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(54) PREVENTION OF COOLING FLOW BLOCKAGE

(57) A fluid cooled cold plate (40) includes a main
coolant passage (16) with a first cross-sectional area tak-
en laterally in a direction perpendicular to the flow direc-
tion and a finned coolant passage (21) having a second
cross-sectional area taken laterally in a direction perpen-
dicular to the flow direction, with the second area smaller
than the first area. Fluidly connecting the main coolant

passage (16) with the finned coolant passage (21) is a
branch (18) oriented such that a fluid is turned 90° or
more when passing into the branch (18) from the main
coolant passage (16). Also included is a coolant bypass
passage (42) in fluid communication with the main cool-
ant passage (16) and located fluidically parallel to the
finned coolant passage (21).
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Description

BACKGROUND

[0001] The present embodiments relate to fluid cooled
cold plates, and specifically to the prevention of coolant
flow passage blockage within fluid cooled cold plates.
[0002] Electronic devices, and particularly high power
electronic devices, dissipate heat which if not accounted
for can cause the electronic devices to overheat and fail.
As a result, electronic devices require cooling for reliable
operation. Often, cold plates are used to cool electronic
devices. A cold plate receives a fluid from a cooling sys-
tem and passes the fluid through cold plate coolant flow
passages, which can have varying sizes and shapes
within a single cold plate. The cold plate can be positioned
so as to interface with an electronic device to provide
convective cooling.
[0003] While the use of fluid cooled cold plates to pro-
vide cooling to electronic devices is very effective ther-
mally, fluid cooled cold plates can be susceptible to flow
passage blockage. Cold plate flow passage blockage can
result in insufficient cooling and ultimately failure of the
electronic device. Therefore, it is desired to provide a
fluidic cooling system which provides suitable cooling
flow with a reduced risk of flow blockage.

SUMMARY

[0004] One embodiment includes a fluid cooled cold
plate having a main coolant passage with a first cross-
sectional area taken laterally in a direction perpendicular
to the flow direction and a finned coolant passage having
a second cross-sectional area taken laterally in a direc-
tion perpendicular to the flow direction, with the second
area smaller than the first area. Fluidly connecting the
main coolant passage with the finned coolant passage
is a branch oriented such that a fluid is turned 90° or more
when passing into the branch from the main coolant pas-
sage. Also included is a coolant bypass passage in fluid
communication with the main coolant passage and lo-
cated fluidically parallel to the finned coolant passage.
[0005] Another embodiment includes a method for pre-
venting cooling flow blockage in a fluid cooled cold plate.
The method includes passing a fluid with an entrained
contaminate through a main coolant passage having a
first cross-sectional area taken laterally in a direction per-
pendicular to the flow direction. The fluid with an en-
trained contaminate larger than a finned coolant passage
is bypassed past a branch that is oriented such that the
fluid is turned 90° or more when passing into the branch
from the main coolant passage. The branch is in fluid
connection with the main coolant passage on a first end
and the finned coolant passage on a second end, with
the finned coolant passage having a second cross-sec-
tional area taken laterally in a direction perpendicular to
the flow direction, where the second area is smaller than
the first area. The fluid with the entrained contaminate

larger than the finned coolant passage is directed through
a coolant bypass passage in fluid communication with
the main coolant passage and fluidically parallel to the
finned coolant passage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a cross-sectional view of a prior art cold
plate.
FIG. 2 is a cross-sectional view of an embodiment
of a cold plate with a coolant bypass passage.
FIG. 3 is a cross-sectional view of the cold plate of
FIG. 2 with another embodiment of a coolant bypass
passage.
FIG. 4 is a cross-sectional view of the cold plate of
FIG. 2 with a further embodiment of a coolant bypass
passage.

[0007] While the above-identified drawing figures set
forth multiple embodiments of the invention, other em-
bodiments are also contemplated. In all cases, this dis-
closure presents the invention by way of representation
and not limitation. It should be understood that numerous
other modifications and embodiments can be devised by
those skilled in the art, which fall within the scope and
spirit of the principles of the invention. The figures may
not be drawn to scale, and applications and embodiments
of the present invention may include features and com-
ponents not specifically shown in the drawings.

