[6606]  Some computer servers can now produce outputs in excess of 35 kW similar
to the IBM Blue Jean Server. The rear-door heat exchangers and other similar cooling
products on the market cannot handle the cooling requirements of these high-density
computer Servers.

[6007] Many existing data centers have been constructed with in-row rack cooling
systems and integral hot and cold aisle containment. These data centers, however, waste
a significant amount of space. Also, 1t is difficult to increase the cooling capacity of the
in-row rack cooling systems when servers are added to the server racks or existing
servers are replaced with servers requiring more cooling capacity. Furthermore, it is
difficult for many existing data centers to upgrade their cooling systems to comply with
future government regulations that require reductions in energy consumption. Thus, the
data center industry has been seeking energy efficient modular cooling solutions for new
and existing white space in data centers, as well as “just-in-time” and modular cooling

expansion capabilities both at the server level as well ag at the overall rack level.
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[0007a] According to a first aspect of the present invention, there is provided a
modular server rack cooling structure for cooling at least one server in at least one rack of a
data center, the modular server rack cooling structure comprising: a first supporting member
including a first plurality of beam members, wherein the first plurality of beam members are
directly coupled to each other to form a substantially U-shaped configuration; a second
supporting member including a second plurality of beam members, wherein the second
plurality of beam members are directly coupled to each other to form a substantially U-
shaped configuration, wherein the first and second supporting members are disposed in a
diametrically opposed orientation; a third supporting member including a third plurality of
beam members, wherein the third plurality of beam members are directly coupled to an
upper end of each of the first and second plurality of beam members; a first heat exchanger
directly coupled to the first plurality of beam members of the first supporting member such
that the first heat exchanger is positioned in heat transfer relationship with a first plurality of
servers, wherein the first heat exchanger is not attached to the at least one rack; a second heat
exchanger coupled to the second plurality of beam members of the second supporting
member such that the second heat exchanger is positioned in heat transfer relationship with a
second plurality of servers, wherein the second heat exchanger is not attached to the at least
one rack; a third heat exchanger coupled to the third plurality of beam members of the third
supporting member, the third heat exchanger positioned at a right angle with respect to the
first heat exchanger and the second heat exchanger; and a fourth heat exchanger coupled to
the third plurality of beam members of the third supporting member and extending upward
from the third plurality of beam members at an acute angle with respect to the third plurality
of beam members.

[0007b] According to a second aspect of the present invention, there is provided a

modular data center system, comprising: at least a first rack and at least a second rack
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disposed opposite one another to form a hot aisle or a cold aisle between the at least a first
rack and the at least a second rack, each rack supporting at least one server; a modular server
rack cooling structure comprising: a first supporting member including a first plurality of
beam members, wherein the first plurality of beam members are directly coupled to each
other to form a substantially U-shaped configuration, wherein the first supporting member is
disposed adjacent the at least a first rack; a second supporting member including a second
plurality of beam members, wherein the second plurality of beam members are directly
coupled to each other to form a substantially U-shaped configuration, wherein the second
supporting member is disposed adjacent the at least a second rack such that the first and
second supporting members are disposed in a diametrically opposed orientation; a third
supporting member including a third plurality of beam members, wherein the third plurality
of beam members are directly coupled to an upper end of each of the first and second
plurality of beam members; a first heat exchanger coupled to the first plurality of beam
members of the first supporting member such that the first heat exchanger is positioned in
heat transfer relationship with at least one server of the at least a first rack, wherein the first
heat exchanger is not attached to the at least a first rack; a second heat exchanger coupled to
the second plurality of beam members of the second supporting member such that the second
heat exchanger is in heat transfer relationship with at least one server of the at least a second
rack, wherein the second heat exchanger is not attached to the at least a second rack; a third
heat exchanger coupled to the third plurality of beam members of the third supporting
member, the third heat exchanger positioned at a right angle with respect to the first heat
exchanger and the second heat exchanger; and a fourth heat exchanger coupled to the third
plurality of beam members of the third supporting member and extending upward from the
third plurality of beam members at an acute angle with respect to the third plurality of beam

