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15
FIELD OF INVENTION
[06002] This application concerns cooling of heat-generating electronics such as, for
example, rack mounted servers in data centers.
20 BACKGROUND

[0003] In 2006, data centers in the United States (1J.S.) accounted for about 1.5%
(about $4.5 billion) of the total electricity consumed in the U.S. This data center electricity
consumption is expected to double by 2011. More than one-third of data center electricity
25 consumption is for cooling servers, which could equate to more than about 1% of all U.S.
electricity consumed by 2011. Electricity, personnel, and construction costs continue to
increase and server hardware costs are decreasing, making the overall cost of cooling a large

and growing part of the total cost of operating a data center.



electricity consunmed by 2011. Electricity, personnel, and
construction costs continue to increase and server hardware costs are

decreasing, nmaking the overall cost of cooling a | arge and g{omﬁng
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2010/ 019517PCT/ US2009/ 053305 [ 0004] The term "data center” (al so
sonetine referred to as a "server farnl') |oosely refers to a physical
| ocati on housing one or "servers." In sone instances, a data center
can sinply conprise an unobtrusive corner in a small office. In other
i nstances, a data center can conprise several |arge, wharehouse-sized
bui | di ngs encl osi ng tens of thousands of 5square feet and hou5|ng

t housands BP0Her verlbe teTih Edatageniet”dalpasometigerséariadl foyas p Sferies fapry”) doosely
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networ k 1oyl efdne flaffc@neidash b baﬁpu%gyhaam&md m{moew% Son Rl &
arrays, and other devi ces commonl Yy assocl at ed data centers.
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ai r cool i ngouRidgh r&ﬁé&%&nh&%'ahé{h&gf%@ﬁ%@l QB cORpRE Bevitleh M cfiles
circuit boards having a plurality of electrically coupled ‘devi ces

nount ed t hBP&s g crilida @hejies, ﬁtseaoemtwp theisompHee 4t okoPHED ATV B ROYe d

in an gncl Q@lﬂﬁ@sp@@é’liz@lﬂco\ﬁﬁﬂﬁl& debiRts callddatwRxt 811 dadl abqulitidnl c@Mipindt0 t he
encl osure, as well as out of the enclosure after being routed through
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[ 0006] "Racks" "have been used to organize, several servers.

exanpl e, seVRBSEICrDBIRHK P IRe B RS AT H?%ﬁdsallawaﬁplmaha “Fhe rack
can be pl agiesriomiy Boupica dehadcR noeREEihercONYhE pMﬁdEdl Gt SRR Ulzicb@gmamlyi ces,
such as exanpl e, network royter har d- e arr dat a
acqui siti oﬁm@ﬁfju‘i’ gﬁ‘é‘}‘f{“‘é{ R A EMERS ﬁbﬂ%?”é”étemélraér Keteinitoinl ﬁ‘% ARREESS Wi t hi n
a rack. well as out of the enclosure after being routed through the enclosure for cooling purposes.
In many instances, one or more fans are located within the enclosure to facilitate this
airflow.
{0006} “Racks” have been used to organize several servers. For example, several
20 servers can be mounted within a rack, and the rack can be placed within a data center. Any
of various computing devices, such as, for example, nctwork routers, hard-drive arrays, data
acquisition equipment and power supplies, are commonly mounted within a rack.
[0007] Data centers housing such servers and racks of servers typically distribute air
among the servers using a centralized fan (or blower). As more fully described below, air
25 within the data center usually passes through a heat exchanger for cooling the air {e.g., an
evaporator of a vapor-compression cycle refrigeration cooling system (or “vapor-cycle”
refrigeration), or a chilled water coil) before entering a server. In some data centers, the heat
cxchanger has been mounted to the rack to provide “rack-level” cooling of air before the air
enters a server. In other data centers, the air is cooled before entering the data center.
30 [0008] In general, electronic components of higher performing servers dissipate

correspondingly more power. However, power dissipation for each of the various hardware
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[ 0007] Dat a centers housi ng such servers and racks of servers
typically distribute air anong the servers using a centralized fan
(or blomer As nore fully described below, air 25within the data

center PRYI0MLSLLs t hrough a heat exchanger for cooPFﬁ@EngmﬁﬁP

(e.qg., an evaporat or of a vapor-conpression cycle refrigeration
cooling system (or "vapor-cycle" refrigeration), or a chilled water
coil) before entering a server. In sone data centers, the heat
exchanger has been nounted to the rack to provide "rack-Ievel"
cooling of air before the air enters a server. In other data centers,
the air is cooled before entering the data center. 30[0008]In
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entering the server as froma data center housing the server. The
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vapor- I%yc refrigeration) to cool the air (e.g., to about 65 °F) within the data center for achieving a

desired performance level. By some estimates, as much as one watt can be consumed to

remove one wait of heat dissipated by an electronic component. Consequently, as energy
costs and power dissipation continue to increase, the total cost of cooling a data center has
also increased.

20 [0010] In general, spacing heat-dissipating components from each other (e.g.,
reducing heat density) makes cooling such components less difficult (and less costly when
considering, for example, the cost of cooling an individual component in a given
environment) than placing the same components placed in close relation to each other {e.g.,
increasing heat density). Consequently, data centers have also compensated for increased

25 power dissipation (corresponding to increased server performance) by increasing the spacing
between adjacent servers,

[0011] In addition, large-scale data centers have provided several cooling stages for
cooling heat dissipating components. For example, a strecam of coolant, e.g., water, can pass
over an evaporator of a vapor-compression refrigeration cycle cooling system and be cooled

30 to, for example, about 44 °F before being distributed through a data center for cooling air

within the data center,



15refrigeration) to cool the air (e.g., to about 65 F) within the
data center for achieving a desired performance |evel. By sone
estimates, _as nuch as one watt can be consuned to renbve one
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costs and power dissipation continue to increase, the total cost of
cooling a data center has al so increased. 20[0010]In general, spacing
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[0014] As the air-cooling example implies, commercially available methods of
cooling have not kept pace with increasing server and data-center performance needs, or the
corresponding growth in heat density. As a consequence, adding new servers to existing
data centers has become difficult and complex given the effort expended to facilitate
20 additional power dissipation, such as by increasing an existing data center’s air conditioning
capacity.
[0015] Various alternative approaches for cooling data centers and their servers, e.g.,
using liquid cooling systems, have met with limited success. For example, attempts to
displace heat from a microprocessor (or other heat-generating semiconductor-fabricated
25 electronic device component, collectively referred to herein as a “chip™) for remotely
cooling the chip have been expensive and cumbersome. In these systems, a heat exchanger
or other cooling device, has been placed in physical contact (or close physical relation using
a thermal-interface material) with the package containing the chip. These liquid-cooled heat
exchangers have typically defined internal flow channels for circulating a liquid internally of
30 a heat exchanger body. However, component locations within servers can vary from server

to server. Accordingly, these liquid-cooling systems have been designed for particular

4



[ 0013] According to sone estimates, sone state-of-the-art data centers
are capabl e of 10cooling only about 150 Watts-per-square-foot, as

opposed to COO|I£9 the nore than about 1,200 Watts-per-s guare-fpog
that coul d¥Pe&W*t%t om arrangi ng servers to nore ful |y PGE{USPYY033305

avail abl e volune (e.g., closely spacing servers and racks to nore
fully utilize floor-to-ceiling height and floor space) within

exi sting data centers. Such a |low cooling capacity can significantly
add to the cost of building a data center, since data centers can
cost as nuch as 15about $250 per-square-foot to construct. [0014]As
the air-cooling exanple inplies, commercially avail abl e net hods of
cool i ng hatamneBet kasis sddavadeshumable fersBirYRfarseeneueh enonordiat efseadniper

per f or MaNCgeBREESmmQkialiy N atftQr r espondi ng growth in heat density. As a
consequence, adding new servers to existing data centers has become

difficult HR&lconpl seagahHcaten ey iloiate-efkipe At eepling P (asidefned on page
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data center's air con |t|on|ng capacity. [0015] Various alternative
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exchanger po onent | ocation n server §§%n vary
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15 [0018] Control systems have been used to increase cooling rates for a plurality of
computers in response to increased computational demand. Even so, such control systems
have controlled cooling systems that dissipate heat into the data center building interior air
(which in turns needs to be cooled by air conditioning), or directly use refrigeration as a
primary mode of heat dissipation. Refrigeration as a primary mode of cooling, directly or

20 indirectly, requires significant amounts of energy.

[0019] Two-phase cooling systems have been attempted, but due fo technical
complexity, they have not resulted in cost-effective products or sufficiently low operating
costs to justify investing in two-phase-cooling capital. Still other single- and two- phase
cooling systems bring the coolant medium to an exterior of the computer, but reject heat to a

25 cooling medium (e.g., air) external to the computer and within the data center (e.g., within a
server room). Accordingly, each method of server or computer cooling currently employed
or previously attempted have been prohibitively expensive and/or insufficient to meet
increasing cooling demands of computing devices.

[0020] Indirectly, many researchers have tried to reduce the power of individual

30 components such as the power supply and CPU. Although chips capable of delivering

desirable performance levels while operating at a lower relative power have been offered by
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conmponent | ayouts and have been unable to achi eve | arge-enough
econom es of scale to becone comercially viable. [0016] Research

i ndi cat es a i th state-of-the-art cooling, PUEs (as j on. .
page 10 hé&&?hﬁﬁ%@?ﬁ of 1.4 mght be attai nabl e by 201fg%&%&§gg$NPhe
costs to capitalize such 5cooling were not nentioned, and indicators
suggest that saving electricity requires expensive equi pnent.

[ 0017] I mrersi on cooling of electronic conponents has been attenpted
in high- performance (e.g., conputer gam ng) applications, but has
not enjoyed wi despread comercial success. Previous attenpts at

i mmer si on cooling has subnerged sonme, and in 10sone instances al
conponent s°l ?R)’EP?R”%H“‘E‘BS é“CEirC}lﬁﬁf Baye.dp AatPpen SRS Ve Cpseue i c3ortRg | ui d

using a heggpedaticald daeIRad ©ELBNEI RS b Bork 6f CRBE Bl dD of D trldityl e hsuriich, a
syst ens have been exp enS|v§ and offer d by a limted nunber of

suppl i ers. lojgg copitabipypsinentang op ateayedn e e Spref er to use
“commodi ti gmli ser \m&@foam dacic@saﬂtsm med fof &l affcawct&ﬁdamhlﬁgb@&omédmng
|Iﬁlteg gb of _sup rs. 0018 Cont r ol ave been used
to i ncreas®EBHYS fﬂff"P CFTB‘FC% edrad f a%ifo‘é" &" TMOHFEERSHse to
i ncreased conput ati onal denand Even so, such control systens have
controll ed cooling systens that dissipate heat into the data center
building interior air (whi ChSUNMARVOMBESAENTI®ONE cool ed by air
conditioning), or directly use refrigeration as a primary node of
heat diossi paeijon. Imfcﬂjg,glaﬁﬁésbﬁmm&ﬁﬁ@ pRdvidER By e NP eratas, sm{qi g methods
directly o glnd rec reguires zi%nlflcant anount s ..of ener g
%’ﬁ g b

0015 Too- R ALEREBTS i e e o B+ ke SET BRI Bl oplpg
techni cal oohp, Gxickampld, eypehdeney pEtableassitrbd @dmemeddns tiektdie Uiui¥ eolant
products or suff|0|ently | ow operating costs to justify investing in
t wo- phase- lﬁg capital. Still other single- and two- phase cooling
systens br [mg3]t he cihokwrem medincindetanlcadn ommdeﬁningﬁn mtmdommrqmtaed but
reject heafla tm(?v aac}gg}gn ?lqetlftgq?c%%g}{cua{gi&& 1% Tiqui gifnﬁ Wltﬁ{nr}ﬁe mtenor voﬁame and
cmmMeran ata center (e g
having a coolant outlet for allowing the dielectric hquld coolant to ﬂow from the interior
volume, the coolant inlet and the coolant outlet being fluidly coupled to each other; one or
more mounting members positioned within the interior volume and configured to mountably
receive a plurality of independently operablc servers; a dielectric liquid cootant; a heat
20 exchanger fluidly coupled to the coolant outlet of the at least one tank, the heat exchanger
being distally located from the tank; a pump fluidly coupled to the heat exchanger and the
interior volume of the at least one tank, the pump being configured for pumping the liquid
coolant through a fluid circuit comprising a first circuit portion extending from the coolant
inlet of the tank to each server, a second circuit portion extending from each respective
25 server to the coolant outlet, a third circuit portion extending from the coolant outlet to the
heat exchanger, and a fourth portion extending from the heat exchanger to the coolant inlet;
a controller for monitoring the temperature of the dielectric liquid coolant at at least one
location within the fluid circuit and for adjusting the flow of the dielectric liquid coolant
through the fluid circuit in order that the dielectric liquid coolant is maintained at an elevated
30  temperature as it exits the second circuit portion of the fluid circuit; wherein the at least one

tank is configured for containing the dielectric liquid coolant within the interior volume such

that, when the plurality of servers are mountably received therein, each server is submerged
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server roon). Accordingly, each nethod of server or conputer cooling
currently enployed or previously attenpted have been prohibitively

expensi ve ufficient to neet increasing cooli f
comput i ng ‘%@\%@’é}g 517[SOOZO] Indirectly, many researchers Eg?}gj‘g?@l&g%s@o

reduce the power of individual 30conponents such as the power supply
and CPU. Al though chi ps capabl e of delivering desirable performance

| evel s while operating at a |lower rel ative power have been offered by
5 <chip manufacturers, such chips have, to date, been expensive.
Consequent |y, cooling approaches to date have resulted in one or nore
of a high I ve
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servers i n:mlmﬁi;urad teamdmﬂdb@cﬁecem alphqa[ttﬁoﬁmdﬂpamibnﬂymparalblas\d:ver{\@ﬂﬁ:&]ha'he

system nay, | ude at .| teri | umre and
15havi ng amce(l) 18 \o(f] e a dig & ]: 11q1%1§ 8%;?2111%( cncela ing m gé-%{t i[f_hilg 01|1 cult(%hr Yo il toe1 ant

withint heplumtlgro[f em'vemh savendanceohbng qmgerahm@ mbhl@lﬁuﬁ@ﬂim‘ﬁng malqécmwi ng
the diel ecfhgllfl gml (f%]ﬁgm 9 %e@glltda%%?%lmg\év ‘t; hﬁea't EBI% eQ co 1111% d{lﬂ}? A the
cool ant inle Pert iR ? each
ot her; I%necwplenbp@edrmdmt fhagt leamndme tasik ;fo&h@mﬂue@uvmtgmemd deeqtit @planr
vol ure andfrgxg '?eri p%H{oﬁgf ﬁlQ ﬁFEPH&l& @xpéu}{t exiting the plurality of servers within the tank to the
cooling fluid in the second fluid circuit for rejecting heat from such heated dielectric
coolant; a controller for monitoring the temperature of the dielectric liquid coolant at at least
one location within the first fluid circuit and for adjusting the flow of the cooling fluid
15 through the second fluid circuit in order that the heated dielectric liquid coolant exiting the
plurality of servers is maintained approximately at an elevated temperature wherein the
elevated temperature is a temperature significantly higher than the typical comfortable room
temperature for humans and lower than the maximum permissible temperature of the most
sensitive heat generating electronic component in the plurality of servers; wherein the at
20 least one tank is configured for containing the dielectric liquid coolant within the interior
volume such that, when the plurality of servers are mountably reccived therein, at least a
substantial portion of each server is submerged within the dielectric liquid coolant for
sufficiently cooling each respective server when the tank is sufficiently full of the liquid
coolant maintaining the liquid coolant [exiting] the plurality of servers at approximately the
25 elevated temperature to reduce the amount of energy consumed to sufficiently cool each
respective server.
[0025] Alternatively, the cooling system may include at least one tank defining an
open interior volume; one or more mounting members positioned within the open interior
volume and configured to mountably receive a plurality of independently operable servers
30 within the interior volume; a dielectric liquid coolant circulating in a first fluid circuit

through the plurality of servers; a secondary cooling system having a cooling fluid flowing

7



receive a plurality of independently operable servers; a dielectric
liquid coolant; a heat 20 exchanger fluidly coupled to the cool ant
outl et of east one tank, the heat exchanger bei I

| ocat ed fpgﬁgg@@ﬂ%gﬁk; a punp fluidly coupled to the hgg?nggﬁﬁgﬁgér
and the interior volume of the at |east one tank, the punp being
configured for punping the liquid coolant through a fluid circuit
conprising a first circuit portion extending fromthe cool ant inlet
of the tank to each server, a second circuit portion extending from
each respective 25server to the coolant outlet, a third circuit
portion extending.fraomthe coolant outlet.to the heat excha r., and
B ourc n pBRCHHY AR S RPN P Hesro s St sReE ool TRger i

i nlet; a ctatedihg nidf oroupterbdacxivwidyint theat leaspes atkfe tofmillyeothlmkbect ri c

i quid coo] ant at | east one |lacation.within the flujid circui.t and
for-ndj o 1a0a dRlecPh hFEY oRI% noRRel PR % R Pt BEstubbe pRiAEHE o
fluid circsentersiwithdr tletank toahe dobBngdihid Bctiorseeontl iflgidicttcidiafor mjettingsome of

mai nt ai.ned,.a el eyat ed temperature.as it exits the secaond

o eu e ol Bl s Fidegir Aol AIRELAL HlfuBer e fiidehe RREARSor

i s conf i guthedicieciric tiguid edolnhg at last ohiedba@ g withid the irstlfldid olr@ittangviot hi n t he
interior vgl t 1 ality~of Y

ount an y SR BUER, BEAL codthE Ry U0 Bh WIS s BERMP LR S e

di el ect ri chdajeddicttcciotifian codiat exgurfeftheplentity pf coslsiingaieauhd mpspectdly e
server whi i L.0j it ) 1.aul ( o e

ot evat ed t SanERLAALRLAHE DR dd AaERRBEAIUL KubaAMeRicnld)

suf f i clilent higha doh thederhcabfomipreabisl rogra kempyrawfe foepmnsand lower than the

[0024] A teﬁl%hh?ﬁ%'@}ﬁﬁssﬁdﬂ@&ﬁﬁ&%iu&%gﬁ%?ogt%ﬁsﬂﬁrla HAE Serdaib SO oAPE T ank

defining an open Sinterior v ne or nore fountihg nenbers
posi t i onedewmohdnh intheplopbity of servers; whergin| thmat leasicbne Bk is gerrfegred dor

mount abl y Ecﬁ:@a%iil‘{gezhé‘digﬂe#ﬁ@ii&ﬁ&’ ogfanﬁ. xﬁiﬁﬁpﬁgqﬁ‘%‘%ﬂﬁat \I)/oéﬂl?@srulélp!hﬁt, ‘%E&ME{ S

w thin the interior volung, a lelectric cool ant circul ating
in a firstpirajiyefedryastdre mpwrtahligiscaited tsraify, achsgvefis smgrgpdswitian the

secondary gkt Gqy Bl HAMIISnAy EQBhE BGh FdspticHyel LW A nlaBrtAhisBcoNd
fluid circuit wherein the secondary cooling systemrejects heat from

the cool i nBAWH{ grolnt exitipg dhsuppirality pigeteis @t APtoRin i n@e glevated dappegiee Pank
for t her majdiyceGRURduRthf BRAEAdndinRl @FubficlenfrP@loRElch FesRBFIREGvROT i on of

the first fluid circuit exiting the plurality of servers within the
tank to t h&0%8%ol i nglhefigiuge oAy hgack apsrrersiaides dilgeiont trbfefmpeat prdg
heat from gieir NBBhEMINbAhELEJolat IBRObARESIVIRY £ABEHAE liflid doefant VML QE | N
the tenperature of the dielectric liqujd coolant at at ast one

( I
| ocat i Oh wPRSHiiHe % golpme ajd laying g ceqlant pitlet fopjlopas thggoglens fﬂgw Femiiow of

t he cool i ngpdulintbbr volume, the coolant inlet and the coolant outlet being fluidly coupled to cach
other; and one or more mounting members positioned within the interior volume and
configured to mountably receive a plurality of servers in a vertical orientation within the
interior volume for minimizing the footprint of the server relative to the ground and with the

25 front of the server facing upward for easy installation and removal of each of the plurality of
servers without removing or disturbing any other server; wherein the at least one tank is
configured for containing a dielectric liquid coolant within the interior volume such that,
when a plurality of servers are mountably received therein, cach server being mountably
received is submerged within the dielectric liquid coolant for sufficiently cooling each

30 respective server when the tank is sufficiently full of the liquid coolant.



