Innovation, Sciences et Innovation, Science and CA 2812199 C 2020/01/07

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 81 2 1 99
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2011/10/03 (51) ClLInt./Int.Cl. HOTM 2/00(2006.01),

F28D 9/00(2006.01), F28F 3/08 (2006.01)
(72) Inventeur/Inventor:

(87) Date publication PCT/PCT Publication Date: 2012/04/12
(45) Date de délivrance/lssue Date: 2020/01/07 VANDERWEES, DOUG, CA
(85) Entrée phase nationale/National Entry: 2013/03/18 e

(73) Propriétaire/Owner:
(86) N° demande PCT/PCT Application No.: CA 2011/050624 DANA CANADA CORPORATION, CA
(87) N° publication PCT/PCT Publication No.: 2012/045175 (74) Agent: RIDOUT & MAYBEE LLP
(30) Priorité/Priority: 2010/10/04 (US61/389,301)

(54) Titre : ECHANGEUR DE CHALEUR CONFORME REFROIDI PAR FLUIDE POUR BATTERIE
(54) Title: CONFORMAL FLUID-COOLED HEAT EXCHANGER FOR BATTERY

306(2
2 306(3) 304(N-1) 300

Vo G

306(1)

316 326 || |326 | | |326

A [[]3286

!
~5—C

314 324||| 324 | | 324

~
302

(57) Abrégé/Abstract:

A heat exchanger for use with at least two battery modules, each of the battery modules comprising at least one battery cell housed
within a rigid container, the heat exchanger defining an internal fluid passage for a heat exchanger fluid and having at least one
compliant region that is configured to be compressed to facilitate thermal contact between the heat exchanger and the two battery
modules.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l
50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca al l a a



wo 2012/045175 A1 |00 0K 00O O

CA 02812199 2013-03-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

. TN
1 rld Intellectual Property Organization 2 ey
(19) World Intellectual Property Organization /g ]I ) IM)F 00N A0 00 OO OO O
International Bureau S,/ 0
3\ ) 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
12 April 2012 (12.04.2012) PCT WO 2012/045175 Al
(51) International Patent Classification: Michael A. [CA/CA]; 385 East 21st Street, Hamilton,
HOIM 2/00 (2006.01) F28F 3/08 (2006.01) Ontario L8V 2V1 (CA).
F28D 9/00 (2006.01) (74) Agent: RIDOUT & MAYBEE LLP; 225 King Street
(21) International Application Number: West, Toronto, Ontario M5V 3M2 (CA).
PCT/CA2011/050624 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
3 October 2011 (03.10.2011) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
25) Filing L . Enelish CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: nglis DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
(26) Publication Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
o KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/389,301 4 October 2010 (04.10.2010) us NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(71) Applicant (for all designated States except US): DANA RW, SC, SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ,
CANADA CORPORATION [CA/CAL; 656 Kerr Street, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
Oakville, Ontario L6K 3E4 (CA). IM, ZW.
(72) Inventors; and (84) Designated States (unless otherwise indicated, for every
(75) Inventors/Applicants (for US only): PALANCHON, kind of regional protection available): ARIPO (BW, GH,
Hervé [FR/DE]; Bebelstrasse 70, 51 373 Leverkusen GM, KE, LR, LS, MW’ MZ, NA, RW, 8D, SL, SZ, TZ,
(DE). VANDERWEES, Doug [CA/CA]; 1549 Tyandaga UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD,

RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,

Missi tario L5H 3L4 (CA). MARTI
Court, Mississauga, Ontario (ca) N, DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT,

[Continued on next page]

(54) Title: CONFORMAL FLUID-COOLED HEAT EXCHANGER FOR BATTERY

(57) Abstract: A heat exchanger for use with at least two battery mod-

306(2) a0 Ules, each of the battery modules comprising at least one battery cell
308(1)\ 304(1) | 304{2) 308(3) 304("'1)306(N) housed within a rigid container, the heat exchanger defining an inter-
J 5 nal fluid passage for a heat exchanger fluid and having at least one

compliant region that is configured to be compressed to facilitate ther-
mal contact between the heat exchanger and the two battery modules.

308

326

| |
| 1
-
:
| |
1
)
[
(6

A [1]326]]
326 A

5=<

314 324|324 || 324




CA 02812199 2013-03-18

WO 2012/0451°75 A1 W00 00T 0O

LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, Published:
SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, __

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). with international search report (Art. 21(3))



10

15

20

25

CONFORMAL FLUID-COOLED HEAT EXCHANGER FOR BATTERY

Cross-Reference to Related Application

This application claims the benefit of and priority to United States Provisional
Patent Application No. 61/389,301 filed October 4, 2010 under the title
CONFORMAL FLUID-COOLED HEAT EXCHANGER FOR BATTERY CELL STACK.

Background

This disclosure relates to heat exchangers used to dissipate heat in

rechargeable batteries and other electricity producing cells.

Rechargeable batteries such as batteries made up of many lithium-ion cells
can be used in many applications, including for example in electric vehicle ("EV")
and hybrid electric vehicle ("HEV”) applications among other things. Such batteries

can generate large amounts of heat that needs to be dissipated.

Summary

According to an example embodiment there is provided a method of
assembling a battery unit comprising: providing a substantially rigid heat exchanger
defining an internal fluid passage for a heat exchanger fluid and having at least one
compliant region; and positioning at least part of the heat exchanger between two
battery modules, each of the battery modules comprising at least one battery cell
housed within a rigid container, wherein positioning at least part of the heat
exchanger comprises at least temporarily deforming or displacing the at least one
compliant region of the heat exchanger.

According to an example embodiment there is provided a heat exchanger for

use with at least two battery modules, each of the battery modules comprising at

least one battery cell housed within a rigid container, the heat exchanger defining

an internal fluid passage for a heat exchanger fluid and

CA 2812199 2018-04-23
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having at least one compliant region that is configured to be compressed to
facilitate thermal contact between the heat exchanger and the two battery

modules.

According to an example embodiment there is provided a heat exchanger
for exchanging thermal energy with battery modules, comprising: a plurality of
heat exchanger plates each defining an internal fluid passage for a heat
exchanger fluid and having compliant bosses integrally formed therewith, the
heat exchanger plates being arranged in a stack with adjacent heat exchanger
plates spaced apart from each other and connected together by the compliant
bosses to allow compression of the adjacent heat exchanger plates subsequent
to insertion of battery modules between the heat exchanger plates. According to
an example embodiment there is provided a heat exchanger for exchanging
thermal energy with battery modules, comprising a plurality of heat exchanger
plates each defining an internal fluid flow passageway for a heat exchanger fluid
and arranged in a stack in which adjacent heat exchanger plates are spaced
apart from each other, the adjacent heat exchanger plates being compliantly
connected to each other by intermediate connectors that allow heat exchanger
fluid to flow between the plates and which are compliant to allow compression of
the adjacent heat exchanger plates towards each other after insertion of battery
modules between the heat exchanger plates, the intermediate connectors being
configured to snap through to a compressed state after a threshold amount of
compression.

According to an example embodiment there is provided a heat exchanger
for exchanging thermal energy with battery modules, comprising a plurality of
heat exchanger plates each defining an internal fluid flow passageway for a heat
exchanger fluid and arranged in a stack in which adjacent heat exchanger plates
are spaced apart from each other, the adjacent heat exchanger plates each
including a main plate section and an inlet panel and an outlet panel that are
joined to the main plate section and define an inlet fluid passage and an outlet
fluid passage, respectively, that communicate with the internal fluid passage,
each of the panels being compliantly joined to the main plate section such that
the main plate section can be displaced relative to the panels, the inlet and
outlet panels of at least some of the heat exchanger plates being joined to the

inlet and outlet panels of adjacent heat exchanger plates to form a stack of

2
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spaced apart, substantially parallel, heat exchanger plates, the main plate
sections being movable relative to their respective inlet and outlet panels at

least prior to insertion of battery modules between the heat exchanger plates.

According to an example embodiment there is a battery unit that includes
a first battery module comprising at least one battery cell; and a heat exchanger
plate adjacent the battery module and having a face in thermal contact with the
first battery module, the heat exchanger plate having a compliant region that is
deformable in response to force applied to the heat exchanger by the battery

module.

According to another example embodiment is a heat exchanger for
exchanging thermal energy with battery modules, comprising: a plurality of heat
exchanger plates each defining an internal fluid flow passageway for a heat
exchanger fluid and arranged in a stack in which adjacent heat exchanger plates
are spaced apart from each other, the adjacent heat exchanger plates being
compliantly connected to each other to allow parallel movement of adjacent
heat exchanger plates during a compression of the heat exchanger plates to
ensure good thermal contact between the heat exchanger plates and the battery
maodules. In some examples, adjacent heat exchanger plates are connected to

each other by protruding bosses, the bosses being compressible.

Brief Description of Drawings

Figure 1 is a schematic perspective view of a battery unit according to an

example embodiment.