members.
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[0007¢] According to a third aspect of the present invention, there is provided a
method of installing a modular server rack cooling structure for cooling at least a first server
installed in at least a first rack and at least a second server installed in at least a second rack,
the at least a first rack and the at least a second rack disposed opposite from each other to
form at least a portion of a hot aisle or a cold aisle, the method comprising: positioning at
least a portion of a modular support structure in the hot aisle or the cold aisle, the modular
support structure comprising at least a first supporting member including a first plurality of
beam members directly coupled to each other to form a substantially U-shaped
configuration, a second supporting member including a second plurality of beams members
directly coupled to each other to form a substantially U-shaped configuration, and a third
supporting member including a third plurality of beam members directly coupled to an upper
end of each of the first and second plurality of beam members; coupling a first heat
exchanger to the first plurality of beam members of the first supporting member so that the
first heat exchanger is positioned adjacent to the at least a first server of the at least a first
rack; coupling a second heat exchanger to the second plurality of beam members of the
second supporting member so that the second heat exchanger is positioned adjacent to the at
least a second server of the at least a second rack; coupling a third heat exchanger to the third
plurality of beam members of the third supporting member so that the third heat exchanger is
positioned at a right angle with respect to the first heat exchanger and the second heat
exchanger; and coupling a fourth heat exchanger to the third plurality of beam members of
the third supporting member and extending upward from the third plurality of beam

members at an acute angle with respect to the third plurality of beam members.



[6008] There is also disclosedin

ares a modular server rack cooling

structure for cooling at ieast one server in at least one rack of a data center. The modular
server rack cooling structure for cooling at least one server in at least one rack of a data
center includes at least a first supporting member and at least & first heat exchanger that

e coupled to each other. The first supporting member s configured to position the first
heat exchanger in heat transfer relationship with the server, where the first heat exchanger

1§ not attached to the rack.
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[6613) In some embodiments, the data center further includes at least a second rack
for supporting at least one server, where the first rack and the second rack are disposed
opposite one another to form a hot aisle or a cold aisle between the first rack and the
second rack. The modular server rack cooling structure may further include at least a
second supporting member and at least a second heat exchanger coupled to each other.
The second supporting member is configured to position the second heat exchanger in
heat transfer relationship with the server of the second rack, where the second heat
exchanger 1s not attached to the second rack. In some embodiments, the modular server
rack cooling structure further includes at least one forced fluid-flow device configured
and disposed with respect to the first heat exchanger to provide a flow of fluid between
the server and the first heat exchanger.

[8014] There is aiso disclosedis-anothesas

=65 2 modular data center system

including at least a first rack and at least a second rack disposed opposite one another to
form a hot aisle or a cold aisle between the first rack and the second rack, each of which
supports at least one server. The modular data center system also includes a modular
server rack cooling structure including at least a first supporting member and at least &
first heat exchanger coupled to each other. The first supporting member is configured to
position the first heat exchanger in heat transfer relationship with at least one server of
first rack so that the first heat exchanger is not attached to the first vack. The modular
data center system also mcludes at least a second supporting member and at least a
second heat exchanger coupled to each other. The second supporting member is

configured to position the second heat exchanger in heat transfer relationship with at least



member of the third supporting member. In some embodiments, the second heat
exchanger is disposed vertically, horizontally or diagonally.

[6019] In some embodiments, the modular data center system further includes at least
one forced fluid-flow device configured to provide a flow of fluid between the servers
and the heat exchangers, at least a fourth supporting member, and at least a fourth heat-
exchanger in which the third heat exchanger is coupled to the fourth supporting member
and the fourth supporting member is configured to position the fourth heat exchanger

adjacent to the forced fluid-flow device.

