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CLAIMS:

What 1s claimed is:

1. A svstem for cooling one or mere hard disk drives of one or more copiputing
systems, the one or more hard disk drives baving heat penerating elegffonic and
mechanical components, the system comprising:

a dielectric Hquid coolant;

at least one tank defining an interior volume for holding the dielectrie coolan; |

first one or more members positioned within the interigf volume for mounting
the one or more computing systems thereon, the first one op'more mounting members
being confipured to allow the one or more computing syStems to be at least partially
sttbinerged within the dielectric liquid coolant when she dielectric liquid coolant 15 in
the interior volume for sufficiently cooling the one gr more computing systems;

second one or more mownting membery/positioned within the interior volume
for mounting the one or more hard disk drives thereon, the second one or more
mounting members being configured to kgbp the one or more hard disk drives mounted
thereon above the dielectric liquid coglant when the dielectric iquid coolant is in the
fferior volume, the second one op/more mounting members baving at least one heat
conductive extension thermally foupled with the one or more hard disk drives at one
end and immersed info the diélectric Hquid coolant at another end, the at least one heat
conductive extension for fransferring at least a portion of heat generated by the heat
generating electronic gdd mechanical components of the one or more hard disk drives
1o the dielectric hgdid coolant for absorption in order to sufficiemtly cool the one or
more hard disk gfives;

a heat/exchanger thesmally coupled to the dielectric liquid coolant for cooling

the dielectple liquid coolant in the tank.

2. The system of Claym 1 further wclnding a splash guard coupled to the one or
more hard disk drives for protecting the one or more hard disk drives aganst diglectric

iguid coolant splashes from circulating dielectrie liquid coolant ia the tank,

The system of Claim 1 further incloding at least one heat sink thermally coapled
to the at least one heat conductive extension, the at least one heat sk being immersed
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at one end into the diefectric liguid coolant for coupling heat from the hard disk drives

to the dielectric liquid coolant, thereby providing further cooling to the hard disk drive

4. The system of Claim ! wherein the at least one heat conductive extension
includes an elecirical connector at the end immersed in the dielectric liguid cgolant, the
one O more computing systems having at least one hard disk drive slot haying 3 mating
electrical connector therein, the electrical connector being connected tgythe one or more
hard disk drives at one end and to the mating connector at anopher end to thereby
electrically connect the one or more hard disk drives o the opfe or more computing

systems.

The system of Claim | further including 9/ controller, the controller for

maintaining the dielectric liquid coolant at substantigtly a particular temperature.

6. The system of Claim 1 further incjdding a controller for maintaining the
dielectric liquid coolant at a specific ¢levated iemperature, the specific elevated
temperature being a temperature that gifliciently cools the one or more computing

systems and the one or more hard digK drives while reducing energy consamption.

7. The system of Claim 6 furthey including a pump for pumping wanmer dielectric
liquid coolant from the intpfior volume of the tank and for pumping cooler dielectric

fiquid coolant into the infrior volwme of the tank.

8. The systenyof Claim 7 wherein the at least one tank includes a coolant inlet and
a coolant outley a pressure manifold on one side and a suction manifold on another
side, the pregsure manifold being fluidly coupled to a coolant inlet for facilitating the
flow of tHe cooler dielectric lquid coolant mto the interior volume and the suction
manifold being fluidly coupled to the coolant outlet for facilitating the flow of the

er dielectric liquid coolant cut of the interior volume.

9. The system of Claim & wherein the pressure manifold and the suction manifold
having a plurality of flow augmentation devices for enhancing and directing the flow of
the dielectric liquid coolant inside the interior volume.
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An apparatus for cooling one or more hard disk drives of one or
computing svstems, the one or wore hard disk drives having heat generating el
and mechanical components, the apparatus comprising:

at least one tank defining an interfor volume for holding a digictric liquid
coolant;

first one or more members positioned within the interior volume for mounting
the one or mere computing systems thereon, the first one or more mounting members
being configured to allow the one or more computing systepds to be at least partially
submerged within the diclectric liquid coolant when the dielectric hquid coolant is in
the interior vohume for sufficiently cooling the one or mpfe computing systems;