15t hrough the second fluid circuit in order that the heated
dielectric liquid coolant exiting the plurality of servers is

mai nt ai nedwﬁ%’fefbifé Jmtely at an el evated tenperature vm%rc%dg @%33 s

el evated tenperature is a tenperature significantly hlghe % ?%
typi cal confortable roomtenperature for humans and | ower than the
maxi mum perm ssi bl e tenperature of the nost sensitive heat generating
el ectronic conponent in the plurality of servers; wherein the at

20l east one tank is configured for containing the dielectric liquid
coolant within the interior volunme such that, when the plurality of

servers arﬁ) unt ab ewkeQ%'V d thrg o 2k qggé @, subst. 9 i al -
portion of Bach servef e & Y RO Hrst et e fpfaly focyed e

cool ant foﬂmsmﬁéhmmenmhymdm@bmmgmﬁh&hmaeﬁpeghkMémgeﬁmsmeMQhdahamgank
is suffici t he quid
cool ant [eig(l %eﬁ%r]voi%meqbr clﬁ)ntallnmtb% dle?ecg‘léﬁi\(}gl goo nt cg(?ng)(e{ él}oynt{

25el evat edmt:mhqmpcattmnc&i withinr mdumae:ot Yrduradnand mbnfrgﬁ:céneng;mamyrrsmmed to

suffi ci ent | N a?g/ of i 111 epen engz tl)ilevs%wsl%.r Wl s,[ew%]kzoalglal n;[ (ﬁﬁaug a pgm%i}/y oit

coollng sygt rnc edst ‘one

interior vmkiepmdemby\epewblersmwm b erainicad dﬂwiphlrsmp@fsmtver@menbumablhl n the
open inter ured to nmo bl ve.a plurality
of in depenlcfgﬁﬁd%vgﬁmong quéglggo\l}gtﬁng %bsltsr%u %Ql% ?céac?{nf tzl?ie ectl\,(')e sgrr‘.rf%i;s 1sa

di el ect ri csubmgugedingoolartof dielecwit dquid goolant far fhisobing hbagifrdmehehoesptetive

through t hg ngf We%ﬁr&r%y gff servers. Phedee l%glgglﬂ@%%nﬁﬁlg V\'/lnlggt &%%@lﬁ)ﬁnr Iﬁg,VI ng a

cooling flu in a secon I"ui
seconddry theutallpgouwling beheatiddetestricdineid gqﬁolftmhbeateéam the heutretchargedal i ng

fluid;, a %;be &u&&g%&%%ﬁéﬂg bsd?ﬁefdaog %ﬁﬁéctrfa@ﬁmh%%?&g{qgte @;agple' y

coupllng he el ectric coo ant tron o
fluid circoiualigngf servegs. tThe hest a}rcahngwm@fbes*e&omene@wwhamcmadatwoplmlsymnt he

cool ing 11 Yhelelily RERRNGI] ool b ofBlind Bl BELLATARME AN Bt he

heat from suc ielectric coolant; a contro noni toring
t he tenper Bedirhest cxchanseli éillemetivedy, thpq@npéﬁr agblienthcatexghrngeelpsatedone

| ocatign Mnrtéﬁlﬁamtottﬁhetaﬁl«! Jnatthehmyc&oajlé&euk d@é&qni‘cqmma%dféﬁ L& dw% flow of

the cooling fluid through the second circulrt 1n or hat the
heat ed di ebﬁ‘é‘@ﬂfﬂﬂé dwcamaw Bod Pyt “éﬂéldtbﬁqfigd wbn&pﬂlm! al ﬂw@c%necg@r%@n is

mai nt ai ned3RREAK IRREE M @{Ehaager%@ﬁaatmmﬁ@ ﬁﬂa%@ﬁéd{ &CMQ& ShBrefnfe
el evated te erature|s a _tenperature Slf? ficant
dielectric liquid coolant differs from the cooling fluid wherein the d1sta11y Tocated heat

exchanger is thermally coupled to the cooling fluid flowing in the secondary fluid circuit

20 such that the distally located heat exchanger rejects heat from the cooling fluid which the
cooling fluid has absorbed from the heated diclectric liquid coolant at the coupler.
[0028] A method of cooling a plurality of independently operable servers includes
flowing a dielectric liquid coolant in a fluid circuit through the plurality of servers immersed
within the dielectric liquid coolant for absorbing at least a portion of any heat being

25 dissipated by each of the respective servers; monitoring the temperature of the liquid coolant
at at least one location within the fluid circuit; determining the optimum elevated
temperature of the heated dielectric liquid coolant as it exits the plurality of servers such that
the liquid ceolant sufficiently cools the plurality of servers while reducing the amount of
energy consumed to sufficiently cool each respective server, wherein the elevated

30 temperature is a temperature significantly higher than the typical comfortable room
temperature for humans and lower than the maximum permissible temperature of the most
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10hi gher than the typical confortable roomtenperature for humans and
| ower than the maxi mum perm ssi bl e tenperature of the nost sensitive
heat genergat.i ectronic conponent in the plurality qof Siinc
wher ei n tﬁgbépgﬂg%g one tank is configured for contaigFﬂgﬁ%%§k°xma
dielectric liquid coolant within the interior volunme such that, when
the plurality of servers are nountably received therein, each server
is subnmerged within the 15dielectric liquid coolant for sufficiently
cool ing each respective server and maintaining the Iiquid cool ant
exiting the plurality of servers at approximately the el evated
tenperature to reduce the anmount of ener onsunmed to sufficiently
Cool each Fas P ERE G s PR s Bp A R b Cargr il

appar at us daehidesbyat coh@skt the atoinbofeneted hardaiio adecOPe Bbsodk€hdadfor VOl une
and having _a.cool ant inlet for receivin ielectric liqujd ol ant
o it naeSuER s Btk Sin S e et e P e BE Sl ol heseed gt

al | owi ng t hleratigalf agricrt © afhkowdhagier diktellydparcdiffthehd @fik; vod tdfetingtahRast a
cool ant_ i nl et. and t.he cool ant oytlet bheing fluidly coupled to each
orher Sanarglie BT iRtrRey o5 HabisestEiep Sutemoatat b Pk defgninction

i nterior vof theremantdofeconrty gredeido teechihe idaadilsyrbedtgaha/delactid liuid dobMntof
servers in.a vertical orientation wthin.the interior _.vol f or

i m i ng PRERseRRey AP SR e Befbd e uicdfin R i shgidtiy and

wi t h t he 2&djnsting thohmbihge oSlentvejectédbiongh thphvar ekchageraadythdt Mstdédidcaici on
and renoval. Juhe.plurality of servers wthout .renmving or
G st ur bi g SR gL Bt bl 8 B AR Tl g 0

conf i giir edthe phirdignéfacmernghde diweinggleranmuht of eneteycoadnand topufiivientl ¢tvel

interior V%EHQE(QH&ﬂmh@Pt’ when a plurality of servers are nountably
received t EFEI%, each server being nountably received is subnerged

within the dielectric liquid coolant for sufficiently cooling each
30respective server when the tank is sufficiently full of the liquid
cool ant. WO 2010/ 01951 7BIIFFUISRHORIPISQEAN TUBIMAWINGSer room fluidly

connecltied to a first heat exchanger distally located from
[0029] For a more complete understanding of the present invention(s), and the

advantages thereof, reference is now made to the following descriptions taken in conjunction
with the accompanying drawings, in which:
[0030] FIG. 1A illustratcs one embodiment of an ¢xemplary system for efficiently
20 cooling a plurality of independently operable servers;
[0031] FIG. 1B illustrates an alternative embodiment of an exemplary system for
efficiently cooling a plurality of independently operable servers;
[0032] FIG. 2 illustrates the system of FIG. IA in more detail;
[0033] FIG. 3 illustrates a perspective view of an exemplary immersion-cooled rack

25 having a plurality of independently operable servers mounted therein.

[0034)] FIG. 4 illustrates a top plan view of the immersion-cooled rack shown in FIG.
3.
[0035] FIG. 5 illustrates an end elevation view of the immersion-cooled rack shown
in FIG. 3.

30 [0036] FIG. 6 illustrates a side elevation view of the immersion-cooled rack shown in
FI1G. 3.
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the server room contains the apparatus descri bed above, including at

| east one tank defining an interior volune for containing a

di el ectri cwoigibldysgpol ant and one or nore nounting nenefisuPRshiened
within the interior volune and configured to nountably receive a
S5plurality of independently operable servers. The server room al so
contains a plurality of independently operable servers wherein each

of the plurality of servers is nountably received by the one or nore
nmount i ng nenbers such that each of the respective servers is
subnerged in a volunme of dielectric quuid cool ant for absorbing heat
from each [(ﬁ@ﬂem i W@Goﬁmu&fateg Qﬁaelﬁl 0%1%%\»0& a gl‘fe\lﬁf G 1%‘?31 Elo¥fe] room
further contai'ns at | east one cou ermal Iy coupling the
heat ed di efakh#ving o flygelity otiadpanient e@@lé’eleﬁ@vqfhlestﬁéétthemchanger for

rej ecting gjpsgeast ﬁ@@ﬂl@tra&@%&ﬁ%@aﬁz &Qﬁ&ﬁl&%ﬁn@%m&% 164 1%&?%& Ynl*lt}qu' d
cool ant fron1each of the plurality of servers %eat exchanger

be associafed with a secondary cooling system The coupler may

i ncludes a fdousd Colmd}esf illfi@fateh Lu%}ﬂleYeVEt%mW aﬂct?ﬁer gl’te‘?llla‘ﬁ% fn{n(r\e1+6nqu' d
coolant to the first heat exchanger. Alternatively, coupl er

i ncl udes actdasrackhptiahgplprligoaindependniy encrabie seryem n@umtahqhelalnd

thermal |y goupl ed tmct iEnsusekest i Qle{fdugh'bi@w%@?ét@ffﬁthepgl%?ﬁme}nfepﬁ? -

servers and a secondary fluid circuit a second cool i ng
fluid conndsirlpatikerurhy ofindensndapty eresblsderveramoanteditisigar and t he

i nternal | yrdoagat ed hieat igxehanosssphint ¢t of Bige-84- ﬁh@i%ﬁe'rs‘?on'—dogiéh theks
cool ant dlLfers fromthe cooling P | uid wherein the dlstaII¥ ocat ed
kit

heat eXchan@ydte ariurglie Pﬂﬁ‘i‘qp?]d@'btb’[ﬂpé’éb]? gerysremewndthigein pith dherieeiiFahg i n

t he seconda&m@ﬁbmudﬂﬁ@&cgggma@such that the distally | ocated heat
exchanger Bﬁj cts ét fromthe cooling fluid which the cooling fluid
has absor bed*lr om t H%b@@ﬂ“ﬁ?éﬁé&???8“?Y%ﬁﬂﬁff&ﬁﬁﬁﬁﬁwnﬁﬁm$ﬁeanbe

coupler. [ M]lﬁt Bt fasktOtd AR dxB@pRryRmtiealohic¥oled schrEApaIdaRtL ¥
operable s SFQﬁV Bﬁydes flowng a dielectric liquid coolant in a

fluid C|rc the plurality of servers imersed within the
di el ectsri c{dounzjui d ool Emtis HoMluaRsar dFiangrdaltivé easd coavda@dal ABk-Rbuddbye

heat bei ng 25di ted by e he re ectiye servers; nonitoring
the tenper & U 8f5% Al "élﬁli“@'pé‘b‘gﬁﬁ‘it%‘f““'ﬁtw ingegy lf[%ﬂé‘ | ocation within

the fluid god4uit; Pd@tBrlmn’m}d@letzhﬁn@pbvldﬂﬂmnﬁhlel‘%ﬁhedolé(ﬂ&ﬁzefﬁ&@lbﬁ}?l@f

t he heated _|electr|c liquid coolant as it exits the plurality of
servers such that the liquid coolant sufficiently cools the plurality
of servers[0#ht]l e rgdGcidngatolier axteisnitionfvieondtigymeenuneeed @rver racks of

SUffi cjeent k¥, 9 QowRGHe AP BSHE il QSfaeT> Wherein the el evated
[0046] FIG. 15 is a schematic illustration of a system for cooling a plurality of
immersion-cooled server racks of the type shown in, for example, FIG. 3 and installed in a
Server room.

[0047] FIG. 16 illustrates an exemplary method of cooling one or more independently
25 operable servers immersed in a tank of liquid coolant employing the systems of FIG. 1A or

1B;

[0048] FIG. 17A illustrates the physical steps in the method of cooling one or more

independently operable servers immersed in a tank of liquid coolant cmploying the systecm

of FIG. 1A; and
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30tenperature is a tenperature significantly higher than the typica
confortable roomtenperature for humans and | ower than the maxi num
per m ssi bl wotempasAature of the nost sensitive heat gengiaidi®s3zos
el ectronic conponent in the plurality of servers; periodically
determ ning by a controller the amount of energy needed to reject the
absorbed heat for cooling the plurality of servers; thermally
coupling the dielectric liquid coolant heated by the plurality of
servers to a heat exchanger distally located fromthe tank; and
rejecting at |east a 5portion of the heat absorbed by the liquid

cool ant. | poagsPONSEGt PrE fGuRRE fhe%ﬁpu@&fc&ﬁmleaofageagteg{mh{e%e%{s'a%@t of
ener gy needed to reject the heat absorbed ectric liquid
cool ant f r 69RINA BN FpEy igdgppndgniyspe bl payers Wr%tiwmlqumﬁ sevldnhc| ude
t he step Oémﬁ@%hgﬁbg@khMﬁ@@GU§glng t he ambunt of heat rejected

t hrough the heat exchanger such that the dielectric |iquid cool ant
exiting the plurality of servers at the elevated tenperature
sufficiently cools 10the plurality of servers while reducing the
anount of energy consunmed to sufficiently cool each respective
server. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 [0029] For a nore

conpl ete understandi ng of the present invention(s), and the

advant ages thereof, reference is now made to the foll ow ng
descriptions taken in conjunction with the acconpanying draw ngs, in
which: [0030]FIG 1A illustrates one enbodi rent of an exenplary
systemfor efficiently 20cooling a plurality of independently
operabl e servers; [0031]FIG 1B illustrates an alternative enbodi nent
of an exenpl ary system for
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efficiently cooling a plurality of independently operable servers;
[0032]FIG 2 illustrates the systemof FIG IA in nore detail;

[ 0033] FI GWO 2010loas1T at es a perspective view of an exenpKarg2009/0653305

i mrer si on-cool ed rack 25having a plurality of independently operable
servers nmounted therein. [0034]FIG 4 illustrates a top plan view of
t he i mersion-cool ed rack shown in FIG 3. [0035]FIG 5 illustrates
an end el evation view of the inmrersion-cooled rack shown in FIG 3.
30[0036]FIG 6 illustrates a side elevation view of the

i mrer si on-cool ed rack shown in FIG 3. WO

2010/ 019517PCT/ US2009/ 053305 HEXQQTED BESGRIPTIOSNt r at es an end

el evation view of an alternative i mersion-cool ed rack having a

plurality f5' ndepend 0]tl LORer tgl e servers i nséalﬁh&% trhﬁtrlcei lr)l
[0038] F1 G LRSI Gt Parae e B amuiten oo R PREFSr GRSl ed rack
shown i n Féd8lingcomputing devices having heat-generating electronic components, such as, for
5 example, independently operable servers at least partially immersed in a dielectric liquid

coolant in a tank. The principles of the invention(s) embodied therein and their advantages

are best understood by referring to FIGS. 1-17,

[0051] As used herein, the term “server” generally refers to a computing device

connected to a computing nctwork and running software configured to receive requests (c.g.,

10 a request to access or to store a file, a request to provide computing resources, a request to
connect to another client) from client computing devices, includes PDAs and cellular
phones, also connected to the computing network. Such servers may also include specialized
computing devices called blade servers, network routers, data acquisition equipment,
movable disc drive arrays, and other devices commonly associated with data centers.

15 [0052] As used herein, “independently operable” means capable of usefully
functioning without regard to an operational status of an adjacent component. As used
herein, an “independently operable server” means a server that is capable of usefully
functioning (c.g., powered or unpowered, connected to a network or disconncected from the
network, installed in a rack or removed from a rack, and generally used for the purposes for

20 which servers are generally used) without regard to an operational status of an adjacent
server (e.g., powered or unpowered, connected to the network or disconnected from the
network, installed in the rack or removed from the rack, and whether usable for the purposes
for which servers are generally used). Operation of independently operable servers can be
influenced (e.g., heated) by one or more adjacent servers, but as used herein, an

25 independently operable server generally functions regardless of whether an adjacent server
operates or is operable.

[0053] As used herein, the term “liquid coolant™ may be any sufficiently non-
conductive liquid such that electrical components (e.g., a motherboard, a memory board, and
other electrical and/or electronic components designed for use in air) continue to reliably

30 function while submerged without significant modification. A suitable liquid coolant is a

dielectric liquid coolant, including without limitation vegetable oil, mineral oil (otherwise
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5[0039]FIG 9 illustrates an end el evation view of anot her
alternative inmrersion- cooled rack having a plurality of

I ndependenwbyonpessabl e servers nounted therein. [0040] Flc@&usiérornsizos
illustrates an end el evation view of yet another alternative

I mrer si on- cool ed rack having a plurality of independently operable
servers nounted therein. [0041]FIG 11 illustrates a perspective view
of side-by-side i mersion-cool ed racks 10having a plurality of

i ndependent |y operabl e servers nounted therein with the electrical
connections to the servers shown. [0042]FIG 12A is perspective view

of one ver gid¥h a@ira@fc@ﬁ&‘é@lﬁ‘tol Al quiddeKaliirtsaRilae e Ry & o k- My be
installed in the exenpl a I mrer si on-cool ed server racks depicted in

FIGS. 3 thPBB@?P*%fOII~?51°@Gw§]‘*ﬁ‘ 1dielegtig sirengtiybejtr|thpg oF Berly s omparabla ey
drive of the conventi onal rack mount abl e server of FIGI2A with a
l'iquid-proof enclosure to be inserted around it; [0044]FlG 13.is an
end el evat Fogﬁ‘%w ew ”éff“sf"’}‘h?"fi”’rm%‘r“gl BFRE HEICEHIIQ ¢ @rgas apdcsogline Biig 11;

[ 0045] Bl G. mishsiagaddi it ie to @ yplcemalst Oy udaewje@a‘mtdaeodhw@bs@@ £ogked
server racks .of 20FI G. 11 sh F?ﬁ t he ro of. the UId cool ant ;

[ 0046] FI G %%maaé'qaldsceﬂmw jef PLLOF PRV ERP a?oha%: é‘y@% é‘H‘\ FYPIEIBIY WYy a

plurality bfa dielectric or non-dielectric liquid or gas, such as, for example, a conventional air

conditioning refrigerant.
[0055] PUE means “power usage effectiveness”, which is a ratio of the total power

10 used by a data center divided by the power used by the server, and is a measure of energy
efficiency.
[0056] COP means the “coefficient of performance™, a ratio of heat removed to work
used. For instance, a COP of 10 would mean that 10 Watts of heat are removed using 1
Watt of work.

15 [0057] VCC means “vapor compression cycle”, the thermal process most commonly
used for air conditioning.
[0058] Poor overall efficiency of heretofore commercially available cooling
technologies contributes to overall costs of cooling servers used by data centers. As
disclosed herein, applicants have discovered that the irreversibilities contributing to this poor

20 overall efficiency can be reduced, reducing the overall cost of cooling servers (as well as the
corresponding cost of operating data centers),
[0059] As between two bodies (or fluids) at different temperatures, heat flows from
the higher-temperature body to the lower-temperature body. For a given amount of
transferred heat, such heat transfer is less irreversible (e.g., the associated energy retains

25 more “usefulness,” or is of a “higher quality™) when both temperatures are higher as
compared to a heat transfer process occurring at lower temperatures. Methods, systems, and
apparatus are disclosed for efficiently cooling heat-generating electronic components, as by
transferring heat from the components at a first temperaturc (e.g., about 158 °F in some
instances) to a liquid coolant at a “high” temperature (e.g., a dielectric liquid coolant such as,

30 for example, mineral oil at a temperature of, for example, about 105 °F). Such heat transfer
from the heat-generating components at the first temperature to a coolant at a “high”
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I mmer si on-cool ed server racks of the type shown in, for exanple, FIG
3 and installed in a server room [0047]FIG 16 illustrates an

exenpl ary wetzhme1ei7 cool i ng one or nore independentl|y ZSogscablsssos
servers imersed in a tank of |iquid coolant enploying the systens of
FIG |Aor 1B; [0048]FIG 17A illustrates the physical steps in the
met hod of cooling one or nore independently operable servers i mrersed
in a tank of liquid coolant enploying the systemof FIG 1A, and WO
2010/ 019517PCT/ US2009/ 053305 [0049]FIG 17B illustrates the conputer
controll er-based steps in the nethod of cooling one or nore

i ndependentempei@pes Abbelesarwetsild MNEEaedming R shiidduatity bf 1G6d fbre@e! ant

enpl oyi ng the sgsteglgf FI G %@. Dﬁﬁé&%EQ_QESCRIPTHCN§£OO5? The
fol | owi ng BRERROPFIEY the disst fempgreturelo acapfant atg, Ao P HeRRIvF 678 ¥ 3 &i ent | v
cool i ng compiptiatage defei e@splbasicAY beat - generating el ectronic
AR T N N
The prisnci plegsodofantih@rircipiat im@oiche srhadifRibnth@lcetlihgareirdnitei r
advant ages C(?rrrlpeongl ss, EiS cl‘.lag %g zripspﬁieo 193 f%}lexra;%];)g,r iglciieggndtenoﬂy':olpg%ble ':s‘Lén}e?rS of the type
commonly used in a data center. Such improved cooling efficiency can reduce the overall
cost of operating a data center by reducing electricity consumed for cooling purposes.
[0061] In some disclosed embodiments, the reduced temperature differences
10 (resulting in lower irreversibility) allows for heat to be recaptured. In other embodiments,
the reduced temperature differences reduces (or altogether removes) the need for
refrigeration. In all of the disclosed embodiments, the corresponding cooling cycle
efficiency of the cooling system increases as compared to conventional, commercially
availablc cooling cycles.
15
OVERVIEW
[0062] FIG. 1A and FIG. 1B depict alternative exemplary systems 100 and 200,
respectively, for cooling one or more independently operable servers containing heat-
generating electronic components, such as can be arranged in one or more server racks, for
20 example, in a data center. Some disclosed systems and methods reduce the temperature
difference between heat generating (or dissipating) components and a cooling medium (also
referred to herein as “coolant” or “liquid coolant™) used to cool the components by
maintaining a coolant temperature {e.g., an average bulk fluid temperature) at an acceptably
elevated temperature compared to conventional cooling technologies. Such an elevated
25 coolant temperature can reduce the power consumed for cooling purposes (e.g., heat can be
more readily rejected from a “high-temperature” coolant to the environment than from a
“low-temperature” coolant).
[0063] FIG IA illustrates one embodiment of cooling system 100 for cooling a rack
of independently operable servers.  The system 100 includes a tub or tank 110 containing a

30 dielectric liquid coolant into which a plurality of servers 120 may be immersed. Mounting

members or rails to be described hereinafter are positioned within the interior volume of the
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[ 0051] As used herein, the term"server" generally refers to a
conputing device connected to a conputing network and running

sof tware cepfagmed?’to recei ve requests (e.g., 10a requeItUust@moasBGEss
or to store a file, a request to provide conputing resources, a
request to connect to another client) fromclient conputing devices,

i ncl udes PDAs and cel |l ul ar phones, al so connected to the conputing
networ k. Such servers may al so include specialized conputing devices
call ed bl ade servers, network routers, data acquisition equi pnent,
novabl e di sc drive arrays, and other devices comopnly associated with
dat a cent efsk 11(bnd@k2bASuktd @lreb@verind mouhtHtGPE AR bt deieRPN Y &M Bk dFeans

cthtus of saniisclifech Al ke e Far B NS Gheocr R dBeh R |
oper abl e sedruey hounednstha reRr Xeleast Dgdrtidrsofeapabie IQg isusiahdaéddyvithin kthe
functionin owcr.ed onnected to a network or

di sconnect ﬁ&ﬁFgHQFﬁ%mﬁ@{&b?ﬁﬁm?lEF%WP gmfﬁxﬁm?HE?WSWMPE e 1P Bm a
rack, and gefhdeadlylfyl (hf?d&;dquuﬁlfcoblhl& PreFPOBE Sach OF tllaﬁﬂﬁﬁﬂlsifdiluﬁeﬁ%éﬂﬁﬁén are
generally used) W thout n operational status of an

adj acent sé& %dfgﬂﬁwreﬂ Wéﬁ”@ﬁmﬁﬁﬂ8§gfﬁﬂm’connected to the network
or di sconngot4d frommnmmdn@ﬂMmmkmdMﬂﬂmahkeﬂ1ﬂnnuhemwa0kkafmaemnmgd
ar e gener abT < abe B RO P Ry P G S e ERyET s Can
be i nfl uencedant &ragh suitelzlt pigihgbyliene a)'emmely@r E}CECHtedSEit\em‘lﬁngeb o as
used hey el Qs’s?m%}\?_ldz \%H} adleegte 1nde§]<}n|o v %Bg ! a?f)?oareatug ?g efrhe {gﬁy liliea %%féalﬁgcfilé(? ns

regardless 0 j acent server perate
[ 0053] As u mtshlmientrfront them'cmmg liéateqlluquid codira aid’ ﬂufmﬁy cdmpieaﬂny cooled liquid

suff|0|ent n umd S t ele tr nent s
(e.g. . l:c%’oharﬁ(f)g‘rougﬁ) ge!l’{ff:lli h ghne % (5) apn%? HS %aack ufﬂ the ta Q ( C a?lTEg /aor
el ect ronl cp@bmp@fnlmitcslddieslmgmemplﬁma ﬂlsécmcrmtahlm)ghctl@me]ivmaéz(lm tlneethnkabl y