Figure 2 is an enlarged front view illustrating part of three adjacent
battery cell containers of one of the battery modules of the battery unit of Figure
1.

Figure 3 is a perspective view of a fluid-cooled heat exchanger according

to an example embadiment.
Figure 4 is a plan view of the heat exchanger of Figure 3.

Figure 5 is a sectional view of the heat exchanger taken across the lines
V-V of Figure 4,
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Figure 6 is an enlarged view of portion 6 of Figure 5.
Figure 7 is an exploded view of a flow chamber region of Figure 6.

Figure 8 is a perspective view of an inner core plate of the heat exchanger

of Figure 3.

Figure 9 is a perspective view of an outer core plate of the heat exchanger

of Figure 3.

Figure 10 is a plan view of a first closure plate of the heat exchanger of

Figure 3.

Figure 11 is a plan view of a second closure plate of the heat exchanger of

Figure 3.

Figure 12 is a perspective view of a fluid-cooled heat exchanger according

to another example embodiment.
Figure 13 is a plan view of one side of the heat exchanger of Figure 12.
Figure 14 is a plan view of the opposite heat exchanger of Figure 12.

Figure 15 is a sectional view of the heat exchanger taken across the lines
XV-XV of Figure 14.

Figure 16 is plan view of a first core plate of the heat exchanger of Figure
12.

Figure 17 is a plan view of a second core plate of the heat exchanger of

Figure 12.

Figure 18 is a sectional view of the second core plate taken across the
lines XVIII-XVIII of Figure 17.

Figure 19 is a plan view of a compliant plate of the heat exchanger of

Figure 12.

Figure 20 is a sectional view of the compliant plate taken across the lines
XX-XX of Figure 19.
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Figure 21 is an enlarged sectional view of part of a compliant plate

structure of the heat exchanger of Figure 12.

Figure 22 is an end view of a battery unit according to a further example

embodiment.

Figure 23 is an enlarged sectional view taken along the lines A-A of Figure
22.

Figure 24 is a perspective view of a battery module of the heat exchanger

of Figure 22.
Figure 25 is a perspective view of part of the heat exchanger of Figure 22.

Figure 26 illustrates various compliant boss configurations that can be

applied to the heat exchanger of Figure 22.

Figure 27 is a partial perspective view of a further example embodiment

of a heat exchanger.

Figure 28 is a partial perspective view of a plate of the heat exchanger of

Figure 27.

Figure 29 is a top plan view of a battery unit that includes the heat

exchanger of Figure 27.

Figures 29A, 29B and 29C are top plan views of respective embodiments

of a heat exchanger.

Figure 30 is a sectional view of the battery unit of Figure 29, taken along
the lines XXX-XXX of Figure 29.

Figure 31 is a further sectional view of the battery unit of Figure 30, taken
along the lines XXXI-XXXI of Figure 29.

Figures 32A and 32 B are each enlarged partial sectional views (taken
from a similar view as Figure 23) that illustrate further example embodiment of
a heat exchanger that includes manifold connectors between compliant boss

regions of adjacent heat exchanger plates.
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Figure 33 is an enlarged partial sectional view (taken from a similar view
as Figure 23) that illustrate further example embodiment of a heat exchanger
that includes a two-piece compliant manifold connector between adjacent heat

exchanger plates.

Figure 34 is a schematic sectional view that further illustrates a compliant

manifold connector of the heat exchanger of Figure 33.
Figure 35 is a front view of the compliant manifold connector of Figure 34.

Figures 36A, 36B and 36C are views of a further embodiment of a two-
piece compliant manifold connector that can be applied to the heat exchanger of
Figure 33, with Figure 36A being a top view, Figure 36B being a sectional view

taken along lines A-A of Figure 36A and Figures 36C being a perspective view.

Figure 37 is a sectional view of a yet a further embodiment of a two-piece
compliant manifold connector that can be applied to the heat exchanger of

Figure 33.

Description of Example Embodiments

Reference will now be made in detail to implementations of the
technology. Each example is provided by way of explanation of the technology
only, not as a limitation of the technology. It will be apparent to those skilled in
the art that various modifications and variations can be made in the present
technology. For instance, features described as part of one implementation of
the technology can be used on another implementation to yield a still further
implementation. Thus, it is intended that the present technology cover such

madifications and variations that come within the scope of the technology.

Figure 1 shows an illustrative example of a rechargeable battery unit 100
according to example embodiments of the invention. The battery unit 100 is
made up of battery stacks or modules 102(1) and 102(2) (generically referred to
as 102(i) herein)which in turn are made of battery cell containers 104 that each
house one or more battery cells 106. The illustrated embodiment includes two
rectangular box-like modules 102(i), each of which is made up of six harizontally
arranged cell containers 104, with each cell container 104 housing one or more
battery cells 106. The number of modules 102(i) in the battery unit 100, the
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number of cell containers 104 in each module 102, and the number of battery
cells 106 in each battery cell container 104 can vary and the orientation and
shape of these components can vary as well from application to application and
accordingly the quantities and orientation in this description are provided as an

example of an illustrative embodiment only.

In at least some example embodiments, battery cells 106 are lithium-ion
battery cells, however other rechargeable battery cells could be used. In some
embodiments, battery cells 106 are prismatic lithium-ion battery cells. In other
example embodiments, battery cells 106 have cylindrical or other shapes. In the
illustrated embodiment, each battery cell container 104 includes a rectangular
substantially rigid box-like case housing one or more battery cells 106. In some
embodiments, all of the cell containers 104 within a module 102(i) are
substantially identical and the modules 102(i) that make up a battery unit 100
are substantially identical. In example embodiments, the battery modules 102
(i) may be mounted side by side or one above the other in a support frame or

rack 108. In some embodiments battery cell container 104 may be non-rigid.

According to example embodiments, a heat exchanger 110 is located
between opposing surfaces 112 and 113 of adjacent battery modules 102(1) and
102(2). The contact surfaces 112 and 113 between the respective modules
102(1) and 102(2) and the intermediate heat exchanger 110 may not be
perfectly flat surfaces, and furthermore may be subject to distortion due to
expansion and contraction during heating and cooling. By way of example,
Figure 2 illustrates a contact surface 112 defined by the heat exchanger
contacting sides 114 of three adjacent battery cell containers 104 in the upper
moaodule 102(1). As a result of manufacturing tolerances of the cell containers
104, as well as module assembly tolerances, the cell containers 104 may not be
perfectly identical or perfectly aligned. As a result, the heat exchanger
contacting sides 114 are not aligned, resulting in a heat exchanger contact
surface 112 that is not planer, but rather includes small height transitions at the
boundaries between adjacent cell containers 104. As shown in Figure 2, “T”
represents a maximum displacement tolerance between the heat exchanger
contacting sides 114 of the cell containers 104 in a module 102. By way of non-

limiting example, tolerance T could for example be in the range of 0.5mm to
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1mm in some applications, however tolerance outside this range may also exist

in some applications.

Accordingly, a heat exchanger 110 that can maintain consistent contact
with the geometry of the cell containers 104 between adjacent modules 102(i)
over a range of temperatures and contact surface tolerances and provide good
heat conductivity is desirable in some applications. In this regard, example
embodiments relate to a heat exchanger structure that is dimensionally
compliant to maintain contact with battery cells containers 104 across the
battery unit 100 even if the battery cell containers do not define a planar heat
exchanger contact surface. In some examples, the dimensionally compliant heat
exchanger 110 compresses under expansion of the first and second battery
modules and expand under subsequent contraction of the first and second
battery modules such that the heat exchanger structure remains in thermal
contact with the battery cell containers 104 throughout a range of normal

battery operating temperatures.