second one or more mounting members pospioned within the interior volume
for mounting the one or more hard disk deivey thereon, the second one or inore
mounting members being configured to keep the one or more hard disk drives mounted
thereon above the dielectric hquid coolant Fhen the diclectric hquid coolant is i the
interior volume, the second one or mory/ mounting members having at {east one heat
conductive extension thermally coupléd with the one or more hard disk drives at one
end and immersed inio the dielectpi€ iquid coolant at another end, the at least one heat
conductive extension for transférring at least a postion of heat generated by the heat
venerating electronic and mgthanical components of the one or more hard disk drives
to the diglecwric liquid coblant for absomption in order to sufficiently cool the one or

more hard disk drives:

The apparatus of Claun 10 further mcluding at least one heat sink thermally
coupled to the at least one heat conductive extension, the at least one heat sink being
immersed at one end nto the dielectric liguid coolant for coupling heat from the hard
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disk drives to the dielectric liquid coolant, thereby providing further cooling to the hard
disk drive.

13 The apparatus of Claim 10 wherein the at least one heat conductive eyfension
includes an electrical connector at the end immersed in the dielectric tiquid gdolant, the
one or more computing systems having at least one hard disk drive slot hafing 3 mating
electrical connector therein, the elecinical connector being connected ty'the one or more
hard disk drives at one end and to the mating connector at angther end to thereby
electrically connect the one or more hard disk drives 1o the gie or more computing

systeins.

14, The apparatus of Claim 10 further including/a controller, the coniroller for

maintaining the dielectric liguid coolant at substantjélly a particular temperature,

15, The apparatus of Claim 10 further fucluding a controller, the controller for
maintaining the diclectric liguid coolant 3¢ a specific elevated temperature, the specific
elevated temperanmre being a tempepdture that sufficiently cools the one or more
computing systems and the one # more hard disk drives while reducing energy

COnSWMpPLIoN.

16. The apparatus of laim 15 further including a pump for pumping warmer
dielectric Hquid coolapt from the interior volinme and for putaping cooler dielectric

tiquid coelant into tMe 1nterior volume.

17, The agparates of Claim 16 wherein the at least one tank includes a coolant inlet
and a cooldnt outlet, a pressure manifold on one side and a suction manifold on another
stde, the pressure manifold being fluidly coupled to a coclant inlet for facilitating the
flow/of the cooler dieleciric liquid coolant into the interior volume and the suction
manifold being fluidly coupled to the coolant outlet for facilitating the flow of the

warmer dielectric Hquid coolant out of the interior volume.
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18. The apparatus of Claim 17 wherein the pressure manifold and the suction
manifold having a pluratity of flow avgmentation devices for enbhancing and directit

the flow of the dielectic liquid coolant inside the interior velume.

19. A method of cooling one or more hard disk drives of one or more Lomputing
svstems, the one or more hard disk drives having heat generating ¢ectronic and
mechanical components, the method comprising:

a dielectzic liquid coolant;

holding a dielectric liquid coelant in at least one defining an interior
volume;

mounting the one or more computing systems to/ first one or more members
positioned within the interior volume, the first one of/more mounting members being
configured fo allow the one or more computing systems to be at least pariiaily
submerged within the dielectric liquid coolant ¥hen the dielectric liquid coolant is in
the interior volume for sufficiently cooling thé one or more computing systems;

mounting the one or more hard digk drives to a second one or more mounting
mewmbers positioned within the interjér volume, the second one or more mounting
members being configured fo keepAhe one or more hard disk drives mounted thereon
above the dielecwric liguid coolpfit when the dielectiic liquid coolant is in the interior
volume, the second one or mygfre mounting members having at least one heat conductive
extension thermally coupled with the one or more hard disk drives at one end and
immersed into the digleciric Hguid coolant at another end, the at least one heat
conductive extensioh for transferring at least a portion of heat generated by the heat
generating electydnic and mechanical components of the one or more hard disk drives
to the dielecytic liguid coolant for absorption in order to sufficiently cool the one or
more hard disk drives;

ooling the dielectric liquid coolant in the tank with a heat exchanger.
20. The method of Claim 19 further including protecting the one or more hard disk

drives with a splash guard coupled thereto against dielectric liquid coolant splashes

from circulating diefectric liquid coolant in the tank.
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24 The method of Claim 19 further including thermally coupling at least one heat
sink to the at least one heat condoctive extension, the at least one heat sink beipg
wmersed at one end into the dielectric liquid coolant for coupling heat from the Sard
disk drives to the dielectric liguid coolant, thereby providing further cooling to fhe bard

disk drive.