30f uncti on 1 Yﬁ‘rﬁﬁcﬁbbﬁ'é%{ (gc%ﬁidngé Q&%ld cgmt% hﬁ%ﬂft lﬂpﬁi‘m T tlEJcé%Qq fna‘n the

suitable Iiqu oof ant |é ectric quid coo
wi t hout5 | i héatedtliuwid codge thabigh theihkat emhm@ealﬂloondy tifemtbh evlestizay used by

alternative heat rejection or cooling apparatus 150 to be described hereinafter to dissipate,
recover, or beneficially use the rejected heat depending on the different environmental
conditions and/or server operating conditions to which the system is subject.
[0065] The system 100 includes a computer controller 180 of conventional design

20 with suitable novel applications software for implementing the methods of the present
invention. The controller 180 may receive monitor signals of various opcrational parameters
from various components of the cooling system 100 and the environment and may generate
control signals to control various components of the cooling system to maintain the heated
liquid coolant exiting the servers in the tank at a specific elevated temperature in order to

25 sufficiently cool each of the servers while reducing the total amount of energy needed to
cool the servers. Particularly, the controller 180 monitors the temperature of the liquid
coolant at at least one location within the fluid circuit, for example where the heated liquid
circuit exits the plurality of servers. The controller 180 may also monitor the temperature of
the heat-generating electronic components in the servers in the server racks by clectrically

30 connecting the controller 180 to the diagnostic output signals generated by conventional
rack-mountable servers. The controller may also monitor the flow of the dielectric liquid
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known as transformer oil), or any liquid coolant have simlar
features (e.g., a nonflammable, non-toxic liquid with dielectric
strength better than or nearly as conparable as air. [0054] As used
herein, "fluid" neans either a liquid or a gas, and "cooling fluid"
5neans a gas or liquid coolant typically used for heat-rejection or
cooling purposes. As used herein, a liquid coolant is a subset of the
uni ver se of cooling fluids, but a cooling fluid may be a dielectric
or non- dlelectrl

such as Xa a conv nti onal
o oo ¢ 1St BBl o2k 325 BH S SRtepletial WA Ruspit slagers he punep
ef f ecti veneass'and dat efection @& cbﬁliﬂgébp@efm&ﬂ%dt@h@ghstlﬂ%’%w RS BGhiDbofind a]E a
center divigded.b h, ower use t he server a_nheasure o
energy eff i]“gr }éﬂb‘é hf"é(?%%‘}‘tﬁd ]iff‘eaé‘i*f’é‘ni ¢fdho hegiheingsrissied BthBé?aF soseHpR e
a ratio of chelaig dpparanedsd Br WBhdieli§bolinsRhcH ﬁ%&%%ew@rm n@:flntgigmw d
mean t hat Cé? tts of heat, are renoved using 1 Watt of work

Vi

15[ 005 FRAYH StiRgPe sy st ipqlevated tamperatar rebdyse deaswunimst

commonl y U%ﬁ&gf/ %ns@r!néd @%ﬁéicieh@%b&geachggégkgg% mq}{ggc@\]/ellr kficiency of
her et of ore conmmer ci al avai |l abl e cooling technol ogies contributes to

overal | codP¥6ht cod F‘l} r1|§ Wusirgtey eneggbadippnidy e altemter sooling syitet?@sfed
herein, apRbyGRN RNV SleHbRIeRNA, @%Flte Q?rkrm}s heyk & js?e%ﬁ 19&1\5 é:rs ?Lgy or tank 210

contributing to this poor 20ove ficiency can
reduci ng t isentepimgg liquighieleafc wolini iny vaachepisraliof \amérs a@ (hbteshown) can be

correspp ndi iABheOS! Mguntﬁg%eﬂ'}beﬂgo g@aeﬁ}cr?o%g E]grre%)after are positioned within the interior

volume of the tank 210 and are configured to receive and mount the plurality of servers 120
as a rack of servers into the tank 210. Such a tank 210 may have an open top for access to
each of the servers mounted in the rack. At least a portion of each server 120 is submerged
within the dielectric liquid coolant for sufficiently cooling each respective server when the

15 tank 210 is sufficiently full of the liquid coolant. Preferably, each of the servers during
operation is completely submerged within the dielectric liquid coolant.

[0067] Unlike the cooling system 100, heated dielectric liquid coolant does not flow
outside the tank 210. Instead, the fluid circuit 260 of the flowing dielectric liquid coolant is
completely internal to the tank 210, A thermal coupling device 280, such as a heat

20 exchanger, is mounted within the tank 210 within the fluid circuit through the servers so that
at least a portion of the heated dielectric liquid coolant flow exiting the servers flows through
the thermal coupling device 280. Cooled dielectric liquid coolant exits the coupling device
280 and at least a portion of the cooled dielectric coolant circulates in the internal fluid circuit
260 back through the servers.

25 [0068}] The system 200 includes a secondary heat rejection or cooling apparatus 250
having a cooling {luid, such as a gas or liquid flowing in piping or lines, forming a second
tluid circuit 290 wherein the secondary cooling apparatus 250 includes an associated
remotely or distally located heat exchanger (not shown) that rejects heat from the cooling
fluid in the second fluid circuit through the distally remote heat exchanger.

30 [0069] The heat rejected from the heated cooling fluid in the second fluid circuit
through the heat exchanger associated with the secondary cooling apparatus 250 may then be
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[ 0059] As between two bodies (or fluids) at different tenperatures,
heat flows fromthe higher-tenperature body to the | ower-tenperature
body. For a given anount of transferred heat, such heat transfer is

|l ess irreversible (e.g., the associated energy retains 25nore
"usefulness,” or is of a "higher quality”) when both tenperatures are
hi gher as conpared to a heat transfer process occurring at | ower
tenperatures. Methods, systems, and apparatus are disclosed for

efficiently cooljn heat gener at i | ectronic c npon ts, as by
transferrin eﬁé’él “gsts ﬁ@cWﬁﬁg&ﬁgﬁQf’gc‘éﬁy 5“9#?%8? ‘P%FFE)&‘F frrat (e g.
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tenperature a dielectric liquid coolant such as, for

exanpl e, P%u oi Thegystemy 200 5Rsludes a gorpiputerfeppiroliengad| vaith syfahle noveb F
np ) -

Such heat ta %‘lﬂﬁtflﬁfs bR ?cti“ﬁnpl@@lgnt %'ﬁﬁrrﬁ&h&ﬂ of AEPRIGH ﬁrﬁlel"ﬁont 'bl?e dohtr&iler
tenperature to a coolant at a "h tenperature can be

i rreverisi bl180 ey Feceive monidqrsiggls pﬁ@ﬂ@&&w@em@aml pargmeterstman vwammnents
conponent s oii{hetcbﬁln%'sgs?ém Emrtﬂé U GolkiRerfa %yaégn ﬂTtrcll gl‘g als to control
temperature (e.g., air at a tenperature of, exa EE

[ 0060] The rven%dsmpcggcw efithe caslthzapitem a:tlu@nimnshéf pwtsd hlqeuci @oaiantamng the
advantage Qf..t0t rﬁﬂ@aﬁﬁ ) [@&%’lﬁgﬂlﬁc e‘léda{%ﬁ 't rﬁegatnﬂgg{‘agg%‘{g s&fﬁaerﬁﬁzecég‘l dach of

ef ficiency of coo I'C conp

for ex arrpl ghe nlwdigpeh d@vﬂri yhxdmed@bigehesetw emeund bf ¢nlaeymppied mwbirhb yexwgd
inad eff cie e h
overal 0 codirisfedy el TRy AE PSR Rfbrfpciahlt SR OO el iy [ one
consuned f dscateowitlig theuntpmslebuid ﬁxﬁﬁﬁ@f Ekamp[’ﬂ,?wﬁers diedsated B ciramiz ek iss the
t he reduced t enperatu e di fferences sult |

iy ever st biEFH ey EREHE P conralet PR G AP etk B fpppranse of the
enbodi ment Sigatigegerstigleledonic saaFoatnts @ thd fchefain tieSseretidcledyelttrically

al t oget her renoves refriﬁgratlon

t he need for
di scl osed éﬂ%‘a‘%ﬁ% %OntTPﬁ%f t‘&H‘F%@b‘H’H‘aP R ﬁ@nﬁw%@cgflﬁne?r@mk
the com i NgnRyBbHRREVESE! EREQHtralfer GANRRD Bfbnltér (RONNE Bid @MPdrature of the cooling

conmer ci al lfl&{udamahel e?;’glngl gl(cjilcllrgl.%t f OC IBased upon such information, the controller 180 may
output signals to the heat rejection or cooling apparatus 250 to adjust the flow of the cooling
liquid through the external fluid circuit and the amount of the heat being rejected by the heat
rejection or cooling apparatus 250 for sufficiently cooling each respective server while

20 maintaining the heated liquid coolant exiting the servers at the elevated temperature to reduce
the amount of energy consumed to sufficiently cool each of the servers. Preferably, the
elevated temperature is a temperature significantly higher than the typical comfortable room
temperature for humans and lower than the maximum permissible temperature of the most
sensitive heat generating electronic component in the servers.

25 [0071] As previously described, a computer controller is used control different
components of the cooling system to maintain the exiting dielectric liquid coolant
temperature at an acceptable elevated temperature. By maintaining the existing coolant at an
elevated level, the cooling system may be used with a number of different techniques for

using or dissipating the heat (e.g., heat recapture, low power heat dissipation, or

30 refrigeration).
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15 OVERVIEW [ 0062]FIG | A and FIG 1B depict alternative exenplary
systens 100 and 200, respectively, for cooling one or nore

i ndependerwbyowpesrsabl e servers cont ai ni ng heat - gener at iPRE/USk®e/033605 C
conponents, such as can be arranged in one or nore server racks, for
20exanple, in a data center. Sone disclosed systens and net hods
reduce the tenperature difference between heat generating (or

di ssi pating) conponents and a cooling nedium (also referred to herein
as "coolant” or "liquid coolant™) used to cool the conponents by

mai ntai ning a cool ant tenperature (e.g., an average bulk fluid

t enper at ur Ep7At an Iﬁ@cﬁﬁﬁnahhime@tk avatedetbanridtffatao 0P@aE ebldnOcan be
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rack 5 of héanchapbe ngkent hqth@aeaﬁxah}h@t &ay. \ﬂearaSmos“p'h@e s;ymmem&ﬂiﬁg snakudes a
tub or tank 110 co inin 30dj el ect idco nt. into which a
bi'ural i ¢y By ey §EP bk By afroied SRERbbied blrie Mg sl

t o be descui bdehénigiimsfiioewatarsapppst prmoahegimdmdr heating lrecoldrlierieor vol une
of the tan 0 and, are _confi qur, receive the plurality
of server sh)f%é as %yr%% i sg?({}%’?%en}pﬁ O ThETH ngﬁrﬁﬁy Cmﬁmg t ank
110 may hatbmpanatuoqs,enewgih‘ihnes acide ssnpeateadfferofces presesiein v enrsernpaiinged i n

E EZ {j?@(ec %ystem lﬁgy bﬁ?’ dﬂggdt I 01@?11%;011 G ?v }% b\ﬁ%e ﬁ%%%lerm?dgmgrqgrgﬁie ten sttcl;' In

Fic cool an icren co0
respecti vemsemehe opble’s effitentyaarid nlemf()edusc the ufa‘ralkpoemt ¢oysmxwld forgbolinghe
liquid coolant, Preferably, each of the servers during operation is
conpl etely suebmerged within the dielectric liquid coolant. [0064] The
| i qui d cool®@@] heatledchyeithsalsesling systeh @bdquporeHelfswatt vseronsugel by et hen

fluidly co &'hﬁg &’SF. it cmrfmkﬁ k%&gngg?r{lgggﬁg &&c@angyg}z gﬁwu whi ch

punps the eat cool ant rough prpin nés to a
r enot elly omedinmt(ab| yr) cacke codlchwabow & Aasngdhe components to be cooled can operate

at a temperature of about, for example, 158 °F. This large difference in temperature results
in correspondingly large inefficiencies and power consumption. In addition, the “quality” of
the rejected heat is low, making the heat absorbed by the cooling medium difficult to
recapture afier being dissipated by the component(s). However, with a cooling medium

20 such as air, such a large temperature difference may be necessary in conventional systems in
order to achicve desired rates of heat transfer,

For example, one-dimensional heat transfer, Qy.p, can be modeled as the
quotient of a temperature difference, A T, divided by a thermal resistance, Ry,

. A7
(Le., Qg = % ).
25
[0075] . Accordingly, for a given heat dissipation from a component, a temperature

difference between the component and a stream of liquid coolant needs to be larger for
higher thermal resistance than for a lower thermal resistance. Typically, a flow of gas (e.g.,
air) has a higher thermal resistance value than & flow of liquid (e.g., a dielectric liquid

30 coolant). Accordingly, a gas cooling fluid typically requires a larger temperature difference

than a liquid coolant.
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10associ ated with a heat-rejection or cooling apparatus 150. The

di stally heat exchanger 140 rejects the heat fromthe incom ng heated
| i qui d coowearmioémesif| ui dly couples the cooled |iquid coaltarseemiossegh
a return fluid line or piping 170 back into the tank 110. Thus, at

| east a portion of the liquid coolant conpletes a fluid circuit

t hrough the servers 120 in the tank 110, punp 130, heat exchanger

140, and back into the tank 110. The heat rejected fromthe 15heated
| i quid cool ant through the heat exchanger 140 nay then be selectively
used by alternative heat rejection or cooling apparatus 150 to be
descri bed herei naf t HILUSTRATSSE BRIBODIVENIRETE TIOE SYTEN I ANIRLPYARSEUS he
rej ected heat depending on the different environnental conditions
and/ or server operating conditions to which the systemis subject.

[ 0065] The §@s6lem 100 Fitcl, thdemaliac Wpllﬂﬂéﬂiltsmesroﬂé trelod Bt affthe coolinfr
conventional . des] ui t abl ppkicati of twar.e
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may recei ve liqohidobmt sttogmiad:lsa p:WnaMapf eusrsdpe catticamakbrs gl donmtigg serfiveom
various COMRRIEN SuerdifenRO) e SR ARANLNS I AN @
nmay generate control sig ous ant e

cool i ng sys@llélgu!wd)torrac;entegmd]mbmmlheht@w i squcrdam@d:ka:rftserem miatge tahie
Servers inj ifi X to
S5eutt ci onl] s eiiofug AR oferflRALER: IRTE Rk vkbert Rofidth
anount of ewkr §ylemeepetond emh@br\ftrﬁé(} senberged vRgim th@hqm ¢oplant the

controld er t
oast She FanarBaboR R plAgp Sk ihéh B phl2f s Actari AR ng Ry
heat ed | i qavdanti Prefgiablyeserh of thawervatsidnaigd qpgratifn is e¢rmé¢tsly sifprsrgsd mtithol | er
180 may al §R 1RAib@4ntt he tenperature of the heat-generating

el ectroni c conmponents in the servers in the server racks by

el ect ri cal [39730c onnEetiapg cotent bestad by thesprvarg 32 ip thefserveli raggrioden Buidlut put

si gnal s gepgialiedoln s&@aﬂ}é%ﬁgﬁd}@illesrt@g Dy @ﬁk@plﬁﬁ{s\ﬂgh%atea h(ﬁ.nd

controller may al so nonitor low of the dielectric liq
cool ant> B&aWa thonah suebic pinfngortirgs drough Bdilteiop foprcsr mmdlurﬁa\galvsnwut

signal s toThhguipusm 391;%91),%@%“&}@ cdnfbBQtd &nn&e thE Q%édﬁﬁuﬁ%&l&ﬁ%&&ﬁo 150
to adjust the flow of th cool ant through the fluid circult

I qui
and the anBuifpedgirovghdharelectivepinips fomdha tark B te hronHelir-selegiedcne oh or
cool i ng appmdiafivSreARR 1 @distll idestbEtl dkclBlrt R cRRARVITARRRSIVE H8ar SET Ver

whi l e nmai ntaining the
rejection Or cooling apparatus 350, such as an outside air radiator 352 permitting cooling
20 with outside ambient atmospheric air, a refrigeration system 354, a heat recovery system
356, or an evaporative cooler 358. The distally located heat exchanger associated with a
selected one of the alternative heat rejection or cooling apparatus 350 then rejects the heat
from the incoming heated liquid coclant and fluidly couples the cooled liquid coolant
through a return fluid line or piping 370 back into the tank 310. Thus, at least a portion of
25 the liquid coolant completes a fluid circuit through the servers 120 in the tank 310, pump
330, a heat exchanger associated with a heat-rejection apparatus 350, and back through
piping 370 into the tank 310. The heat rejected from the heated liquid coolant through the
heat exchanger may then be used by the selected one of alternative heat rejection or cooling
apparatus 350 to dissipate, recover, or beneficially use the rejeeted heat depending on the
30 different environmental conditions and/or server operating conditions to which the cooling
system 300 is subject.
20



S5heated liquid coolant exiting the servers at the el evated
tenperature to reduce the anmount of energy consuned to sufficiently
cool each wb2twwigarvers in the sewer rack. [0066] Fl G PBTiuskarsiszates
one enbodi nent of an alternative cooling system 200 for cooling a
rack of independently operable servers. The system 200 i ncludes a tub
or tank 210 containing a liquid dielectric coolant into which a
plurality of servers 120 (not shown) can be 10 inmersed. Munting
menbers to be described hereinafter are positioned within the
interior volume of the tank 210 and are configured to receive and
mount the ploggjal i tyﬂﬁfco@ﬁgmrem WRCnodsicoa (anﬁ)léteﬂéonﬁGleveg(ﬁwﬂtlﬂiuﬁalﬂé’le t ank
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rejection baqui¢owldnhgroaplptic enkisnPG@lullicwig Besglopbi ngh mfaringjonstich as a
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associ Bt edapnarts &Py togdjushiths aw of fﬂlﬁmtd@dolhléahrowémww(ummd tshown)

that rej eCEﬁoM@Eth{ ﬁéﬁ%eﬁﬁ%@%ﬁ&i Bﬂﬂel el Hl:]gctloﬂ 01: Q)%h %'fgr circuit

nd..{
t hrough t he di stal r enot eat excﬁanger gm eat rejected
fromthe hétsfﬁ@epﬂd@@qﬂinﬁgacﬂl|r@sp@tIWhSWEWB@GMTatllf31 |1%ISU joreatly fuiltoﬁth@ugwdt he

heat : ﬁx c haeaﬁarm AEROGLALRH o WetHBatt NELRELORHRL Ying BRLIAG:s ARRAALUES 250
ma en
y tempetatule to reduce the amount of energy consumed to sufficiently cool each of the

20 plurality of servers, In addition, the controller 380 also may operate an optimization
program within the applications software as discussed hereinafter to determine which of the
alternative heat rejection apparatus 350 connected to the fluid valve 390 provides the most
efficient means of rejecting the heat from the heated liquid coolant given the environmental
and server operating conditions. It should be noted, however, that the cooling system 300

25 does not necessarily require different methods of heat dissipation. In some instances it may
be more cost effective 1o only have one.

In FIGS. 3 thru 6, a suitable fixture or rack apparatus 400 for immersing a rack of
independently operable servers in a liquid coolant 422 is depicted. The apparatus 400
includes a tub or tank 410 and mounting members for mounting the servers, as will be

30 described in more detail hereinafter. The tank 410 may be fabricated of steel, a sufficiently

strong plastic that is compatible with the dielectric liquid coolant used as a cooling medium,
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sel ectively dissipated, recovered, or beneficially used dependi ng on
the different environnmental conditions and/or server operating

condi ti onswooiilgh7t he systemis subject. [0070] The sy<trara2@0053305

i ncl udes a conmputer controller 270 with suitabl e novel applications
software for inplenmenting the nethods of the present invention. The
controller 5180 may receive nonitor signals of various operational
paraneters from various conponents of the cooling system 200 and the
envi ronnment and nay generate control signals to control various
conponents of the cooling systemto naintain the heated |iquid
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the liquid coolant through the plurality of servers, thereby enhancing the cooling of each
respective server. The mounting members may also be configured to mount the servers in

25 the server rack 470 above the bottom of the tank to create a volume of liquid coolant
between each respective server and the bottom of the tank such that the flow of the diclectric
liquid coolant through the servers is improved. Preferably, the mounting members are

configured to mount the servers closely adjacent to one another in the server rack to restrict

