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AMENDED CLAIMS
received by the International Bureau on 10 January 2020 (10.01.2020)

1. A battery cooling plate comprising:

a turbulating insert arranged between a first planar surface and a second planar surface

and bonded thereto;
a first coolant pass extending through the turbulating insert in a first direction;

a second coolant pass extending through the turbulating insert in a second direction
opposite the first direction, the first and the second coolant passes being

sequentially arranged; and

a flow barrier arranged between the first coolant pass and the second coolant pass to
prevent bypass flow between the first and second coolant passes, the flow barrier

being at least partially defined by:

a convolution of the turbulating insert extending parallel to the first and the second

directions;
arod arranged within the convolution; and

a pocket provided within an embossment 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 battery cooling plate of claim 1, wherein the rod is joined to the turbulating
insert, to one of the first and second planar surfaces, and to the embossment by braze

alloy.

3. The battery cooling plate of claim 1, wherein an end of the turbulating insert abuts

the embossment.

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

5. The battery cooling plate of claim 1, wherein the embossment is arranged at a first

end of the battery cooling plate, further comprising a fluid space arranged at a second end
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of the battery cooling plate opposite the first end to fluidly couple the first coolant pass to

the second coolant pass.

6. The battery cooling plate of claim 1, further comprising a first fluid chamber
arranged at a first end of the battery cooling plate and in fluid communication 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 fluid communication with the other of the first and the second
coolant passes to receive 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

cach other by the embossment.

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

barrier, further comprising:

a third coolant pass extending through the turbulating insert in one of the first and
second directions, the third coolant pass being hydraulically in parallel with one of

the first and second coolant passes; and

a second flow barrier similar to the first flow barrier arranged between the third
coolant pass and that one of the first and the second coolant passes that is not

hydraulically in parallel with the third coolant pass.

8. The battery cooling plate of claim 7, wherein the embossment of the first flow
barrier and the embossment of the second flow barrier are 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 hydraulically in parallel with the third coolant

pass are arranged upstream of the other one of the first and second coolant passes, the
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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.

10. The battery cooling plate of claim 1, wherein the turbulating insert is one of
plurality of inserts, the rod being arranged within aligned convolutions of the plurality of

inserts to at least partially define the flow barrier.

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 a
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 volume
therebetween;

a plurality of turbulating inserts arranged within the coolant volume and joined to the
first and the second planar surfaces, each of the plurality of turbulating inserts
extending over the full extent of the coolant volume in the width direction, the
plurality of turbulating inserts being arranged side-by-side in the length direction;
and

a plurality of rods, each extending through the plurality of turbulating inserts, to at
least partially define flow barriers between coolant flow channels that pass through

the plurality of turbulating inserts.

12. The battery cooling plate of claim 11, wherein each one of the plurality of rods is

received within a convolution of each one of the plurality of turbulating inserts.

13. The battery cooling plate of claim 11, wherein each one of the plurality of rods is

joined to each one of the plurality of turbulating inserts by braze joints.

14.  The battery cooling plate of claim 11, wherein each one of the plurality of rods

has an end closest to a first end of the battery cooling plate that is received within a
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pocket provided within an embossment extending from at least one of the first and the

second plates.

15. The battery cooling plate of claim 14, wherein at least some of the plurality of
rods have an end furthest from the first end of the battery cooling plate that is additionally
received within a pocket provided within an embossment extending from at least one of

the first and the second plates.

16.  The battery cooling plate of claim 11, wherein the plurality of rods includes a first
rod at least partially defining a first flow barrier and a second rod at least partially
defining a second flow barrier, the first rod having an end furthest from the first end of
the battery cooling plate that is received within a pocket provided within a first
embossment and the second rod having an end furthest from the first end of the battery
cooling plate that is received within a pocket provided within a second embossment,

further comprising:

a fluid space extending in the width direction and bounded at one end by the first

embossment and at another end by the second embossment;

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 rod, the second flow channel extending in
the length direction and being fluidly coupled to the fluid space at one end and to

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

a third flow channel arranged between the first flow channel and the second flow

channel, the third flow channel extending in the length direction and being fluidly
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coupled to the fluid space at one end and to the other one of the inlet and outlet

manifolds at an opposite end;

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

and

a fourth flow barrier arranged between the second flow channel and the third flow
channel, wherein the third flow barrier and the fourth flow barrier do not extend

into the fluid space.