Referring to Figures 3 and 4, in one example embodiment, the heat
exchanger 110 is a multi-pass plate-type heat exchanger that defines an internal
serpentine heat exchanger fluid flow passage 118 having a first end in fluid
communication with an inlet fixture 120 and a second end in fluid
communication with an outlet fixture 122. In the illustrated example, the
serpentine fluid flow passage 118 includes multiple serially connected parallel
fluid chambers 116(1)-116(6) (generically referred to using reference number
116(i) herein and represented by dashed lines in Figure 3), with each fluid
chamber being joined to a successive fluid chamber by a respective substantially
U-shaped flow passage 126. In operation, a heat exchange fluid such as a
cooling fluid enters fluid inlet fixture 120, flows through fluid chamber 116(1),
through a first U-turn passage 126 into fluid chamber 116(2) and then through a
second U-turn passage 126 into fluid chamber 116(3) and so on until the fluid
flows through the final fluid chamber 116(6) and exits from outlet fixture 122.
The heat exchanger fluid travelling through internal flow passage 118 could for
example be a cooling liquid such as water or other liquid or gaseous fluid
refrigerant for drawing heat away from battery cell containers 104. In some

example embodiments, the heat exchanger fluid travelling through internal flow



10

15

20

25

30

CA 02812199 2013-03-18

WO 2012/045175 PCT/CA2011/050624

passage 118 could for example be a heating liquid for heating battery cell

containers 104,

As schematically represented in Figure 1, in one example embodiment
each fluid chamber 116(i) is positioned between a cell container 104 located in
one module 102(1) and an opposing cell container 104 located in the adjacent
maodule 102(2). In the illustrated example, the heat exchanger includes six
parallel fluid chambers 116(1) -116(6), with each fluid chamber 116 (i) being
located between a respective opposing pair of battery cell containers 104 in the
battery unit 100, however the number of fluid chambers may be less than or
mare than six depending on the specific application. In some example
embodiments, the U-shaped regions that define U-turn passages 126 are
exposed and extend outward beyond the sides of battery modules 102(1),
102(2) such that the U-turn passages 126 are not positioned between the
battery cell containers 104. In some example embodiments, the U-shaped
regions are not exposed and are positioned between the battery modules
102(1), 102(2). The fluid chambers 116(1)-116(6) are each formed within a
respective fluid chamber region 124(1)-124(6) (generically referred to using
reference number 124(i) herein) of the heat exchanger 110. As will be explained
in greater detail below, in example embodiments, each of the fluid chamber
regions 124(i) is individually conformable independently of the other fluid
chamber regions 124(i) of the heat exchanger 110 such that inter-cell container
variances in opposing surfaces 112, 113 between the adjacent modules 102(1)

and 102(2) can be accommodated by the heat exchanger 110.

Referring to the sectional views of the heat exchanger 110 shown in
Figures 5-7, in one example embodiment the body of heat exchanger 110 is
formed from six plates that are laminated together, namely first and second
outer cover plates 128, 130; first and second outer core plates 132, 134; and
first and second inner core plates 136, 138. In an example embodiment, the
plates are each formed from roll formed or stamped aluminum or aluminum alloy
and are brazed together to form the body of the heat exchanger 110. However,
the heat exchanger could alternatively be formed from other resilient metals or

materials, including plastics, and other processes.
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In an example embodiment, first and second inner core plates 136 and
138 are substantially identical, and in this regard Figure 8 shows a perspective
view of an example of an inner core plate 136, 138. The inner core plate 136,
138 includes a rectangular planar plate portion 140 having a raised serpentine
boss 142 formed thereon. The serpentine boss 142 conforms to the shape of
internal flow passage 118 and includes parallel inner core plate regions 143(1)-
143(6) (referred to generically by reference 143(i)) that correspond to
respective flow chamber regions 124(1)- 124(6) . A serpentine slot 144 is
provided along the length of the serpentine boss 142. The slot 144 terminates in

enlarged inlet and outlet openings 146, 148, respectively, at its opposite ends.

In an example embodiment, first and second outer core plates 132 and
134 are also substantially identical, and in this regard Figure 9 shows a
perspective view of an example of an outer core plate 132, 134. The outer core
plate 132, 134 is a serpentine member that conforms to the shape of internal
flow passage 118. The core plate 123, 134 includes serially connected parallel
core plate regions 154(1)-154(6) (referred to generically by reference 154(i))
that correspond to respective flow chamber regions 124(1)- 124(6). Adjacent
core plate regions 154(i) are joined by substantially U-shaped portions 156 at
alternating ends of the plate 132, 134. The configuration of core plate 132, 134
allows a degree of physical isolation between each of the core plate regions
154(i) such that each of the core plate regions 154(i) can be resiliently
compressed independently of the other core plate regions 154(i). A serpentine
slot 149 is provided along the core plate 132, 134 and terminates in enlarged

inlet and outlet openings 150, 152, respectively, at its opposite ends.

Figure 10 is a plan view of an example of a substantially planar first
cover plate 128. The first cover plate 128 is also a serpentine member that
conforms to the shape of internal flow passage 118. The cover plate 128
includes serially connected parallel first cover plate regions 158(1)-158(6)
(referred to generically using reference 158(i)) that correspond to respective
flow chamber regions 124(1)- 124(6). Adjacent first cover plate regions 158(i)
are joined by substantially U-shaped portions 160 at alternating ends of the
plate 128. The configuration of first cover plate 128 allows a degree of physical
isolation between each of the first cover plate regions 158(i) such that each of

the cover plate regions 158(i) can be displaced towards the center of the head

10
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exchanger body independently of the other cover plate regions 158(i). Enlarged
inlet and outlet openings 162, 164 are provided a respective opposite ends of

the serpentine cover plate 128.

Figure 11 is a plan view of an example of a substantially planar second
cover plate 130. The second cover plate 130 is a serpentine member that is
substantially identical to first cover plate 128 however the second cover plate
does not include inlet and outlet openings 162, 164. The same reference
numbers are used in the Figures for similar elements in cover plates 128 and
130.

Features of the plates 128, 130, 132, 134, 136 and 138 and their
assembly will now be explained in greater detail with reference to the sectional
views of Figures 6 and 7. In the heat exchanger 110, inner core plates 136 and
138 are joined face to face with their respective planar plate portions 140 in
contact with each other and their respective raised boss portions 142 extending
away from a centerline C of the heat exchanger body. For explanatory purposes,
the term “inner” as used herein indicates a direction towards the centerline C,
and the term “outer” indicates a direction away from the centerline C unless the
context suggests otherwise. The raised boss portion 142 of the first inner core
plate 136 and the second inner core plate 138 are aligned together to partially
define the internal serpentine flow passage 118. As seen in Figure 7, the raised
boss portion 142 of each of first and second inner core plates 136, 138 is formed
by opposing sidewalls 166 that extend from the planar plate portion 140 and
which each terminate at a planar flange 168 that defines the serpentine slot 144.
The planar flanges 168 are substantially parallel to the planar plate portion 140.
In an example embodiment, each sidewall 166 has first arcuate wall portion 170
that curves outward relative to the centerline C and a second arcuate wall
portion 172 that curves inward relative to the centerline C, thereby providing the
sidewall 166 with a profile that generally approximates an “S” shape. In some
example configurations, such a sidewall profile provides the raised boss 142 with
a degree of resilient conformability such that the boss 142 can be deformed
under pressure towards centerline C and then spring back to a normal shape
when the pressure is removed. The generally S-shaped sidewall profile can in
some example embodiments distribute stress so as to reduce fatigue, however

other sidewall configurations can alternatively be used to reduce fatigue.

11



10

15

20

25

30

CA 02812199 2013-03-18

WO 2012/045175 PCT/CA2011/050624

First outer core plate 132 and second outer core plate 134 are secured on
opposite sides of centerline C to the first inner core plate 136 and second inner
core plate 138, respectively. Fach serpentine outer core plate 132, 134 defines a
serpentine channel 174 that opens outward relative to the centerline C and
forms part of internal serpentine flow passage 118. In particular the channel 174
is defined by a pair of opposed sidewalls 176. The sidewalls 176 each extend
from an outer planer peripheral flange 178 to an inner planar flange 180, with
the outer flange 178 and the inner flange 180 having substantially parallel
opposite facing surfaces. In the illustrated embodiment, each sidewall 176 has
first arcuate wall portion 182 that curves outward relative to the centerline C and
a second arcuate wall portion 184 that curves inward relative to the centerline C,
thereby providing the sidewall 176 with a profile that generally approximates an
“S"” shape. In one example the inner flanges 186 each terminate at an inwardly
extending lip 186, with the lip 186 on one flange 180 opposing the lip 186 on the
other flange 180 to define the serpentine slot 149.

The inner flanges 180 of first outer core plate 132 mate with respective
planar portions 168 of the first inner core plate 136 to secure the first outer core
plate 132 to the first inner core plate 136. As illustrated in Figures 6 and 7, the
outer core plate serpentine slot 149 is aligned with the inner core plate
serpentine slot 144, with the opposed lips 186 of the outer core plate extending
into the inner core plate serpentine slot 144. The positioning of the outer core
plate lips 186 within the inner core plate slot 144 provides a mechanical interlock
between the inner and outer core plate strengthening the joint therebetween
and also assists in providing a seal against inter plate leakage, and can assist in
aligning the plates during assembly of the heat exchanger. In some
configurations, the positioning of the outer core plate lips 186 within the inner
core plate slot 144 can act as a limit on the extent to which the flow chamber
region 124(i) can be deformed. In some example embodiments other
deformation limiting features may be provided in various regions of the body of
the heat exchanger to limit deformation of such regions. The second outer core
plate 134 is secured to the second inner core plate 138 in a similar manner that
the first cuter core plate 132 is secured to the first inner core plate 136. In some

example embodiments the interlock between the inner and outer core plates can

12
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be reversed with the lips 186 being provided on the inner core plate rather than

the outer core plate and then inserted into the slot 149 on the outer core plate.