! Upwards is defined as onhe of the two smallest sides of a rectangular computer. The “back” is
generally referred to as the side with wires inserted, such as power, communications, etc.
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mai nt ai ned at a tenperature of about, for exanple, 105 F, which is
significantly higher than a typical roomtenperature, as well as the
maxi mum aweoagesidoor tenperature by nonth in the U Sctlea@emnssadzout
75 F during sumrer nonths). At a tenperature of about 105 F, 5heat
can be rejected to the environnent (e.g., the atnosphere or nearby
cooling sources such as rivers) with little power consumed, or
recaptured as by, for exanple, heating the sane or an adj acent
bui l ding's hot-water supply or providing indoor heating in cold
climates. [0073] By nmintaining a coolant tenperature in excess of

natural |y Qﬁ@M&%E&Qde@H@h@&QE&ﬁ%ﬁb&&&%%ﬁ&khkhb&hﬁﬁm@ﬁﬁ%ﬁymmhﬂmrme
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power consuned for coolin servers. [0074]1In conventi ona
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cool ing 15nedi u air) can be cooled to about 65 F _an

conponent s d‘ichXB ét ! %ﬁl‘"‘é&l*"é%\??*"é‘ﬁ%dé’%"bé‘i th inled jpfhe Tétﬂ& ria FsS. éB‘HﬁP ﬂ“f or

exanpl e, 1h&tpipinEu®islaage achné Eﬁ!cﬁﬂ@@ed‘{dﬁvﬁlﬁ’fﬁl@ﬁﬁb HéL ﬂfe@sﬁﬂns §f thdtank;
correspondlﬁge% [ ar i nefficiencies and [ cons

n. In
addition, P d‘t?&“ﬁ?t?‘l’“&%f’ h‘e‘o‘fa&dé‘ﬁﬁrﬁdheﬁ%? thestapks ““rﬁ%l g%ﬁ‘&“?ﬁe heat
absor bed byerfnheme Q@dm Bgplanertatedhd thfefmzﬁ géﬂelahﬁ)g sagapdngriethakireds e ng

di te t . W th cool i di um 20such
oo P S ity e SRR ek pud S Bl bR e e S dh Fh

convent i onplo8zly st erBie kdtvas ﬁieg bdc@nﬁ@iﬂid&y aitdakt iexing (ﬂ'ttl&Sm@fmﬂ'gaﬁ}ﬁud
transfer. For ex hea

moder ed. as OB HUDPT TS BF 5T B Pl tk e PP BHEE™S TG GRHEY by
a thermal tasdist dbdlew oRddbjanOareund tl(eZﬂs{eﬁled server @ to reduce by-pass flow),
thereby improving coolant flow over cach heat gencrating component and/or respective heat
15 sink in each of the multiple servers.
[0084] Altematively, the location of the piping 440 and 450 may be reversed such
that the heated liquid coolant may exit from the installed servers through its “rear” panel)
into the outlet into the collection piping system. The collection piping transports the heated
liquid coolant to the heat exchanger for rejecting at least some of the heat absorbed from the
20 installed servers.
[0035] In another alternative rack design (not shown in the drawings), the tank 410 is
divided into a plurality of bins with each bin being sized to receive one corresponding server
with the "front panel” facing upward. The external pump pumps coolant from the external
heat exchanger through the piping system into each bin to maintain a coolant fluid
25 circulation within the tank and each respective bin. The liquid coolant may flow through
each installed server and exit at a side positioned opposite the inlet to the tank and/or inlet to
the bin. In addition, each bin may be configured to minimize mixing of the incoming liquid
coolant with outgoing liquid coolant. Each bin may be shaped (or have a member installed)
to reduce the flow of coolant around the installed server (e.g., to reduce by-pass flow),
30 improving coolant flow over each heat-generating component and/or respective heat sink in

eacl of the servers.
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[0075]. Accordingly, for a given heat dissipation froma conponent, a
tenperature difference between the conponent and a streamof |iquid
cool ant newoxo0tomisse? | arger for hi gher thermal resistaneetiusanyhssosa

| ower thermal resistance. Typically, a flow of gas (e.g., air) has a
hi gher thermal resistance value than a flow of liquid (e.g., a
dielectric liquid 30coolant). Accordingly, a gas cooling fluid
typically requires a larger tenperature difference than a liquid

cool ant. | LLUSTRATI VE EMBODI MENTS OF THE SYSTEM AND APPARATUS
[0076]In FIG 2, the cooling system 300 illustrates one enbodi nent of
t he cool i ngosyist emrLQ8. Tdnd Bldépictlafothd? iFgRRive ehBddiment by saif8lLMn3O0r
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have ars opewiuned cf;mnmmcﬂsssmb evheadtt sefvert 2D asefub&&:@emmtmﬂi 510 mbNkave
rack. At | east ?(5’ ortion of .each serv ed within the
r
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t he tank 3%6ti¢adosufafibicwiinthk frofitphiel king hpwdrd quiacl tﬁ@@eﬁfﬁp.of Be efnkr akd v,
cach, of  ReuBe el RoSbi M AREIRL By ST FERLY 1 BIE geg Al
120 in t hengedwedin bdok iIBe inkepipihl G400k Yocaoduplhechetehd afvgh ofsttid Toager eides
pi pi ngIOO r !af tpg Eect%r?gu%r M car gﬁ bot¥g~'n% &Qheo tléll'ﬂg? th% Q&ptﬂ%ﬁ‘ﬁ%dﬁb 1sqocaged at the
opposite end of the opposing longer side of the rectangular tank also near the bottom of the
tank. In this configuration, the fluid flow 560 of the liquid coolant entering the tank through
the inlet piping is initially through the volume 562 of liquid coolant formed by the longer
side of the tank containing the inlet piping 540 and the side 572 of the server rack 570 of
15 servers 120 and then through the side 572 of the server rack through the servers 120 and out
the opposite side 574 of the server rack into a volume 576 of liquid coolant formed by the
side 574 of the server rack and the longer side of the tank containing the outlet piping 550,
[0087] FIG. 9 depicts an end clevation view of yet another illustrative embodiment of
a suitable fixture or server rack apparatus 600 for use in connection with a combination of
20 system 100 of FIG. 1A and system 200 of FIG. IB. In such a combination, there are two
alternative modes of operating the cooling system for cooling the dielectric liquid coolant
wherein the controller may switch the mode of operation depending on the environmental
conditions. The tank 610 is shaped and sized like the embodiment shown in FIGS, 3-6
except as noted herein below. The tank 610 also may have an open top to form an open
25 interior volume into which the servers may be mounted in a vertical orientation with the
front panel facing upward toward the open top of the tank. The inlet piping 640 is located
nearer one end of one of the longer sides of the rectangular tank than the middle and is
located nearer the bottom of the tank than the middie. The output piping 650 is located
nearer the opposite end of the same longer side of the rectangular tank nearer the top of the
30 tank, In the first mode of operation utilizing a mode of operation comparable to that of FIG,

IA , the fluid flow 660 of the liquid coolant entering the tank through the inlet piping 640 is
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15cool ant through suitable piping or Iines through a filter 360 to
one or nore fluid valves 390. The fluid valve 390 may be renotely
control | edwpaowemIsert the heated |iquid cool ant bei ng parmsebobhssersgh
the collection piping fromthe tank 310 to a controll er-sel ected one
of alternative renotely or distally |ocated heat exchangers
associated wth alternative heat rejection or cooling apparatus 350,
such as an outside air radiator 352 permtting cooling 20w th outside
anbi ent atnospheric air, a refrigeration system 354, a heat recovery
system 356, or an evaporative cooler 358. The distally | ocated heat
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back through 37 o the tank eat ect rom t he
hasted |+ adreioB e fro Jhon g e R Gertoaly MR BT Boplon by
t he sel ect sdowg coblirglap@iratat i meudmzltlmeuhetahk 610 and 2 e@ohd ARt HPPAGERL US
350 to dissjipate, .recover

fi ' hea
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operating ommﬂﬁtqmﬂmmt@wmmgehop@mudmdhmngasquEanﬁwaﬁngﬂhpembw& WO

2010/ 09517PCT/ 1JS2009/.05330 078 St joel ud s a
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recei ve nosicomrysioginglappapdtusvar i ous operatlonal par anmet ers from
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roI to o1 v (T

generate c signal’s ystem
300 to mi n{beaatmniShhadtl@aeCéw th¢ qmtrclleswbltiahtﬂle ﬁmdt:nwg ﬁomfﬂerdmcmm n the
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may al SO fiid flow 660 flowing out of the servers 120 does not flow out of the outlet piping 650.
Instead, at least a portion of the liquid coolant fluid flow 660 is through the heat exchanger
20 680 to the bottom of the tank 610 and then back through the servers 120. The heat rejected
from the heat cxchanger 680 is thermally coupled to the second cooling fluid of the sccond
secondary cooling system for dissipation or recovery.
[0089] FIG. 10 depicts an end elevation view of yet another illustrative embodiment
of a suitable fixture or server rack apparatus 700 for use in connection with a combination of
25 system 100 of FIG. 1A and system 200 of FIG. IB. In such a combination, there are two
different modes of operating the cooling system for cooling the dielectric liquid coolant,
The tank 710 is shaped and sized like the embodiment shown in FIGS. 3-6 except as noted
herein below. The tank 710 also may have an open top to form an open interior volume into
which the servers 120 may be mounted in a horizontal orientation with the front panel facing
30 toward the shorter side of the rectangular tank in which the inlet piping 740 is located. The

inlet piping 740 is located nearer one end of one of the shorter sides of the rectangular tank
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10nonitor the tenperature of the heat-generating el ectronic
conponents in the servers 120 in the server racks by electrically
connect i ngwoieiogastir ol | er 380 to the di agnostic out put PITEIRA09/053305
generated by conventional servers. The controller 380 nay al so
nmonitor the flow of the Iiquid coolant through the tank and/or fluid
circuit. Based upon such information, the conputer controller may
out put signals to the punp 330 and heat rejection or cooling
15apparatus 350 to adjust the flow of the liquid coolant through the
fluid circuit and the anmobunt of the heat being rejected by the heat
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deactivated. Next the internal heat exchanger 780 associated with the second alternative
20 secondary cooling apparatus is activated by the controller. In this mode the fluid flow of the
diclectric fluid within the tank is reconfigured such that the heated diclectric liquid coolant
fluid flow 760 flowing out of the servers 120 does not flow out of the outlet piping 750.
Instead, at least a portion of the liquid coolant fluid flow 760 is through the heat exchanger
780 to the bottom of the tank 710 and then back through the servers 120. The heat rejected
25 from the heat exchanger 780 is then thermally coupled to the second cooling fluid of the
second secondary cooling system for dissipation or recovery.
[0091] A combination of the system 100 and 200 using the alternative server rack
apparatus of FIG. 9 and FIG. 10 that permit two different modes of operating the server rack
cooling system for cooling the dielectric liquid coolant may be useful in certain applications
30 and climates, for example, in an arid climate having cool nights and very hot days. During
the cool days, the combination system employing the embodiments of FIG. 9 or FIG. 10
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5be shaped and the L, W and H dinensions sized such that nultiple
standard- si zed servers, typically neasured in units of "U" or 1.75

i nches (aswoReWR1A? FI G 4), can be supported w t hout $CFAISRILEFHBOS
nodi fication. [0079] The tank is fabricated to have an inlet pipe or
line 440 froma piping systemconnected to a heat exchanger for the
flow of |ower tenperature or cooled liquid coolant into 10 the tank
410 and an outlet pipe or line 450 connected to collection piping for
the flow ng or punping of heated coolant out of the tank to the
external heat exchanger associated with one or nore of the
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enhanci ng t coo resp ectlve serve e nount 1 ng menbe
may al so béhoc\@nffilgtaﬂl@%llOtr@awﬁmpwerﬁevﬂbenvmnéon ﬂZZ@bmalsm@ﬁerwack 470

above the boLHOMGhayiEhdpliS Hale acl'éx?gtf'{‘l‘i E, \@dﬂé% %HEh&%htH&M tﬂe LAALARt

bet ween each respective server and t om of uch t hat
the flow ofoofmiat giinspid Yo ows prraeks 83(&%€I3éfht>f rHtRe gpversa0 skheyank $1¢ may
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the servers cl osel gacent to one another in the server racC
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with wires inserted, such as power, communicatio etc.

the servers in the tank to configure the server rack 830 and 832 wzthm the tank.
Specifically, the mounting members (not shown) may be fixedly attached along the length L
of each longer side of the tank 810 and in the middle of the tank 810 between the two shorter

20 ends of the tank to support the rack ears 836 of a standard rack-mountable server 820 shown
in Fig 12A.
[0093] The tank may be fabricated to have an inlet pipe or line from a piping system
connected to a heat exchanger for the flow of lower temperature or cooled liquid coolant into
the tank 810 and an outlet pipe or line connected to collection piping for the flowing or

25 pumping of heated coolant out of the tank to the distally located heat exchanger as shown in
FIG. 3. After the two racks of multiple servers are mounted inside the tank 810, the level
824 of the liquid coolant 822 may be carefully controlied to adjust the amount of flow of the
liquid coolant through the multiple servers and to adjust the amount of heat removal from
the heat generating electronic components in the servers.

30 [0094] Orienting the servers in a vertical orientation with the front panel facing

upward may also be advantageous due to the typical movable hard drive installation in a
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the flow of the dielectric liquid coolant between the
vertically-oriented servers, such that the flow of the dielectric
liquid cooVaReltsdligh t he servers i s enhanced. [0082] RCBEA0943Y as
punp 330 in FIG 2, nmay punp liquid coolant fromthe external heat
exchanger through the piping systeminto the tank 410 to nmaintain
coolant 5fluid circulation within the tank. The liquid cool ant may
fl ow through each installed server and exit at the server side
positioned opposite the inlet to the tank. In FIGS. 3 thru 6, the
inlet piping 440 is |located at one end of the rectangul ar tank 410
near the bamubWMDmﬂmm@HYawMMﬂMMEWEa%%@h%ﬁ@dmﬁemV%ﬁwmﬁgﬁwS@iﬁEKlocated
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reduce t hethfeI (gy\%r(?rfto 19913 'attnc %E}lﬂ&'@&)l}npﬁ) ﬁg coﬂlllogﬁgc%ﬁ{) ol&rrs (QE QplateB)O

reduce by-pas ere rovi w over each 'heat
gener at i ngfreobpog éfma"afhw e viseyplaid soelante dhe psyivyky nseriedlididprophe

mul tiple sgf oﬁﬁétryi&ﬂ%mtwﬁmamewe erﬂlla eh%ﬁf‘e\r% R d1Ell§'§1:cp1'1c[?ﬁcf‘9 440

and 450 may be reversed such that the ; cool ant may exit
fromthe i fepdast fre cafeningghesportnefign disicérwerceaﬁammg Kengvabladiskt he outl et

into the caobectl O%%wm ﬁasltgenh aﬂH&Fanﬁ@bé ﬁ&)tlh'%rha@é RbRGra}d OSPOrt s
the heated |iquid coolant to the exchanger for rejecting at

| east sonmeMgpnigdydongdyp sﬁ%@éﬂlﬁé@kﬁ#%mr@w@f@m Hdes &F the seregs Fapky &0 and

E g08i3] ! E Z@@i {3@Fgafilzd BE BBk ¥R oREH nElGSHARINBRE? BHAWR sbierd RARCEAWINGS) |
e tan S
and other computers in the data center and beyond. The apparatus 800 may further have

power distribution units (“PDUs”) 844 mounted above the space between the server racks in
15 order to distribute needed electrical power through suitable power cables 846 to the multiple
Servers.
[0096] The server racks 830 and 832 may have a number of different
implementations, some of which affect the flow characteristics of the liquid coolant.
Preferably, the mounting members are configured to mountably receive the plurality of
20 servers in a vertical orientation, thereby minimizing the footprint of the servers relative to

!9_

the ground, and with the “front™ panel facing upward for casy installation and removal ofa
server without the need to remove or disturb any other server within the tank 810.
[0097] As shown in FIGS. 12 and14, the mounting members may be also configured
to mount the servers such that the top level 824 of the liquid coolant 822 completely

25 submerges the top level 8§72 of the server rack 830 and 832 formed by the multiple servers
820. As a consequence, a volume of liquid coolant collects in a common manifold area
above each of the servers to improve the circulation of the liquid coolant through the

plurality of servers, thereby enhancing the cooling of cach respective server. The mounting

2 Upwards is defined as one of the two smallest sides of a rectangular server. The "back” is generally
referred to as the side with wires inserted, such as power, communications, etc.
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divided into a plurality of bins with each bin being sized to receive
one corresponding server with the "front panel" facing upward. The
ext ernal pworopwnyss? cool ant from the external heat exchrangstoobiseegh
the piping systeminto each bin to maintain a coolant fluid
25circulation within the tank and each respective bin. The liquid
coolant may flow through each installed server and exit at a side
positioned opposite the inlet to the tank and/or inlet to the bin. In
addi tion, each bin may be configured to mnimze m xing of the
incomng liquid coolant with outgoing |iquid coolant. Each bin may be

shaped (or nhayes mamgm&rcohmmlté &dﬁm HR sEREly ﬁﬁhé RBef LOVE0fane 90 Abte
around the .install ed server to reduce Eass flow

30i npr ovi n§eO8HI AL s PRkd 18\}%?6%%}4.01%%1# IGBHéP?i”E“I‘ awewwwé%wtaﬁd/ or

respecti Vesdﬁf&im@dnﬂlﬂmﬂ vattea chthefank iRh SRT MEAGW of M@heiectric liquid coolant
2010/ 019517PCT ?‘Wz/ 053305 QO086] FI GS,. 7. and 8 depi ct anot her
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i s above t die Girig AV Foqlapt Retween dre veRigalohiereated 94y on

vi ew of th@Jcﬁ[ﬂﬁ&ﬂlﬁﬂUﬁ oB@O dicbric Rqiidedolgedroaght WO plafalityaf kerkdis STount ed
on a nount ﬁ%. iinto which the servers 120 are subnerged. The tank 510
may have af"8P&f top to forman open interior volume into which the

servers nmayobg nourithethnk Maf ae bé 4ifd lan Oghagidtt@inindhizshk |ﬂ11)t1ﬁ§0iftlimbl 4panel

f d th t Th 510 haped
and oy gba. T EHE CEtrbar RS ABNR s RO Eptdies Kb <Bed ghliaith oc

not ed her ekvenbsfiowhe Dpef iha lfietirepippdr mgs hé(beieaclbsad at sadhilrede fiene end of
one of the ger sjdes 10 he re ar t ank ear t ot t

t he tank. 0ggﬁout pu P“mppflﬁ’g a%@]f) ppgp Ogg? Z&a at"®% Iﬁ”énp {’]lém gt ‘T’ t he
opposi ng | ergesl it dechafget theuglehe alpglg Isment mmkh@thsﬁmmaammﬂaa tlamtobkam of
the tank. b{} dtfgaw v\tnﬁllgﬂ[ ¢ gkr a[{]hc%ﬂillﬁ Efant may H?w %hroug éach énsta 1ccf SCWICT and

cool ant entering e
t hr ouglf t h@(it/fbtougiet11561216qilpd ﬁr@:[mthd tam@oﬁmntal tfodti(a%d thpy 61 theinlad piging n&ycﬂe of

t he tank i I.RI 5
server r achruBeRSkrbidfue MeBhy BRI 0t ARt B BBl sl et
server r acRipingmoyghloctied mwereyte $opkf Gic ganll. dhis canh‘ieur@qmq@nme tlgi ldwid574 of

the server f&o?aﬁlkhéa{éh By ﬂae%@ét ﬁzgﬁo%qohén% ﬂae%%géro tnta{%lgaﬁlggl%(tﬁ%uélhﬁe

side 574 o e server rac onger
cont ai ni ngsayess @gtepéthrqyg]pﬂm@ogmnel of the servers. Because the flow is relatively low in

20 comparison to the total volume of the container, the fluid conducts to be relatively uniform
temperature.
[00100] Alternatively, the location of the inlet and outlet piping may be reversed such
that the heated liquid coolant may exit from the installed servers through its “rear” panel)
into the outlet into the collection piping system. The collection piping transports the heated

25 liquid coolant to the heat exchanger for rejecting at least some of the heat absorbed from the
installed servers.
[00101) In commercially available servers, fans are often installed within the servers
for distributing a cooling medium (c.g., air) among components and regions within the
server. In some embodiments, these fans can help distribute a liquid coolant among the

30 components and regions within the servers. Coolant flow rate and/or fan-speed can be
adjusted in response to a component temperature excursion above a pre-determined
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[0087] FIG 9 depicts an end el evation view of yet another
illustrative enbodi ment of a suitable fixture or server rack

appar at us w0oGofoamozage i n connection with a conbi nati on rafr/1R0sysiBem
100 of FIG 1A and system 200 of FIG 1B. In such a conbi nati on,
there are two alternative nodes of operating the cooling systemfor
cooling the dielectric liquid coolant wherein the controller may
switch the node of operation depending on the environnental
conditions. The tank 610 is shaped and sized |i ke the enbodi nent
shown in FIGS. 3-6 except as noted herein below The tank 610 al so

may have amr@p&a, ok @@ntaaom@rtmoaﬂ VPSR d2aintbinedih &mpéRdnt¥Bipbhtufes Whirch t he
servers VVé]be mounted in cal kl?ntatlon with the front pane
¢ i ol Brrplet

faci ng upwdft® f SRAMH T HE T 5P iTethE SHRPONSH, BIHRGS ) (CHPHENE4 0

i s | ocat edwhiadt e sonetian tha@fairdipe: Rblakth@ndcngest of edetedbmpdiBure, such as
rect angul ar is |Located nearer the bottom of

n
the tank tWﬁhafé&mﬁPgﬁﬁgmmfﬁ@“%U?ﬁﬂﬁ”BWﬁWﬁﬁo%gﬁmﬁémmﬁgﬁF@ﬁ”ﬁ@ﬁ?er t he
opposi te endxiafuni heslHRINEah GREEFan Sk dﬁdﬂ%ted, h? do@aloamngt lcdk. t?nk nearer
the top of 30ta rst node. o eration uyti
nmode o? opg)&)é@] %QP‘QB\("@ \§ C%ﬂ%m@i‘t‘“ﬁ“é\ewg , such g5 amultinlg & ﬂsf%ﬁxﬁ?‘%o
of the Iiqu¢ dzommmhmﬂér emll'[(ﬁﬂie@gvélhﬁ:kﬁ &ﬂ):fmﬁ nglug’& vbﬁl&leloﬂh@.ﬁd fﬂio?hﬂﬁ 640
is 24 initiall hr.ou he space 662 fo oftom of the
L doof 't nbich b RHE of B eBRESRA FaRect TG g s b SRS B Pom 672
of the seruemmmamknﬁﬁ@oﬁmeseEMﬁtswmﬁam&mdwmh@mehhkaughmﬁa@m§méﬂ@ﬁ1672
of the erver,

hr rvers ront Jpane
side 674 o % %xgg?%%?g}ac uw??b r?%%cea%f aﬁ%?ﬁgﬁugvm¥%@“9%ﬁm%74 of
t he servernmh@knwmusmhmmﬁ@pﬂsumﬂabduﬁﬁﬁﬁnhéamhgyhhqmpﬁgmhmhaﬂyband
nearer the second node of operatio
o bar ot it gl 8 Bugpchn b PEE oy 25 B0 06 01 B R e
adgitionalﬂ&é@drd?niﬂwgqhﬂng%apnmmahd&smsgmnunted within ch tank 610
and a seco e p
; Eﬁlb te] f4{£ﬁox0%t (fﬁ“lgg 13w %g%itg C oola%lgeb Bu EF ‘t&‘i%l’VCl‘% he

inserted t h the tank y~ cou
heat eXchabgkin theapprertns 400 fihmorf [dotail. olforahesssparcauf@u@eomﬁadwwbé flnigflbw ui d

t hrough 10%@? ﬁtﬁ%qﬁhzd%b&hﬁgm@]%% thét%(f\lptﬂ%ug?tﬁg IO%FH%F%%B%Q? gitldﬁ}pgl e‘&‘é& et

pi pi ng 684 second secondary
through a volume of liquid coolant 862 f01med by the bottom of the side of the tank

containing the inlet piping and the bottom 872 of the server rack 830 and 832 of servers 820
and then through the bottomn 872 of the server rack through the servers 820 and out the top
20 side 874 of the server rack into a volume of liquid coolant 876 formed by the top 874 of the
scrver rack and the top surface 822 of the liquid coolant and near the outlet piping located
near the top of the tank.
[00104] In summary, the immersion of servers into a liquid coolant within the fixture
apparatus various embodiments 400, 500, 600, 700, and 800 of the fixture apparatus shown
25 in FIGS. 3-14 reduces the temperature difference between server electronic components
generating heat and the liquid coolant medium used to cool them. Preferably, the median
coolant temperature can be kept at as high a level as possible while maintaining a
component tempcerature during operation below its specificd maximum allowable operating
temperature. Such a high-temperature cooling medium provides sufficient cooling while
30 reducing the power consumed to cool the electronic components, as compared to cooling the

component with a lower-temperature cooling medium such as refrigerated air.
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[0088] I n the second node of operation, the punp associated with the
first node of operation is deactivated by the controller such that
the fl ui d worewiondsiT ow of the dielectric |iquid cool anPCT{HSedGg053305
external heat exchanger of the first secondary cooling apparatus is
15deacti vated. Next the internal heat exchanger 680 associated with
the second alternative secondary cooling apparatus is activated by
the controller. In this node the fluid flow of the dielectric fluid
within the tank is reconfigured such that the heated dielectric
liquid coolant fluid flow 660 flow ng out of the servers 120 does not
fl ow out of00105¢ outTheifopd (it g6 2pfbardtnIbasabinerging theagterainpalididcoic of t he
| i qui d cool.an fky{d téo¥/%6&.ﬁs.thro§gh the heat exchanger 20 680 to
the bot t onSFY FRENRIRRAE 18 B PR BRI ¥ hr ough the servers 120. The
heat rejected fromdedignehahaxexiehamngempeitird Grdufiefit@tdnyroicoupl ed to the

second cooling fluid of the second secondary cooling systemfor
di ssi pation 8 recdVeEF§ N EbegfapRd C%“‘Ei%‘b‘i‘%”&’%l?”ﬁ?r FPYPEYSHTET vi ew

of yet sanot her drikinkist degibhodGoriiradingedth mihinal Sibdifi@ibefibh xbiihercialy
server rack appana%fs 700 for use in connection with a conbination of
25syst em 100 of*VE[%&C PHEHRHSyst em 200 of FIG 1B. In such a

conbi nati on, et her e y@hert Wt forh bR h@DEendRARScRAIpoARRNAL RWAidRAictQeli Ng
system for cooliqg th% dielectric lb% i d qulantn,Tq§ptank 710 is
shaped and si z&QOFRRahe dhedriten ofeh VIRP I OTFE(1¢380naB0ASTS ALQrEgifo e

not ed herein bekews The tank 710 al so may have an open top to form an
open interior volunme into which the servers 120 may be nounted in a

hori zoWt al o ent at'Po#t WEE P rRichepadies t54Fmrvak depnifrvsor Byt Ge faneval
shorter side oforhBfefatdeaROUlcakert@Memait ivh&RediR@péridiet pi ping 740 is
| ocated. The inlet piping 740 is | ocated nearer one end_ of one of the
shorter sided of tHBYTeREENY Rk enclnre bpe sealedatheidhaningefing tand i s
llocat ed nearer Hehfetloftytseamesth of e iddaidoat R8s bhigg Fbaladdn thERevauidRut

pi ping 750 is |located nearer the gpposite end of the sane shorter
side of the rect angﬁ&ﬂdﬁ? the g flow such that cool liquid coolant flows in and heated liquid

15 coolant flows out of the servers
. may use fluid velocity augmentation, such as fan speed modulation, to
enhance the flow of the liquid coolant through each server
. improves the installed density of servers in a conventional server room or data
center by minimizing the footprint of the servers relative to the ground

20 ® uses a controller (i) to monitor temperature and flow conditions in the fixture

apparatus and the power consumption of the servers and cooling system to minimize
the amount of power required to cool the servers and (ii) to control the heat exchange
method, thereby enabling the data center to recapture heat, if desirable, or dissipate
the heat in the most efficient manner when heat recapture is not desirable.

