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BATTERY COOLING PLATE AND FLUID MANIFOLD

{8001} This application claims priority to United States provisional patent application
no, 62/694 201 filed on hdy 8, 201K, and to United States provisional patent apphication
o, 627735236, filed on September 24, 2018, the entire contents of each of which are

hereby mcorporated by reference n their entirety,

BACKGROUND

{6002} Vehucles sach as passenger automobiles are increasingly being electrified in
order {0 replace or augment iternal combustion engines. Such electric or hybrid-eleciric
vehicles use electrical motors in order to provide, at least in part, the dniving force for the
wheels. The electrical power that is supplied 1o the motors s typically provided by a
large number of batferies that are installed within the vebicle. Due to the large power
loads associated with vehicular transport, the batteries from whnch such power s
extracted experience substantial heating during operation and during charging. Baiteries
are known to be particolarly sensitive {0 internal operating lemperature, as the battery
voltage will vary with the battery™s internal temperatare. As a result, batteries for electric

vehucles oflen require substantial cooling during operation.

{0003]  Heat exchangers for cooling heat-producing devices such as these batteries are
known. These heat exchangers maintain the operating temperature of the heat-producing
device within an acceptable operating range by efficiently removing the heat generated by
the devices, thereby preventing degradation of the device due to excessive temperatures.
Typically, the heat 1s removed by wransfer to a fluid strean: such as a coolant that is ronted
through plates. In such applications, it is often desirable to maintain a predominantly
uniform temperatare profile over the surface of the plate. Such a wniform tempersture
profile can be especially desirable in the cooling of batteries, particularly in applications

such as electric or hvhrid motor vehicle battery conling.

0004] These heat exchangers ave sometimes presented in the form of battery cooling
plates. Batiery cooling plates to accomplish the requisite cooling of the batteries typically
operate by supplving one or more large and gengrally planar surfices against which the

batteries can be disposed. A liquid {or, m some cases, iwo-phase liguid-vapor) coolant is
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circuited through the battery cooling plate, and heat penerated by the batteries is
transferrad through the surface o the coolant flowing through the plate, thereby

reducing the temperature of the batteries to a more desirable level.

{9008]  There are, however, still problems with known battery plates. Often the
temperatore across the cooling surface of the plate 1s not wniform, which causes some
batteries disposed agamst the cooling serface or surfaces 1o be at a different temperature
than other batteries disposed against the cooling surface or surfaces. This can result in
mpaired performance and/or reduced life of the batteries, since the batteries will not all
be at an eqoal voltage and therefore will not share load equally. Among other reasons,
this non-uniform surface temperatore can be caused by the progressive heating of the
coolant as it flows through the battery cooling plate, as well as by the presence of flow

routing features formed mto the otherwise flat surface of the battery cooling plate.

{0006]  Inorder to aclueve the desired uniform temperature profile, it can be
advantageons to direct the How of coolant throngh the heat exchanger in multiple, paralled
arranged flow circuits. Such a flow circuiting requires that coolant be manifolded within
the heat sxchanger in order to disinbute the How of coclant (o the multiple parallel flow

channels as desired.

SUMMARY

{0007] A hattery cooling plate inclades a turbulating insert that is arvanged between a
first planar surface and a second planar surface, and 18 bonded thereto, A first coolant
pass extends through the turbulating insert in a Hirst direction, and a second coclant pass
extends through the turbalating fusert in a second divection that is opposile to the first
direction. The first and the second coolmnt passes are sequentially arranged so that
coolant flows first through the first pass and subsequently through the second pass. A
flow harrier 1s arranged between the first coolmt pass and the second coolant pass i

prevent bypass flow between the two passes.

{0008} The How barrier can be at least partially defined by a convolution of the
turbulating insert that extends parallel to the first and the second divections, a rod thatis
arvanged within the convolation, and a pocket that is provided within an embossment that

extends from at least one of the first and second planar surfaces. An end of the rod can be
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received withity the pocket. The rod can be juined o the tubulating insert, io at {east one

of the first and second planar sorfaces, and to the embossment by braze alloy.

{3009] In some embodiments, the rod can hwave 8 circalar cross-section, In other
embodiments, the rod can have a non-circular cross-section such 85 & square cross-

section, # hexagonal cross-section, an octagonal cross-section, or sone other shape.

{6010} The embossment can be arranged & one end of the battery cooling plate and g
flurd space can be arvanged at the opposie end of the battery coohing plate. The flnd

space can fluidly couple the first coolant pass to the second coolant pass,

{0011 Some embodiments include a first fluid chamber and a second fluid chamber,
both of which are located at the same end of the battery cooling plate. The first fluid
chamber can be in fluid compupscation with one of the first and second coolant passes to
delivera flow of coclant thereto, and the second fluid chamber can be m fluid
communication with the other of the first and second coolant passes to receive the How of
coolant therefrony. The first and second fluid chambers can be separated from sach other

by the emthossment.

{0012 A third coolant pass can extend through the turbolating fnsert in either the first
direction or the second direction and can be hydraulically in paralle! with either the first
coolant pass o the second coolant pass. A second flow barrier can be arranged between
the third coutant pass and that oue of the first and second coelant passes that is not

hydranhically in parallel with the third coolant pass.

{0813]  The second flow harrier can be similar to the fivst flow bamer and can be at
feast partially defined by a convolution of the turbulating insert that extends parallel to the
first and the second directions, a rod that is arvenged within the convolubion, and & pocket
that 1s provided within an embossment thet extends from at least one of the first and
second planar surfaces, with an end of the rod veceived within the pocket. The
embossment of the first flow barrier and the embossment of the second flow barner can

be arvanged at the same end of the batlery cooling plate,

{0014] The thivd coolant pass and that one of the Brst and second coolant passes that
is hydraulieally in parallel with the thivd coolant pass can be arranged upstrean of the

other one of the first and second coolant passes. During operation of the battery cooling
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plate, the other ove of the first and second coolant passes can receive the combingd flow
of coolamt from the thivd coolant pass and from that one of the first and second coolant
passes. The third coolunt pass and that one of the first and second coolant passes that is
hydraulically in parallel with the third coolant pass can also be arranged downstream of
the other one of the first and second coolant passes, Duwing operation of the battery
cooling plate, a flow of coolant from the other one of the first and second coolant passes
can be distributed o the third coolant pass and to that one of the first and second coolant

passes.