In some example embodiments, the generally S-shaped profile of the
outer core plate 132, 134 sidewalls 176 provides the outer core plates 132, 134
with a degree of resilient conformability such that the outer core plates can be
deformed under pressure towards centerline C and then spring back to a normal
shape when the pressure is removed. The generally S-shaped sidewall profile
can in some example embodiments distribute stress so as to reduce fatigue;
however other sidewall configurations can al alternatively be used to reduce

fatigue.

In the illustrated embodiment, the serpentine first outer cover plate 128 is
secured to an outer side of the serpentine first outer core plate 132 to seal the
first outer core plate channel 174. Each of the cover plate regions 158(i) and U-
shaped portions includes a planar central region 188 having inwardly directed
flanges 190 along the opposite peripheral edges thereof. Peripheral sections of
the planar central region 188 mate with the planar outer flanges 178 of the first
outer core plate 132, with the outer core plate planar outer flanges 178 being
nested within the inwardly directed flanges 190 of the first outer cover plate
128. The serpentine second outer cover plate 130 is secured in a similar manner
to an outer side of the serpentine second outer core plate 134 to seal the second
outer core plate channel 174. The inwardly directed flanges 190 may in some
embodiments assist in positioning of the cover plates during assembly, and can
also have a deflection or deformation limiting effect on the flow chamber
regions. In the illustrated embodiment of heat exchanger 110, the inlet openings
146 of the inner core plates 136, 138, the inlet openings 150 of the outer core
plates 132, 134 and the inlet opening of the outer cover plate 128 are aligned to
form a fluid inlet to the heat exchanger internal flow passage 118, with inlet
fixture 120 secured to the outer cover plate 128. Similarly, the outlet openings
148 of the inner core plates 136, 138, the outlet openings 152 of the outer core
plates 132, 134 and the outlet opening of the outer cover plate 128 are aligned
to form a fluid outlet to the heat exchanger internal flow passage 118, with
outlet fixture 122 secured to the outer cover plate 128. The second cover plate
130 seals the heat exchanger fluid inlet and fluid outlet on the side of the heat

exchanger opposite the side to which the inlet and outlet fixtures 120, 122 are
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located. Referring again to Figure 6, in the presently described example
embodiment, each fluid chamber 116(i) of each fluid region 124(i) includes three
communicating flow areas, namely the channel 174 that is defined by first cover
plate 128 and first outer core plate 132, the channel 174 that is defined by
second cover plate 130 and second outer core plate 134, and the central channel
192 that is defined between inner core plates 136, 138. As a result of slots 144,
149, the channels 174, 192 are in fluid communication along the entire length

serpentine flow passage 118.

The planar central regions 188 of the inner and outer cover plates 128,
130 provide a physical interface with the battery cell containers 104 of the
battery unit 100. Thus, in an example embodiment, each fluid chamber region
124(i) of the heat exchanger 110 has a first cover plate elongate region 158(i)
that engages a respective battery cell container 104 in the first battery module
102(1) and a second cover plate elongate region 158(i) that engages, on the
opposite side of the heat exchanger, a respective battery cell container 104 in
the second first battery module 102(1). In this regard, each fluid chamber region
124(i) of the heat exchanger 110 is secured between and provides heat
exchange surfaces with a pair of opposed battery cell containers 104. As will be
appreciated from the above description, the sidewalls 176 of the outer core
plates 132, 134 and the sidewalls 166 of the inner core plates 136, 138 are
configured to provide resilient compressibility of each of the parallel fluid
chamber regions 124(i). Furthermore,physical separation by elongate slots 194
(see Figure 5 for example) between the parallel regions 154(i) of the outer core
plates 132, 134 allows the fluid chamber regions 124(i) to each be individually
compliant to the physical separation between the two battery cell containers 104
that the fluid chamber region 124(i) is located between. The pressure of the heat
exchanger fluid within the flow chambers 116(i) can effect the compressibility of

the fluid flow regions 124(i) in some example embodiments.

By way of non-limiting examples, in some applications, the plates used to
form the heat exchanger 110 may be formed from H3534 aluminum braze sheet
and/or 3003 aluminum. Alternative plate configurations can be used to achieve
similar results — for example, fewer than six plates can be used to form a heat

exchanger having individually compliant flow regions.
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Figures 12-15 show a further example of a heat exchanger 210 that can
be used as an alternative to heat exchanger 110 in some applications. The heat
exchanger 210 is similar in function and construction to heat exchanger 110
except for differences that will be apparent from the Figures and the following
description. In an example embodiment, the heat exchanger 210 includes a
substantially rigid core plate structure 228 that is sandwiched between
substantially planar first and second compliant plate structures 230. In example
embodiments, the compliant plate structures 230 are each configured to be
resiliently deformable such that the heat exchanger 210 is dimensionally
compliant to the space between the first battery module 102(1) and the second
battery module 102(2). The core plate structure 228 of heat exchanger 210
defines an internal serpentine heat exchanger fluid flow passage 218 having a
first end in fluid communication with an inlet fixture 220 and a second end in
fluid communication with an outlet fixture 222. In the illustrated example, the
serpentine fluid flow passage 218 includes multiple serially connected parallel
fluid chambers 216(1)-216(6) (generically referred to using reference number
216(i) herein — see Figure 15), with each fluid chamber being joined to a
successive fluid chamber by a respective substantially U-shaped flow passage
226. In operation, a heat exchange fluid such as a cooling fluid enters fluid inlet
fixture 220, flows through fluid chamber 216(1), through a first U-turn passage
226 into fluid chamber 216(2) and then through a second U-turn passage 226
into fluid chamber 216(3) and so on until the fluid flows through the final fluid
chamber 216(6) and exits from outlet fixture 222.

As with heat exchanger 110, in one example embodiment each fluid
chamber 216(i) of heat exchanger 210 is positioned between a cell container
104 located in one module 102(1) and an opposing cell container 104 located in

the adjacent module 102(2).

The fluid chambers 216(1)-216(6) are each formed within a respective
fluid chamber region 224(1)-224(6) (generically referred to using reference
number 224(i) herein) of the core plate structure 228 of the heat exchanger
210.

Referring to the sectional views of the heat exchanger 210 shown in

Figure 15, the heat exchanger core plate structure 228 is formed from opposed
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first and second core plates 232, 234; and the first and second compliant plate
structures 230 are each formed from opposed compliant plates 236. In an
example embodiment, the plates are each formed from roll formed or stamped
aluminum or aluminum alloy and are brazed together to form the body of the
heat exchanger 210. However, the heat exchanger could alternatively be formed

from other resilient metals or materials, including plastics, and other processes.

In an example embodiment, first and second core plates 232 and 234 are
substantially identical, and in this regard Figure 16 and 17 show plan views of
examples of core plate 234 and 232, respectively. The core plates 234 and 232
each include a rectangular planar plate portion 240 having a raised serpentine
boss 242 formed thereon. The serpentine boss 242 conforms to the shape of
internal flow passage 218 and includes parallel core plate regions 243(1)-243(6)
(referred to generically by reference 243(i)) that correspond to respective flow
chamber regions 224(1)- 224(6). A difference between first core plate 232 and
second core plate 234 is that inlet and outlet openings 246, 248, are formed

respectively, at the opposite ends of the raised boss 242 of first core plate 232.

In an example embodiment, first and second compliant plates 236 that
form the compliant plate structures 230 are substantially identical, and in this
regard Figures 19 and 20 showan example of a compliant plate 236. In the
illustrated example, compliant plate 236 is a rectangular plate that includes a
plurality of raised parallel, elongate bosses 250 that are separated by slots 252
that extend through the plate. Figure 21 is an enlarged partial sectional view
showing two compliant plates 236 opposingly mated to form a compliant plate
structure 230. As seen in Figure 21, each of the elongate bosses 250 includes a
planar central wall that is bordered by sidewalls 256 which each terminate at a
peripheral planer flange 258. The flanges 258 from one compliant plate 236
mate with the flanges 258 from the opposing compliant plate 236 to form
compliant plate structure 230. As seen in Figure 21, the opposed bosses 250
from the mated compliant plates 236 define internal chambers 260 such that the
mated compliant plates 236 define a plurality of parallel, elongate compliant
chamber regions 262(1)-262(12) (generically referred to as 262(i) herein). In
one example embodiment, chambers 260 are sealed chambers that are filled
with a fluid or gas such as air or filled with a non-fluid thermal gasket. In

another example embodiment, chambers 260 may be vented. In the illustrated
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embodiment, the compliant plate structure 230 includes twelve elongate
compliant regions 262(i), two for each of the six flow chamber regions 224 (i) of

the core plate structure 228.

In an example embodiment, the compliant regions 262(i) of the compliant
plate structure 230 are each individually deformable such that each of the
compliant regions 262(i) can be individually compressed up to a threshold
amount under external pressure and then rebound back to its original shape

when the pressure is removed.

In some example embodiments, the compliant plates 236 are formed from
thinner material than the core plates 232, 234 with the result that the core plate
structure 228 is relatively rigid compared to the compliant plate structures 230
that it is sandwiched between. By way of non limiting example, compliant plates
236 could be from aluminum having a thickness of 0.2mm and the core plates
232, 234 formed from aluminum having a thickness of 0.6mm, however many

alternative thicknesses could be used.