25 [00106] FIG. 15 depicts a schematic illustration of a system for cooling multiple
immersion-cooled server racks of the type shown in, for example, FIG. 3, located in a server
room of a typical data center. The cooling system includes multiple server racks 310 fluidly
coupled in parallel through respective outlet piping 315 to collection piping system 902,
Collection piping 902 collects the heated liquid coolant flowing out of the multiple server

30 racks. The collection piping 902, in turn, is fluidly coupled to a pump 904 which pumps the

collected heated liquid coolant through piping 906 to a fluid line 908 in a heat exchanger
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nearer the top of the tank. In the first node of operation utilizing
a node of operation conparable to that of FIG 1A the fluid flow 760
of the |igwodiwdessant entering the tank 5through the i mCFUSRINIFEI0H40
is initially through the space 762 forned by a | onger side of the
tank and the |lower side 772 of the server rack 770 of servers 120 and
t hen through the bottom 772 of the server rack through the servers
120 and out the front panel 774 of the server rack into a space 776
formed by the front 774 of the server rack and the shorter side of
the tank nearer the outlet piping 750. To permt the second node of
operation 8i0viThahedte lihidlcEolank By flfid HRCIDB G theaklleoapiangarcodidf fluid
associated wWth t i opal ond 0ol i n ar. at i.s_nmount ed
wi thin theTP%HE “g]iﬁq)g% f%ta@ﬁ%?b ?”Hf'@rigp r%éﬁ‘&g bl@eé‘b?fﬁ” But put
pi pi ng 784c@1ptednms&iet:edoﬁdﬂfdwgﬂ@attrdsje:nmbﬂ co@lﬁngtabparit@sﬂﬁz,ms@, :aﬁpbuf dsui dl y
coupled to_the X er lo perm t t he W 0 second
cooli ng 1 BIedorns Bhaher RE SRR kel Matord e sl LR Radlyk:
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cool ant to, .eX n heat er fi seco 09l i ng
appar at us |s(h 1@3%’?@5‘?@&9" V%?t% %heﬁger?tgégna I}’lgﬁtﬂrmexyc lmecgﬁ "7%‘05' fo
associ at edtheiinlét pﬁtﬁu@ ¥ cothel maltiplerseratn ryds Zﬂ}secondary cool i ng appar at us

is act gvat J .n flo
di el ec r| cﬁ@liw d eltl]t%t%& t{oﬁg £ n ylreg&yéel?:’g?t?ogg% Issoacﬁqctrﬂgataw} o th eat ed
di el ect ri ch¢dtguiquidcodhm pritifg ti]t: ad:nf6t oeks ABOugH cquign@tjm o”fhetdoartslear N&f S

120 does noko LLaN BitioRfe S8 QL Bl PROLAG, TR0 bRt COtyBheliBRSH 2

portion of I quli
exchanger WR@iring 40R ehrt?}tghtcmm%ﬁnes %5 angrie f%maarﬂﬂouﬂtelw mamk)% troggh the

servers 12 g%na:-grﬁ-gb 6K Tﬁ]gb&lcflroﬁcq 3 ﬁn'é md rh!?? < ﬁ%}mt Xr%}?qulg Fciaztﬁg td B then

thermal |y to the secon coo I ng € second”secondary
cool i ni syswent Efemﬂdmgmlwa@mm@ﬁehcé@@véﬂy flooa9 o] the eotitg firad inghe of

the syst emJ0Q.qa0d, &00.ddfhBnikEs Aldush AatibMBS®kver rack apparatus of
FIG 9 and FIG 10 nt%gc e‘?%lptr y ‘%‘ rrent ermges of operating the

server rackl0dedl i ngASstyg\tl@ﬁtyfdescnb@olthemgmt%r %ﬁO@p@étsfrtt@pphcamlwr@@m ant

nmay be us eth‘il{ pib&s@:?{hte ﬁtf&nﬁ@cm t’e&WeH @dm tﬁtoﬁﬂgus%dn%tn%%gn;lgfo LKARPLE, 1N
an arid cl |mae awng cool hts and ver¥ Durin
optimum elevated empelature the energy needed to be 1ejected by the system to cool the

20 servers and maintain the elevated temperature, and then determine the various settings of the
system 900 components that will be needed to maintain the elevated temperature of the
liquid coolant exiting the servers in the multiple server racks 310. The various components
of the system 900 controlled by the controller 920 include any fluid velocity augmentation
devices positioned below the server racks, the pump 904, valves 918, the valve 390 (FIG. 2)

25 for switching the flow of the heated liquid coolant between secondary cooling apparatus to
be used, and the selected secondary cooling apparatus.

[00114] The controller may adjust the flow of the cooled liquid coolant through each
of the valves 918 to adjust the volume of the flow of the cooled liquid coolant among the
different server racks 310.

30 [00111] The controller 920 may control any fluid velocity augmentation devices in the

server racks through control lines and may also control the pumping rate of the pump 904
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t he cool days, the conbination system enploying the enbodi ments of
FIG 9 or FIG 10 26 nmay be used in a first node simlar to that of
FI G | A wheweizaiotohes1di el ectric fluid is fluidly coupl edroa/usnooessaenal
heat exchanger associated with a radi ator-type secondary cooling
system During the hot days, the conbination systemmy be used in a
second node simlar to that of FIG 1B wherein the dielectric liquid
coolant is fluidly coupled through the internal 5heat exchanger,
which is associated with a second secondary cooling apparatus, such
as a vapor-conpression cycle refrigeration cooling system [0092]FIG
11, 13 andﬂ&dhoﬁ eqitot livod.her additioﬂ,&hd’ @hirdIRr eIt gehird ling9IUunhdyabla

fixture or OOf i mrer sj,ng., si de- by-si de.

| rer st on. 2150 SaTRR SrSaiceos e AL oA R P PORVA Al ¢

ver si ons Oﬁecbﬂﬂd@p@ﬂlﬁi@ﬁbb@tﬁﬁmeIﬂ&hhﬁloﬁﬁﬂémﬂmﬁd seBue hucRsonidiioseand eiuot @el i n
10FI G 12A for

id 82 t |
somhect i onahie SRR Re il Sk e P Re i, B8 el By SRS 1 O

an opers t ofio8bPtht codiog fluidin ipenoidatyenboltng apekdte and may be shaped to
have a length L, width W and height Hwith the mninumfootprint to
insert two rows or racks 830 and 832 of nultiple servers 820. The
tank 810 may be shaped and t hBIETHOESSIOOBERAZION such that multiple
st andard- si zed servers 820, typically 15neasured in units of "U' or
1.75 inches (as shown in FIG 12A), can be supported in two racks

wi t hout si (il fad]cantFIGoth iflistates mmxelsplhllyaﬂrﬂﬂeudmiﬁcnmiihguglemenﬂoerimiepayderb@

used t 3 3§]§gl abﬁe:::s%rv% Y l% sP f{(rpallgl"%m%% Fl'xlci)n £ P{]uhd &fafit 1%13?& astglnrk\r/r\%{h anaC K

830 an ecl ers (not
shown) may olxs uﬁtr«nmdblymat I“Ia@tmetlmdam@nlg: Ltstubtolnepigtlhlt Lle@frsteeamlﬁFIng@r si de

of the tank,8 i : . e
shorter Zoltglr%d;sl:]q)e I?ag%d ﬂ%ngr%g E@e o[”(ri gdugg)fg%&vpltgtqﬁdéeﬁ%giélﬁé%rcgcﬁ%g% %fg&l&]&scﬁlandar d
r ack- nount gibugh gl@mgﬁltygqf(};exymmaersﬁdﬁi@im_tﬁa\die]ectric liquid coolant for absorbing at

lcast a portion of any heat being dissipated by the servers. Tn step 12, the temperature of the
15 liquid coolant at at least one location is monitored by a controller. In step 14, the controller
determines what temperature would be the optimum elevated temperature of the heated
dielectric liquid coolant as it exits the plurality of servers such that the exiting liquid coolant
sufficiently cools the plurality of servers while reducing the amount of energy consumed to
sufficiently cool each respective server. As previously described, the determined optimum
20 elevated temperature perferably is a temperature significantly higher than the typical
comfortable room temperature for humans and lower than the maximum permissible
temperature of the most sensitive heat generating electronic component in the servers. In
step 16, the controller periodically determines the energy needed to reject the heat absorbed
by the liquid coolant and maintain the liquid coolant exiting the servers at the elevated
25 temperature. In step 18, the optimum secondary cooling apparatus to minimize the amount
of energy needed to be consumed to maintain the elevated temperature and cool the servers
is selected. In step 20, the liquid coolant heated by the servers is thermaily coupled to a heat
exchanger. In step 22, a portion of the heat absorbed by the liquid coolant from the scrvers
is rejected through the heat exchanger. In step 24, in response to the energy consumption
30  periodically determined, the amount of heat rejected through the heat exchanger is
periodically adjusted such that the liquid coolant exiting the plurality of servers at the
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[ 0093] The tank nmay be fabricated to have an inlet pipe or line froma
pi pi ng system connected to a heat exchanger for the flow of | ower

t enper at ur@o@otogegAied | i quid cool ant into the tank 810 Parmdsasnoosssbet
pi pe or line connected to collection piping for the flow ng or

25punpi ng of heated cool ant out of the tank to the distally |ocated
heat exchanger as shown in FIG 3. After the two racks of nultiple
servers are nounted inside the tank 810, the level 824 of the liquid
cool ant 822 nay be carefully controlled to adjust the amount of flow
of the liquid coolant through the nultiple servers and to adjust the
amount of Ialeeettedrtanmvmre futteiedtipeodiemt pReiigrdbdrigs Rhi@atduog theGARPARENT S

in the servers. hjg)im%&}ie ti ng t%e servers in a vertical

orientati on“e\f\%yt%’niu SN ’tCIQBQW‘éqO PEL I OSWAYE: may al so be

advant ageo(®1tije t dt thoeldby piteddhatinvatiiecaletiabld twlarlsmmtms(ﬁ)ahel tafp@ftuen a
27 standar [C rd, ser

such as shm%nh P(ﬁ}ﬁ% éa“!ﬁﬁmﬁ‘pﬁ: %?ap%ﬁt@g{'\/gf"éﬁ %‘é?ﬂklcalﬂ%éda Ct‘?ggbt ﬂ&rPVgx}]éﬁ‘SQO
of such a $lewvecyit; 48) thdsmawperatmelélffﬁc e[h&Ehmchm@dﬁﬂe&t@bEﬂie wepccineakilvyrs i t h
enbod; ment ST s qrpEuhETaE SRR B e b3 B s e (e
novabl e hathd-cdrtiolier; 8830 paweeanbungftiot b&thserweertsroBhGignaln ottgutic Siemt tied
over the h r to the subnersion of the server into the
dielectri cg({r?qﬂt%él}/eccégtf)glle to protect noving conponents (e.g a

pl aten) frdfibdi ng ldaspgediol dbrgy vérsoopi®n peripdicdllcdrdraintd arIBhbe flow
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furthel haﬁéﬂlpldme'ﬁte@iinsﬁlﬁﬁb?utlieéﬁat@m1@@6}( ibPﬂ)mﬂy)lesAmlgrmmtomham the

space bet wegfant ﬂ%ﬁ@ﬁ yz%f bR e 'fiQtufleSa‘ﬂﬁﬂﬁ[lb 4119 b Iﬁéﬂ{ddt%HﬁJﬁ)H{'?ﬁgﬁ??e (if
el ectrical power th rou? sui tabl e power cables 846 to't
servers. thermodynamic cycle. In this embodlment the step of thermally coupling the liquid coo]ant

to a heat exchanger includes the step of fluidly coupling the liquid coolant to a distally
located heat exchanger and the flow of the liquid coolant passes through outlet piping in the

20 tank into a fluid circuit that is partially outside the tank. A more detailed description of the
steps occurring in this embodiment is set forth below in connection with the description of
FIGS. 17A and 17B.
{00116] In connection with the operation of the cooling system 200 in FIG 1B, the
coupler, such a heat exchanger, for directly rejecting heat from the heated liquid coolant

25 flowing through the servers 120 is located internally to the tank 210. The method of
operation of this system 200 employs a second type of thermodynamic cycle. In this
alternative system embodiment, the method include the steps of flowing at least a portion of
the cooler liquid coolant in a first fluid portion of a first liquid circuit through cach of the
plurality of servers wherein the liquid coolant exiting the plurality of servers is heated to an

30 elevated temperature; thermally coupling the heated liquid coolant through a coupler to a
cooling fluid located in a first portion of a second fluid circuit; fluidly coupling the heated
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[ 0096] The server racks 830 and 832 nmay have a nunber of different

i npl ement ati ons, some of which affect the flow characteristics of the
| i qui d cooWvanrflo/opt5ét er abl y, the nounting nenbers are c@CTIUSANLESBE
nount ably receive the plurality of 20servers in a verti cal
orientation, thereby mnimzing the footprint of the servers relative
to the ground, and with the "front"2panel facing upward for easy
installation and renoval of a server without the need to renove or
disturb any other server within the tank 810. [0097] As shown in FIGS.
12 and 14, the nounting nenbers may be al so configured to nmount the
servers suctlingbduid hehetfop poeive bf 82<bcafd flultkcilchigviad extornhlaiially 28 ated
conpletely o evel. 87 f the ver fack Q .and
832" or mea By S P tecrrpr D DR L Al fieden AT AR
| i qui d cootiznit fivnl thelseisd dislegtric bamobepotman ifihidlydoapling thelvodled @atiy fbfid t he
servers togj ' [ Q0. e liqgui bwr h.t.he
o ur al ty SpRES Gl MtaRh kbR Bt el o AU ok R B

r espectsi vetoshy soapler; Thenaby ouplingyth coolddmaslimg Sluidsthidedhi thecbuplsr torie foft t he
two smal | eg(gmgij ges 9l @uiﬁ%f}%&ngul ar server. The "back" is generally
referred to as the S|o]I with wWires inserted, such as power,

communi cat [AhE7] et cThis maslhddenay afvaynchide the epsod mfongaring dhet fowirataf the he
servers in o 30.; f k
30"t o- or oarhre AGE ke (25 MAERG P RARAKE nE Mrbahi AlfaPlkact IR 180
server 820hegheenertngdectroms efmuonents iasichgerpbrtivhserver; iperiddically dftermindgng

di el ecfy i Cthle'eﬁ’éféydne@&(alt@ﬁbtol R SR e Rl i bhatfd cop i Bl to! the cooler

i nproved. Preferably, the nounting nenbers are 5configured to nount

t he server $"Mpr@gEs hgdpesiod may plso sdathe sl ankanging ths dnidevelogiticdd theo

restrict thgeldiowi@knrbdi adi ehechlihEnlid %&ﬂwg@%ﬁeﬂfﬁiorp&%ﬁ@sepmh?ﬁ or
plurality of vertically-oriented servers, such that the flow of "t he
di el ect ri cn9zznicgrgversardesaRedifghnt he plurality of servers is

enhanced. [00118] In responsc to the controller periodically determining the energy necded to

15 reject the absorbed heat and the flow rate of the cooling liquid, the method may also include
the step of periodically adjusting the flow rate of the cooling liquid through the second fluid
circuit such that the liquid coolant exiting the servers at the elevated temperature sufficiently
cools the servers while reducing the amount of energy consumed to sufficiently cool each
respective server. The method may further include the steps of monitoring the temperature

20 of the cooling fluid in the second fluid circuit.
(001193 It should be noted that in the system employing the sccond type of
thermodynamic cycle, the flow of the liquid coolant is contained inside the tank in which the
servers are submerged. Preferably the fluid flow in this first fluid circuit is from the bottom
of the server through the server to the top thereof, where heated liquid coolant exists. Once

25 the coolant exits the top of the server, the coolant is cooled by passing it through the heat
exchanger in the liquid coolant. Once cooled, the liquid coolant sinks to the bottom of the
tank. The flow of the coolant in the first fluid circuit can be supplemented by fans, internal
or cxternal to the servers. In the preferred embodiment, cooling takes place near the exiting
of the heated coolant from the servers.

30 {00120] FIG. 17A illustrates the physical steps in the method of cooling one or more
independently operable servers immersed in tank of liquid coolant employing the system of
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[ 0098] The tank may al so be sized and shaped to mnimze the m xi ng of

the cool and 1Oheated liquid coolant. Further the apparatus 800 may
include a YORYPABIR"top so that in the event of fire t RETIHBRIMGOSPHe

fixture apparatus may be enclosed to snother the fire. [0099] A punp,
such as the punp 330 of FIG 2, may punp liquid coolant fromthe
external heat exchanger through the piping systeminto the tank 810
to maintain the coolant fluid floww thin the tank. The liquid
coolant may flow through each installed server and 15exit through the
outlet pipe fromthe tank. Simlar to FIGS. 3 thru 6, the inlet

pi pi ng may Fie IpceEted- &%“@ﬁ@4€ﬁﬂ”@ﬁ“ﬂﬁéﬁK@@@%ﬁébWamﬁﬂhh%mswohﬁ@ar t he

bottom of theerd %Ktep yd@%fe%ecirﬂ%q@iﬁtcbcﬁ&nt RLRL A9 mculaﬁ t!h%?l?i‘?j Bﬂﬁﬁﬁer

the top of the tank hi s conf |%urat|on permts
heat ed by Pﬁ%l%@amm@@%ww thg digtspipie Herd goolant bh@sgrémaeﬂsast ppaidennfal |y

rise through, fch@cs @iﬁ@iP?ﬁcﬁﬂthes)&l'\Icrst A é?éf)gﬁ ﬁl@ﬁmﬁrxgﬂ&ty%@ﬁﬁlhgﬂﬁ c&ﬁzﬁt

servers. Because t ow i's rel atlvey ow I n rrparls nto
total Vol uffey 8t ontiveallysakaaraddy vsingBuid velpeity cusramntation deyicse smcé|aafans; @1 y

uni formt egﬂ?&u@s‘idéro?thekgoelpml%ﬁ & '?l%ttbr}f&lléfme%htﬁe liqs o'oQHt i©fhohiflged ! et
and outlet pip g be reversed such that the heated I'1 qui d cool ant
0?%

may exit f I8t Cqﬁﬁ%tN&l“Pé‘tf Tghajeris Infiep dgH spacgdary eogling syatpmligscleried

the outlet Iﬂﬁlﬁn&ef'@le%?h.ll;a%@tliﬁﬁp@h RAJ uﬁNc%B]@ﬁﬂheémﬂayQQé Jeﬁ@kl Qﬁapai Bhng
transports. the heated 25liquid cool an heat exchan

rejecting 4§ F’@B@kvels%ﬁgélyé?caleﬁ3%(&%‘%‘“&%@’0@@@3 W?ESWPH'@O’P ﬁ@g%]ﬂqabd

serverg [ OR8] bythe GmEEGIA IIS Vejééiéakl{r@\t%@heﬂﬁﬁt\é%lﬁncef anstepBE 1R o6Rd
|nstalled th|n t he sehyers distributing a cooling nedium (e.g.