R The method of Claim 19 wherein the al least one heat condlctive extension
inciudes an electrical connector at the end immersed in the dielectrj¢ liquid coolant, the
one or More computing systems having at least one hard disk drife slot having a mating
electrical connector therein, the glectuical connector betng cophected 1o the one or more
hard disk drives at one end and to the mating connectp at another end to thereby
electrically connect the one or more hard disk drivey'to the one or more computing

systems.

)
thd

The method of Claim 19 further incluging using a controller for maintaining the

dielectric hiquid coolant at substantially a pdrticalar temperature.

24, The method of Claim 19 firther including a controller, the comtroller for
maintaining the dielectric liguid gdolant at substantially a specific elevated temperature,
the specific elevated temperatdre being a temperature that sufficiently cools the one or
meore computing systems gtd the ope or more hard disk drives while reducing energy

consumption.

]
N

The method of Claim 24 further including pumping warmer dieleciric liquid
coolant from 1h€ interior volume and for pumping cooler dielectric liquid coolant mto

the interior yohume using a pump.

20. The method of Claun 25 whereip the at least one tank includes a coolant inlet
ang¥’a coolant outlet, a pressure manifold on one side and a suction manifold on another

ide, the pressure manifold being fluidly coupled to a coolant inlet for facilitating the
flow of the cooler dielectric liquid coolant inio the interior volume and the swction
manifold being fuidly coupled to the coolant outlet for facilitating the How of the
warmer dielectric liquid coolant out of the interior volumewherein the pressure
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manifold and the suction manifold having a pherality of Jow augmentation devices for

enhancing and divecting the fow of the dielectric liquid coolant inside the inten

volume.




CLAIMS

What is claimed is:

1. A system for cooling one or more hard disk drives of one or more
computing systems, the one or more hard disk drives having heat generating electronic
and mechanical components, the system comprising:

a dielectric liquid coolant;

at least one tank defining an interior volume for holding the dielectric coolant;

first one or more members positioned within the interior volume for mounting
the one or more computing systems thereon, the first one or more mounting members
being configured to allow the one or more computing systems to be at least partially
submerged within the dielectric liquid coolant when the dielectric liquid coclant is in the
interior volume for sufficiently cooling the one or more computing systems;

second one or more mounting members positioned within the interior volume
for mounting the one or more hard disk drives thereon, the second one or more
mounting members being configured to keep the one or more hard disk drives mounted
thereon above the dielectric liquid coolant when the dielectric liquid coclant is in the
interior volume, the second one or more mounting members having at least one heat
conductive extension thermally coupled with the one or more hard disk drives at one
end and immersed into the dielectric liquid coolant at another end, the at least one heat
conductive extension for transferring at least a portion of heat generated by the heat
generating electronic and mechanical components of the one or more hard disk drives
to the dielectric liquid coolant for absorption in order to sufficiently cool the one or more
hard disk drives;

a heat exchanger thermally coupled to the dielectric liquid coolant for cooling
the dielectric liquid coolant in the tank.

2. The system of Claim 1 further including a splash guard coupled to the
one or more hard disk drives for protecting the one or more hard disk drives against
dielectric liquid coolant splashes from circulating dielectric liquid coolant in the tank.

3. The system of Claim 1 further including at least one heat sink
thermally coupled to the at least one heat conductive extension, the at least one heat
sink being immersed at one end into the dielectric liquid coolant for coupling heat from
the hard disk drives to the dielectric liquid coolant, thereby providing further cooling to
the hard disk drive.
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4, The system of Claim 1 wherein the at least one heat conductive
extension includes an electrical connector at the end immersed in the dielectric liquid
coolant, the one or more computing systems having at least one hard disk drive slot
having a mating electrical connector therein, the electrical connector being connected io
the one or more hard disk drives at one end and to the mating connector at ancther end
to thereby electrically connect the one or more hard disk drives to the one or more

computing systems.