[0020] There is further disclosedin-vets

sspect-the-present-disslosure-features a method of installing a

modular server rack cooling structure for cooling at least a first server installed in at least
a firgtrack and at least a second server installed in at least a second rack in which the first
rack and the second rack are disposed opposite from each other 1o form at least a portion
of a hot aisle or a cold atsle. The method includes positioning at least a portion of 2
modular support structure in the hot aisie or the cold aisle where the modular support
structure including af least a first support member, a second support member, and a third
support mermber. The method also mcludes coupling at least a first heat exchanger to the
first supporting member so that the first heat exchanger is positioned adjacent to the first
server of the first rack. The method also inciudes coupling at least a second heat
exchanger to the second supporting member so that the second heat exchanger is
positioned adjacent to the second server of the second rack and coupling at least a third
heat exchanger to the third supporting member so that the third heat exchanger is

positioned within the hot aisle or the cold aisle, where coupling the third heat exchanger
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CLAIMS
What is claimed is:
1. A modular server rack cooling structure for cooling at least one 8
one rack of a data center, the modular server rack cooling structure co
at least a first supporting member; and
at least a first heat exchanger, the at least a first heat exchanger coupled to the at
least a first supporting member, the at least a first supporfing member configured to
position the at least a first heat exchanger in heat transfof relationship with the at least

one server, wherein the at least a first heat exchanger/is not attached to the at least one

rack.

2. The modular server rack cooling strycture according to claim 1, wherein the at
least a first supporting member comprises/& beam member, and wherein the at least a first
heat exchanger has a dimension definifg an edge of the at least a first heat exchanger and
wherein the edge of the at least a first heat exchanger is rotatably coupled to the beam

member.

3. The modular server rack cooling structure according to claim 2, wherein the beam

member is a horizontal beam member or a vertical beam member.

4, The mogdular server rack cooling structure according to claim 1, wherein the at
least a first glpporting member comprises at least first, second and third beam members,

the first PJecam member substantially orthogonally coupled to the second beam member
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and the third beam member substantially orthogonally coupled to the secofid beam
member to form a substantially U-shaped configuration, and wherein the af least a first
heat exchanger has a dimension defining an edge of the at least a first hegt exchanger and
wherein the edge of the at least a first heat exchanger is rotatably goupled to the first
beam member, the second beam member, or the third beam memb
5. The modular server rack cooling structure according to claim 4, wherein the
dimension defining the edge of the at least a first hegt exchanger has a substantially
longitudinal dimension defining a longitudinal edge ¢f the at least a first heat exchanger
and wherein the longitudinal edge of the at legst a first heat exchanger is rotatably
coupied to the first beam member or the third
6. The modular server rack cooling structure according to claim 5, wherein the at
least a second supporting member cgmprises a beam member, and wherein the at least a
second heat exchanger has a dirflension defining an edge of the at least a second heat
exchanger and wherein the

ge of the at least a second heat exchanger is rotatably

coupled to the beam membgr of the at least a second supporting member.

7. The modulay/server rack cooling structure according to claim 6, wherein the at

least a second hegt exchanger is disposed vertically, horizontally or diagonally.

8. Thg modular server rack cooling structure according to claim 5, wherein the at

least a Second supporting member comprises a beam member, and wherein the at least a
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second heat exchanger is coupled to the beam member of the at least a second sypporting

member.

9. The modular server rack cooling structure according to claim 1/wherein the data
center further includes at least a second rack for supporting at leasf one server, wherein
the at least a first rack and the at least a second rack are disposed/opposite one another to
form a hot aisle or a cold aisle between the at least a first ragk and the at least a second
rack, the modular server rack cooling structure further comprising:

at least a second supporting member; and

at least a second heat exchanger, the at leasy/a second heat exchanger coupled to
the at least a second supporting member, the/at least a second supporting member
configured to position the at least a second Jeat exchanger in heat transfer relationship
with the at least one server of the at least a/second rack, wherein the at least a second heat

exchanger 1s not attached to the at least4 second rack.