) Sanong MR BHEhE SEaMEHRlg BrE R e T HEVLE Heghid o 1§ Gpsecondary ©
enbodi ment seolihf @farafud Radfeed Rekdin taskdihiBhe clovaddqan 608! mRtep NN

the rejected heat is dissipated through the selected secondary cooling apparatus or in step 44, the
rejected heat is recovered by the sclected secondary cooling apparatus,

15 f00121) FIG. 17B illustrates the computer controller-based steps in the method
of cooling one or more independently operable servers immersed in tank of liquid coolant
employing the system of FIG. 1A or FIG. 3. In step 52, the controller receives signals
relating to the system operation from various sensors relating to temperature, fluid flow, and
power consumption. In step 54, the controller determines the optimum elevated temperature

20 for cooling the servers. In step 56, the controller periodically determines the energy needed
to cool the plurality of servers. Tn responsc to the energy consumption periodically
determined, the controller in step 58 periodically determining the optimal secondary cooling
method to minimize energy usage in order to adjust the amount of heat to be rejected
through the heat exchanger such that the liquid coolant exiting the plurality of servers at the

25 elevated temperature sufficiently cools the plurality of servers while reducing the amount of
energy consumed to sufficiently cool each respective server. In step 60, the controller
determines the preferable settings for the dielectric liquid coolant pump, type of secondary
cooling apparatus, and optionally the fluid velocity of the liquid coolant in the tank. Tn step
62, the controller executes the output control signals to the pumps, valves, and fluid velocity

30 augmentation systems, i.e. fans or nozzles. In step 64, the controller provides a failure
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30conponent s and regions within the servers. Coolant flow rate and/or
f an- speed c§ ? usted in response to a conponent tenEeraturo _
excur si on ‘384 °é e-determ ned threshold, even aft Hﬁa@%@tﬁmhl
wor kl oad, to naintain conponent tenperatures at or bel ow a maxi mum
specified (as by, for exanple, the conponent manufacturer)
tenperature, while at the sane tinme nmaintaining a coolant tenperature
at an el evated tenperature, such as at the highest cool ant
tenperature that still naintains conponent tenperatures bel ow a

5maxi mum t hr eshol d. Fan %?eed can_be nodul at ed, but does not have to

be. [00102]19it§t§ttt0i%'h%tri eyen{ipesypemdeiisty orstmsMaansdo f otrspmble de confiaiiers

mul ti pl e f 3Rsid&Q0RIRY ndichH M B HRAEH8AG LM &iten SRIWE foraRf keasoB 30
and 832 in_the volunme of |iquid coolant bhetween the plurality of

servers in(B&A redpatinse ftedewlegﬁerat%éf B micaieiodisedased ip e epplary

increase t A@mftodnidgdifionts BRCEH R heeh hiGoblingWderGRRY Aitheri thd dclbdige t ank,
and inproving., the flow 10 of the coolant through . the plurality of

servers. OHfdd coolpnt tygpainteinige an slgird AtmRergne erevipiadze; tirampyet 989 %es

nmount ed onréghie:desebodihe ferldrd) ETHid REBriPNEhed BF kakHg ailvih@be it fighbwhirch may
be directed towgiIIIIH d the desired_entry point of the Ti quj,d cool ant into

the server & ¥YSBNHERE FMPRRIYFY tfamtfsﬁ Haewn 6f10fflﬁbsewwpt91=c%?raﬂtat can

t hrough t hge &etrcv@fosmp{ocma&aﬂld:éfﬁme&g SRS ctidef felpbdufe ddr8RE: wiwdihe
liquid coolant 822 t

he servers 15820 i.n.the apparatus 800 in
o6 det ai 116 Meg860s) JGIHd 8o TG G AcAe! BHSSHNRTIA ERB R d e PEviNG 860
of thetd i quid cool &BZtrcﬂlﬁHOthdd’mg)ﬁhM hﬂtﬁmkocﬂthf ﬂotgfbféaﬂﬁsel'v@iéw usinglsgded
piping is initia I.rected throu a volune,.o ul coo ant 862
Pobred by PRAHE SSAFRTE RS Miche e B Brg SRS i o
pi pi ng andmﬂhﬁnhﬁt&ﬂﬂﬂﬁﬂﬁmﬂknﬁhﬂaﬁErVer rack 830 and 832 of servers
820 and then throu h thq ot.tom 872 ﬁ § rack ta{ h the
servers 820 and out(?Wg)Fbﬁmgﬁ?1§§°§§ﬁ“%$m?' © 4 LTI R O

vol unme of bn@umdﬂdbglaﬂWmBZﬁaﬁ@fhﬁﬁgb%Iﬁbﬁuﬁqph@ﬂﬂd&ﬁhhhﬁu@ﬁﬂver rack
and t hl% to et% fﬁscc%b%cﬁ%h comtpug ?o'atmﬂer d‘f%%w[ft?g%ﬁﬁﬁi ydhaves 0 ﬁﬁlﬁlm?e to ut%tleh%t

pi pi ng 'l ocated near
i mrer si on oﬁvaﬁmaeﬁSmmgmoﬂatlqu|d coolant within the flxture

appar at us O%Iiﬁ us eﬂ%\?\ﬂ%&:&%ﬂ%% in%ggsibiﬁt(ﬂ%’in glggiemZood?man?fg gyc?eoigcré)a];est he

fixture apparatus
efficiency and therefore reduces overall power consumed. With the described features, it

should be possible to safely maintain fluid temperatures at approximately 105 F,

20 significantly higher than room temperature and the maximum US average outdoor
temperature by month (75 degrees F during summer). At this temperature, heat can be
dissipated with minimum power or recaptured by heating other unrelated components such
as building hot water or ambient indoor air in cold climates, Further, this method should
minimize or remove the need for energy-intensive thermal processes associated with the

25 cutrent methods of server/computer cooling, which include refrigeration as the primary
mode of heat dissipation. If heat dissipation (versus heat recapture) is desired, an elevated
coolant temperature allows methods requiring up to 1/8 or less power than conventional
refrigeration methods. These low energy methods can include direct fluid to air heat
exchangers, evaporative cooling, or other similar methods. Refrigeration, however, can be

30 used to supplement cooling methods disclosed herein while consuming a minimum power.
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25in FIGS. 3-14 reduces the tenperature difference between server

el ectroni c_conponents generating heat and the liquid cool ant nmedi um
used to coP W& Preferably, the median cool ant t enp&fdf¥9e3%e
kept at as high a | evel as possible while naintaining a conponent
tenperature during operation below its specified maxi nrum al | owabl e
operating tenperature. Such a high-tenperature cooling nmedi um

provi des sufficient cooling while 30reducing the power consuned to
cool the electronic conponents, as conpared to cooling the conponent
with a | ower-tenperature cooling nediumsuch as refrigerated air. 30

WO 2010/ 01881F%CT/ uﬁﬁ@e@yfb%@?@m G@P@@]dﬁf@?%#‘&ﬂbmfeﬁéceﬁpﬁﬁeﬁkf@

appar at us Erﬁsod%@ﬁgemggemﬁschp@m§ 8 8 rfieahito @e anetlr&@tnu Gmitih@4tnsk, %ab@nt
provi des for the fol omnng advant ages: desi to maximze fluid
)

t enper at ur BofFEBGEhOheIFC ?ﬂtqn&odlmeﬂfs Fe iRl pxa qt@w&lwgb@)@lms%?fdﬁw

comer ci al liyeaikitilctme aphrchHy [a&@dah SiIRAQANY 86 Srt 2P BfcRAdd Y (1 ASicBpeA
for air_cooling wth mnimal nodification fromcomercially avallable

confi gur at POHS HWTIW%SIF gogldibe gppregigsyd by thosp galledde he p fhehle ekt ids

into the dlh@|a.9&tﬂcle§1bbd1ﬂnbhltd1b§l@§bh@rﬁ‘y bW Ol dies @dalis fooRodfyingQk d
pl ates, pi &% a arts internal to th servers 10has an

ddition
open top "bﬁﬁﬁT%%w?ﬁ%%¥é oupthe sAme RUIOYS Of e PRSI MY HECR dpva
of a di ffeﬁlﬁiﬂtd a&emwedall;ﬁeabgthoq@c&mé@rnsthf ﬂmatmu¢wdlepa&de&k{rycn@m&roaﬁ{ e)

only requires the é encl osure to be seal ed rather than needing to
ot et | cal (53R BT G Re I e ONCERR < S UL S MR aTRBITRd | ¢ he
server1a ack®125] 1t is therefore, contemplated that the claims will cover any such modifications

or embodiments that fall within the true scope of the invention,
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guides the fluid flow such that cool liquid coolant flows in and
heated |iquid 15cool ant flows out of the servers may use fluid

vel ocity augnentation, such as fan speed nodul ation, to enhance the
flow of the Iiquid coolant through each server inproves the
installed density of servers in a conventional server roomor data
center by mnimzing the footprint of the servers relative to the
ground 20uses a controller (i) to nonitor tenperature and fl ow

condi ti gigairsidicaiviebise apparatus and the power consunption of the
servers and cooling systemto mnimze the amount of power required

to cool the perves syspRfifof bdlink @ phedlicy ot m&?@nc@ﬁ‘?}t opftieb AR ersTBhiRGe heat

t her eby enabllﬁg the data center to recapture heat, if desirable, or
di ssi paB¥ciag @ﬁm#QFOFW@mﬁﬁsﬂwéV$@EF%ﬂﬁﬁmﬁﬁhner when heat recapture
is not desirable. 25[00106] FIG 15 depicts a schematic illustration

of a system §i0¢asChRR kdnRUciatht biPin€ b PaNiHé S HaPRL 8 doAR: VRt fbaeksviffa t he
type shown in, for exanple, FIG 3, located in a server roomof a

typi cal dfé%@ﬁﬁaﬁ%elamﬁuﬁp@lk krfA&Ho? w§15&%hmﬁévu¢eascomaﬁttduaéﬁoﬁﬁrowg the
racks 310 f Iy coupled in parallel throughrespective outl et

Pi ping dlRcki 1iﬁ9ﬂd'c@&l&ﬁt%‘ﬂ9¢v9}oﬁ&h§ Mﬁ&-ﬁﬁ’\z&{}’ﬁe tﬂ%’édoﬁaﬁi 1'11%{‘31{?1' R E&la%@&tlet

collects the heated Iiquid coolant flowmng out of the multiple server

30r acks pea;Tha.0R) e0Ld @2 @i g 902, in turn, is fluidly coupled to a
punp 9046\/\%ﬁu RJON% hg colT'ected heated quuid cool ant through

p' pi ng 906 tcSheam ﬁrlo ﬂmgltiﬁlg ngaaxlg’}oﬁn&ﬁﬂ% GRARASL: v ogﬁlxge anTihc%nH édetg

l'iquid cool ant Ist erna y coup coo

fluid fh%}ﬁ%tﬁ%yb%ﬁv&%lu%}@ Bﬂh@%ﬁ@den@f%@{&?e@%ﬂ%%f 910. The cool “9

fluid in 0 a sefected one of the heat
rejection or fus 352, 354, 356, etc as previously
descri bed fo?&gggﬁegmggggﬁghtlng or recoverlng t he heat absorbed by

10 L0 R O AL St SRy LTI R o
exchanger being distally located from the tank;

a pump fluidly coupled to the heat exchanger and the interior volume of the at least one
tank, the pump being configured for pumping the liquid coolant through a fluid circuit
comprising a first circuit portion extending from the coolant inlet of the tank fo each server, a
second circuit portion extending from each respective server to the coolant outlet, a third circuit
portion extending from the coolant outlet to the heat exchanger, and a fourth portion extending
from the heat exchanger to the coolant inlet;

a controller for controlling the cooling system wherein said controller provides
instructions for periodically

monitoring the temperature of the liquid coolant at at least one location within the

fluid circuit; and
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then fluidly coupled through distribution piping system914 to a
plurality of parallel piping 916 fluidly connected to val ves 918.
Val ves 918, in turn, are fluidly connected in parallel to the inlet
piping 370 to the nultiple server racks 310. 10[00108] The controller
920 may receive nonitoring signals of the tenperature of the heated
|l iquid coolant exiting the server racks through control |ines 924.
The controller may also receive nonitoring signals of the flowrate

of the Ii qUi d CO%Q‘E%OI?STC tcy 1‘35 MIA d%@é’xhlngpéhéﬁ?%ét%aé}htg gngi] %{hla %&Uﬂxﬂ

control lines 925 and the ftl M/rate rou 04~ thr ugh

control i ness l%%pto byi] e%gfn 9%11 t%% hga%gx u%g t a?ﬁ@dw?ec%@fq&ﬁ bagnt 1s

signal s relat|ng to t seco y cool'I ng "appar

sel ect ed and g?auied%\{var{ &%\%te(a I%?abﬁr% LiBgdd, us'egor{dreér%%?pc[rg%%tl e fluid

secondary CO us t contro I ne

- previously d%%%%lbed the controller 920 operates an appllcatlon

program t hat protesses the information received fromthe various

nmoni toring signals, t e ec m el evat ed t er.at t he
eror oy noadedigmins RS Pelh PrlBipRERmE R e ddEbsoui Sty
mai ntai n .t he_ el vate rature, en_determne t vari ous
setti ngé”‘%f W§f‘gﬁ?l§g‘g’%mﬁ8ﬁ]fe q‘frﬁg ofFeryerisse maRHaY fSeiNe nt ai n
t he eIevated t erature_of the liquid c iting th rs |n
the mul tﬂiﬁ&tle o 674 6 porige RE ash ferveripsLymeres &ﬁ@eﬁ%ﬁemc Higuid £ ?

900 contr @% y the ontroIIer 920 include any fluid veI00|t
augnent aF lalﬁn %083%%;9 E5SPGYMRtPTIFE MR the dank dy spdffciqngly gl ofithgl wﬁ@ob‘eu,
val ves 918, the valve SQO&éFIG. 2) 25for switching the flow of the
heat ed Mhigaraintainng the exibingbeateddisuistrealeyt & dsiciigeapprraimoreiuseigsed,

and the sel ected secondary coolln aratus. [00110] The controller
may adj GEPeuRtipd enqrsipogrunpaido suibrisety qoqﬁ?aah elobt elaralibmiseyerseach of the
val ves 918 to adjust the volume of the flow of the cooled Iiquid

cool ant anong the different server racks 310. 30[00111] The controller
920 may control any fluid velocity augnmentation devices in the server
racks throug® contheabstempédaiant wheteimihs oot trmubviddsdurphenivistmestions fer of

the pu nBels?&A‘cally

determining the optimum elevated temperature of the heated dielectric liquid coolant as it
exits the plurality of servers in order for the liquid coolant to sufficiently cool the plurality of
servers while reducing the amount of energy consumed to sufficiently cool each respective

server,

determining the amount of energy needed to reject the absorbed heat for cooling the

plurality of servers; and

in response to the periodic determinations of the optimum elevated temperature and the
amount of energy needed to reject the absorbed heat, adjusting the amount of heat to be rejected
through the heat exchanger in order that the dielectric liquid coolant is maintained at
approximately the optimum elevated temperature as it exits the second circuit portion of the fluid

circuit.
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32 through control line 930. In addition, the controller 920 through
control line 932 may select one of a plurality of secondary cooling
apparatus 352, 354, 356, etc to optimze the secondary cooling
apparatus to the environnmental and server rack conditions and contr ol
t he amount of heat being rejected by the sel ected sccondary cooling
apparatus by adjusting the 5flow of the cooling fluid in the
secondary cool i ng apparatus. METHODS OF OPERATION [00112]FI G 16
illustrates an exenplary nethod of cooling one or nore independently
10operabl e servers at |east partially immersed within a liquid
coolant inside a tank with an open interior volune. This nmethod may
be used to i#pl endREYEHR Ok§EPEWhgRE| G | A or 1B. The nethod
includes a step 10 of flowing a dielectric liquid coolant in a fluid
circuit throwght ledyeond tekleddfihys Mfopseivpiobvdlia®gr sed wi thin the

di el ectdc liquid coolant for absorbing at |east a portion of any heat

bei ng dissipated by the servers., In step 12, the erature of th
151 qui d coolGREe MY TORSUE TR PRSI GIUA- By e plorelity B
co nlt (r]I 0|b|sﬁ{reﬁrs I whieRl Gl‘peinta'tibl@wﬁﬁiﬁttlﬁdlhieﬁbr \dﬁiﬂ@e][ EHei;]wS‘- hmMﬂaﬁzéﬁmlmoqirm &
wou e the opti.mum el evated .t enperature of the heate ielectric
liqui d SEFYRR TQQQV‘?WI&ST?%“% le peippifingegsydpstaliaionang ¢ ‘ﬁ‘ij? "he
exi ti ng wiihewtitek 1e@toaBinoeddrfdiseirs By Mhérehver wilten MW@l i ty of servers
whi | e reduci ng the anmount of energy consuned to sufficiently cool
each respective server. As previously described, the determ ned

opti mum 20el evated tenperature perferably is a tenperature
significantly higher than the typical confortable roomtenperature
for humans a#d | oiiersysthranf tikien Iyaehierdim per m ssi bl e tenperature of the
nost sensitive heat generating el ectronic conponent in the servers.

R ke e

| i qui d seetranisedxadjacag to hee swtheetosesaict thedloal Etiat delect2Sliquadpeiat betecen

I 18 . i A d | .. ni. m h
amount - S g R P e R Rat BRE T B AR B B Qi it ™

t enper athroezhahdplaatity dfbevaeisveliaceds sel ected. In step 20, the liquid
cool ant heated by the servers is thermally coupled to a heat
exchanger. In step 22, a portion of the heat absorbed by the liquid
coolant fromthe servers is rejected through the heat exchanger. In
step 24, in response to the energy consunption 30periodically

det er mi ned, fhe ahsumtternfof ¢laiat 3, mjerested t hr ough t he heat exchanger is
periodically adjusted such that the |liquid coolant exiting the

plurality of 43QRry&r 1§01§tmotuﬂﬁng members are configured to mountably receive the plurality of
servers above the bottom of the tank to create a volume of liquid coolant between each respective
server and the bottom of the tank such that the flow of the dielectric liquid coolant through the

plurality of servers is improved.

6. The system of claim 5, further comprising:

a plurality of fluid velocity angmentation devices mounted in the volume of liguid

coolant between the plurality of servers and the tank to increase the fluid velocity of the
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33 elevated tenperature sufficiently cools the plurality of servers
whi | e reduci ng the anmount of energy consunmed to sufficiently cool
each respective server. [00113]It should be noted that it nay be
desirable to also nonitor (i) the tenperature of the liquid cool ant
at nultiple locations, (ii) the flowrate of the Iiquid cool ant
through the 5 fluid circuit; (iii) the tenperature of the electronic
conponents of the respective servers by connecting the tenperature
signal s t Y I

cont rof (SRR QMR AIRTRE ERTRES Boki BB AT PP RLABE Bl AR
out put t pthrdlitped sehersservers to the controller. [00114]In response to
the energy consunption periodically determ ned and the fl ow 10rate,
the controller may periodically adjust the punping rate of the |iquid
cool ant through the punp and the heat exchanger such that the liquid
coolant exiting the servers at_the el evated tenperature suff|0|ently
cool s the pl &ral i The syftems of dlaimss. fheecomntisingngotume dmfisublecsic liwid gy
consunme sk

connect | o SRR LEPla BRAETEE L WRes B Kb PRSIl 1)

| A and muﬁablbrewed'e@natm alsnbsmnwporzmntoﬁeaCheaveremhaﬁg@nbm@gedjwwlecthey
rej ectipgygal; de%%%@cefﬂll Au@lﬁ&%ﬂg%&%@teaéh%eépg&ﬂle%gvaxt ernally to the
fixture appara S an enpFoys a‘tirst type

t hermodynam c cycle. In this enbodinent, the step of thernally
coupling the liquid coolant to a heat exchanger includes the step of
fluidly coupling the liquid coolant to a distally | ocated heat

exchanger ang. t heryd soieRlor bih 4, vhdicth, G0k ARLIPARY §SschifsQHOn Lt

piping in the 20 tank into a fluid circuit that is partially oltside
t he t ankeceixednspeh rgweeiveserverds sybnsrged within thebquid eqelangeuch that ayolime ohi s

embodi NBfechR I%?fd cfoalamoﬁeét@iwa BmERAREaIhA Qre‘ﬁ‘ah&ettﬁhepiﬁirglﬁtg y%%—&e?ﬂteof

FIGS. 17A and I'n connection wth e oper at
cool i ng impevehe 2@@1¢twnpf @e lignidieneans dupabrthe plurakityef hersers dhestharrgancing or

directl %Jc%ﬁfgtdﬁégcﬂ}@&tectwe%@vwe heated |i quid cool ant

9. The system of claim 3, wherein:

at least one of the heat generating electronic components is a disk drive with a movable
disk; and

a liquid-proof enclosure is inserted over the disk drive prior to the submersion of the
server in the dielectric liquid coolant wherein the liquid-proof enclosure traps air about the
movable disk and prevents liquid coolant from entering the portion of the disk drive containing

the movable disk.
10.  The system of claim 3, wherein:

each of the plurality of servers comprise a standard rack-mountable server; and
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25f1 ow ng through the servers 120 is |located internally to the tank
210. The nethod of operation of this system 200 enpl oys a second type
of thernodynam c cycle. In this alternative system enbodi nent, the
met hod include the steps of flowng at | east a portion of the cooler
liquid coolant in a first fluid portion of a first liquid circuit

t hrough each of the plurality of servers wherein the |liquid cool ant
exiting the plurality of servers is heated to an 30el evat ed

t enper at ur e; 1nl.i i qul At .t : a
coupl er 10 as o Y pE e G RRkped O BARLAN. A BNIY
fluid chtemigid rack-ngimibd/seoopihangn thestehdmd sdk-3punicd sdrvargan bapuppbried t he
first p I i trcuit to an external distally
Iocated&ﬁgggﬁgkc %ﬁ%%$8%%?g¥%%§§??%5“at | east a portion of the heat
coupl ed through the second liquid circuit fromthe heated dielectric
liquid coolant; fluidly coupling the cooled cooling fluid fromthe
distally | ocated heat exchanger through a second portion of the
second 11 qui i Cl riiiohsrc B dlih € QBlefiihe RGN Yer AR | Rfipl G- 008LE
cooling fluid through the coupler to the first portion of the first

| i qui d tiep ggitypicql ognibrgblp faomemhereiurrdyr kimpos prdclowerthanibe sexipgimof

noni t or . Ng: t f 00l § I : i d
L R R e R
heat - geplaradity efgemkrsct roni ¢ conponents in each respective server
periodically determ ning 10t he energy needed to cool the servers by
the cooling of the heated cooling fluid to the cool er tenperature.
This method nmay al so include the step of enhancing the fluid velocity
of the dielectric fluid through the servers using fluid velocity
augnent at i onldevildesystapetelpiand, Fherrigihq davated semprepaiyre ifs (pmpragiereiih g
herei n. J00dAdd dePrb £ RANEM defrebd¥® control ler periodically determ ning
the energy needed to 15 reject the absorbed heat and the flowrate
of the cooling liquid, the nmethod nay al so include the step of
periodically adjusting the flow rate of the cooling liquid through
the second fluid circuit such that the liquid coolant exiting the
servers at tig el@éaistan besiar AL WherehUld dSiaRatdnpetdat & 4 Bap&atias the
whi |l e reduci the ampunt. of energy consuned to sufficiently cool
each re§B§%?$ﬁ@‘@%@ r@gﬁﬂgdﬁgﬁﬁ d may further include the steps of
nmonitoring the tenperature 20of the cooling fluid in the second fluid
circuit.

14.  The system of claim 1, wherein the step of adjusting the amount of heat to be

rejected through the heat exchanger comprises:

the controller periodically outputting a signal to the pump for adjusting the flow of the

dielectric liquid coolant through the fluid circuit..