]

{601 5] In at least some embodiments, the tubuolating maert is one of many kubdating
mserts. The rod can be grranged within aligned convolutions of the multiple turbulating

nserts to at least partially define the flow barrier,

{0016] A battery cooling plate can also or altematively melude a first plate with a first
planar surface and a second plate with a second planar surfaces, each of the planar
surfaces extending in a length divection and 8 width divection. The first and the second
plates can be jomned together gt their respective edges, and can be spaced apart to define o
coolant volume therebetween, Turbulaiing inserts can be arranged within the coolant
vohune and can be joingd to the first and the second planar surface. Each one of the
turbulating inserts can exiend over the full extent of the coolant volume wn the wadih
direction, and the turbulating tnserts can be arvanged side-by-side in the length divection,
Multiple rods can extend through the twbulating inserts to at least partiaily define flow

barriers between coolant tlow channels that pass through the turbulating ingernts.

a7} Each one of the rods can be received within a convolabion of each one of the
turbulating nserts. Some or all of the rods can be joined to cach one of the turbulating
insarts by braze joints. In some entbodiments each one of the rods has an end clossst to g
first end of the battery cooling plate that is received within a pocket provided within an
embossment extending from ot least one of the first and the second plates. In some such
embodiments at least some of the rods bave an end furthest from the {irst end of the
battery cooling plate that is additvonally received within a pocket provided within an

erbossment extending from at least oue of the first and the second plates.

jou18] A firstrod can af least partially defive a first flow barrier avd a second rod can

at least partighly define a second flow barrder. The fivst rod can have an end furthest from
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the first end of the battery conling plate that 1s received within a pocket provided within
first embossment and the second rod can have an end furthest from the first end of the
battery cooling plate that is received within g pocket provided within g second
embossment. A fuid space can extend i the width dirgction and can be bounded at ong
end by the first embossment and at another end by the second embossment. A finst flow
channel can be arranged adjacent the first rod, and a second {flow channel can be arranged
adjacent the second rod. The first and the second flow channels can both exiend in the
length divection, and can both be fluidly coapled to the fluid space st one end and to a
common one of the tnlet and outlet manifolds at sn opposite end, A third flow channel
can be arranged between the fivst flow channel and the second flow channel. The third
flow channel can also extends m the length direction, and can be fluidly coupled to the
fluid space af one end and to the other one of the inlet and outlet manifolds at an opposite
end. A third flow barrier can be arranged between the first Bow channel and the thixd
flow channel, and a fourth flow barrier can be arranged between the second flow channel
and the third fow channel. In af least some cases neither the thivd noy the fourth low

barrier extends into the fluid space.

6019] A coolant inlet manifold and a coolant cutlet manifold can each extend along
the width direction and can each be joined to one of the first and second plates. The
coolant mlet and coclant outlet manifolds can be arranged at one end of the battery
cooling plate and can be m fhad commmunication with the coolant vohume. The coolant
flow channels can inclode a first flow chanpel that is flaidly connécted 10 one of the
coolant inlet manifold and the coolant outlel manifold and a second and a thivd flow
channe! that is Huidly coanecied 1o the other of the conlant indet nyamfold and the coolant
putlet manifold. The second and the third flow chanpels can be arranged on opposite
sides of the first flow channel. i some such cases, one or both of the second and the
third flow channels is Huidly connected o the first flow channel by a fluid space at an end
of the battery cooling plate opposite the end where the coolant inled and outlet manifolds

are located.

j0020] A fluid nianifold for a heat exchanger can include a planar top wall and &
plenar bottom wall that are spaced apart o define 2 Buid volune therebetween. A non-
planar wall can extend along a length-wise direction of the flwid maniiold between the lop

wall and the botton wall to separate the fhad volume nto a fust porbion and a second
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portion. A series of apertares can be mvanged along the length-wise divection and can
extend through the planar bottom wall. Successive ones of the apertures along the length-
wise divection can be fluidly comected to the first portion and to the second portion in

alternating sequence.

{0021]  In some embodiments, the centers of the apertures are arranged 1n & siraight
e that extends slong the length-wise direction. In some embodiments only some of the
apertures are arranged with their centers alipned along a straight line that extends along

the fength-wise direction.

[0022] A first fhad port can be connected 1o the {irst portion of the fluid vohime and a
sevond fluid port can be connected to the second portion of the fhuid volume. Insome
cases al least one of the fluid ports can extend in the lengihwise direction, and o some
particular cases both of the fluid ponts extend in the length-wise divection. In some cases
at least one of the {fluid ports extends outwardly fron the planar top surface, and in some
particular cases both of the fhnd ports extend outwardly from the planar top surface. The

fluid ports can define a coolant inlet port and a coolant outlet port for the heat exchanger.

{0023]  In some embodiments, the fluid roanifold can be provided with fastening boles
that extend through the planar top wall and through the planar bottom wall. In at least
some such embodiments the fastening holes can extend through thickened portions of the
non-planar wall. In some embodiments the centers of at least some of the fasteming holes
can be aligned with the centers of at least some of the apertures in g strarght line that

extends along the length-wise direction.

{6624} The fiuid manifold can be construcied of a plastic material, and in at least
some embodiments is constracted of at least two plastic parts that ave joined together. A
first one of the at least two plastic parts provides the planar top wall, and a second one of
the at least two plastic parts provides the planar bottoma wall. In some embodiments at
least one of the fhuid ports is provided by the plastic part that provides the top wall, and in
some embodiments both fluid ports are provided by that part. In some embodiments at
feast one of the fluid ports is provided by that plastic part that provides the bottom wall,
and in some embodiments both fluid ports are provided by that part. In some
embodiments a portion of the non-planar wall is provided by each of the at least iwo

plastic parts, whale i other embodiments the non-planar wall is entirely provided by oaly
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.

one of the plastic parts. 1o some smbodiments the at least two plastic parts are joined

together to provide a leak-free seal around an outer perimeter of the fluid manifold.

{3025] The nou-planar wall of the fluid mantfold can include a fivst non-plapar
surface bounding the first portion of the fuid volume, and a second non-planar surface
spaced apart from the {irst non-planar surface and bounding the second portion of the
fluid volume. A cavity can be arranged between the first and the second non-planar
surfaces. In some particular cases the cavity 1s one of several such cavities arranged

batween the first and the second non-planar surfaces.

[0026] The non-planar wall can inclode o first set of planar wall sections and & second
set of planay wall sections, the wall sections of the firsis set and the wall sections of the
second set each extending along the length~wase divection. The fust set ol planar wall
sections are offset to one side of the apertures, and the second set of planay wall sections
are offset to the opposite side of the apertures. A third set of wall sections join ones of
the first set of wall sections to ones of the second set of wall sections. In some cases,
each one of the third set of wall sections is arranged between two adjacent apertures. In
some cases the third set of wall sections have thickened portions, and fastemng holes

extend through those thickened portions.
BRIEF DESCRIPTION OF THE DRAWINGS
{0027} FIG. 1 1s a perspeciive view of a battery cooling plate sccording to an

embodiment of the invention,

j0028] FIG. 2 15 & partially exploded perspective view of a portion of the battery

cooling plate of FIG. 1.