10.  The modular server ra¢k cooling structure according to claim 1, further
comprising at least one forced fluid-flow device configured and disposed with respect to
the at least a first heat exchanger to provide a flow of fluid between the at least onc server

and the at least a first h¢at exchanger.
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11. A modular data center system, comprising:

at least a first rack and at least a second rack disposed opposite ong another to
form a hot aisle or a cold aisle between the at least a first rack and the af least a second
rack, each rack supporting at least one server;,

a modular server rack cooling structure comprising:

at least a first supporting member; and
at least a first heat exchanger, the at least a firgt heat exchanger coupled to

the at least a first supporting member, the at lghst a first supporting member

configured to position the at least a first /neat exchanger in heat transfer
relationship with at least one server of the af least a first rack, wherein the at least
a first heat exchanger is not attached to tife at least a first rack;

at Jeast a second supporting mémber; and
at least a second heat exchanger, fhe at least a second heat exchanger coupled to
the at least a second supporting mefmber, the at least a second supporting member
configured to position the at least/a second heat exchanger in heat transfer relationship
with at least one server of the #t least a second rack, wherein the at least a second heat
exchanger is not attached to the at least a second rack.
12. The modular data center system according to claim 11, wherein the at least a first
supporting membef comprises a beam member, the at least a first heat exchanger has a
dimension defiging an edge of the at least a first heat exchanger, the edge of the at least a

first heat exchanger is rotatably coupled to the beam member of the at least a first

supportiplg member, the at least a second supporting member comprises a beam member,

72




WO 2012/118554 PCT/US2011/0676

the at least a second heat exchanger has a dimension defining an edge of the #t least a
second heat exchanger, and the edge of the at least a second heat exchanger/is rotatably
coupled to the beam member of the at least a second supporting member,
13, The modular data center system according to claim 12, furth€r comprising at least
one forced fluid-flow device configured to provide a flow of ffuid between the servers

and the heat exchangers.

14.  The modular data center system according Ao claim 12, wherein the beam
members are vertical beam members disposed adjagent to the at least a first rack and the

at least a second rack.

15.  The modular data center system ag€ording to claim 12, further comprising:

at least a third supporting memper; and

at least a third heat exchanggr, the at least a third heat exchanger coupled to the at
least a third supporting membef, the at Jeast a third supporting member configured to
position the at least a third heat exchanger in heat transfer relationship with the at least

one server of the at lcast a/first rack or the at least one scrver of the at icast a second rack.

exchanger hgs a dimension defining an edge of the at least a third heat exchanger and
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wherein the edge of the at least a third heat exchanger is rotatably coupled to the beam

mernber of the at least a third supporting member.

17. The modular data center system according to claim 15, whereif the at least a third
supporting member comprises a beam member, and wherein the at least a third heat
exchanger is coupled to the beam member of the at least a third Supporting member,

18.  The modular data center system according to glaim 17, wherein the at least a

second heat exchanger is disposed vertically, horizontally or diagonally.

19.  The modular data center system accorging to claim 15, further comprising:

at least one forced fluid-flow devicg configured to provide a flow of fluid between
the servers and the heat exchangers;

at least a fourth supporting member; and

at least a fourth heat exghanger, the at least a third heat exchanger coupled to the
at least a fourth supporting hember, the at least a fourth supporting fnember configured
to position the at least afourth heat exchanger adjacent to the at least one forced fluid-

flow device.

20. A methbd of installing a modular server rack cooling structure for cooling at least
a first servér installed in at least a first rack and at least a second server installed in at

least a Second rack, the at least a first rack and the at least a second rack disposed
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opposite from each other to form at least a portion of a hot aisle or a cold fisle, the
method comprising:

positioning at least a portion of a modular support structure in the/hot aisle or the
cold aisle, the modular support structure comprising at least a first gupport member, a
second support member, and a third support member;

coupling at least a first heat exchanger to the at least a fifst supporting member so
that the at least a first heat exchanger is positioned adjacent fo the at least a first server of
the at least a first rack;

coupling at least a second heat exchanger 6 the at least a second supporting
member so that the at least a second heat exchanggr is positioned adjacent to the at least a
second server of the at least a second rack; an

coupling at least a third heat exchagger to the at least a third supporting member
so that the at least a third heat exchanger is positioned within the hot aisle or the cold
aisle, wherein the coupling at least a/hird heat exchanger to the at least a third supporting
member is performed after at legét a third server is installed in the at least a first rack or