Turning again to Figures 15-18, in the heat exchanger 210, first and
second core plates 232, 234 are joined face to face with their respective planar
plate portions 240 in contact with each other and their respective raised boss
portions 242 extending away from each other to define the internal multi-pass
serpentine heat exchanger fluid flow passage 218. Compliant plate structures
230 are provided on the opposite faces of the core plate structure 228 to provide
an interface with the first battery module 102(1) and the second battery module
102(2), respectively. In the illustrated embodiment, one each side of the core
plate structure 228, a pair of parallel elongate compliant chambers 262(i),
262(i+1) extend the length of each fluid chamber region 224(i). The compliant
chambers 262(i) and 262(i+1) that are located on opposite sides of each fluid
chamber region 224(i) permits each of the fluid chamber regions to be
individually compliant to physical separation between the two battery cell

containers 104 that the fluid chamber region 124(i) is located between.

Accordingly, in the embodiments of Figures 1 to 21, a heat exchanger
110, 210 is placed between two battery modules 102(1) and 102(2) that each
include a plurality of battery cell containers. In some applications, the surfaces
of the battery modules 12(1) and 102(2) that contact the opposite sides of the
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heat exchanger 110, 120 may not be perfectly flat due to a lack of perfect
alignment of the battery cell containers that make up the battery modules
102(1) and 102(2). Thus, in at least some example embodiments, to help
maintain contact between the battery module surfaces and the opposite sides of
the heat exchanger 110, 210, the heat exchanger 110, 120 includes
independently conformable regions that each have a spring effect such that each
conformable region coincides with a respective pair of opposed battery cell
containers and can adaptively flex under the compressive forces applied at the
region. Accordingly, in at least some embodiments, when assembling a battery
unit that includes battery modules 102(1), 102(2) and heat exchanger 110, 120,
a compressive action or step occurs during which regions of the heat exchanger
110 undergo a degree of compression to facilitate good thermal contact between
the battery modules 102(1), 102(2) and the heat exchanger 110, 120.

In some example embodiments the conformal heat exchanger
configurations described above could be used between fuel cell modules in place
of battery cell modules. Accordingly, the heat exchanger structures described
herein can be used in a power producing unit that comprises a first module
comprising a plurality of power producing cells such as battery cells or fuel cells
and a second module comprising a plurality of power producing cells such as
battery cells or fuel cells, the heat exchanger structure being disposed between
opposing surfaces of the first stack and the second stack and defining one or a
plurality of fluid flow passages, the heat exchanger structure being dimensionally
compliant to accommodate different separation distances between opposing cells
within the battery unit, and in some example embodiments, dimensionally
compliant to compress under expansion of the first and second stacks and
expand under subsequent contraction of the first and second stacks. In some
example embodiments, an intermediate material or structure may be placed
between the outer cover plates and the battery cell containers 104 to enhance
thermal conduction and account for irregularity in the surface profiles of the

individual battery cell containers.
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In example embodiments, the conformal heat exchanger 110 described
above includes compliant regions over substantially the entire fluid flow path
defined by the heat exchanger. In some example embodiments, the compliancy
of the heat exchanger may be more localized. In this regard, Figures 22-25
illustrate a battery unit 300 that incorporates a heat exchanger 302 having
localized compliant regions according to further example embodiments, as will
be explained in greater detail below. The battery heat exchanger 302 includes
multiple (N) substantially identical spaced apart heat exchanger modules or
plates 306(1) to 306(N) (generically referred herein using reference number
306) that are substantially aligned in a row or column. The battery unit 300
includes battery modules 304(1) to 304(N-1) (generically referred to using
reference number 304) that are interleaved with the heat exchanger plates
306(1) such that at least one battery module 304 is located between and in
thermal contact with the opposing surfaces of two adjacent heat exchanger
plates 306.

Figure 25 schematically illustrates three heat exchanger plates 306(1),
306(2) and 306(3) of heat exchanger 302 and Figure 24 schematically illustrates
a battery module 304 which could for example be located between heat
exchanger plates 306(1) and 306(2) or between heat exchanger plates 306(2)
and 306(3). In the illustrated embodiments, the heat exchanger plates 306 and
the battery modules 304 have a rectangular footprint or profile; however they
could have other shapes in other example embodiments such as square or
circular. Each battery module 304 houses at least one battery cell which may for
example be a prismatic lithium-ion battery cell (however other rechargeable
battery cells could be used). In the illustrated embodiment, each battery module
304 includes a rectangular substantially rigid case or frame housing the one or

mare battery cells.

As seen in Figure 23 and 25, in an example embodiment, the heat
exchanger plates 306 each define multiple internal fluid flow paths or passages
308 (shown in dashed lines in Figure 25) between a fluid inlet 310 and a fluid
outlet 312, In the illustrated embodiment, each plate 306 include several

substantially parallel C- shaped internal flow passages 308, however many
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different fluid flow path configurations are possible including for example a single
serpentine flow path between the inlet 310 and outlet 312. In an example
embodiment, the fluid inlet 310 of all the plates 306 are connected to a common
fluid inlet manifold 314, and the fluid outlets 312 are all connected to a common
fluid outlet manifold 316. In operation a heat exchange fluid is distributed to
each of the heat exchanger plates 306 via inlet manifold 314 and collected from
the heat exchanger plates 306 via outlet manifold 316. In some example
embodiments, the fluid passing through the internal flow passages 308 is used
to cool the heat exchanger plates 306 and the battery modules 304 located
therebetween, although in some example embodiments the fluid passing through
the internal flow passages 308 is used to heat the heat exchanger plates 306
and the battery modules 304 during at least some parts of battery operation.

In an example embodiment, each heat exchanger plate 306 is formed
from a pair of mating, substantially identical first and second plate members
318, 320 as best seen in Figures 22 and 23. In the illustrated embodiment first
plate member 318 and second plate member 320 are each substantially planar
members having outer facing grooves that cooperate to define internal fluid flow
passages 308. Furthermore, the plate members 318, 320 each include a pair of
outwardly extending bubbles or bosses 324 and 326 that each define a
respective flow opening 328. The bosses 324 of the first and second plate
members 318, 320 of each heat exchanger plate 306 are aligned to form the
plate inlet 310, and the bosses 324 of all the plates 306 are aligned in fluid
communication with each other to form inlet fluid manifold 314 of the heat
exchanger 302. Similarly, the bosses 326 of the first and second plate members
318, 320 or each heat exchanger plate 306 are aligned to form the plate outlet
310, and the bosses 326 of all the plates 306 are aligned in fluid communication
with each other to form the outlet fluid manifold 316 for the heat exchanger
302.

In example embodiments, the first and second plate members 318, 320 are
formed from braze clad aluminum alloy or stainless steel or other metal sheet
material, however plastic or other synthetic materials could be used in some
embodiments. Bosses 324, 326 may for example be formed by deep drawing
portions of the metal sheet material. In some example embodiments, the area a

sheet material where bosses 324, 326 are to be formed may be
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formed with thicker material in order to provide material for deep drawing of the
bosses. For example, a tailor made patch could be applied in the area of the

bosses before forming the plates.

In some example embodiments, the heat exchanger 302 is pre-assembled
as a unit, brazed together, and then the battery modules 304 inserted between
the heat exchanger plates 306. In the illustrated embodiment, the inlet and
outlet manifolds 314, 316 are both located on the same side of the heat
exchanger 302 to facilitate lateral insertion of the battery modules 304 from the

opposite side of the heat exchanger 302.

According to example embodiments, the bosses 324, 326 are compliant so
that they can be axially compressed after the battery modules 304 are inserted
to achieve thermal contact between the battery modules 304 and the heat
exchanger plates 306. Such a configuration may in some applications permits a
pre-compression spacing that facilitates insertion of the battery modules 304
during assembly while providing tight thermal contact between the heat
exchanger plates 306 and the battery modules 304 post-compression.
Additionally, in some configurations the compliant nature of the bosses 324, 326
may allow the manifolds 314, 316 of the heat exchanger 302 to effectively
expand and contract during battery operation in response to expansion and
contraction forces applied by the battery modules 304 as they heat up and cool
down, facilitating good thermal contact between the heat exchanger plates 308

and the battery modules 304 across a range of operating temperatures.

Thus, referring to Figure 23, the bubble or boss height *H” of a boss 326
has a pre-assembly height before the battery modules 304 are inserted of H=X,
and a post assembly height of H=Y, where Y<X; during assembly, after the
battery modules 305 have been inserted, the heat exchanger 302 is compressed
to collapse the boss heights down to H=Y. In the embodiment of Figure 23, each
annular boss is formed from an axially extending first annular wall 330 that
terminates at a radially extending first annular shoulder 332, which in turn
terminates at a second axially extending second annular wall 334, which in turn
terminates at a radially extending second annular shoulder 336 that defines
opening 328. The shoulder 332 forms a cantilever member that provides

compliancy in the boss 326 such that the elastic nature of the boss 326 is largely
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a function of the width or diameter D of the first annular shoulder and the
thickness and resiliency of the material forming the boss 326. In one example
embodiment, the boss 326 has substantially linear force deflection curve as
displaced between H-X and H=Y. Inlet boss 324 is substantially identical to
outlet boss 326.