DETAILED DESCRIPTION

[0008] FIG. 1 shows a cross-sectional view of a prior
art cold plate 10. Cold plate 10 includes inlet 12, fluid
coolant 14 (designated by arrows), main coolant passage
16, branches 18, finned coolant passage sets 20 each
including multiple finned coolant passages 21, interme-
diate coolant passage 22, downstream finned coolant
passage set 23 including multiple downstream finned
coolant passages 24, return coolant passage 26, and
outlet 28.
[0009] Cooling system 8, which can be, for example,
a central cooling system, is in fluid communication with
inlet 12 such that cooling system 8 provides fluid 14 in a
relatively cold state to cold plate 10 through inlet 12. From
inlet 12, fluid 14 passes into main coolant passage 16.
Branches 18 are fluidly connected between main coolant
passage 16 and finned coolant passage sets 20, such
that fluid 14 is conveyed from main coolant passage 16
downstream into finned coolant passages 21 via branch-
es 18. Finned coolant passages 21 (and downstream
finned coolant passages 24) have smaller areas, taken
laterally in a direction perpendicular to the fluid 14 flow
direction, than main coolant passage 16. After passing
through finned coolant passages 21, fluid 14 re-collects
at intermediate coolant passage 22 and passes through
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downstream finned coolant passage set 23. After exiting
downstream finned coolant passages 24, fluid 14 is con-
veyed by return coolant passage 26 to outlet 28 where
fluid 14 can be returned to cooling system 8 and/or used
in another cold plate.
[0010] The embodiment of cold plate 10 as illustrated
shows three finned coolant passage sets 20 fluidically
arranged in parallel. However, various configurations of
passages 16, 21, 22, 24, and 26 can be used in a given
cold plate depending on the specific cooling needs of an
electronic device. For example, the number of finned
coolant passage sets 20, as well as the number of finned
coolant passages 21 that make up each set 20, can vary
depending on the particular application of cold plate 10.
Also, finned coolant passage sets 20, as well as finned
coolant passages 21, can vary so as to be in parallel, as
shown in FIG. 1, in series, and/or a combination of parallel
and series sets 20 and passages 21 depending on the
particular application of cold plate 10.
[0011] When cold plate 10 is positioned so as to inter-
face with an electronic device, cold plate 10 is capable
of providing cooling to the electronic device by means of
the flow of fluid 14 through cold plate 10. For example,
because finned coolant passage sets 20 increase sur-
face area for convective thermal energy transfer and
thereby promote a greater heat exchange function,
finned coolant passage sets 20 can be positioned within
cold plate 10 so as to interface with areas of the electronic
device which require greater cooling. However, prior art
cold plates, such as cold plate 10, can fail to effectively
cool an electronic device when fluid 14 is prevented from
passing through cold plate 10 from inlet 12 to outlet 28.
[0012] Fluid 14 can be prevented from passing through
cold plate 10 when the coolant passages in cold plate 10
become blocked. Fluid 14 supplied by cooling system 8
to cold plate 10 often contains entrained contaminates
30 that are conveyed through inlet 12 and into main cool-
ant passage 16. In many instances contaminates 30 will
pass through the relatively large area of main coolant
passage 16, but create blockage at an inlet to the rela-
tively smaller area of finned coolant passages 21. When
contaminates 30 wholly or partially block one or more
finned coolant passages 21, for example, cold plate 10
can be unable to meet the cooling needs of the particular
application.
[0013] FIG. 2 is a cross-sectional view of an embodi-
ment of cold plate 40 which can prevent blockage of cold
plate 40, including finned coolant passages 21. Cold
plate 40 is similar to that described above for prior art
cold plate 10, but includes the differences noted below.
[0014] Cold plate 40 has branches 18 oriented such
that fluid 14 is turned at an angle θ which is 90° or more
when fluid 14 passes into branches 18 from main coolant
passage 16. Cold plate 40 also has coolant bypass pas-
sage 42 in fluid communication with main coolant pas-
sage 16 on one end and return coolant passage 26 on
another end. Coolant bypass passage 42 is fluidly con-
nected to main coolant passage 16 such that a continu-