{0029} FIG. 3 is a partial perspective view of a single plate used within the battery

cooling plate of FIG. 1.

{0030}  FIG. 4 is a plan view of the battery cooling plate of FIG. 1 with certain

components removed to show the coolant routing through the plate.
{60631 FIG. 5 s a detail view of the portion V-V of FIG. 4.

{00321  FIG. 6 is a partial perspective view of a turbulating insent used within the

battery cooling plate of FIG. 1
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{0033} FIG. 7 iz a partial cross-sectiona view through a flow barrier of the battery

cooling plate of FIG. 1

{0034]  FIG. B is a partial perspective view of the battery ¢oolmg plate of FIG. 1, with

select components removed for clarity.

{0035]  FIG. Y is a perspective view of the battery coohing plate of FIG, 1 with a fluid

manifold according to another embodiment of the invention,

{0036} FIG. 1015 a partially exploded perspective view of the battery cooling plate of

FIG. 9, with certain internal features exposed.

{8837} FIG. 11 i atop plan view of the flud masifold shown w FIG. &

{8838} FIG. 12 15 & partial section view of the battery cooling plate of FIG. 9.

{0039 FIG. 13 s partial view of an embodiment of a cotmponent of the fluid manifold

shown mn FIG, 9.

[0040]  FIG. 14 s a partial view of an abternative smbodiment of the Huid mamtold

shown i FIG.Y,

DETAILED DESCRIPTION

{0041}  Before any embodiments of the rvention ave explained in detail, tisto be
understood that the invention i< not Honted in 1t application to the details of constraction
and the arrangement of componenis set forth m the following description or illusirated m
the accompanying drawings. The invention s capable of vther embodiments and of being
practived or of being carried out in various ways. Also, itis o be understood that the
phraseplogy and ternunology nsed herem i for the purpose of description and should not
be reparded as limiting. The vse of “inchuding,” “comprising,” or "having™ and variations
thereof berein 1s meant to encompass the items hsted thereafter and equivalents thereof as
well as additional ttems. Unless specified or hinuted otherwise, the ferms “mounted.”

ERS

“vonnactad,” “supported.” and “coupled™ and variations thereof arg used broadly and
enconpass both divect and indirect mountings, commections, supports, and couplings.
Further, “connected”™ and “coupled™ are not restricted to physical or mechamieal

connections or couplings.
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{0042 While reference is niade hervin to a battery cooling plate, which is a hest
sxchanger that 18 specifically adapted to coohng beat-produting batteries, it should be
understood that such reference is made for exemplary purposes only. The aspects of
inventions described herein can be similarky applied and be useful in other heat
exchangers for coohing devices other than batteries, as well as {0 transfiar heat between
two or more fluid streams, and no Bmitation stnictly to the cooling of batteries should be

implied.

[0043]  Aspects of a battery cooling plate 1 ars depicted in FIGs. 1-7. The battery
coolimg plate 1 is constracted as a large flat plate baving o broad and Hat planar heat
transfer surface 30 on each side, 1o which batieries or other electronic devices needing
cooling can be mounted. While in some applications it may be desirable to mount such
heat producing devices to only one of the sides 30, the battery cooling plate 1 s

particularly well-suited to double-sided cooling applications.

fo044] The battery cooling plate 115 constructed using two Hat plates 2 and 3 that are
honded 1ogether at their peripheral edges. In some particularly preferable embodiments,
the plates 2 and 3 are constructed from sheets of brazeabls sluninum material and are
joined together by brazing. In any event, it is highly desirable that the material from
which the plates are comstrucied has g bigh thermal conductivity, so that the beat transfer

performance of the batiery cooling plate is enhanced,

{8045] While the plates 2 and 3 are refirved to as flat, ¥t should be understood that at
{east ong of the plates has a raised peniphery so that a coolant volume 4 is arvanged
between opposing nwardly facing plangr surfnces 15, 16 of the plates 2, 3 respectively,
In the exemplary embodiment of the baitery cooling platg 1, the plate 2 is flat over the
putiraty of the plate surface, while the plate 3 has a raised peniphery alony the adges 13
The plates 2 and 3 are joined together at that raised penphery, which contacts the
mwardly facing surface 15 of plate 2. In other embodiments, both the plates can have s

raised periphery, with the peripheries of the two plates meeting to form a joining surface,

{0046]  The battery cooling plate 1 is optionally provided with mounting holes 24 that
can be arranged over the surface of the cooling plate. Such mounting holes 24 can be
used fo mount batltenies or other heat producing devices to the heatl transter surfaces 30, as

well as to mount the battery cooling plate 1 uself, The mounting holes 24 are fluidly
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separated from the coolant volume 4, sach as by being arranged in entbossments 32 that

extend fmvardly from one or both of the plates 2, 3

{8047] The plates 2 and 3, as well as theiwr associated planar surfaces 15 and 16,
extend in both g length direction {1 and & width direction 12, As can be seen in FIG. 1,
the length dirsction 11 of the exemplary battery cooling plate 1 is noticeably larger in
dimension than the width dimenston 12 of the cooling plate. However, it should be noted
that this need not be the case in all embodiments, and that “length divection™ as used
herein is not intended 10 be interpreted as the diraction of the longer dimension and
“width direction”™ as used herein is not intended to be interpreted as the divection of the
shorter dimension. Rather, they are used as terms of convenience for describing the

arrangement of futd flows thwough the cooling plate 1, as will be described hereafter,

{0048]  The battery cooling plate 1 s further provided with 3 coolant inlet manifold 7
and a coolant outlet manifold 8, each of which extend along the width direction 12 and
each of which are srranged at a fivst end 9 of the cooling plate 1 in the length direction 11,
The coolant inlet mamfold 7 and the coolant outlet manifold & are arranged side by side at
the end 9, and are fhudly connected to the coolant vohune 4 within the baftery cooling
plate 1. As can be seen in the partially exploded view of FIG. 2, the plate 2 18 provided
with a first sertes of flanged apertures 28 and a second sertes of flanged apertures 29, the
apertures of each series being in a hnear arrangament. The mantfolds 7 and ¥ are
provided with receiving apertures (not shown) that correspond to the flanged apertures 28
and 29, respectivelyv. The manifolds 7, &8 are joined to the plate 2 {preferably during the
same jomning operation that joins the plates 2 and 3 together) m order to create the

aforementioned fluid connections,

18849} The coolant inlet manifold 7 is provided with an inlet port 22, and the coolant
outlet manifold & 1s provided with an owtlet port 23, The battery cooling plate 1 can be
operatively coupled 1o a coolant system that directs a flow of liquid coolant mto the
battery coohing plate 1 at a first tempergture through the miet port 22, and that veceives
the fow of Higquid coolant from the battery covling plate at a second temperatare highey
than the first temperature through the outlel porl 230 In thus manuer, the battery cooling
plate 1 can be used within g thermal management system to remove heat that is generated
within batteries that are mounted to the heat transfer surface{s) 30 of the plate 1, thereby

maintaining the batteries within a suitable operating temperatore range. It should be