In another example embodiment, the boss 326 is configured to provide a
“snap through” effect whereby it is biased to H=X for a certain range of axial
compression, then biased to H<=Y once the degree of axial compression passes
a threshold. In this regard, Figure 26 illustrates at (A) a boss 324, 326 biased in
a pre-assembly position (before insertion of battery modules) where H=X, and at
(B) the same boss 324, 326 biased in a “pack” or post-assembly position (after
insertion of bettery modules 304 into the heat exchanger 302) where H<=Y<X.
In boss 324, 326, once the angle of deflection of the shoulder 332 passes a
threshold, the boss “snaps through” to its post assembly position. In some
examples, once the threshold deflection is reached the bosses of the opposed
plates 306 bias the plates towards an inter-plate separation that is less than
battery module height such that the plates 306 effectively clamp the opposite
surfaces of battery module 304 to retain thermal contact with the battery
maodule through a range of normal operating temperatures for the battery unit
300. As illustrated in Figure 26 at (C) in some embodiments, the compliance of
bosses 324, 326 is dependent on the shoulder dimension L and the thickness of

the material used to form the plates.

As shown in Figure 26 at (D), in some example embodiments a bellows
like structure 325 can be formed on the bosses 324, 326 of either or both core
plates in order to provide the bosses 324, 326 with a degree of resilient
compresibility. Again, the amount of compliance is dependent on dimension L

and the thickness of the material used to form the plates.

Accordingly, the compressible bosses 324, 326 of the heat exchanger 302

provide localized compliance in the region of the heat exchanger manifolds.

According to another example embodiment, a further battery unit 400 and
heat exchanger 402 configuration will now be explained with reference to Figures
27-31. The battery unit 400 and heat exchanger 402 of Figures 27-31 is similar

in construction and function to the battery unit 300 and heat exchanger 302 of
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Figures 22-26 except for differences that will be apparent from the Figures and
the present description. In particular, as will be explained in greater detail
below, rather than use compressible manifold bosses to achieve localized
compliancy, the heat exchanger 402 relies on flexible manifold panels to
facilitate substantially parallel compression of the heat exchanger after
insertion of the battery modules 304 in order to provide good thermal contact

between the heat exchanger plates and the battery modules..

The battery heat exchanger 402 includes a stack of multiple (N)
substantially identical spaced apart heat exchanger modules or plates 406(1) to
406(N) (generically referred herein using reference number 406) that are
substantially aligned parallel to each other in a row or column. The battery unit
400 includes battery modules 304(1) to 304(N-1) (generically referred to using
reference number 304) that are interleaved with the heat exchanger plates 406
such that at least one battery module 304 is located between and in thermal

contact with the opposing surfaces of two adjacent heat exchanger plates 406.

Figures 27, 30 and 31 schematically illustrate four heat exchanger plates
406(1)- 406(4) of heat exchanger 402. In the illustrated embodiments, the heat
exchanger plates 406 and the battery modules 304 have a rectangular footprint
or profile; however they could have other shapes in other example embodiments
such as square or circular. As with battery unit 300, each battery module 304 in
battery unit 400 houses at least one battery cell which may for example be a
prismatic lithium-ion battery cell (however other rechargeable battery cells could
be used). In the illustrated embodiment, each battery module 304 includes a
rectangular substantially rigid case or frame housing the one or more battery

cells.

As seen in Figures 29 to 31, in an example embodiment, the heat
exchanger plates 406 each include a main plate section 434 that defines one or
maore internal fluid flow paths or passages 408 (shown in dashed lines in Figure
29) between a fluid inlet region or panel 410 and a fluid outlet region or panel
412. By way of example each main plate section 434 may include several
substantially parallel C- shaped internal flow passages 408, however many
different fluid flow path configurations are possible including for example a single

serpentine flow path through the main plate section 434 between the inlet panel
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410 and outlet panel 412. As best seen in Figures 29 and 30, the inlet panel 410
defines an internal inlet fluid passage 430 that is in fluid communication with the
main plate internal passage 408, and the outlet panel 412 defines an internal
outlet fluid passage 432 that is also in fluid communication with the main plate
internal passage 408. The inlet panel 410 includes a pair of aligned inlet
openings 4281 in fluid communication with the inlet fluid passage 430 and the
outlet panel similarly includes a pair of aligned outlet openings 4280 in fluid
communication with the outlet fluid passage 432. In the illustrated
embodiments, the inlet and outlet panels 410, 412 are generally rectangular in

shape, however they could have different shapes in different embodiments.

As can be seen in Figures 27, 28 and 29, the inlet panel 410 extends
substantially parallel to and spaced apart from an end of the main plate section
434, but is attached by a joining portion 440 to the main plate member such
that a gap 436 partially separates the inlet panel 410 from the main plate
section 434. The joining portion 440 defines an internal fluid passage between
inlet panel passage 430 and the main plate internal passage 408. Similarly, the
outlet panel 412 extends substantially parallel to and spaced apart from the
same end of the main plate section 434, but is attached by a joining portion 442
to the main plate section 434 such that a gap 438 partially separates the outlet
panel 412 from the main plate section 434. The gap 438 also extends to
separate the inlet panel 410 from the outlet panel 412. The joining portion 442
defines an internal fluid passage between the main plate internal passage 408

and the outlet panel passage 412.

In example embodiments, although the heat exchanger plate 406 has a
generally rigid structure, the joining portions 440 and 442 allow the inlet panel
410 and outlet panel 412, respectively, to flex independently of each other

relative to the main plate section 434,

In an example embodiment, the fluid inlet panels 410 of all the plates 406
are connected in a stack with inlet openings 4281 in axial alignment to form a
common fluid inlet manifold 414, and the fluid outlet panels 412 are all
connected in a stack with outlet openings 4280 in axial alignment to form a
common fluid outlet manifold 416. In operation a heat exchange fluid is

distributed to each of the heat exchanger plates 406 via inlet manifold 414 and
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collected from the heat exchanger plates 406 via outlet manifold 416. In some
example embodiments, the fluid passing through the internal flow passages 408
is used to cool the heat exchanger plates 406 and the battery modules 304
located therebetween, although in some example embodiments the fluid passing
through the internal flow passages 408 is used to heat the heat exchanger plates
406 and the battery modules 304 during at least some parts of battery

operation.

In an example embaodiment, each heat exchanger plate 406 is formed
from a pair of mating, substantially identical first and second plate members
418, 420 as best seen in Figures 30 and 31, first plate and second plate
members being mirror images of each other. In the illustrated embodiment first
plate member 418 and second plate member 420 are each substantially planar
members having outer facing grooves 422 that cooperate to define internal fluid
flow passages 408. The plate members 418, 420 each include an outwardly
extending bubble or boss 424 on the portion thereof that forms the inlet panel
410 and an outwardly extending bubble or boss 426 on the portion thereof that
forms the outlet panel 412, with the inlet panel boss 424 defining inlet opening
4281 and the outlet panel boss 426 defining outlet opening 4280. The inlet panel
bosses 424 of the first and second plate members 418, 420 of each heat
exchanger plate 406 are aligned, and the inlet panel bosses 424 of all the plates
406 are aligned in fluid communication with each other to form inlet fluid
manifold 414 of the heat exchanger 402. Similarly, the outlet panel bosses 426
of the first and second plate members 418, 420 of each heat exchanger plate
406 are aligned, and outlet panel bosses 426 of all the plates 406 are aligned in
fluid communication with each other to form the outlet fluid manifold 416 for the

heat exchanger 402.

In example embodiments, the first and second plate members 418, 420
are formed from braze clad aluminum alloy or stainless steel or other metal
sheet material, however plastic or other synthetic materials could be used in

some embodiments.

In some example embodiments, the heat exchanger 402 is pre-assembled
as a unit as shown in Figure 27 and brazed together. Subsequently, the battery

madules 304 inserted between the heat exchanger plates 406 to form a
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completed battery unit 402. In the illustrated embodiment, the inlet and outlet
manifolds 414, 416 are both located on the same side of the heat exchanger 402
to facilitate lateral insertion of the battery modules 304 from the opposite side of

the heat exchanger 402.