ous, straight (i.e. linear) fluid 14 passage to return coolant
passage 26 is defined by main coolant passage 16 and
coolant bypass passage 42. Coolant bypass passage 42
is located fluidically parallel to finned coolant passages
21, meaning the same fluid 14 does not pass through
both coolant bypass passage 42 and finned coolant pas-
sages 21 (i.e. one portion of fluid 14 passes through cool-
ant bypass passage 42 and the other portion of fluid 14
passes through branches 18).
[0015] Cold plate 40 works to prevent blockage of, for
example, finned coolant passages 21 by using fluid 14
momentum to carry contaminates 30 (e.g., solid partic-
ulates) entrained in fluid 14 to coolant bypass passage
42, so that contaminates 30 do not pass to smaller area
finned coolant passages 21. Orienting branches 18 such
that fluid 14 is turned at an angle θ which is 90° or more
when fluid 14 passes into braches 18 from main coolant
passage 16 helps to prevent contaminates 30 from en-
tering branches 18 and instead, in combination with fluid
14 momentum along the straight passage, directs con-
taminates 30 along main coolant passage 16 to coolant
bypass passage 42. Smaller contaminates 30, such as
those contaminates 30 which are smaller than the inlet
of finned coolant passages 21, will not experience as
great of fluid 14 momentum as larger contaminates 30,
and thus are more likely to turn 90° or more and be di-
rected into branches 18. However, these smaller con-
taminate 30 generally will not cause significant blockage,
and can safely pass through cold plate 40, including
finned coolant passages 21. As a result, large contami-
nates 30 entrained in fluid 14 flush past branches 18, and
thus the smaller area finned coolant passages 21, pre-
venting or minimizing instances of cold plate 40 blockage.
[0016] In the embodiment illustrated in FIG. 2, coolant
bypass passage 42 includes filter element 44. As con-
taminates 30 flush past branches 18 and enter coolant
bypass passage 42, filter element 44 allows fluid 14 to
pass into return coolant passage 26 but retains contam-
inates 30 at coolant bypass passage 42. Filter element
44 can have sieves sized such that contaminates 30
which are as large as or larger than an inlet to finned
coolant passages 21 are prevented from passing through
filter element 44. Coolant bypass passage 42 also in-
cludes a removable plug 46. Removable plug 46 can al-
low for service of coolant bypass passage 42.
[0017] FIGS. 3 and 4 show portions of cold plates 40’
and 40", respectively, similar to FIG. 2 with further em-
bodiments of coolant bypass passages 50’ and 50". Cool-
ant bypass passages 50’ and 50" of cold plates 40’ and
40" do not have filter element 44 to retain contaminates
30 in coolant bypass passages 50’ and 50", instead con-
taminates 30 pass through coolant bypass passages 50’
and 50" having flow balance mechanisms 52’ and 52",
enter return coolant passage 26 and ultimately exit cold
plates 40’ and 40" at outlet 28. Therefore, use of coolant
bypass passages 50’ and 50" removes contaminates 30
from cold plates 40’ and 40" which can cause blockage.
[0018] Because fluid 14 which passes through coolant
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bypass passages 50’ and 50" does not circulate through
other passages of cold plates 40’ and 40" (i.e. fluid 14
which passes through coolant bypass passages 50’ and
50" enters return coolant passage 26 and exits cold
plates 40’ and 40" at outlet 28), such as finned coolant
passages 21, fluid 14 which passes through coolant by-
pass passages 50’ and 50" does not significantly con-
tribute to the cooling provided by cold plates 40’ and 40".
In other words, fluid 14 which passes through coolant
bypass passages 50’ and 50" is substantially wasted in
terms of cooling contribution. In one embodiment, a vol-
ume of fluid 14 which passes through coolant bypass
passages 50’ and 50" is 10-20% of the total volume of
fluid 14 which is within cold plates 40’ and 40" at any one
time. Therefore, it is desirable to limit the volume of fluid
14 which passes through coolant bypass passages 50’
and 50", yet still direct enough fluid 14 towards and
through coolant bypass passages 50’ and 50" to allow
fluid 14 momentum to flush contaminates 30 past branch-
es 18.
[0019] Coolant bypass passages 50’ and 50" include
flow balance mechanisms 52’ and 52" to balance a flow
resistance between fluid 14 which enters coolant bypass
passages 50’ and 50", and fluid 14 which enters branches
18. This minimizes the flow of fluid 14 through bypass
passages 50’ and 50", increasing the cooling effective-
ness of cold plates 40’ and 40" while reducing or elimi-
nating risk of blockage. Flow balance mechanisms 52’
and 52" can be permanent or removable from bypass
passages 50’ and 50" (e.g. for maintenance). Flow bal-
ance mechanism 52’ shown in FIG. 3 is a converging-
diverging nozzle, which balances the flow resistance be-
tween fluid 14 which enters coolant bypass passage 50’
and fluid 14 which enters branches 18 by restricting a
volume of fluid 14 which can pass through coolant bypass
passage 50’ at any one time, in turn increasing a volume
of fluid 14 which passes through branches 18 as com-
pared to coolant bypass passage 50’ without flow bal-
ance mechanism 52’. The particular converging-diverg-
ing nozzle dimensions can be optimized depending on
the cooling needs of the particular application of cold
plate 40’.
[0020] Flow balance mechanism 52" shown in FIG. 4
is a converging nozzle (i.e. reduction in area of passage
50" taken laterally in a direction perpendicular to fluid 14
flow direction) which extends axially until the fluid con-
nection with passage 26. Flow balance mechanism
52" of FIG. 4 adds a pressure drop which helps to balance
the flow resistance between fluid 14 which enters coolant
bypass passage 50" and fluid 14 which enters branches
18. Similarly, the particular dimensions of the converging
nozzle can be optimized depending on the cooling needs
of the particular application of cold plate 40".
[0021] In other embodiments, flow balance mecha-
nisms 52’ and 52" can be any mechanism which assists
in balancing the flow resistance between fluid 14 which
enters coolant bypass passages 50’ and 50", and fluid
14 which enters branches 18. For example, instead of a