the at least a second rack.
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Claims
1. A modular server rack cooling structure for cooling at least one server in at least one rack
of a data center, the modular server rack cooling structure comprising:

a first supporting member including a first plurality of beam members, wherein the
first plurality of beam members are directly coupled to each other to form a substantially U-
shaped configuration;

a second supporting member including a second plurality of beam members, wherein
the second plurality of beam members are directly coupled to each other to form a
substantially U-shaped configuration, wherein the first and second supporting members are
disposed in a diametrically opposed orientation;

a third supporting member including a third plurality of beam members, wherein the
third plurality of beam members are directly coupled to an upper end of each of the first and
second plurality of beam members;

a first heat exchanger directly coupled to the first plurality of beam members of the
first supporting member such that the first heat exchanger is positioned in heat transfer
relationship with a first plurality of servers, wherein the first heat exchanger is not attached
to the at least one rack;

a second heat exchanger coupled to the second plurality of beam members of the
second supporting member such that the second heat exchanger is positioned in heat transfer
relationship with a second plurality of servers, wherein the second heat exchanger is not
attached to the at least one rack;

a third heat exchanger coupled to the third plurality of beam members of the third
supporting member, the third heat exchanger positioned at a right angle with respect to the
first heat exchanger and the second heat exchanger; and

a fourth heat exchanger coupled to the third plurality of beam members of the third
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supporting member and extending upward from the third plurality of beam members at an

acute angle with respect to the third plurality of beam members.

2. The modular server rack cooling structure according to claim 1, wherein the first heat
exchanger has a dimension defining an edge that is rotatably coupled to a beam member of

the first plurality of beam members.

3. The modular server rack cooling structure according to claim 2, wherein at least one of the
first and second plurality of beam members is a horizontal beam member or a vertical beam

member.

4. The modular server rack cooling structure according to claim 1, wherein the first plurality
of beam members comprises at least first, second and third beam members, the first beam
member substantially orthogonally coupled to the second beam member and the third beam
member substantially orthogonally coupled to the second beam member to form a
substantially U-shaped configuration, and wherein the first heat exchanger has a dimension
defining an edge that is rotatably coupled to the first beam member, the second beam

member, or the third beam member.

5. The modular server rack cooling structure according to claim 4, wherein the dimension
defining the edge of the first heat exchanger has a substantially longitudinal dimension
defining a longitudinal edge of the first heat exchanger and wherein the longitudinal edge of
the first heat exchanger is rotatably coupled to the first beam member or the third beam
member.

6. The modular server rack cooling structure according to claim 5, wherein the second
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plurality of beam members comprises at least first, second, and third beam members, the first
beam member substantially orthogonally coupled to the second beam member and the third
beam member substantially orthogonally coupled to the second beam member to form a

substantially U-shaped configuration.

7. The modular server rack cooling structure according to claim 6, wherein the second heat

exchanger is disposed vertically, horizontally or diagonally.

8. The modular server rack cooling structure according to claim 1, wherein the at least one
rack is at least a first rack and the data center further includes at least a second rack for
supporting at least one server, wherein the at least a first rack and the at least a second rack
are disposed opposite one another to form a hot aisle or a cold aisle between the at least a
first rack and the at least a second rack, wherein the at least a second rack is disposed

adjacent the second plurality of beam members of the second supporting member.

9. The modular server rack cooling structure according to claim 1, further comprising at least
one forced fluid-flow device configured and disposed with respect to the first heat exchanger

to provide a flow of fluid between the at least one server and the first heat exchanger.