15.  The system of claim 1, further comprising a secondary cooling apparatus
thermally coupled to the heat exchanger wherein the step by the controller of periodically

adjusting the amount of heat to be rejected through the heat exchanger further comprises:

the controller periodically outputting a signal to the secondary cooling apparatus to adjust

the amount of heat to be rejected from the liquid coolant by the secondary cooling apparatus.
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[00119]it should be noted that in the system enpl oying the second
type of thernodynamc cycle, the flow of the liquid coolant is
contained inside the tank in which the servers are subnerged.
Preferably the fluid flowin this first fluid circuit is fromthe
bottom of the server through the server to the top thereof, where
heated |iquid coolant exists. Once 25the cool ant exits the top of the
server, the coolant is cooled by passing it through the heat
exchanger in the liquid coolant. Once cooled, the liquid cool ant
sinks to the bottom of the tank. The flow of the coolant in the first
fluid circuit_can be supplenented by fans, internal or external to
the servers. 19n tHe spyienef slaim Ehisbaicindhe sccendatyi caglinepparalys serepriseggne
the exi thaGedhorh BE iR R ERVF @RpdroOilt fhfecPRbY ShparaniOh OLZRIRE  17A
illustrates the prS|caJ steps in the nethod of cooling one or nore
i ndepenéertrans, o parfailewvins ayrspharimembiratieiy, o heai areies for pngxmmgomﬂa rgtheat
enpl oyi f : IG 3. In step 24 of the nethod,
liquid %%8%£§F&¥ﬁ%%g&@ﬁFgﬁ# gu#g% Ireﬁ\nfth the servers. In step 26, the
dielectric liquid coolant flows in a fluid circuit through the
plurality of servers imersed within the dielectric |iquid cool ant
for absorbing at |east a portion of any hcat being dissipated by the
servers. |n gtep ZBapphhfusiibitodlinge] Siiatity of indbftRdédiebelatie 9drdd conidiBy
be optionally enhanced _by usin |'uid vel ocity augnentation devi ces,
such as hfal getergting gleefresia damepeneits, thseoslinaepaany PPOETEPE30, t he
tenperature of the liquid coolant is nonitored at | east one | ocation
wi thin the fhUédt et definihp a8 bRR iSdriordoRB R BENnLOQ ol ABinkY fr E¥kiv g
selected to mnin ze energy usage. In step 34, the liquid cool ant
heat ed ww?%méélmﬁaoglabwﬂ%a the §bgn FisHeT Whansmgdrviae a canla optit fred
from t hendwank thelcBolahi@P N8 frodd the 8RR in@rAAIRNHe Lod IR if1&3hd thtQoolant
absorbed by The liquid coolant is rejected through the heat
exchang@®tlet pping flaiglyzpupled o caglvptéer: pidqui d coolant is fluidly coupl ed
back to the tank. In step 40, the fluid flowin the secondary cooling
apparatus | Sm%?ljr&kﬁir@ﬁko&zﬁin%Inﬁlaniﬁarsrfﬁ!siﬂbl;ﬂaldmiihﬂa thb St @loe ValiRe at EeRAE@EMoE
In step 42, the rejected, heat is dissipated through the sel ected
secondampPUBBBYirsgiva gt ality of Hrversin divapical prieqtpiion vafhin the dnteriog volume for
recover gfnibyzibd@e SRRk 688 SGARIAL TGO MelcRBn@ RRAERIHSserver] HOhel] FI G
17B illustrates the conputer controller-based steps in the nethod of
cool i ng msHataple spRyere aRd il gesmerantre PO aRinb esars QNS SRRt 1B tEblY Regie
of | quiggd ppfﬂ'Qlllt? RF s QYdeNBadiddCnt3Y SteSMbREr SThiGhat Whela piliity 3f sebrsShEP
52, the controller receiveés Signals relating to the system operation
f r om vamogogblysersiyed intethgtantigthe Sov ofifiedirlagis lighidisoelat apaynd ghedplpalite pf
consunp | 0. . . . - LM
ol vt eder oy Rery s O D M b W ol AR
cont r ol lceglansérrpeghi thaplinpligeifeememes t he energy needed to cool the
plurality of servers. In response to the energy consunption
peri odi cal | Yo AGLRIHY st o fark UUBEAEA of BoritdifiRe 2 HicREIH AL &b s
determ ning the optinmal secondary co6oling net o8 to mnimze ener gy
usage i Wibmdbe infesionuglumse sudhahagwhenta phiralkip af setvsrayee mepwdile tetigdghegin,
Lhe heal, £xFHARAEH oFUER sdrhBbehR ol JectR0d ABkbrforkdd Mihih R RALER! 1Y
liquid coolant for sufficiently cooling each respective server when the tank is sufficiently full of

ek 1

the liquid coolant.
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25el evated tenperature sufficiently cools the plurality of servers
whi | e reduci ng the anmount of energy consunmed to sufficiently cool
each respective server. In step 60, the controller determ nes the
preferable settings for the dielectric liquid coolant punp, type of
secondary cooling apparatus, and optionally the fluid velocity of the
liquid coolant in the tank. In step 62, the controller executes the
out put control signals to the punps, valves, and fluid velocity

30augnent ati o) Syigk %B?}aratﬁs Selding, iﬁ&héi' g&%bﬁs?ng d thﬁﬁee&‘ t@e%eit-:&ﬁc liquid
controller provides a lure notification I'h the event the sy%tenl

fails tepcgnésufticienily fﬁh@mthedt legspenedsadrmplethah wheronplnelityef Ir;dﬁwﬂeréisf a
failure, down
For any Pome e BlmbinulFkEabay 8 5 Ehiiubr ot ol iy BRI, [ o
di scl osesdeived is ebresxgadyvithinytha liped naalalt éwrboﬂicmem spolies each besgedties sirver.f or
cooling server racks imersed in a dielectric 5liquid cool ant by

mai ntai ning an el evated tenperature can mnim ze the anount of power
required to cool the servers. This acconplished by taking advant age
of the nunmber of irreversibilities or tenperature differences present

in a normal Serveheapratwpisipindi whvagn, mnbelw@@u@%adwmdem&r engeable
cool i ngsefdd ﬁb%ﬁﬂmbl}?@ce{v@@ léQéH I%eafvetsﬁﬁ% @&Ihg e19's£ﬁr§&§ézﬁcvﬁﬁu&gl ween
the incomng cool Iiquid coolant "and e heate outgoing liqu

cool ant diekctiigdiquid sedlitifer spfficiendy evrling kadhngspediire sarount  of | i qui d
coolant flow to each server by using speed nodul ated fluid velocity
augnent ati on devices to ensure flowis sufficient to cool conponents
wi t h changi ng demand; and a control |l er maintaining cool ant
tenperature at the maxi num al | owabl e tenperature (e.g., between 90
and 130 degrees F) by using the efficient heat renoval 15nethods
descri bed. The conputer controller doesn't necessarily have to
separate fromthe servers that are being cooled. [00123] The reduction
of in:eversibilities in the thernodynam c cycle increases efficiency
and thereforeg, redyces oyver r, consunmed. Wth the described
features, i tfoshou ke B%ar%%)so? Lﬁﬂgwevgeé?%l y maintain fluid tenperatures
at apprOX|nater 105 F, 20significantly higher than roomtenperature
and the nmaxi themdi$ naore mag@ingueakgers are configured to mountably receive the plurality of

servers above the bottom of the tank, thereby creating a volume between each respective server
and the tank that improves the flow of to permit the flow of dielectric liquid coolant through the

plurality of servers.

21.  The apparatus of claim 20, further comprising;

a plurality of fluid velocity augmentation devices mounted in the volume between the
plurality of servers and the tank that improve the mixing of the dielectric liguid coolant within

“the tank and the flow of the liquid coolant through the plurality of servers.

22.  The apparatus of claim 17, wherein:
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tenperature by nonth (75 degrees F during sumrer). At this
tenperature, heat can be dissipated with m ni rum power or recaptured
by heating other unrel ated conponents such as buil ding hot water or
anbi ent indoor air in cold climates. Further, this nmethod should

m nimze or renove the need for energy-intensive thernmal processes
associated with the 25current nethods of server/conputer cooling,

whi ch include refrigeration as the primary node of heat dissipation.

| f heat dissj i . i i ‘ d
e dhd %&}!‘ﬁ%ﬁ%%ﬁﬁ%bcfgse@gg%n:ﬁ%&%d kS mORApiPdeei ﬁh:‘%}{ngo%

cool ant tenperature allows g up to 1/ cor ess power

t han conventional refrigeration nethods. These | ow energy nethods can
i ncl ude di r edtendafd pel-mpungsble $p%¢S- exchangers, evaporative cool i ng, or
ot her simlar nethods. Refrigeration, however, can be 30used to

suppl ement cool i ng net hods di scl osed herein while consum ng a m ni num
power. WD 2010/ 019517PCT/ US2009/ 053305 [ 00124] Al t hough the invention

has been despjbed with reference. tqQ. specific. enpbodi nts, these.
descri pti ons“are %ﬁSt%g’ﬁPOC{l’SgB@l"éﬁﬁ%gﬁﬂéﬁ’e?q‘?“ PREFAPES ST c8&ARiaining heat

Vari ous nodi géneatih@ascthicdBmpoiens! axgdisgpbodi ments, as wel |l as
alternative enbodi nents of the invention will becone apparent to
persons skillﬁd inth t. upon reference to the description 5of the
i nvention. | ?ﬁUﬂF&mgégéﬁﬁg W&F@&mﬂ§VPﬁ5§e skilled in the art that
t he conception and the specific enbodi nent disclosed may be readily
utilized as endxasicse mounth®dicinbersgositiorttd svithin the opnhseri@tvolnatewhés f or

21 <0’ be PR TSd B e LE SR et o pRBHET t SS B st e or

const r uetiuers do not depart fromthe spirit and scope of the
invention as set forth in the appended clains. 10[00125]It is

h f , I h | ai i) h,.
et o100 < REETRERE LBl oA 3 ol PR S e
i nvent i earvers;WHAT |S CLAIMED | S:

a secondary cooling system having a cooling fluid flowing in a second fluid circuit
wherein the cooling fluid may either a dielectric or non-dielectric cooling fluid and the secondary

cooling system rejects at least some of the heat from the cooling fluid;

a fluid coupler located within the at least one tank for thermally coupling heated
dielectric liquid coolant from the portion of the first fluid circuit exiting the plurality of servers
within the tank to the cooling fluid in the second fluid circuit for rejecting at least some of the

heat from such heated dielectric liquid coolant;

a controller for controlling the cooling system wherein said controller provides

instructions for periodically

monttoring the temperature of the dielectric liquid cooclant at at least one location

within the first fluid circuit; and

in response to the periodic monitoring of the temperature, adjusting the amount of

heat to be rejected through the coupler by adjusting the flow of the cooling fluid through
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1. A systemfor cooling a plurality of independently operable servers
cont ai ni ng heat generating electronic conponents, the system

conpri si ng: at |l east one tank defining an interior volune and
having a coolant inlet for receiving a dielectric liquid cool ant
within the interior volune and having a coolant outlet for allow ng
the dielectric liquid coolant to flow fromthe interior volunme, the
coolant inlet and the coolant outlet being fluidly coupled to each
ot her 11@RE:0RE NERHAPH M deR thal BIRER S BRASd 1&@&900%}1%&' foltfee
interior volume and configured to nountably receive a p uraplty of

i ndependent | plueshbr ispimers éymaiptginedappiradimetelyiatan ¢lepaied terapstaturt wherein the g

heat exchang i t | east
one tank, t h%%aféééi;{ Elgh%%tg%g% %E%’ fgl(r%%utr%llﬂélt%gﬁag ﬁeot g@%zlel SBT%%%% lp ﬁoeo %‘[ ank;
a punp fl ui dieypestn odhemanshad leat thex thh amgemnna petmissibled teparatare of tleume

f the at | : el DE: bei f f. ing th
i qui @ cool R chrasRos et R R SsRAT WP Pl Bl BUTRCE, L

portion extending fromthe coolant inlet of the tank to each server,
a second ci r whéreinpige i least encttankds pepfignodfeaontainagplecdi¢lvdrisikquideootat t he
cool ant g Tl ' ' tion extending from 00l ant
outl ot P B fudhoh Dl okt R et R Y bERI L ESMAHI RESREM ¢ e
heat exdicanyer lets atshiwtaptidlpariioniofibagh server is submerppd tvithinl tier ditleatric liquid
control L] he al 1ng. system wher.ein said control.l er..pravi.des

et r uo it e R ehTE pOTRRES: Br R et s SRS HE e e
| i qui d dieticaitliqaid cablahteagttaiing thaodidtdtonligiid bdolunt etidd thé plulityaifisériverand
in response to the periodic deternm nation of the _tenperature,

ad ust | RO EPHE T 1A P b o a8 (RSP Gh PR HEERD t
exchangeuffisigntly ddobéach Fpettied @edefi c |1 quid coolant is maintained at an
el evated tenperature as it exits the second circuit portion of the
fluid circuit; wherein the at | east one tank is configured for
containing the dielectric liquid coolant within the interior vol une
such that, when the plurality of servers are nountably received
therein, at 2dastThe spoermiodelaiof 23ewledicis Grevcentrillsr probides fyeiterwistrdtions foe

di el ect%ﬁ; dligtaﬁ id coolant for sufficiently cooling each respective
server tank is sufficiently fitll of the liquid cool ant

whil e maintaining the exiting heated |iquid coolant at the el evated

t enper at ur e deermadug e pphienenglematediempereuyoidrtsawe dicteotrs liffhid coaarttlay it
cool ea ‘ r.al i LS. ) f [

ther ef nEisane UGS fslvic o Bier TG AT Qg CokdF U bost Wiy o,
det er m nérngs whde sgudingite enewd bEehergmpasuated tesufficiethly chelatddegieaivect ri ¢
liquid %ant as it exits the plurality of servers in order for the
liquid coolant to sufficiently cool the plurality of servers while
reduci ng the anount of energy consumed to sufficiently cool each
respective séstgrarning the amowwto€ energy negdeadie regavbtha ebesfbed heat dor cnaleealk t o
rej ect %ﬁgalﬁ)bgpsre%g; heat for cooling the plurality of servers; and

in response to the periodic determinations of the optimum elevated temperature and the amount
of energy needed to reject the absorbed heat, adjusting the amount of heat to be rejected through
the heat exchanger in order that the dielectric liquid coolant is maintained at approximately the

optimum elevated temperature as it exits the second circuit portion of the fluid circuit.
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in response to the periodic determ nations of the optinmm el evated
tenperature and the anount of energy needed to reject the absorbed
heat, adjusting the anbunt of heat to be rejected through the heat
exchanger in order that the dielectric liquid coolant is maintained
at approximately the optinum el evated tenperature as it exits the
second circuit portion of the fluid circuit. 3. The systemof claim
1, wherein: the at | east one tank defines an open interior voluneg;
the one or mey e MBRLGA oFBERLSSn B En AR Lilide FRHE loh HERRIAC
the pl urallt of servers in a vertical orientationwthin the

i nt eri opystest configyredip digtrbuié 2tileegt sofne of mmpﬁtlabﬂmhrﬁ bty e dsedeoimay liquid
relativ S S al
of a se?fséﬂﬁh%ﬁ%ﬁgf R MRl Db SRS Bl Ebest e bR
wi t hi n twhereinghksysterh is Eitansl}osbmdﬁalacveamrﬁne&uﬂmgr ei n t he one or
nore nmounting nmenbers are configured to nountably receive the
plurality of servers closely adjacent to one another to restrict the
flow of the dielectric Iiquid coolant between the plurality of
vertically-oriented servers, such that the flow of the dielectric
liquid cool a#? t h%éﬁfgqir@%ﬂplﬂhfre&nﬁiqcsﬁdm a §ust heat exchangerthisisilyddcatedgronTthe
system Qéwé}lrédnmtﬁeseMF¥o%h{'com nsm the one or nore nounting nenbers are
configured to nountably recelve the plurality of servers above the
bottom of the tank to create a volune of |iquid coolant between each
respective s#nastongiakidgBnipgen exen ditends@omsiorgptaininigan diglppitiq Haowd of
the di ek&ggrﬁl c liquid coolant through the plurality of servers is

i mproved. 6. The systemof claim5, further conprising: a
plurality of fluid velocjty augnmentation devices nounted in the

vol ume of | i oftfi% MOsPaing Stefibess pesitonsd yritin thyopsn infeiqrepimgsad ¢ he
tank t0céﬂ?ﬁwﬁf‘c@%@m%@ﬁaﬁl%l’Hché’%B%hWofqlflde#}%emﬂl GlefiblelskiGelsi qui d cool ant
within the tank, there y i mprovi ng the flow of the cool ant through
the plurality of server systemof claim5, further
conprising af 9181a&rweofalfde?we%ﬁyapé@?kusewrﬁemmmceaefr ofrthe Rirlityaf spveryare
fi 111 ngndobgtaBll réceRed b PG oh@MKm S aldubitRt meMheNubNBrafdabtf 8 thd YsRktive
servers are nountably received, at |east a substantjal portion of
each sed@Ver seebreacd i agqhwmed diglagiicianidicnelastifon Bbearping heat §omeaetool ant
for suf tésgécﬁ%bﬁé&@I@ﬁlﬁl@l1t@%@§br&&§%&t' ve server. 8. The system
of claim wher ei n, ‘when't he pl urallty of servers are m)untably
recei ved, each respective_ server is submerged within the |liq

cool ant such 3t &t o4¢ spgplsier Brerpaily cagnling tha digleqter et man&bﬂateééf ghejn g
conmon g&mlﬂ‘tpmeﬁe@% @Jaqv@autyn@ca&h li'i'i:@ hkdt ¥xd?1§ng%?fo\f %&aﬁl tHe mtgys%rﬁeh By

circulation of the liqu cool ant_ t hrough t pl urali servers,
t her ebytl‘@hﬂ*ﬁ%‘?ﬁgﬂ%@"l@@bﬁ?fﬁ@a“@fOfé‘W@riﬂég S@W ser ver 9. The
system of claim 3, wherein: at | east one of the heat generating

el ectronic conponents is a disk drive with a novabl e di sk; and

27.  The server room of claim 26, wherein the coupler comprises a fluid coupler for

fluidly coupling the dielectric liquid coolant to the first heat exchanger.

28.  The server room of claim 26, wherein:
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a liquid-proof enclosure is inserted over the disk drive prior to the
subnersion of the server in the dielectric liquid coolant wherein the
| i qui d- proof enclosure traps air about the novable disk and prevents
liquid coolant fromentering the portion of the disk drive containing
t he novabl e disk. 10. The system of claim 3, wherein: each of the
plurality of servers conprise a standard rack-nountable server; and
the one or nore nounting nmenbers are configured to nmountably receive
a plurality of st, r r

rack- nount ed ser vggggefg ?éﬁﬁ%ogﬁg‘b\%ﬁ ﬁﬁ{oglttlﬁﬁ% ‘ﬁhﬂﬂ {hp?rhér}o? VBRI of
si gni f i 8writnkrend icbriftgmteddmmountably recgive esEhef thy pluealitydf setvaism 1, wherein
the el evated tenperature is a tenperature higher than the typical
confortable room '

por i s, bl o t onper Sturpest) Ernelec HIRD A MO WEa LB LR IPH LAY

el ect r onf bquademeianeenlleity it dn@npnmza&mfoyd wéa abevasbe plurahty of servi2 to ifipgove
system ure is a tenperature
in the géﬁgéﬁ%@“é%‘%wggg‘:égg (?%élg%'ghﬁlgalgm%% 13. The system
of claim1l, wherein the el evated tenperature is a tenperature in the
range of 100 degrabeys the hoftpm affhelagk ngﬂﬁtavolume of lignid cRlekantiy steatadl of
clai M 1 Bg! 8lhof e &BvOLrAN M3 WBbAS TR o Deat to be

rej ect e throu R exc anger conprises the controller
periodically outputtlng a signal to the punp for adjusting the flow
of the diel ectri cuth Gefithe delsttsiniiquin conlepi flowe infa firstflued eicgittwithin the tank
15. The er conprising a secondary cooling
appar at Hggt 1%?&%@4%%%%%05@%}8&?% heat exchanger wherein the step by
the controller of perl odi cal ly adjusting the ambunt of heat to be

rej ected t hr difgiRuplprecompasesexchanger further conpri ses: t he
controller periodically outputting a signal to the secondary cooling
apparatus to adj usttleatsr&emwa&haﬁgerh&a{ed bR 18 Bk ek Q84 ftlse%m}f&ublh&w d
cool ant by the_ secondary coolin ppar at us 16. The system
of cl ai fctieleciftdiquidroplaat @é@ér‘?&%‘?"fl‘@é‘&b’ioﬁ&r‘éﬁbsp&?dat us conprises one
sel ected froma group consisting of a vapor-cycle refrigeration

apparatus, a cool d yagmﬁ@mrmca@ﬂ;artaﬁmsl,coalufg&mcf ;arﬂub:i @dh& 8o (iR FRITRE heat
anbi ent air g g ﬁ Ine for_ performng wo a heat recovery
WHIC §t%

appar at ﬁ’éCha%%?H K lperted frap dhgerver room a‘ld7the Aﬁerafﬁ pdpetsddestor

cool i Ng egchRhdér Fhirkih (R cdoNAERSALRNGd dtheRediablife S&loYMFechR odlidY MHd;Reat
generating el ectronic conmponents, the cooling apparatus conprisi ng:

at | east one_tank defini open interior voI Vi

cool ant i nl ef® 5];311@%@%@?%@% G’ch‘F’&?f‘Flﬂlf’“P?uj’Lﬁoﬂp g“gB’l tg Oaﬁ HFH%PWélg
open i nifhé Qd’coﬂdal'ylﬂﬁd aﬂdnthﬁ%rélﬂ tR dﬁé@dl’i'y%ﬁate@lﬂﬁét ﬁ&a: feﬁhaﬁ%el' RYMcRQohBSS the
coolant  to flo (1)15%%1 e qpen_interiqr_volune he cool ant inlet and

the cooPefroBn? &8 Fig vhih e W%a&ﬁv@ab@ébeéaf@ﬁl ¢ heated dgleptric liquid e
or nor ecmyﬁg@tﬁgc.ﬂ?[gpers positioned within the interior volune and
configured to nountably receive a plurality of servers in a vertical
orientation within the interior volune for mnimzing the footprint
of the server relative to the ground wherein the servers are

rack- nount abl e servers and the one or nore nounting nenbers are
configured t’w Mo UTHeabivyr toemeif Rink D& whietéirothe biye @imosemveithg GledihRls\re

adj acent t e anot.her such that en a plurality of servers are
mount abFgP e A derriF 8n?4%@1°flaﬂﬂﬂn¥lh interiop YPIEE farepiupiBg 1 oo Qo of e
cool ant s@v@uleitelte tH@lgW@HWhYlegém’Hﬁih% b4 hrsiat [idn@RE @RI OiRhAch lespective
restricted, thereby enhancug&) the fl ow of the dielectric liquid

cool ant SEHFSUBRULRECYPE PfisyRpingrany ibgisesver; and
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wherein the at |east one tank is configured for containing a
dielectric liquid coolant within the interior volunme such that, when
a plurality of servers are nountably received therein, at |east a
portion of each server being nountably received is subnerged within
the dielectric liquid coolant for sufficiently cooling each
respective server when the tank is sufficiently M of the liquid
cool ant . 18. The apparatus of claim 17, further conprising a
vol ume of thg gdifleesd ﬂlﬁﬁli&'o@%e@eﬁ&@ L RR %ﬁ&?ﬁb %gé Anbifel didch B HAG At

| east one tank such t'hat, "when a pIuraI¥t of In epenéent y operabl e
ser ver sPhraitheimivalsiaye mewrddbiigstaliad, the dlow of thsdiqridenoledt betwehn the plrestity
bei ng Az ! i ”Bﬁﬁ .t R L Qul 0 t for
sufficrgﬁ%%%ﬂ%%gFF%§ﬁ§g§%Q¥%@%@ct véﬁggfg%%Bh&dE&ﬁm&Bg&¥%§%%H%§%étus
of cl ai mshettivedeeresi.n, when a plurality of independently operable
servers are nountably received, each respective server is conpletely
subner ged V“idﬁ"1ﬂQ%mQE%£&ﬁ%?Eﬁhﬁﬁé“MH@-8P°|ant for sufficiently

cool ing each respective server. ’ 28" The apparatus of claim19
wher ei n: the one or nore nounting nenbers are configured to
nount abl y r e&iipemehelogited kgat exphafzencompases aapgdeorter ader extlepfouplrein
tank, t : LLng: : Y il :

e anl B L SR e B e AR,
| i qui d beoil apelant froouajfiyst fratiqn afitlz fstyflugd cizait s Srst temperatu@land Heeputlet

appar at Y5k AR Goyf SHeld\BL1c SOIREL B bR ot o secold RAMICAILE Joul nfh tled
velocity gugnentat|on evi ces nount N T he AVoTUhe "Bt ween the

pl ur al i figst teinpsetwreint asedondyrticud theHast fludpeiouie. t he mi xi ng of the
dielectric liquid coolant wthin the tank and the flow of the liquid
cool ant through the plurality of servers. 22.The apparatus of claim
17, wherein: the one or nore nounting nenbers are configured to
mount ably receive a plurality of standard rack-nountable servers.