5. The system of Claim 1 further including a controller, the controller for
maintaining the dielectric liquid coolant at substantially a particular temperature.

6. The system of Claim 1 further including a controller for maintaining the
dielectric liquid coolant at a specific elevated temperature, the specific elevated
temperature being a temperature that sufficiently cools the one or more computing
systems and the one or more hard disk drives while reducing energy consumption.

7. The system of Claim 6 further including a pump for pumping warmer
dielectric liquid coolant from the interior volume of the tank and for pumping cooler

dielectric liquid coolant into the interior volume of the fank.

8. The system of Claim 7 wherein the at least one tank includes a coolant
inlet and a coolant outlet, a pressure manifold on one side and a suction manifold on
another side, the pressure manifold being fluidly coupled to a coolant inlet for facilitating
the flow of the cooler dielectric liquid coolant into the interior volume and the suction
manifold being fluidly coupled to the coolant outlet for facilitating the flow of the warmer
dielectric liquid coolant out of the interior volume.

9. The system of Claim 8 wherein the pressure manifold and the suction
manifold having a plurality of flow augmentation devices for enhancing and directing the
flow of the dielectric liquid coolant inside the interior volume.

10. An apparatus for cooling one or more hard disk drives of one or more
computing systems, the one or more hard disk drives having heat generating electronic
and mechanical components, the apparatus comprising:
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at least one tank defining an interior volume for holding a dielectric liquid
coolant;

first one or more members positioned within the interior volume for mounting
the one or more computing systems thereon, the first one or more mounting members
being configured to allow the one or more computing systems to be at least partially
submerged within the dielectric liquid coolant when the dielectric liquid coolant is in the
interior volume for sufficiently cooling the one or more computing systems;

second one or more mounting members positioned within the interior volume
for mounting the one or more hard disk drives thereon, the second one or more
mounting members being configured to keep the one or more hard disk drives mounted
thereon above the dielectric liquid coolant when the dielectric liquid coolant is in the
interior volume, the second one or more mounting members having at least one heat
conductive extension thermally coupled with the one or more hard disk drives at one
end and immersed into the dielectric liquid coolant at another end, the at least one heat
conductive extension for transferring at least a portion of heat generated by the heat
generating electronic and mechanical components of the one or more hard disk drives
to the dielectric liquid coolant for absorption in order to sufficiently cool the one or more
hard disk drives;

a heat exchanger thermally coupled to the dielectric liquid cooling for cooling
the dielectric liquid coolant in the tank.

11. The apparatus of Claim 10 further including a spiash guard coupled to
the one or more hard disk drives for protecting the one or more hard disk drives against
dielectric liquid coolant splashes from circulating dielectric liquid coolant in the tank.

12. The apparatus of Claim 10 further including at least one heat sink
thermally coupled to the at least one heat conductive extension, the at least one heat
sink being immersed at one end into the dielectric liquid coclant for coupling heat from
the hard disk drives to the dielectric liguid coolant, thereby providing further cooling te
the hard disk drive.

13. The apparatus of Claim 10 wherein the at least one heat conductive
extension includes an electrical connector at the end immersed in the dielectric liquid
coolant, the one or more computing systems having at least one hard disk drive slot
having a mating electrical connector therein, the electrical connector being connected to

the one or more hard disk drives at one end and to the mating connector at another end
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to thereby electrically connect the one or more hard disk drives to the one or more

computing systems.

14. The apparatus of Claim 10 further including a controller, the controller
for maintaining the dielectric liquid coolant at substantially a particular temperature.

15. The apparatus of Claim 10 further including a controller, the controller
for maintaining the dielectric liquid coolant at a specific elevated temperature, the
specific elevated temperature being a temperature that sufficiently cools the one or
more computing systems and the one or more hard disk drives while reducing energy
consumption.