As noted above, the presence of gaps 436 and 438 between the inlet and
outlet panels 410 and 412, respectively, permit the panels 410, 412 of each heat
exchanger plate 406 to flex relative to main battery plate section 43, and vice
versa. Once the heat exchanger 402 is preassembled (before battery modules
304 are inserted), the inlet panels 410 are rigidly connected in a stack with
bosses 424 aligned to form the inlet manifold 414, and the outlet panels 412 are
rigidly connected in a stack with bosses 426 aligned to form the outlet manifold
416. The flexible connection between each of the panels 410, 412 and their
respective main heat exchanger section 434 permits the main heat exchanger
sections 434 to have a pre-compression spacing that facilitates insertion of the
battery modules 304 and a post compression spacing that provides a good
thermal contact between the plates and the battery modules 304. For example,
as shown in Figure 31, the heat exchanger 402 has post-compression inter-plate
separation of H - in some example embodiments, during battery module 304
insertion the main plate sections 434 are separated from each other a distance
greater then H, after which the plate sections 434 are compressed in a
substantially parallel manner to separation distance H to achieve thermal contact
between the battery modules 304 and the heat exchanger plates 406. Such a
configuration may in some applications facilitate insertion of the battery modules
304 during assembly while provided tight thermal contact between the heat
exchanger plates 406 and the battery modules 304 post-assembly. In example
embodiments, post compression the heat exchanger is biased to have an inter-
plate separation of H or less than H so that the battery modules 304 are

effectively clamped between pairs of opposed heat exchanger plates 406.

Accordingly, the heat exchanger 402 makes use of local compliance in the
region of the heat exchanger manifolds to facilitate thermal contact with inserted

battery modules 304.

In some example embodiments, intermediate tubular connectors

(examples of which are described in greater detail below in the context of
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Figures 32A, 32B) other than or in addition to bosses 424, 426 may be employed

to interconnect inlet panel and outlet panel sections 410, 412.

As shown in the embodiment of Figures 27 and 29 of heat exchanger 400,
the flexible panels 410 and 412 are located at the same end of the heat
exchanger 400 with joining portion 440 located near a midpoint at the common
end and joining portion 442 |located near a side edge. The manifold 416
connecting the panels 412 is spaced apart from the joining portion 442 and
located near the midpoint at the end of the heat exchanger 400, and the
manifold 414 connecting the panels 410 is spaced apart from joining portion 440
and located near the opposite side edge (e.g. the opposite side that the joining
portion 442 is located at). Such a configuration, in which one of the inlet/outlet
openings 4281/4280 (and resulting manifold) is near a midpoint at one end of
the of the heat exchanger 402 and the other of the inlet/outlet openings
4281/4280 (and resulting manifold) is at the corner near the same end of the
heat exchanger 402, can in some applications facilitate parallel compression of
the heat exchanger plates 406 to facilitate post-assembly thermal contact
between the heat exchanger plates and the battery modules. However, in some
example embodiments the panels 410, 412 could have different relative
locations, and in this regard Figures 29A, 29B and 29C each illustrate different
possible locations of inlet and outlet panels 410, 412 relative to the main heat
exchanger plate sections 434 in heat exchanger embodiments 402-1, 402-2, and
402-3, respectively. The heat exchangers 402-1, 402-2 and 402-3 are
substantially identical in construction and operation to heat exchanger 402, with
the only substantial difference being in the location of the flexible panels relative

to the main heat exchanger section in the heat exchanger plates.

Referring again to the compliant boss heat exchanger 302 of Figures 22-
26, in at least some example embodiments an intermediate manifold connector
is used between adjacent heat exchanger plates 306. In this regard, Figures 32A
and 32B are each enlarged partial sectional views (taken from a similar view as
Figure 23) that illustrate further example embodiments of a heat exchanger that
includes manifold connectors between compliant boss regions of adjacent heat
exchanger plates 306. The heat exchangers of Figures 32A and 32B are
substantially identical to the heat exchanger 302 of Figures 22-26 except for

differences that will be apparent from the Figures and the present description.
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As shown in Figure 32A, rather than having direct contact between the bosses
326 of adjacent heat exchanger plates 306 (shown as 306(2) and 306(3) in
Figure 32A), the opposing bosses 326 of adjacent plates 306(2) and 306(3) are
spaced apart from each other and interconnected by an intermediate cylindrical
connector 340 that forms part of the manifold 316. In the embodiment of Figure
32A, the annular wall section 334 of the boss 326 of each opposing plate
member 318 and 320 of adjacent heat exchanger plates 306(2), 306(3) is
internally received within and connected to an inner surface of the cylindrical
connector 340. The inlet bosses 324 are similarly connected by intermediate
cylindrical connectors 340. In the embodiment of Figures 32A, the bosses 324
and 326 are deformably compliant as described above in respect of the
embodiments of Figures 22- 26 to allow interleaving of and post assembly
thermal contact with battery modules 304. The embodiment of Figure 32B is
similar to that of Figure 32A, except that the cylindrical connector 340 is inserted

into (rather than over) the opposed annular walls 334 of adjacent bosses 326.

In example embodiments, the annular walls 334 and cylindrical connector
340 are connected by brazing and may include a mechanical interlock such as a
swaging or staking mechanical connection to facilitate pre-brazing assembly and
strengthen the post-brazing connection. In some example embodiments, the use
of an intermediate connector 340 facilitates separate pre-assembly and testing
of each of the heat exchanger plates 306, followed by pre-assembly of the heat
exchanger as a complete unit that is then ready for final assembly by the
interleaving of battery modules 304 within the heat exchanger structure. The
intermediate connector 340 could also be used with flexible panel heat
exchangers 402, 402-1, 402-2 and 402-3 of Figures 27-31.

Figures 33-35 illustrate yet a further compliant heat exchanger 302’ for
use in battery unit 300 according to another example embodiment. The heat
exchanger 302’ is similar in construction and operation to the heat exchanger
302 of Figures 22-26 and the heat exchangers of Figures 32A and 32B with the
exception of differences that will be apparent from the Figures and the present
description. Similar to the heat exchangers of Figures 32A and 32B, the heat
exchanger 302’ of Figures 33-35 makes use of an intermediate manifold
connector 350 for interconnecting adjacent heat exchanger plates 306. However,

the heat exchanger 302’ differs from the heat exchanger 302 of Figures 22-26
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and the heat exchangers of Figures 32A and 32B in that inter-heat exchanger
plate compliancy is achieved by having a two-piece compressible intermediate
manifold connector 350 rather than by building compliancy into the bosses on
the plate members 320, 318. In this regard, as shown in Figure 33, in at least
some embodiments the plate members 318 and 320 of heat exchanger 302’ do
not include raised boss regions around the flow openings 328 (or flow openings
326). Although the figures illustrate a manifold connector 350 as applied to the
outlet manifold 316, the inlet manifold 314 of heat exchanger 302’ is constructed

in a similar manner.

An example of a two-piece compressible intermediate manifold connector
350 will now be described with reference to Figures 33-35. Terms used herein
that denote absolute orientation such as upper and lower, right and left are used
for the purpose of description only with reference to the orientation of the
Figures and not to limit the configurations described herein to any absolute
physical orientation. In an example embodiment, each intermediate manifold
connector 350 defines an internal heat exchanger fluid flow passage 364 for
transporting a heat exchanger fluid to or from heat exchanger plates 306, and
includes first and second resilient, compressible manifold fixtures 352 and 354.
As shown in Figures 33 and 35, in an example embodiment, the first fixture 352
includes an axially extending lower or first annular wall 357 that has a lower end
connected within the outlet opening 328 of the upper plate member 320 of heat
exchanger plate 306(3). The first fixture 352 also includes an axially extending
upper or second annular wall 360 that mates with the lower end of the second
fixture 354 at a joint 356. The second annular wall 360 has a larger diameter
than the first annular wall 357 and the lower end of the second annular wall 360
and the upper end of the first annular wall 357 are joined by an integral,

generally radially extending annular shoulder 358.

Similarly, the second fixture 354 includes an axially extending upper or
first annular wall 357 that has an upper end connected within the outlet opening
328 of the lower plate member 318 of heat exchanger plate 306(2). The second
fixture 354 also includes an axially extending lower or second annular wall 360
that mates with the upper end of the first fixture 352 at a joint 356. The second
annular wall 360 has a larger diameter than the first annular wall 357 and the

lower end of the second annular wall 360 and the upper end of the first annular
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wall 357 are joined by an integral, generally radially extending annular shoulder
358.

In an example embodiment, the first and second fixtures 352, 354 are
each formed from single piece of metal material (for example aluminum,
aluminum allow or stainless steel) that is deep drawn to provide the shape
shown in the Figures. In one example embodiment, the metal is thinner in the
shoulders 358 of the first and second fixtures 352, 354 than the first annular
wall 357, providing each of the first and second fixtures 352, 354 with a degree
of resilient crush-ability or compressibility as illustrated by dashed lines 362 and
363 in Figures 33 and 34, with dashed lines 362 representing a post-
compression location of the shoulders 358 and lines 363 representing a post-

compression location of the heat exchanger plates 306(2) and 306(3).