10
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noted that, while the plate | is referred {0 herein as o battery cooling plate, i can also be
used 1o -heat batteres that ave wounted to the plate. By way of example, in very cold
ambient temperature conditions the batteries might benefit from being glevated in
temperature in order to be withun the desired operating temperature range. Under such
conditions, it is possible for the plate 1 to be used o transfer heat from a heated flow of
coolant that is circulated through the coolant volume 4 to the batteries mounted to the
heat transter surface(s) 30. It should further be noted that the plate 1 iz not linuted to
cooling and/or heating batteries, but can also be used to fransfer heat to or from othey

devices that can be mounted 1o the heat transfer surface(s) 36,

{0650} In ovder to enhance the heatl ransfer effectiveness of the battery cooling plade
1, turbulating inserts 5 ave located withun the coolant vohone 4. As can be seen in FIG. 4,
multiple turbulating inserts 5 are preferable provided in order (o conmpletely il the
coolant vohane 4. While in some circamsiances {such as when the battery cooling plate 1
ts of a particularly small dimension) a single turbulating insert 3 may be used, in most
cases it will be preferable 1o use multiple turbulating 1oserts § due to difficulties m

producing a single twbulating nsert of safficient size.

{6051 An exemplary turbulating insert that is particalarly well-awted for use within
the battery cooling plate 1 15 depicted i FIG. 6. This turbulating insert 5 15 of a lanced
and offset variety, and s typically produced from a thin sheet of metal material that s
directed through & fin machine, wherem it is formed by stamping andior rolling
operations. The sheet of material typically enters the fin machine having been pre-shit to
a width dimension {extending in the direction indicated by the double-ended arrow 23),
and is fed through the machine in the direction indicated by the donble-ended arrow 26
The forming of the sheet material produces convolutions 17 that extend in the direction
25, Along that direction, the matenial 1s lanced and is then offsetin aliernatingly
opposing directions parallel to the sheet feed divection 26, thereby creating a series of
apertures 27 along each convolution 17, The aperturas 27 allow for flnid flow between
adjacent convolutions 17, so that the nubulating insert 5 15 porous to fluid flow in both
the direction 25 and the direction 26, It shounld be recognired that a fluid will flow more
easily along the length of the corrugations 17 {L.&. in the divection 25) than perpendicular

to the tength of the corrugations 17 (e, in the direction 26). Consequently, the direction
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25 is often referred o as the “low pressure-drop divection” and the direction 26 13 piten

veferved to as the “high pressuve-drop direction™,

{3052] The sheet of material from which the twbuolating inserts 5 are formed iy
typically provided in spool form, allowing for a sheet of great length. Consequently, the
turbulating inserts 3 can be provided with a dimension 1 the direction 26 that is
practicalty unlimited. In contrast, the dimension of the twbulating inserts in the divection
2% is Himited by the size of the fin machine, as well ag by the forces required for the
forming operations, which typically are performed on an entire convolution 17 af a time.
The tarbulating inserts § are therefore provided with 3 dimension in the high-pressure
drop divection 26 that 1s sufficient o extend over the full extent of the coolant volume 4
ins the direction 12, The wrbulating tnserts are arranged side-by-side along the direction
11 in order to extend over the full extent of the coolant volume 4 1n that direction. By
arvanging the tubulating inserts in this manner, the low presswre-drop divection 23 of the
turbulating inserts 518 gligned with the direction 11, so that fluid flowing through the
coolant volume 4 can be easily directed between the ends ¢ and 10 of the batterv cooling

plate 1.

j0053] The fhud flow through the coolant volume 4 is flustrated by the use of arrows
m FlGs. 4 and 5. The flow is directed through wmaltiple flow paths arvanged o be
hydraulically m parallel, each encompassing two passes through the coolant volume 4.
The {irst pass of each flow path extends from the end 9 of the battery cooling plate 1 o
the end 10, and the second pass of each flow path extends from the end 10 back {o the end
9. Each pass is provided by a flow channel 14 that extends successively through each one
of the turbulating 1nserts 5 in the direction 25. Spaces 33 ave provided af the end 10 of the
battery cooling plate 1 fo hydrmdically connect each one of the flow chamnels 14 (o at
least one, and sometimes two, adjacent low channels 14, Adjacent Sow chamels 14 ave
hivdranhically separated from one another along the length divection 25 of the coolant

volume 4, other than at the spaces 33, by way of flow barriers &,

{0054] Each of the Jow channels 14 begins or terminates at the end 9 of the battery
copling plate 1 10 a fluid chawber 31, The fluid chambers 31 are arranged directly below
the coolant inlet and cutlet momifolds 7, 8. Along the direction 26, the fuid chambers 31
are fluidly coupled to the coolant nlet manifold 7 and the coolant outlet manifold & in

alternating sequence, by way of the flanged apertures 28 and 29, respectively. Asa
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result, the flow channels 14 dirset fuid from the end 9 towards the end 10 and from the

snd 1 towards the end 9 in alternating sequence along the width of the plate 1

{HI55] The fluid chambers are separaied from one another, and are at least parually
defined, by embossments 19 that extend from at least one of the plates 2, 3. The
embossments 19 each extend from the edge ¢ of the cooling plate 1 to the nearest one of

the tarbulating inserts S, and preferably abut the end of the twrbulating insert 5.

{0056]  Asdepicted in FIG. 4, sovoe of the How channels 14 recerve fluid How from
both adjacent channels 14, and some other of the flow channels 14 divect fhad flow to
both adjacent channels 14, Those flow channels 14 that receive flow from, or direct flow
s, two other channels 14 are preferably fiwice as large v the divection 26 as their adjacent
chamiels 14, so that the amount of fluid flow per cross-sectional area of the Qow chanels

14 is approximately constant.