17. The battery cooling plate of claim 11, further comprising a coolant inlet manifold
and a coolant outlet manifold each extending along the width direction and each joined to
one of the first and second plates, both the coolant inlet manifold and the coolant outlet
manifold being arranged at a first end of the battery cooling plate in the length direction
and both being fluidly communicative with the coolant volume, wherein the coolant flow
channels include a first flow channel fluidly connected to one of the coolant inlet
manifold and the coolant outlet manifold and a second and a third flow channel fluidly
connected to the other of the coolant inlet manifold and the coolant outlet manifold, the
second and the third flow channels being arranged on opposite sides of the first flow

channel.

18.  The battery cooling plate of claim 17, wherein at least one of the second and the
third flow channels is fluidly connected to the first flow channel by a fluid space at an end

of the battery cooling plate opposite the first end in the length direction.

19.  The battery cooling plate of claim 18, wherein both the second and the third flow
channels are fluidly connected to the first flow channel by a fluid space at an end of the

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

20.  The battery cooling plate of claim 19, wherein the fluid space is one of a plurality
of fluid spaces that are aligned in the width direction, adjacent ones of the plurality of

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

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

therebetween;

a non-planar wall extending along a length-wise direction of the fluid manifold
between the planar top wall and the planar bottom wall to separate the fluid volume

into a first portion and a second portion;

a first fluid port connected to the first portion of the fluid volume and a second fluid

port connected to the second portion of the fluid volume; and

a plurality of apertures arranged along the length-wise direction and extending through
the planar bottom wall, successive ones of the plurality of apertures along the
length-wise direction being fluidly connected to the first portion and to the second

portion in alternating sequence.

22. The fluid manifold of claim 21, wherein the first 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 fluid manifold of claim 21, wherein at least one of the first fluid port and the

second fluid port extends in the length-wise direction.

25. The fluid manifold of claim 21, further comprising a plurality of fastening holes
extending through the planar top wall and the planar bottom wall.

26. The fluid manifold of claim 25, wherein the plurality of fastening holes extend

through thickened portions of the non-planar wall.

27. The fluid manifold of claim 21, wherein the fluid manifold is constructed of a

plastic material.
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28. The fluid manifold of claim 27, comprising a first plastic part that provides the

planar top wall and a second plastic part that provides the planar bottom wall.

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

ports is provided by the first plastic part.

30. The fluid manifold of claim 28, wherein at least one of the first and second fluid

ports is provided by the second plastic part.

31. The fluid 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 fluid manifold of claim 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 non-planar wall includes a first non-
planar surface bounding the first portion of the fluid volume, a second non-planar surface
spaced apart from the first non-planar surface and bounding the second portion of the
fluid volume, and a cavity arranged between the first non-planar surface and the second

non-planar surface.

34, The fluid manifold of claim 21, wherein the centers of the plurality of apertures

are arranged in a straight line extending along the length-wise direction.

35. The fluid manifold of claim 34, wherein the centers of the fastening holes are
aligned with the straight line in which the centers of the plurality of apertures are

arranged.

AMENDED SHEET (ARTICLE 19)
35



WO 2020/009997 PCT/US2019/040138

36. The fluid manifold of claim 21, wherein the non-planar wall includes a first
plurality of planar wall sections extending along the length-wise direction 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 ones of the first plurality of wall sections to ones of

the second plurality of wall sections.

37. The fluid manifold of claim 36, wherein each one of the third plurality of wall

sections is arranged between two adjacent ones of the plurality of apertures.

38. The fluid manifold of claim 36, further comprising a plurality of fastening holes
extending through thickened portions of the third plurality of wall sections.
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STATEMENT UNDER ARTICLE 19(1)

Amendments to claims 7, 10, 16, and 21 are simply to correct typographical errors. No

new matter has been added.
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