16. The apparatus of Claim 15 further including a pump for pumping
warmer dielectric liquid coolant from the interior volume and for pumping cooler
dielectric liquid coolant into the interior volume.

17. The apparatus of Claim 16 wherein the at least one tank includes a
coolant inlet and a coolant outlet, a pressure manifold on one side and a suction
manifold on another side, the pressure manifold being fluidly coupled to a coolant inlet
for facilitating the flow of the cooler dielectric liquid coolant into the interior volume and
the suction manifold being fluidly coupled to the coolant outlet for facilitating the flow of
the warmer dielectric liquid coolant out of the interior volume.

18. The apparatus of Claim 17 wherein the pressure manifold and the
suction manifold having a plurality of flow augmentation devices for enhancing and
directing the flow of the dielectric liquid coolant inside the interior volume.

19. A method of cooling one or more hard disk drives of one or more
computing systems, the one or more hard disk drives having heat generating electronic
and mechanical components, the method comprising:

a dielectric liquid coolant;

holding a dielectric liquid coolant in at least one tank defining an interior
volume;

mounting the one or more computing systems to a first cne or more members
positioned within the interior volume, the first one or more mounting members being
configured to allow the one or more computing systems to be at least partially
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submerged within {he dielectric liquid coolant when the dielectric liquid coolant is in the
interior volume for sufficiently cooling the one or more computing systems;

mounting the one or more hard disk drives to a second one or more mounting
members positioned within the interior volume, the second one or more mounting
members being configured to keep the one or more hard disk drives mounted thereon
above the dielectric liquid coolant when the dielectric liquid coolant is in the interior
volume, the second one or more mounting members having at least one heat
conductive extension thermally coupled with the one or more hard disk drives at one
end and immersed into the dielectric liquid coolant at another end, the at least cne heat
conductive extension for transferring at least a portion of heat generated by the heat
generating electronic and mechanical components of the one or more hard disk drives
to the dielectric liquid coolant for absorption in order to sufficiently cool the one or more
hard disk drives;

cooling the dielectric liquid coolant in the tank with a heat exchanger.

20. The method of Claim 19 further including protecting the one or more
hard disk drives with a splash guard coupled thereto against dielectric liquid coolant
splashes from circulating dielectric liquid coolant in the tank.

21. The method of Claim 19 further including thermally coupling at least
one heat sink to the at least one heat conductive extension, the at least one heat sink
being immersed at one end into the dielectric liquid coolant for coupling heat from the
hard disk drives to the dielectric liquid coolant, thereby providing further cooling to the
hard disk drive.

22. The method of Claim 19 wherein the at least one heat conductive
extension includes an electrical connector at the end immersed in the dielectric liquid
coolant, the one or more computing systems having at least one hard disk drive slot
having a mating electrical connector therein, the electrical connector being connected to
the one or more hard disk drives at one end and to the mating connector at another end
to thereby electrically connect the one or more hard disk drives to the one or more
computing systems.

23. The method of Claim 19 further including using a controller for

maintaining the dielectric liquid coolant at substantially a particular temperature.
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24, The method of Claim 19 further including a controller, the controller for
maintaining the dielectric liquid coolant at substantially a specific elevated temperature,
the specific elevated temperature being a temperature that sufficiently cools the one or
more computing systems and the one or more hard disk drives while reducing energy
consumption.

25. The method of Claim 24 further including pumping warmer dielectric
liquid coolant from the interior volume and for pumping cooler dielectric liquid coolant

into the interior volume using a pump.

26. The method of Claim 25 wherein the at least one tank includes a
coolant inlet and a coolant outlet, a pressure manifold on one side and a suction
manifold on another side, the pressure manifold being fluidly coupled to a coolant inlet
for facilitating the flow of the cooler dielectric liquid coolant into the interior volume and
the suction manifold being fluidly coupled to the coolant outlet for facilitating the flow of
the warmer dielectric liquid coolant out of the interior volume wherein the pressure
manifold and the suction manifold having a plurality of flow augmentation devices for
enhancing and directing the flow of the dielectric liquid coolant inside the interior

volume.
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