{0087]  The flow barriers 6 are arranged between adjacant How channgls 14 i order to
prevent the undesirable bypass of flaid flow between adjacent channels, other than at the
spaces 33, Each flow barrier 6 is at least partially defined by arod 18 that is recetved
within a convolution of each one of the wrbulating mserts 5. The rods I8 extend
continuoushy in the fengh direction 11 over most, and in some case all, of the length of
the flow channels 14, The end 21 of each rod 18 is recetved within a pocket 28, sach of

the pockets 20 being provided within an embossment 19,

{0058]  The sive of the rod 18 is preferably such that 1s approximately equal to the
height of the coolant channel 4 minus the thickness of the sheet material for the
turbulating mserts 5, as can be seen in the sectional view of FIG. 7. Furthermore, the
convolutions 17 are preferably sived so that a rod 18 can be nestled between the opposing
offsets at either side of the conveolution 17, as also shown in FIG. 7. In this mamer, the
rods 18 can be securely retained in position during the assembly of the battery cooling
plate 1. The pockets 20 can Bkewise be sized to precisely and securely relain the ends 21
of the rods 18, While the rods 18 of the-exemplary embodiment are circular bt cross-
section, i other embodiments the rods may have a different, non-circnlar cross-section.
By way of example ounly, the rod cross-section can be squave, rectangutar, friangular,

hexagonal, oclagonal, ete.
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{8059] Additronal embossments 19 with pockets 3 are provided adjscent the end 18
of the battery cooling plate 1, and can be used to separate adjacent ones of the spaces 33,
The number of such entbossments at the end 10 is preferably less than the number of
embossments 19 at the end 9, so that the locations of the pockets 20 at the end 10
correspond to less than all of the flow barriers 6. The vods 18 of those {low barriers 6 that
do correspond to the locations of the pockets 20 at the end 10 are longer in length, such
that an end of those rods opposite the ends 21 are also received within those pockets 20,
therebv extending those flow barniers 6 to the full length of the coolant volume 4 in the

direction 11.

{80607  The components that define each How barrier 6 gre preferably joined together
during a brazing of the battery cooling plate 1 in order to create a predominantly fuid-
tight flow barrter 6. I some embodimends this joining can be accomphshed by providing
a fayer of braze alloy cladding on the surfaces of one or more of the components, such as
(for exainple) the rods 18, the turbulating nseris §, the plates 2 andfor 3, ete. In some
embodiments the joming cap also o aliernatively be provided by braze allov i1 a paste

{orm that i applied {0 the rods 18 prior to thelr insertion into the assembly.

j0061] Forming the flow barriers 6 in this manner is advantageous over forming Row
barriers by deforming one or both of the plates 2, 3 to define flow barriers. Fornung flow
batriers out of the plate surfaces has the undesirable effect of reducing the available
surface area to which heat from the batteries mounted to the plates can be rejected.
Furthermore, the forming operations required to produce flow barriers that extend over
plates having a long dimension in the flow barrier can be difficult and expensive, leading

te increased cooling plate cost.

8062} By separating the coolant volume 4 nte the series of flow channels 14, a more
uniform temperature profile can be achieved over the heat vansfer surface{s) 30, Along
the width direction 12, a wmform temperature profile s achieved by the sepuaration of the
coolant volume 4 in that direction into multiple flow paths, each of which are
hydrautically in parallel. Along the length direction 11, a apiform temperatare profile is
achieved through the averaging effect that 3s achieved by having coolant that is
progressively further from the inlet manifold 7 in each of the first passes being
immediately adjacent to coolant that is progressively further from the outlet manifold 8 in

each of the second passes. Since the coolant is heated by the batteries as it passes along
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the flow path dwring the operation of the coohing plate 1, thereby continuously increasing
i temperature along the flow path, such an arvangement allows for an averging of the

temperature of the heat transfer surface 30 that is fairly wnform along the divection 11,

{90631  Fl1Gs. 9 and 10 depict a battery cooling plate 101 that is sinular in construction
to the battery cooling plate | described earlier. The battery cooling plate 101 includes a
single fluid manifold 51 to replace the separate coolant inlet manifold 7 and coolant outlet
manifold 8 of the cattery cooling plate 1. It should be understood that, while the fluid
manifold 31 may be aspecially advaniageous when applied as a portion of a plate style
heat exchangsr 1 as shown, i can also be used with a wide variety of heat exchanger

stvles and types and is not hnuted 1o use solely as part of a battery cooling plate.

{6064] The fluid mamfold 31 15 joined to the top plate 2 of the batiery cooling plate
161 in order to deliver the coolant to, and to receive the coolant from, the coolant volume
4. The fluid manifold 31 is arranged at one end of the battery cooling plate 101 and
extends along that end of the battery cooling plate 101 in a length-wise direction 60 of the
fluid manifold §1, the length-wise direction being generally aligned with the width
direction 12 of the battery cooling plate. The fhwuid manifold 31 includes a top wall 37 and
a bottom wall 58, between which is disposed a fhud volume 54, A non-planar wall 39
extends between the top wall 57 and the bottom wall 58, and divides the fhad volome 54
into a first portion 55 and a second portion 36, The non-planar wall 59 extends along the
fength-wise direction 6§ i a meandering fashion in order (o provide separation between

the frst and second portions 35 and 36 of the fluid volume 54,

[obas] As previpusly deseribed with reference o FIG. 4, and as shown again in FIG.
10, the coolant volume 4 of the battery cooling plate 101 is divided mic # series of
paratiel arranged sections by flow barriers & that extend along 8 length of the battery
cooling plate 101 ina direction that is perpendicular to the lengtlewise divection 10 of the
fluid mamfold 51, The How bamers 6 can be provided as separate barier pleces that ave
assembled into the formed plate 102, or alternatively can be formed into the plate 102 or
inta the plate 1. The previously-described tiwbulating How serts 5 can optionally be

placed into the fluid space 1M between the How barriers 106,

{066l  As also previously described with reference to FIG. 4, and as shown agaia o

FIG. 10, the direction of the fluid Dow through sdcent ones of the parallel arranged
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sections of the battery couling plate 101 alternates between fowimg away fron and
flowing towards the fhuid manifold 51, Althoagh vot shown in the FIG. 10, atthe end of
the battery cooling plate 101 opposite the fluid manifold 51, at least some of the flow
barriers 6 {grminate prior to the end of the battery cooling plate 101 so that the conlant
flowing through each one of the parallel arranged sections wherein the coolant is directed
away from the fluid manfold 51 can be redirected to flow through an adjscent one of the
paraliel arranged sections wherein the coolant flows back to the fuid manifcld 31, as seen
m FIG. 4

j0067] In the exemplary embodiment, some of the parallel arranged sections have a
flow width (as measured along the length-wise direction 68 of the fhnd mamtold 51) that
is wider than the flow width of adjacent sections, and particularly spproximately twice the
width of those adjacent sections. Those wider sections can be hydraulically connected to
be i series with both of the adjacent sections, so that coolant flowing away from the fhad
manifold 51 through the wider sections i3 divided among the two immediately adjacent
nagrrower sections and fows back o the fluid manifold 51 along those two sections, and
50 that coolant flowing towards the fhad mamifold 31 through the wider sections is the
combined flow of coolant from the two immediately adjacent narrower sections. It
should be understood, however, that the width of the sections can vary in an slternative

mamer, of can be uniform along the eatire battery cooling plate 101,

{0068} Flowing the coolant through the battery cooling plate 101 along multiple
paratiel arranged sections in this manner can provide certain advantages, especially when
ihe batiery cooling plate 101 1s used as a battery cooling plate. Greater temperature
uniformity over the cooding surface of the top plate 101 can be achieved with such a flow
configuration, both in comparizon to multiple sequentially arranged passes through the
battery cooling plate 101 and 1 companison to a single two-pass cirawt. Such greater
temperature uniformity is known to improve the performance and the dorability of the

batteries baing cooled by the cooling plate.