10. A modular data center system, comprising:

at least a first rack and at least a second rack disposed opposite one another to form a
hot aisle or a cold aisle between the at least a first rack and the at least a second rack, each
rack supporting at least one server;

a modular server rack cooling structure comprising:

a first supporting member including a first plurality of beam members,
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wherein the first plurality of beam members are directly coupled to each other to form
a substantially U-shaped configuration, wherein the first supporting member is
disposed adjacent the at least a first rack;

a second supporting member including a second plurality of beam members,
wherein the second plurality of beam members are directly coupled to each other to
form a substantially U-shaped configuration, wherein the second supporting member
is disposed adjacent the at least a second rack such that the first and second
supporting members are disposed in a diametrically opposed orientation;

a third supporting member including a third plurality of beam members,
wherein the third plurality of beam members are directly coupled to an upper end of
each of the first and second plurality of beam members;

a first heat exchanger coupled to the first plurality of beam members of the first
supporting member such that the first heat exchanger is positioned in heat transfer
relationship with at least one server of the at least a first rack, wherein the first heat
exchanger is not attached to the at least a first rack,;

a second heat exchanger coupled to the second plurality of beam members of
the second supporting member such that the second heat exchanger is in heat transfer
relationship with at least one server of the at least a second rack, wherein the second
heat exchanger is not attached to the at least a second rack;

a third heat exchanger coupled to the third plurality of beam members of the
third supporting member, the third heat exchanger positioned at a right angle with
respect to the first heat exchanger and the second heat exchanger; and

a fourth heat exchanger coupled to the third plurality of beam members of the
third supporting member and extending upward from the third plurality of beam

members at an acute angle with respect to the third plurality of beam members.
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11. The modular data center system according to claim 10, wherein the first heat exchanger
has a dimension defining an edge that is rotatably coupled to a beam member of the first
plurality of beam members, and the second heat exchanger has a dimension defining an edge

that 1s rotatably coupled to a beam member of the second plurality of beam members.

12. The modular data center system according to claim 11, further comprising at least one
forced fluid-flow device configured to provide a flow of fluid between the servers and the

heat exchangers.

13. The modular data center system according to claim 11, wherein at least one of the
plurality of beam members are vertical beam members disposed adjacent to the at least a first

rack and the at least a second rack.

14. The modular data center system according to claim 11, wherein the fourth heat exchanger
is in heat transfer relationship with the at least one server of the at least a first rack or the at

{east one server of the at least a second rack.

15. The modular data center system according to claim 14, wherein the fourth heat

exchanger has a dimension defining an edge that is rotatably coupled to a beam member of

the third plurality of beam members.

16. The modular data center system according to claim 14, wherein the second heat

exchanger is disposed vertically, horizontally or diagonally.
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17. A method of installing a modular server rack cooling structure for cooling at least a first
server installed in at least a first rack and at least a second server installed in at least a second
rack, the at least a first rack and the at least a second rack disposed opposite from each other
to form at least a portion of a hot aisle or a cold aisle, the method comprising:

positioning at least a portion of a modular support structure in the hot aisle or the cold
aisle, the modular support structure comprising at least a first supporting member including a
first plurality of beam members directly coupled to each other to form a substantially U-
shaped configuration, a second supporting member including a second plurality of beams
members directly coupled to each other to form a substantially U-shaped configuration, and
a third supporting member including a third plurality of beam members directly coupled to
an upper end of each of the first and second plurality of beam members;

coupling a first heat exchanger to the first plurality of beam members of the first
supporting member so that the first heat exchanger is positioned adjacent to the at least a
first server of the at least a first rack;

coupling a second heat exchanger to the second plurality of beam members of the
second supporting member so that the second heat exchanger is positioned adjacent to the at
least a second server of the at least a second rack;

coupling a third heat exchanger to the third plurality of beam members of the third
supporting member so that the third heat exchanger is positioned at a right angle with
respect to the first heat exchanger and the second heat exchanger; and

coupling a fourth heat exchanger to the third plurality of beam members of the third
supporting member and extending upward from the third plurality of beam members at an

acute angle with respect to the third plurality of beam members.

18. The modular server rack cooling structure according to claim 6, wherein the third
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plurality of beam members comprises at least first and second beam members extending
from the first supporting member to the second supporting member, wherein the third heat
exchanger has a dimension defining an edge that is rotatably coupled to the first beam

member or the second beam member of the third plurality of beam members.
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