step is formed between the
mounting surface 75 and the guide surface 73 in the Z-direction, and the mounting
surface 75 is provided in a region at the end of the guide surface 73 in the Y-direction.

[0124] As shown in FIG. 19, the air flows upward in the Z-direction from the air
intake path P and contacts the bottom surface 11b substantially perpendicularly in the
Z-direction, the bottom surface 11b being planar in the X-direction. The air that has
contacted the bottom surface 11b substantially perpendicularly changes a direction

thereof at approximately 90 degrees and flows through spaces between the guide surfaces

73 and the bottom surface 11b on both of the sides in the Y-direction of the supply path

72 in the length direction of the bottom surface 11b. The air with the width D in the
X-direction that has flown in the length direction of the bottom surface 11b by the guide'
surface 73 flows toward the end of the unit cell 10 in the Y-direction. The end of the
each first guide section 50A in the Y-direction is provided with the discharge path 74 that
has one of the blowoff ports 541a, 541b with respect to the circulation path S1 of the
second guide section 50B. Thus, similar to the example of FIG. 11, the air flows along
the lateral surface 11c¢ after flowing along the guide surface 73, and is exhausted from the
exhaust port of the circulation path S1. The temperature adjusting structure of the
lateral surface 11¢, which is shown in FIG. 5 or FIG. 8 of the above-described first
embodiment, can be adopted for the temperature adjusting structure of the bottom surface
11b shown in FIG. 19.
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CLAIMS

1. A temperature adjusting structure for an electric power storage device, the
electric power storage device being configured by including plural electric power storage

elements that are aligned in a specified direction, the electric power storage element

‘being configured by including an electric power generation element that is housed in a

case, the electric power generation element configured to perform charging and
discharging, the temperature adjusting structure comprising:

a circulation path provided on a lateral surface of the case, a longitudinal direction
of the circulation path being a direction in which a bottom surface of the case faces a
surface that opposes the bottom surface, the lateral surface being a surface positioned on
both sides in a horizontal direction when the electric power storage device is seen in the
specified direction, the circulation path being conﬁgured to guide temperature adjusting
air in the longitudinal direction, and the air exchanging heat with the case; and

a vortex flow generation section configured to generate a vortex flow of the air that

‘flows into the circulation path, the vortex flow swirling with the longitudinal direction

being a rotational axis.

2. The temperature adjusting structure according to claim 1, wherein

the circulation path includes: }

a first wall section opposing the lateral surface in the horizontal direction and
extending in the longitudinal direction; and

a second wall section covering a space between the lateral surface and the first wall
section in a width direction that is orthogonal. to the horizontal direction, the second wall
section extending in the longitudinal direction,

the vortex flow generation section includes a blowoff port through which the air
flows into the circulation path, and

a length of the blowoff port in the width direction is smaller than a length in the
width direction and a length in the horizontal direction of a flow path cross section in the

horizontal direction of the circulation path.

3. The temperature adjusting structure according to claim 2, further comprising:

a partition wall that partitions the circulation path along the longitudinal direction,
wherein _ '

the blowoff port is provided in the each circulation path that is partitioned by the

partition wall and extends in the longitudinal direction.
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4. The temperature adjusting structure according to any one of claims 1 to 3, further
comprising: '

a supply path that supplies the air in a perpendicular direction to the bottom surface;
and

a guide surface that circulates the air along the bottom surface, the air flowing from
the supply path to exchange heat with the bottom surface, wherein

the air that circulates along the bottom surface by the guide surface is supplied to

the circulation path via the vortex flow generation section.

5. A temperature adjusting method for an electric power storage device, the electric
power storage device being configured by including plural electric power storage
elements that are aligned in a specified direction, the electric power storage element

being configured by including an electric power generation element that is housed in a

“case, the electric power generation element being configured to perform charging and

discharging, a circulation path being provided on a lateral surface of the case, a
longitudinal direction of the circulation path being a direction in which a bottom surface
of the case faces a surface opposing the bottom surface, the lateral surface being a surface
located on both sides in a horizontal direction when the electric power storage device is .
seen in the specified direction, and a vortex flow generation section being provided in the
circulation path, the temperature adjusting method comprising:

guiding temperature adjusting air in the longitudinal direction by the circulation
path, the temperature adjusting air exchanging heat with the case, and

generating a vortex flow of the air that flows through the circulation path by the
vortex flow generation section, and bringing the vortex flow into contact with the lateral

surface, the vortex flow swirling with the longitudinal direction being a rotational axis.
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