{6069] A series of flanged holes 103, simifar to the Sanged aperboes 28 and 29, 18
provided within the top plate 1 divectly below the flud mamifold 51, Each of the
Hanged holes 103 corresponds to one of the parallel arranged sections of the fhad space
104, As best seen i the detatl view of FIG. 4, each of the flanged holes 103 additionally

corresponds to one of a series of apertures 61 that extend through the planar bottom wall
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33 of the {Tuid manifold 31, The apertures 61 ave preferably sieed so that the HBange of the
hole 103 can extend at Jeast partinlly into the aperture 11, theveby facilitating the
alignment of the fluid mantfold 31 to the top plate 2 of the battery cooling plate 101, In
other alternative embodiments, the holes 103 can be provided without flanges, and other
ahignment featares can be incorporated into the top plate 2 or into the fluid manifold 81 or
both.

{0070}  The series of apertures 61 are, in the exemplary embodiment, arranged so that
their centers arg aligned in a straight line extending along the langth-wise divection 60 of
the fluid manifold. The pon-planar wall 39 is arranged so that the apertures 61 are
aliernatingly arranged on opposing sides of the wall 59, In this manner, successive ones
of the apertures 61 are alternatingly in fhuid conumunication with the portion 55 and with
the portion 56 of the Huid volume 54, As a result, the hodes 103 and thewr corresponding
portions of the coolant volume 4 within the battery cooling plate 101 are also

alternatingly coupled to the portions 33 and 56,

{0071  The fluid manifold 51 is further provide with a pair of fluid ports 22, 23 that
function sinunlarly (o the ike-numbered poris of the embodiment of FIG. 2. In the
exemplary embodiment of F1Gs. 9 and 10, the fluid ports 22, 23 are both provided as part
of the top wall 37 of the manifold, although other arrangements of the fluid ports can be
contemplated, The fluid port 22 provides ud conaunication with the portion 55 of the
fluid volume 4, and the Huid port 23 provides fluid comnunucation with the portion 56,
The fhad port 22 thus functions as a fluid inlet port for the battery cooling plate 101 when
the heat exchanger is coupled into a thermal system, while the fluid port 23 functions as a
fluid outlet port for the batterv cooling plate 101, During operation of the battery cooling
plate 101, a flow of Hguid coolant is recetved into the inlet port 22, and is directed by way
of the corresponding portion 53 of the fluid vohane 54 to flow through portions of the
coolant volume 4 in g direction away from the fuid manifold 1. The fow of liquid
coolant s subsequently directed back to the fluid manifold 51 through other portions of
the coolant volume, and is recetved into the portion 56 of the fuid volume 54 of the fluid

manifold 531 and is removed by way of the outlet port 23

[0072]  Particularly, the non-planar wall 39 inclades a first set of wall sections 65 that
extend m the length-wise direction 60 and that are offset (o one side of the apertures 61,

and a second set of wall sections 66 that extend in the {ength~wise direction 60 and that

17



WO 2020/009997 PCT/US2019/040138

are oifset to the opposite side of the apertures 61, A third set of wall sections 67 extend
between ends of the wall sections 63 and ends of the wall sections 66 to jow the sections
together into the continuous non-planar wall 59, Each one of the third sect of wall
sgctions 67 ix focated between two adjacent ones of the apertures 61, As a result, the non-
planar wall 39 defines a first non-planar surface 68 that extends the entive length ol the
flurd manifold 51 and that bounds the portion 56 of the fnd volume 54, and a second
non-planar surface 69 that also extends the entire length of the fluid manifeld 51 and that
bounds the portion 55 of the {luid volumie 54. The surfaces 68 and 69 are spaced apart by

the thickness of the non-planar wall 539,

{0073 The flnd mandold 57 can be construcied of several plastic pavts that are
joined together prior (o asseinbly to the top plate 2. In the exenplary embodiment of
FiGs, 9-12, the fluid manifold 51 inchades a first part 52 that provides the top wall 57, and
a second part 33 that provides the bottom wall 38, The non-planar wall 89 is provided in
part by the frst part 52, and in part by the second part 53, In other embodiments, the non-

planar wall 39 can be provide entively by only one of the parts 82, 53, The plastic parts

1.4

2, 53 are joined together by ghang, hot plate welding, vibration welding, alirasonic
welding, or other known techniques for joining together plastic parts. Tn this nanner, a
leak-free seal 1s provided around an outer perimeter of the Hutd manifold 51 to prevent
the undesirable leakage of coolant from the luid manifold 31 during operation of the
battery cooling plate 101, & leak-free internal seal between the portions 5§ and 56 of the
flurd volume 54 can stmulianeously be created to prevent the coolant from passing

between the portions 33, 56 without passing through the coolant volume 4.

[0874] By constructing the fluid manifold 31 from a low thermal conductivity plastic
material, the undesirable transfer of heat through the non-planar wall 39 between the
coolant in the first portion 54 and the coolant in the second portion 56 can be reduced. In
sonte particular embodiments, such as the embodiment depicted in FIG. 13, the non-
planar wall 39 can additionally be provided with a cavity 70 between the surfaces 68 and
69 along at least sorme portions of the non-planar wall 59 1o further reduce this

undestrable wansfer of heat,

[O075) The fluid manifold 51 can be mechamcally secured to the plates 2, 3 by way of
mechanical fasteners such as rivets 19, The rivets 109 extend through fastening holes 63

that are provided by the Huwid manifold 51, and forther extend through corresponding
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holes provided in the plates 2, 3. The fastening holes extend continuously through the
fluid mantfold 51 from the top wall 57 1o the bottowm wall 58 Thickened portions 64 of
the non-planar wall 539 can be provided at the locations of the fastening holes 63, so that
the holes 63 can be fluidly isolated from the fluid volume 54, thereby preventing the

feakage of coolant from the faid manifold 51 through the fasiening holes 63,

{0076} In order to prevent Jeakage of the coolant at the joint between the fluid
manifold 51 and the top plate 2, a gasket 108 can be grranged between the manifold and
the top plate. The gaskat 108 can be provided with openings at the locations of the
aperpures 61 and the flanged holes 113 {o allow for the passage of coolant through the
gasket 108, and can have compressible regions swrrounding those opemngs. As the fluid
manifold 51 is assembled to the top plaie 2 by the rivets 109, the compressible portions of
the gasket 108 are compressed between the bottom wall 38 of the fluid manifold 51 and

the top plaie 2, thereby creating a fluid-tight seal to prevent coolant leakage.