converging-diverging nozzle, an orifice can be added to
coolant bypass passage 50’ (i.e. a plate having a hole
which is smaller than the area of passage 50’ taken lat-
erally in a direction perpendicular to fluid 14 flow direc-
tion). If contaminates 30 are desired to be directed out
of cold plates 40’ and 40", flow balance mechanisms 52’
and 52" should have an area, taken laterally in a direction
perpendicular to fluid 14 flow direction, which is greater
than a size of contaminates 30 which can cause block-
age. Coolant bypass passages 50’ and 50" and/or flow
balance mechanism 52’ and 52" are structured in a man-
ner such that retrofitting a cold plate with coolant bypass
passages 50’ and 50" and/or flow balance mechanism
52’ and 52" is possible.

Discussion of Possible Embodiments

[0022] The following are non-exclusive descriptions of
possible embodiments of the present invention.
[0023] A fluid cooled cold plate comprising: a main
coolant passage having a first cross-sectional area taken
laterally in a direction perpendicular to the flow direction;
a finned coolant passage having a second cross-section-
al area taken laterally in a direction perpendicular to the
flow direction, wherein the second area is smaller than
the first area; a branch fluidly connecting the main coolant
passage with the finned coolant passage, wherein the
branch is oriented such that a fluid is turned 90° or more
when passing into the branch from the main coolant pas-
sage; and a coolant bypass passage in fluid communi-
cation with the main coolant passage and located fluidi-
cally parallel to the finned coolant passage.
[0024] The fluid cooled cold plate of the preceding par-
agraph can optionally include, additionally and/or alter-
natively, any one or more of the following features, con-
figurations and/or additional components:

The coolant bypass passage may be fluidly connect-
ed with the main coolant passage to form a contin-
uous straight passage.

[0025] The coolant bypass passage may include a flow
balance mechanism.
[0026] The flow balance mechanism may comprise a
converging-diverging nozzle.
[0027] The flow balance mechanism may comprise a
filter element.
[0028] The coolant bypass passage may include a re-
movable plug.
[0029] The main coolant passage may be in fluid com-
munication with a central cooling system.
[0030] The finned coolant passage may be located
downstream of the main coolant passage.
[0031] A method for preventing cooling flow blockage
in a fluid cooled cold plate, the method comprising: pass-
ing a fluid with an entrained contaminate through a main
coolant passage having a first cross-sectional area taken
laterally in a direction perpendicular to the flow direction;
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bypassing a fluid with an entrained contaminate larger
than a finned coolant passage past a branch, wherein
the branch is oriented such that the fluid is turned 90° or
more when passing into the branch from the main coolant
passage, and wherein the branch is in fluid connection
with the main coolant passage on a first end and the
finned coolant passage on a second end having a second
cross-sectional area taken laterally in a direction perpen-
dicular to the flow direction, and wherein the second area
is smaller than the first area; and directing the fluid with
the entrained contaminate larger than the finned coolant
passage through a coolant bypass passage in fluid com-
munication with the main coolant passage and fluidically
parallel to the finned coolant passage.
[0032] The method of the preceding paragraph can op-
tionally include, additionally and/or alternatively, the fol-
lowing techniques, steps, features and/or configurations:

Directing the fluid with the entrained contaminate
larger than the finned coolant passage through the
coolant bypass passage comprises directing the flu-
id along a continuous straight passage from the main
coolant passage.