In one example embodiment, each heat exchanger plate 306 is pre-
assembled with a pair of first fixtures 352 connected to its upper plate member
320 (one at outlet opening 328 and one at inlet opening 326), and a pair of
second fixtures 354 connected to its lower plate member 318 (one at outlet
opening 328 and one at inlet opening 326). Each pre-assembled heat exchanger
plate 306 is brazed, and the brazed plate 306 then be tested for leaks if desired.
The heat exchanger plates 306(1) - 306(N) are then assembled in a stack to
form a completed preassembled heat exchanger 302’, and the joints 356
between mating fixtures 352, 354 are brazed. The preassembled heat exchanger
302" has an inter-plate separation distance of H1 as shown in Figure 33, allowing
battery modules 304 ( which have a height less than H1) to be interleaved
between the heat exchanger plates 306. After the battery modules 304 are
inserted, the heat exchanger 302’ is compressed to height H2 as shown in Figure
33 such that the battery modules 304 are in thermal contact on opposite sides

with the heat exchanger plates 306 they are each sandwiched between.

As explained above in respect of Figure 26, in at least some example
embodiments the first and second fittings 352, 354 are configured to behave
with a snap-through effect such that through an initial range of deflection the
fittings 352, 354 are biased towards the position shown in solid lines in Figures
33 and 34 (which corresponds to inter-plate separation H1), but after a

threshold level of deflection the fittings 352, 354 then become biased towards
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the position indicated by dashed lines 362 (which corresponds to inter-plate
separation H2). In some examples, once the threshold deflection is reached the
fittings 352, 354 bias opposed plates 306 to an inter-plate separation that is less
than the actual post assembly separation distance H2 such that the plates 306
effectively clamp the opposite surfaces of battery module 304 to retain thermal
contact with the battery module through a range of normal operating

temperatures for the battery unit 300.

Figure 34 illustrates at (B) an example of a possible mechanical joint that
can be applied between the first and second fittings 352, 354 at joint 356, and
at (A) possible mechanical joints between the first second fittings 352, 354 and
the respective plates 306. As shown at (B) in one example, the lower end of the
second fitting 354 is received within the upper end of the first fitting 352,
forming an overlap joint. As shown at (A), in some examples, an axial flange
364 may be provided around opening 328 to provide an overlap joint between
the plate and the first or second fitting 352, 354. As shown in Figure 35, in some
example embodiments, a rib 366 may be formed on the first annular wall 357 of
fittings 352, 354 to mate with the plate 306 about opening 328, and in some
example the end 368 of a fitting 352, 354 that is inserted into the opening may
be expanded or swaged or staked to provide a mechanical joint with the plate

pre-brazing.

Figures 36A, 36B and 36C are views of a further embodiment of a fitting
of a two-piece compliant manifold connector that can be applied to the heat
exchanger of Figure 33, with Figure 36A being a top view, Figure 36B being a
sectional view taken along lines A-A of Figure 36A and Figures 36C being a
perspective view. The fitting 370 is substantially identical to first and second
fittings 352, 354, with the exception that the radially extending shoulder 358 of
the fitting 370 has an arcuate profile that provides a weakened region at the
transition between the annular walls of the fitting 370 that can in some
embodiments reduce the compressive force required to move the fitting 370 to

its compressed or crushed position.

Figure 37 is a sectional view of yet a further embodiment of a two-piece
compliant manifold connector 380 that can be applied to the heat exchanger of

Figure 33. The manifold connector 380 includes two fittings 382 and 384 and is
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similar to connector 350 except that the fittings 382 and 385 are each reversed
such that the larger diameter region of each fitting is joined to a respective plate
306, and the smaller diameter regions of the fittings are connected together,
providing the connector 380 with an hourglass type figure as opposed to the

bulging middle of connector 350.

Although the heat exchanger manifolds 314, 316, 414, 416 have been
described above as either dedicated inlet or outlet manifolds with parallel heat
exchanger fluid flow occurring in the same direction through all heat exchanger
plates 306, 406, it will be appreciated that flow circuiting could be used to route
the heat exchanger fluid through manifolds 314, 316, 414, 416 in a variety of
different path configurations by including flow barriers along the respective

lengths of one or both of the manifolds.

Accordingly, in the embodiments of Figure 22-37, the battery units are
formed from battery modules that are interleaved with heat exchanger plates. In
at least some examples, the battery modules are inserted into a pre-assembled
heat exchanger, with the spacing between the heat exchanger plates being
dimensioned to accommodate battery modules within acceptable tolerance
ranges. After insertion of the battery modules, a compression action or step on
the heat exchanger ensures good contact between the heat exchanger plates
and the battery modules. In at least some example embodiments, the
compressible manifold configuration of the embodiments of Figures 22-26 and
32A-37 and the flexible inlet/outlet plate configuration of Figures 27- 31 provide
compliance to absorb the compressive forces in a substantially parallel
movement of the plate pairs with rather limited angular movement of the plates

in order to reduce the risk of buckling.

A common feature of the embodiments of Figures 1-37 is the provision of
good thermal contact between battery modules and the heat exchanger
maodules after assembly, with the thermal contact being facilitated by resilient
compliance of regions of the respective heat exchanger structures. In at least
some example embodiments, compliant regions of the heat exchangers of
Figures 1-37 are at least temporarily displaced as portions of the heat

exchangers are positioned between battery modules.
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The various embodiments presented above are merely examples and
are in no way meant to limit the scope of this disclosure. Variations of the
innovations described herein will be apparent to persons of ordinary skill in the
art, such variations being within the intended scope of the present disclosure. In
particular, features from cne or more of the above-described embodiments may
be selected to create alternative embodiments comprised of a sub-combination
of features which may not be explicitly described above. In addition, features
from one or more of the above-described embodiments may be selected and
combined to create alternative embodiments comprised of a combination of
features which may not be explicitly described above. Features suitable for such
combinations and sub-combinations would be readily apparent to persons skilled
in the art upon review of the present disclosure as a whole. The subject matter
described herein and in the recited claims intends to cover and embrace all

suitable changes in technology.
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Claims:

1. A heat exchanger for exchanging thermal energy with battery

modules, comprising:

a plurality of heat exchanger plates each defining an internal fluid flow
passageway for a heat exchanger fluid and arranged in a stack in which
adjacent heat exchanger plates are spaced apart from each other, the
adjacent heat exchanger plates being compliantly connected to each other by
intermediate connectors that allow heat exchanger fluid to flow between the
plates and which are compliant to allow compression of the adjacent heat
exchanger plates towards each other after insertion of battery modules
between the heat exchanger plates, the intermediate connectors being
configured to snap through to a compressed state after a threshold amount

of compression.

2. The heat exchanger of claim 1, wherein at least some of the heat
exchanger plates comprises a pair of the intermediate connectors extending
from a first side of the heat exchanger plate and a pair of the intermediate
connectors extending from a second side of the heat exchanger plate, the
intermediate connectors each defining a respective flow channel in
communication with the internal flow passage, wherein for each of the
intermediate plates in the stack the pair of intermediate connectors
extending from the first side of the heat exchanger plate are secured to the
pair of intermediate connectors extending from a second side of an adjacent
heat exchanger plate, the connected intermediate connectors of the stack

forming inlet and outlet manifolds for the heat exchanger fluid.

3. The heat exchanger of claim 2, wherein the intermediate connectors
that are joined together are directly brazed together, and the intermediate

connectors are brazed to the heat exchanger plates.
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4, The heat exchanger according to claim 2 or claim 3, wherein the heat
exchanger plates are substantially rectangular, planar plates with the pairs of
intermediate connectors located at one side thereof, enabling heat exchanger
modules to be inserted into the heat exchanger from an opposite side

thereof.

5. The heat exchanger of any one of claims 1 to 4, wherein the
intermediate connectors each include a first annular wall, a second annular
wall having a diameter larger than that of the first annular wall, and a radial
shoulder region joining the first annular wall and the second annular wall, the
radial shoulder region being compliant so as to permit an extending end of
the intermediate connector to be partially compressed towards the heat

exchanger plate.

6. The heat exchanger of claim 5, wherein the radial shoulder region is

curved to facilitate compression of the intermediate connector.

7. The heat exchanger of claim 5 or 6 wherein the first annular wall of
each intermediate connector is joined a respective heat exchanger plate and
the second annular wall is joined to the second annular wall of an

intermediate connector of an adjacent heat exchanger plate.

8. The heat exchanger of claim 5 or 6 wherein the second annular wall of
each intermediate connector is joined a respective heat exchanger plate and
the first annular wall is joined to the first annular wall of an intermediate

connector of an adjacent heat exchanger plate.

9. The heat exchanger of any one of claims 2 to 8 wherein each heat
exchanger plate comprises a first plate and a second plate secured together
and defining the fluid flow passage there between.

10. The heat exchanger of any one of claims 1 to 9 wherein the heat

exchanger plates are formed from metal material and brazed together.
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11. A battery unit comprising a plurality of battery modules interleaved

with the heat exchanger of any one of claims 1-10.
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