{00770 It should be understood that the rivets 109 depict only one potential type of
fastening means for secuning the fud manifold to the plates 2, 3. Various other
alternative types of mechanical fastenars such as screws, clips, etc. could alternatively be
used to achieve a similar result. In some embodiments it may be desirable 1o mcorporate
at least a portion of the fastener o the plates 2 or 3, such as by way of a stod that
extends up from the plates. In still other embodiments the fastener can be incorporated
into one of the parts of the fluid manifold 51 #tself, such as heat staking bosses that
project from the botiom wall 58 and that are thermoplastically deformed to secure the

fluid manifold 51 to the plates 2, 3.

078]  FIG. 14 depicts an alternative smbodiment 201 of the fluid manifold,
constracted of a {irst plastic part 202 joined to a sevond plastic part 203, In the allemative
embodiment 201, the first part 202 has been stmphified to-a Hat part providing the top
wall 207 (inclading the fastening holes 213), and the majority of the features, mchuding
the bottom wall 208, the fluid ports 222 and 223, and the non-planar wall {not shown) are
provided by the second pard 203, Such an embodiment can alfow for lower
manuinctaring costs by having only the second part 203 be an mjection-molded plastic

part, with first part 202 being produced by simpler methods such as stamping.
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{0679] e should be wndesstood that various aspects of the different embodiments can
be combived. By way of example, the embodiment of FIG. 9 shows both fuad ports
extending outwardly from the part containing the top wall, whereas the embodiment of
FIG. 14 shows both fluid ports extending in the lengthwise direction from the pant
contaiming the boitom wall. In stine embodiments it may be preferable {o have one fluid
port provided by the parl contamming the top wall and extending perpendicular to the top
wall, and to have the other fluid port provided by the part containing the bottonn wall and

extencing m the lengthwise direction,

{6O80] Various alternatives o the certain features and elements of the present
mvention are described with reference to specific embodiments of the present ivention.
With the exception of features, elements, and msanners of operation that are mutually
exclusive of or are inconsistent with each embodiment described above, it should be
noted that the aliernative features, elements, and manners of operation described with

reference to one particular embodiment are gpplicable to the other embodimenis.

[0081]  The embodimenis described above and iHlustrated in the figures are presented
by way of example only and are not itended as a imitation upon the concepts and
principles of the present mvention. As such, it will be appreciated by one having ordinary
skill in the art that various changes in the elements and their configuration and
arvangement are possible without departing from the spirit and scope of the present

mnvention.
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What is clauned i5;

1. A battery conling plate comprising

a hrbulating Insert arvanged between a first planar surface and 8 second plavar surface

and bonded thereto;
a fivst coolant pass extending through the twrbulating nsert 1 a frst divechon;

a'second coolant pass gxtending through the nrbulsting insert it 3 second direction
apposite the first direction, the first and the second coplant passes being

sequentially arranged; and

g flow barrier arvanged between the first coolant pass and the second coolant pass 10
prevent bypass flow between the first and second coolant passes, the Jow barmer

being at least partially defined by:

a convolation of the trbulating insert extending paralial to the frst and the second

chirections;
a rod arranged within the convolution; and

a pocket provided within an embossiment extending from at least one of the first and

the second planar surfaces, an end of the rod being received within the pocket.

2. The batiety cocling plate of claim 1, wherein the rod is joined o the trbulating
msert, o one of the first and second planar surfaces, and to the embossment by braze
altoy.

3. The battery cooling plate of claim 1, wherein an end of the tarbulating wserl abuts

the embossment,

4. The battery cooling plate of claim 1, wherein the rod has a circudar cross-section.

5. The battery cooling plate of claim 1, wherein the embossment s arranged at a first
end of the battery cooling plate, firther comprising a fhuid space arranged at a'second end
of the battery cooling plate opposite the first end to fhadly couple the fivst coolant pass o

the second coolant pass.
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5. The battery cooling plate of claim 1, fwther comprising a frst fuid chanber
arvanged ata fist end of the battery coohing plate and in fluid commumication with one of
the first and the second coolant passes to deliver a flow of coolant to that one of the first
and the second coolant passes, and a second fluid chamber arranged at the first end of the
battery cooling plate and in fhod communication with the other of the first and the second
coolant passes to recetve the flow of coolant from that other of the first and the second
coolant passes, the first fluid chamber and the second fluid chamber being separated from

gach other by the embossment.

7. The battery cooling plate of claim 1 wherein the flow harrier is a first flow barrier,

further comprising:

athird coolant pass extending throogh the tuwrbulating Insert i one of the first and
second directions, the third coolant pass being hydravlically in parallel with one of

the first and second coolant passes; and

a sgcond flow barrier similar to the first flow barner arranged between the thad
coolant pass and that one of the first and the second coolant passes that 1s not

hydraulically in parallel with the third coolant pass.

8. The battery cooling plate of claim 7, wherein the emsbossmaent of the fivst Jow barvier
and the embossment of the second flow barrier ave arranged at a same end of the battery

cooling plate.

9. The battery cooling plate of claim 7, wherein the third coolant pass and that one of
the first and second coolant passes that is hydraudically v parallel with the third coolant
pass are arvanged upstream of the other one of the first and second coolant passes, the

other one of the first and second coolant passes receiving the combined flow of coolant

from the third coolant pass and from that one of the first and second coolant passes.

163, The batiery cooling plate of clatm 1 whereln the turbulating insert is one of plurality
of inserts, the rod being arranged within aligned convolutions of the plurality of inseris to

at least partially define the How bamier,
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11 A battery cooling plate comprising

a first plate providing a first planar surface extending in a length direction and in a

width direction;

a second plate joined to the first plate at edges thereof, the second plate providing &
second planar surface extending in the length direction and in the width direction,
the first and second planar surfaces being spaced apart to define a coolant vohume

therebetween;

a pluratity of turbulating inserts arranged within the coolant vohlume and joined o the
first angd the second planar surfaces, each of the plurality of nrbulating inseris
extending over the full extent of the coolant volume n the wadth divection, the
plurahity of turbulating inserts being arranged side-by-side in the length direction;

and

a plurality of rods, each sxiending through the plurality of turbulating inseris, o at
teast partially defing fow barmers between coolant How channels that pass throoagh

the plurality of turbulating tnserts,

12. The battery cooling plate of clam 11, wherein each ove of the plarality of rods is

received within a convelution of each one of the plurality of twrbulating insents.