[0033] Passing the fluid with an entrained contaminate
smaller than the second area and the fluid substantially
free of contaminates through the branch.
[0034] Balancing a flow resistance between the fluid
that passes through the branch and the fluid that passes
through the coolant bypass passage.
[0035] The flow resistance between the fluid that pass-
es through the branch and the fluid that passes through
the coolant bypass passage may be balanced by passing
the fluid through a converging-diverging nozzle at the
coolant bypass passage.
[0036] Collecting contaminates in the fluid at the cool-
ant bypass passage.
[0037] Removing a plug on the coolant bypass pas-
sage.
[0038] Any relative terms or terms of degree used here-
in, such as "generally", "substantially", "approximately",
and the like, should be interpreted in accordance with
and subject to any applicable definitions or limits express-
ly stated herein. In all instances, any relative terms or
terms of degree used herein should be interpreted to
broadly encompass any relevant disclosed embodiments
as well as such ranges or variations as would be under-
stood by a person of ordinary skill in the art in view of the
entirety of the present disclosure, such as to encompass
ordinary manufacturing tolerance variations, incidental
alignment variations, temporary alignment or shape var-
iations induced by operational conditions, and the like.
[0039] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made

to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims. For example,
features described with respect to any given embodiment
can be utilized with respect to any other disclosed em-
bodiment, as desired for particular applications.

Claims

1. A fluid cooled cold plate (40;40’;40") comprising:

a main coolant passage (16) having a first cross-
sectional area taken laterally in a direction per-
pendicular to the flow direction;
a finned coolant passage (21) having a second
cross-sectional area taken laterally in a direction
perpendicular to the flow direction, wherein the
second area is smaller than the first area;
a branch (18) fluidly connecting the main coolant
passage (16) with the finned coolant passage
(21), wherein the branch (18) is oriented such
that a fluid is turned 90° or more when passing
into the branch (18) from the main coolant pas-
sage (16); and
a coolant bypass passage (42) in fluid commu-
nication with the main coolant passage (16) and
located fluidically parallel to the finned coolant
passage (21).

2. The fluid cooled cold plate of claim 1, wherein the
coolant bypass passage (16) is fluidly connected
with the main coolant passage (16) to form a contin-
uous straight passage.

3. The fluid cooled cold plate of claim 1 or 2, wherein
the coolant bypass passage (16) includes a flow bal-
ance mechanism (52’;52").

4. The fluid cooled cold plate of claim 3, wherein the
flow balance mechanism comprises a converging-
diverging nozzle (52’).

5. The fluid cooled cold plate of claim 1 or 2, wherein
the coolant bypass passage (16) includes a filter el-
ement (44).

6. The fluid cooled cold plate of any preceding claim,
wherein the coolant bypass passage (16) includes
a removable plug (46).

7. The fluid cooled cold plate of any preceding claim,
wherein the main coolant passage (16) is in fluid
communication with a central cooling system (8).
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8. The fluid cooled cold plate of claim 7, wherein the
finned coolant passage (21) is located downstream
of the main coolant passage (16).

9. A method for preventing cooling flow blockage in a
fluid cooled cold plate (40;40’;40"), the method com-
prising:

passing a fluid with an entrained contaminate
(30) through a main coolant passage (16) having
a first cross-sectional area taken laterally in a
direction perpendicular to the flow direction;
bypassing a fluid with an entrained contaminate
larger than a finned coolant passage (21) past
a branch (18), wherein the branch (18) is orient-
ed such that the fluid is turned 90° or more when
passing into the branch (18) from the main cool-
ant passage (16), and wherein the branch (18)
is in fluid connection with the main coolant pas-
sage (16) on a first end and the finned coolant
passage (21) on a second end having a second
cross-sectional area taken laterally in a direction
perpendicular to the flow direction, and wherein
the second area is smaller than the first area;
and
directing the fluid with the entrained contaminate
(30) larger than the finned coolant passage (21)
through a coolant bypass passage (42) in fluid
communication with the main coolant passage
(16) and fluidically parallel to the finned coolant
passage (21).

10. The method of claim 9, wherein directing the fluid
with the entrained contaminate (30) larger than the
finned coolant passage (21) through the coolant by-
pass passage (42) comprises directing the fluid
along a continuous straight passage from the main
coolant passage (16).

11. The method of claim 9 or 10, further comprising:

passing the fluid with an entrained contaminate
(30) smaller than the second area and the fluid
substantially free of contaminates (30) through
the branch (18).

12. The method of claim 11, further comprising:

balancing a flow resistance between the fluid
that passes through the branch (18) and the fluid
that passes through the coolant bypass passage
(42).

13. The method of claim 12, wherein the flow resistance
between the fluid that passes through the branch
(18) and the fluid that passes through the coolant
bypass passage (42) is balanced by passing the fluid
through a converging-diverging nozzle (52’) at the

coolant bypass passage (42).

14. The method of any of claims 9 to 13, further com-
prising:

collecting contaminates in the fluid at the coolant
bypass passage (42).

15. The method of claim 14, further comprising:

removing a plug (46) on the coolant bypass pas-
sage (42).
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