13, The battery cooling plate of clamm 11, wherein cach one of the plurality of rods 15

joined to each one of the plumlity of turbulating wserts by braze jomnts.

14, The battery cooling plate of claim 11, wherein each one of the plarality of rods has
an end closest to a first end of the battery cooling plate that is received within a pocket
provided within an embossment extending from at least one of the first and the second

plates.

15, The batlery cooling plate of clabm 14, wherein at least some of the plurality of rods
have an ond furthest frow the Grst end of the battery vooliug plate that is addinonally
recetved within a pocket provided within an embossment extending from at lesst one of

the first and the second plates.
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16, The battery cooling plate of elaim 16, whereny the plorality of rods ncludes a first
rod at Jeast pavtially defining o Brst How barrer and 2 second rod at feast partially
defining a second flow barrier, the first rod having an end furthest from the first end of
the battery cooling plate that is recaived within a pocket provided within a first
embossment and the second rod having an end furihest from the first end of the battery
cooling plate that is recerved within a pocket provided within a second embossment,

further comprising:

a fluid space extending in the width direction snd bounded at one end by the fust

embossment and at another end by the second embossmest;

a first flow channel adjacent the first rod, the first flow channel extending in the length
direction and being fluidly coupled to the fluid space at one end and to one of the

inlet and outlet manifolds at an opposite end;

a second flow channel adjacent the second rad, the second flow chainel extending in
the length divection and being fhadly coupled to the Tnd space stone end and to

said one of the inlet and outlet manifolds at an opposite end;

a third flow channet srranged between the first flow channel and the second flow
channel, the third flow channel exiending in the length divection and bemng fhudly
coupled 1o the fluid space at one end and to the other one of the inlet and owutlet

manifolds at an opposite end;

a third flow barrier arranged betwesn the first flow channel and the third flow channel;
and

g fourth flow barrier arranged between the second Bow channel and the third How
channel, wherein the third fow barrter and the fourtl flow barrier do not extend

into the fluid space,
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7. The battery cooling plate of claim 11, Ruther comprising a covlant indet manifold and
a coolant outlet manfold each extending along the width divection and each joined 1o one
of the first and second plates, both the coolant inlet mamifold and the coolant outlet
manifold being arvanged at a first end of the batiery cooling plate n the length direction
and both being Tuidly compuancative with the covlant volume, wherein the coolant flow
chanpels inclade a first Jow channel fhadly connected to one of the coolant inlet
manifold and the coolant outlet manifiold and a second and a third flow chanpe! fluidly
copnected {0 the other of the coolant inlet manifold and the coolant cutlet manifold, the
second and the third flow channels being arranged on opposite sides of the first flow

chamel.

{8, The batiery cooling plaie of clatm 17, wherein at least one of the second and the thied
flow channels is fluidly connected to the first flow channel by a Thud space at an end of

the battery cooling plate oppostie the first end in the length direction.

19, The battery cooling plate of claim 18, whetein both the second and the third flow
chamnels are fhadly connected to the first flow chanvel by a fluid space atanend of the
battery cooling plate opposite the first end in the length divection.

20. The battery cooling plate of claim 19, wherein the flind space is one of a phavality of
lutd spaces that are aligned in the wadih divection, adjscent ones of the phurality of fhnd

spaces being separated from each other by one of the flow barriers,
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21 A flud manifold for a hest exchanger, comprising:

a planar top wall and a planar bottom wall spaced apart to define a flaid volume

therebatwesn:

a non-planar wall extending along a length-wise direction of the fluid mamfold
between the planar top wall and the planar bottom wall to separate the fhaid volame
nto a first portion and a second portion;

a fust finid port connected o the fivet portion of the Husd volume and 2 second fluid

port connected to the second portion of the flaid vohnme;

a phurality of apertures sivanged along the length-wise divection and extending through
the planar botlomy wall, suecessive ones of the plurality of apertures along the
lengih-wise divection being fluidly connected 1o the first portion and o the second

portion in altemating sequence.

22, The fluid manifold of claim 21, wherein the Hirst fluid port is a coolant inlet port and

wherein the second fluid port is a coolant outlet port.

% =

23, The fluid manifold of claim 21, wherein the first fluid port and the second fluid port

both extend outward from the planar top wall.

24. The Hutd maufold of clainy 21, wherein gt least one of the first Duid port and the

second fluid port extends in the length-wise direction.

25, The fud manfold of claim 21, further comprising a phurality of fastening holes

extending through the planar top wall and the planar bottom wall,

26. The Huid manifold of clain 23, wherein the plurality of fastening holes exiend

through thickened portions of the non-planar wall.

27, The flaid manafold of claint 21, wherein the fuid mamfold is constructed of a plastic

material.
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23, The fhad manifold of claim 27, conyprising a fivst plastic part that provides the planar

top wall and a second plastic pavt that provides the planar botiom wall

29, The fuid manifold of claim 28, wherein at least one of the first and second fluid

ports is provided by ihe first plasue parl.

3. The [uid mandfold of claim 28, wherem af least one of the first and second fhud

ports is provided by the second plastic pant.

31, The fuid manifold of claim 28, wherein a first portion of the non-planar wall is
provided by the first plastic part and a second portion of the non-planar wall is provided

by the second plastic part.

32, The Nuid manifold of clain 28, wherein the first plastic part and the second plastic
part are joined together to provide a leak-free seal around an outer perimeter of the fluid

manifold.

33, The fluid manifold of claim 21, wherein the nop-planar wall lncludes g first nons
planar surface bounding the first portion of the flaid volane, a second nove-planar surface
spaced apart from the first non-planar surface and bounding the second portion of the
fhuid volume, and a cavity arranged between the {irst non-planar surfsce and the second

non-planar serface.

34, The (had manifold of claim 21, whersin the centers of the phurality of apertures are

aveanged 1y a stratght oe extending along the lepgth-wise divection.

38, The fuid manifold of claim 34, wheram the centers of the faxtening holes are digned

with the strayght line i which the centers of the plarality of apertures are avvanged.
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36, The fuid manifold of claim 21, wherem the non-planay wall inchudes & fivst plurality
of planar wall sections extending along the lengthowise divection and offset to one side of
the plurality of apertures, a second plurality of wall sections extending along the length-
wise direction and offset to another side of the plurality of apertures, and a third plurality
of wall sections joining ongs of the first plurality of wall sections to ones of the second

plurality of wall sechions.

37. The flaid manifold of claim 36, wherein each one of the thivd plarality of wall

seetions 1s arvanged between two adjacent ones of the plurality of apertures,

2]

38. The fluid mantfold of claim 36, further comprising a plurality of fastening holes

extendding through thickened portions of the third plurality of wall sections.
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