23. A system $or cB6Isper raopiof elaim 28 vhereinihe plevardriemperapsci Blediaesrier s
cont ai ni;ggd BEGhnt SENCMBLARE IBLIRE iHaf MGy AOTRARBA e rdof PBihpet kB fothumans

| east one tank defining an open interior vol une; ~_one or nore
mount i ngndierreeihan the siagingmeperiissiblefemprsatorsah themast $epyitivedicatrgenermniihg

confi gugg ﬂﬂﬁﬁh jp 2 rality of independently operable
servers mﬁ?ﬁ@h t he ?ﬁ%é?%gﬁggﬁﬁﬁ%gghg a dielectric liquid cool ant

circulating in a first fluid circuit through the plurality of
servers;

32.  The server room of claim 31, wherein the first temperature comprises:

an elevated temperature in the range of 90 degrees F and 130 degrees F.

33.  The server room of claim 31, wherein the elevated temperature is a temperature in

the range of 100 degrees F and 110 degrees F.

34.  The server room of claim 26, wherein the distally located first heat exchanger is

associated with a selected one of the group consisting of a vapor-cycle refrigeration apparatus, a
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a secondary cooling systemhaving a cooling fluid flowng in a second
fluid circuit wherein the cooling fluid may either a dielectric or
non-di el ectric cooling fluid and the secondary cooling systemrejects
at | east some of the heat fromthe cooling fluid; a fluid
coupler located within the at | east one tank for thermally coupling
heated dielectric liquid coolant fromthe portion of the first fluid
circuit exiting the plurality of servers within the tank to the

cool i ng b i Cl i 1 j: i : one
of o Feae ol bl Ry P Pacbt i & Bla LAUAHL Bl Phick SA3H o
cont r ol Eleetrif genegaten angl d dompiretien towsbi ng syst em wherein said controller
provides instructions for periodically noni toring the
tenperature of the dielectric liquid coolant at at |east one |ocation
within the first fluid circuit; and in response to the periodic
nonitoring of the tenperature, adjusting the anount of heat to be

rej ected t hrdugh Heevelisre ! Byt combgationewith ipildingheA€ spitemdhe

fluid t Bougbystehhfeiiecangditd 4 &#sn@&ﬁ%héasé LBmeoHfE h]gzia@%s?wezg b eRtRGectric
S \" SIS

dielectric Iiquid coolanf exiting t plurality o rv
mai nt ai h@adagcgaréiﬁomtb@mbrrmgedﬁn@mémé@ﬂvenqs@}rlmea\reés wWitkin a4 lpast yportion of
el evat eg..igiggrature is a tenperature higher than the typical
confortabl e rodm tenperature for humans and | ower than the nmaxi mum
perm ssible tenperature of the nost sensitive heat generating

el ectronic conponent in the plurality of servers; wherein the
at least one tank is configured for containing the dielectric liquid
cool ant Wi t hig t NErelsBivEIF o of BlaitiBs HUSHbIAAN with£huilde 1V N alddny, of
servers are,nguntably received therein, at |east_a substantial

por t i on “afreBdEnseEwr (am jsexsphe logeed (Hatine i hauldingt ectric 1iquid
coolant for sufficiently cooling each respective server when the tank
is sufficiently M of the dielectric liquid coolant maintaining the
dielectric liquid coolant exiting the plurality of servers at

approxi matel y,t he, el evat ed t.enperature,.to reduce the anount of. energy
Consuned to ST 11 A FERER T CoUne BRI Oy R P CLIRTPIs S99 ferray R
of cl ai gendtatingeleeirdhid dtenpoAttd allderpapifally id@srsédwithigs dichstric lighkl@BSladtor
periodical]y ., determ ning the opti.num el evated tenperature of

t he heat™SHiedi @k anOPER JiATET @BP&ﬁPﬁﬁng% exits the plurality of
servers in order for the liquid coolant to sufficiently cool the
plurality of flseingerdilastric lguideduhnig atflil Grvidthiough tepdirgity cdsswed to
sufficientl 0o0l. each .respectjve server; .. det erm ni.ng the .
arount . grnged §5n SR RAFEMRE L1 Rl Thbrbing il aorgr SL B 1A inke
pl ur al i gynepdtedSiBr a4€li S the fesfeetpeserst 0 t he periodic determ nations of
the opti num el evated tenperature and the anmount of energy needed to

et B 8 AR R o

cool ant sérsersyaivhérainnaid catrolippsroxitdssaheuytidns dorgpiisditatiyel evat ed
tenperature as it exits the second circuit portion of the fluid

25 . Th f claim?23 | i nat i ith a.
bui i ng Hvac syatetibie S ue 8k B chdnf RIRIAR 8 Rafitrifin e

at | east sonfuidfcirtdigalnbat absorbed by the dielectric liquid fromthe
subnerged and i ndependentl|ly operable servers within at |east a
portion of the bujlding Lej h t i s ext.ernal l at ed.
relative to the b#%?%‘g? tw@gle@ate%ﬁ%‘.n&ﬁ%%raggbcfﬁ (t:)oonr?ﬁg‘f1 ﬁraltﬂa%‘f %eal&egﬁléhetée@g ed
to a first hbatid eocddnangieexiditist gtublitylod eatedsich diat thi EqEé cadant sf@eaienttyhe
server room conpri sing:
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at | east one tank defining an open interior volune for containing a
dielectric liquid cool ant; one or nore nounting menbers
positioned within the open interior volune and configured to

nount ably receive a plurality of independently operable servers;

a plurality of independently operable servers wherein each of the
plurality of servers are nountably received by the one or nore
nmounti ng nenbers such that each of the respective servers is
subnerged in i j ng heat
fromeach r egs(gﬂes\é?% gﬁhﬁfﬁg%&&gg&% %F la+ %ygolﬁggle?g%%ewcogﬁﬁl% W

| east one cowmfi@entiygpolcacmesictjveseryphindg t he diel ectric |iquid

cool ant heated by the plurality of servers to the distaIIy | ocat ed
first heat e

i erectric Traurn) Soul ok SR ol 013 Ay b0  hea
27. The exabpxnger disighydostted framiedank; wher ei n the coupler commi ses a fluid
coupler for fluidly coupling the dielectric liquid coolant to the
first heat exchange teas%om FRHeMRE: QAR thé aa@tta@u SR ihrongh
the one or nore nDuntl ng nbers are positioned wt % he 1 nterior
vol ume #fe hepiexehangeraand conflgured to nountably recelve each of the
plurality of servers in a conpletely subnerged position

within the | inq'é'slpgns%QQt}@@En&ﬁ@&téﬂ%ﬂ@nsv&ltﬁér@ev%d teb&@fa%r&ﬁ&h% reject the
collects in a _conmmon manif area above the plurality of servers to

i mpr ove hedhabserbed by e d@ﬂec@w ltcwei ookt @0@8&17&!17?1%’ laF estigrs, perodisplly adivstipg
of ser V@fesamount of heat being re}&?éa%fol? tﬁ@%&a“? Q}c(ﬂgngtep&hﬁ ﬁ'@kthﬁ Hféi%c&iafh uid
volume of liquid coolant”is create et ween eac e respective
ser ver s ceglent enEnd e povialisy off seeversaminaintaingd at approximately theipbavated wtnpt%ﬂaelre in
di el ecty t .G C

tank.t eSSl e 0o e hirif of byl WiGedicHeThClridil e bk bbby
at Ieastonﬁ@ﬁﬂ@aEO@xnﬁangmnhomamed |nternaI to the tank and
thermally coupled to the dielectric liquid coolant heated by the
plurality of servers; and a secondary fluid circuit with
a cooling fluid in fluid connection with the first heat exchanger
which is dlstaIIy | ocated fromthe server roomand the internally

| ocat ed heat 3%&xchefgesthagd elsim 3T./éeesm| i ng fluid can be either a
dielectric or non-dielectric cooling fluid; and the distally

| ocated firsthdieptorencelANARLpling tﬁéﬁmtﬁmtdovan@mmlﬁalytlecatehQemsatﬂaﬁ
fluid flowing in the secondary fluid circuit wherein the distal y

| ocat ed *PPEF heat exchanger rejects some of the heat fromthe
cooling fluid which the cooling fluid absorbed fromthe heated

dielectric |iqui disant ddlectat ﬂhh&‘r&ﬂtﬂ@ﬁﬁfally?&afgﬂlﬁea‘éG;Ec‘h&{gcf KQe@hdcl ai m

28, wherein the one or re unting nenbers ar
temperature through a coolant mlet il the tank wherein the second femperature is lower

than the elevated temperature;

flowing at least a portion of the dielectric liquid coolant received into the tank
through the coolant inlet through the plurality of servers for absorbing at least a portion
of any heat being generated by each of the plurality of servers;

flowing at least a portion of the heated dielectric liquid coolant exiting the
plurality of servers at the elevated temperature through a coolant outlet in the tank

wherein the coolant outlet is fluidly coupled to the distally located heat exchanger in
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configured in a vertical orientation within the interior volune for
m nimzing the footprint of the server relative to the ground while
permtting easy installation and renoval of each respective server
wi t hout renoving or disturbing any other server; and to
receive the plurality of the servers closely adjacent to one anot her
such that when a plurality of servers are nmountably installed, the
flow of the liquid coolant between the plurality of servers is
restricted, i: L . gh
cach of the RELERRISHANEA A0 Wheal ol o il LbBULCL OB AT LR
28, wherein: and the internally | ocated heat exchanger conprises an
inlet coupler and an outlet coupler in fluid comrunication with each
ot her wherein thegy,: i - ' '

' qui o cootant fraiy ey RcRbokeREIRE Gt R ol BaPefbiett
first tenper sitbateriadlydhetsaeond ierhpetate tqpthe coadarh ks tostht ek fwlewebyfihet he
dielectric |jqui . .t I r .than t

first temper S e FaRY Bebialafy R0 R e SERPRAYE BeupBlobaflpidlfe
31. The ser vpuraligorsafers irathatads o refretr 2 laastapertehaf gtededat tabsped ity utee of

the dielectric, Li.quid.,coglant i t ature higher than the

typi cal com‘%lre egtﬁl?glqliugc?ﬁ?q?rgﬁ&?glrcﬁ? a?’“éaﬁ%ﬁ!s%f?ﬁ’r@gand | ower than the
maxi num perm ssi bl e tenperature of the nost sensitive heat generating
el ectroni c ctwpwepehflowing tldielgpiriclghidtepoloiit threnghethe pluralify, of Fereers esnamises:
room of claim 31, wherein the first tenperature conprises: an

el evat ed tenperat i qe . . .
33. The sewer rooi‘][rrl{v%clé %II%{E% %@?&v%fglﬁee(?%e%ﬁgﬂ@ﬁi%%g%gg{: éeliﬁ%eiﬁtg%eﬁgaﬁg a
t enper at ur e ipproxupatelyiipeseoind teapedatepe dgsugh thepluklity od egreaesnikersed within
34. The servegr | ai \ i h I, | v.lgcat ed. f.i.rs
heat exchang%‘re dlfege%gqsc g%&@act%é‘ght\%\ngt 1?\5\%%%1 Iaglg%sé P grﬁléﬁ g#al%rlfgegéf ’6‘%%1551? biéd
consi sting obythephpaity chselversr ef ri gerati on apparatus, a cooling tower
apparatus, a fan for blow ng anbient air, a heat engine for

perform ng work, an electric generator, and a conbi nation thereof.

35. The server roomof claim26 in conbination with a building HVAC
system the HVAC system being configured to distribute at |east sone
of the heat 3HsorBedniihod dielagn dp.deithar eomprisingd cool ant fromt he
subnerged and i ndependently operable servers within at | east a

portion of thgnidHnkM@d¥bw rate of the3RelectiCli A ¥anf %ﬁ‘ﬁmhe@uﬁi Hcéfe 4l

conbination with a building HV/AC system wherein the server roomis
externally located relative to tgg bui | di ng. .37.. A nethod of
cooling a pl BPHIqrg hytempiratisnia ?%Oﬁéﬁ@g}eét‘%?rﬁﬁ@i@gﬁwic?l‘PPfﬁleWé?at
generating electronic conponents at |least partially inmersed within a
di el ectric | muipdneaott@nperibdis ddaminatian ks the bfiowit oD@eizyinBéded kolejevichel e,

conpri sing: f .o, a dielectrig liquid cool.ant in fluid ,

CoTRL ¢ b nsonnea praetidlParte B oLt e Riieal S O o et o W fat, with

ﬂi e |t eg t RipGmb ipqmbﬁltg@]g,(ﬁiaéﬂtrié xﬁquic?m%ﬁbm &g]gathte! fR:@bdircait BT perioficalfy ARKting
ea el.n ener eq.. eacn, e _respectli ve servers,; using a

control P ohgiag) ﬁ&%@%@%@hc@%@w&%@r i%gﬁfhﬁmwﬁp@; ﬂﬁﬁpﬁtﬁxﬁmge{ such that

! ndtepe nt@@rm_ élé’c?@@ﬁ{tﬁd%c%(qu%@é;?hfﬁfg&he VRIS 0T s8R 1<CRNLERE RpRooKIat8Sthe

I nstruc eiegapteszd teglliaergt?ll;flz i(rjx c;ré:e? to s){l'fﬁcienﬂy cool the plurality of servers while reducing the

amount of energy consumed to sufficiently cool each respective server.
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nmonitoring the tenperature of the liquid coolant at at |east one

| ocation within the fluid circuit; and determ ning the el evated
tenperature at which to maintain the heated dielectric liquid cool ant
as it exits the plurality of servers such that the |Iiquid cool ant
sufficiently cools the plurality of servers while reducing the
anount of energy consuned to sufficiently cool each respective
server; and thennally coupling the dielectric Iiquid cool ant
heat ed by t hgy pl | i eSetth C ol

| ocat ed frod?%heu?%ﬁk%%dQ&°ﬁﬁég%ect|ﬁg&g%ﬁﬁgggé(g%ggg%ygﬁﬁ%?h%ﬁgul%%ﬁ
absor bethelshel¢crec lifjua] @otani eniprigesi d cool ant t hrough t he heat exchanger;
and in response to the periodic determ nations of the el evated
t enperature J j : t i.el i

| Faui d cool ant e By bt e Bk ARARE LY c i FLPRERLES |
t he anowithinghe fligdrirpui ng rej ected through the heat exchanger such
that the dielectric liquid coolant exiting the plurality of servers
is maintained at approximately the el evated tenperature in order to
sufficiently cool the plurality of servers while reducing the anmount
of energy consuned to sufficiently cool each respective server.

38. The net holl-of Treapsthod pf clajsed biveperein: the step of thermally
coupling the liquid coolant to a distally | ocated heat exchanger
conpri ses:  the step bf MWiAGa dicRb@Righia chdlttt GhrbtHthd Meratiydradbstsdonpatad
heat exchanger at a second tenperature through a coolant inlet in the
tank wherein_.the second tenperature i.s_|awer than the el evated.
tenper at ur e: 1OWInS st IEqRgg peorfionof the ieleonie e Fopfem A EPTd IR in a irt
li qui d @ow@lpaRionfoda st @dididibd: hishigh 34tk of e @UARItY bEsetRR! vARleid Mk @lelectric
through.thg IuraILté of servers for, absorbinq at |east a portion of
any heatld¥ F‘]g‘da‘tjéﬁéi‘ e auRItLafTvETs it brateg|tq itle alrd dymreEtye pdieremn the

f1 owi Ngs@bnd RBEratrdQIdwed thaRlthe a8 alrfidradirgl ectric |iquid cool ant
exiting the plurality of servers at the el evated tenperature through

a coolant outlet ip the tank wherein the copolant outlet is fluidly
coupl ed to tHESEp gﬂaFwﬂvawéla%t é‘éﬁ?ecgseﬁwawgcegpamoaéw ¥ ioegied Bgat| Gast

a porti efchedget benfiRad: fromthe heated dielectric coolant to be
rej ected; and fluidly coupling the cooled dielectric liquid

cool ant fromythe heat exchanger, .a ubstantial ly the second .

t enper at ure tﬂ&?”flﬂg’ G BBIF%F&G%F&&{[%E{C ’élu?]aFﬁRl,an QP%bﬁ/cc’flﬂlérH*lae‘iOB](’:‘igri c
liquid godlentedinpitseb@SioRof d detshdFividaiichit Wheeiighe ¢daEindaat nexyeBanger
and the @&¥ralit g% servers in the tank to reject at |east a portion
of the AESCTGHLBpPhdiglepyic coplingiflbidact ric 1iquid cool ant fromthe

plurality of servers; and the step of flowing a dielectric liquid
cool ant t hr ofigiilytcheplipl tiiecehtel cadfling @nidan hedTPbiting 81 the second fluid cireuit to

the distally located heat exchanger for rejecting at least a portion of the heat coupled through the

second fluid circuit from the heated dielectric liquid coolant;

fluidly coupling the cooled cooling fluid at substantially the second temperature from the
distally located heat exchanger through a second portion of the second fluid circuit to the

coupler; and

thermally coupling the cooled cooling fluid through the coupler to the first portion of the

first fluid circuit.
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flowing at |least a portion of the dielectric liquid coolant received
into the tank at approximately the second tenperature through the
plurality of sewers imersed within the dielectric liquid coolant for
absorbing at |least a portion of any heat being dissipated by the
plurality of servers. 39. The nethod of claim38, further conprising:
nonitoring the flowrate of the dielectric liquid coolant through the
fluid circuit; and nonitoring the tenperature of at |east one of the
heat - gener at jng GL i .in response to the
periodic det%?nlﬁgglo#&@#ﬁ §H§§§§ t§c %ﬁ% gy needed to reject the
heat absorbed by the dielectric I|qU|d coolant fromthe plurality of
servers and ¥hgitaring e fipverategithe cqoknengnid briht segondidni¢ipieicandi ¢ 1 qui d
cool ant through the fluid circuit and periodically adjusting the flow
rate of the gigtem F'%llecterhbéi&'t\n% o@@glae?s%net&ﬁ}{é%ﬁ't éeh@raﬂgﬁ?ec%ﬁck&ﬁpcﬂ%@t&
exchanger such that the dielectric |qU|d coolant exiting the
plurality of sewer |s mai.nt ai ned at rOXI Ievated .

t enper at ur e PGS defsmiting the prsigy nee Pr"dff?é”%ﬁﬁﬁ"’rtéf’%"w Gy thegliglestide
whi | e 1 ggia ich@lart 3R mPRPPRtalief of@,&%axg%¥ BRI HRhkd bé‘dhﬁgBhM 16 8@l
each respective server. he nmet hod of claim3 fart her
mherelnSFﬁ%dE?@Emﬂﬁﬁnnnltorlng the tenperature of the dielectric

| i qui d cool ant conpri ses: nonitoring the tenperature of the
dielectric | 1nqaspenm@h@@tsn@dm detdHniafibh bya éﬁmxbn@ra)tft&ra&owtd%ﬁbrgﬁ&eded
fluid circuit. ~41. The _ nethod of claim 37, wherein: the step

of
f1 owi ngtererhebea pksorbed oy éleéﬁéqoa?ﬂllwrﬁ@ekjﬁt frow ths piprality 9&3@6@5 and the

Ser ver sgRaRhik 3 cooling light doguriagmaty ddBaghe Be B%trétg Bf ﬂaé c&cﬂﬁ‘ao di8h aebdd C
liquid coolant at a second erature in a first I§ ﬁgrtlon 0
R

first fthisgcosduis Ctmtulﬁ Pustigiat é&@wlwnqlml%oew thtylgéhe 108 SeRFFEY ig| n
the di elechlih& deboptbamaRe) tﬂ@&e%dttelﬂgerstnx% uph MEAD 'sﬁﬁﬁcﬁifxﬂﬁ&:%}’@né Blukality of
heated to an el evated terperature wherein the second tenperature i's

| ower t kervers weileledyeingiie prapu o energy: consumed tq frdfigensly copl caplerermertive
coupling.,the dielectric liquid coolant to a distally located heat
exchanger conpri ses: thermally coupling the heated dielectric

| i quid coolant through a coupler to a cooling fluid |ocated in a
first portion of a second fluid circuit wherein the cooling fluid may
be a dielectric or non-dielectric cooling fluid, fluidly

coupl i ng t heqgheat el LR dTG1ahth Ub Cuitker thBpididgSthe REY b Rdhivfind fig Ssecond
fluid circuit to the distally | ocat ed heat exchanger for rejecting at
| east a i§FeRertyR obthe coplingdlyid ip digpeendiiidiiighitt he second fluid circuit
fromthe heated dielectric liquid cool ant; fluidly coupling the
cooled cooling fluid at substantially the second tenperature fromthe
distally | ocated heat exchanger through a second portion of the

second fluid, circuit, t e u thernal |y coupl t he
coorod cool § &% TRdmtdoritton STHEAEh AR ae et tESPIIOE o SHPETNe biEter
first fliundhedypieslicomfortable room fghpertifte R hid@chsahd Wvat thad dhe nidirhlier

conprisin
P per%nsmble temperature of the most sensitive heat generating electronic component in the

plurality of servers .

45.  The method of claim 44, wherein the elevated temperature is a temperature in the

range of 90 degrees F and 130 degrees F.
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nmonitoring the flowrate of the cooling fluid in the second fluid
circuit; and nonitoring the tenperature of at |east one of the

heat - generati ng el ectroni c conponents; periodically determ ning
the energy needed to reject the heat absorbed by the dielectric
liquid coolant fromthe plurality of servers by the cooling of the
heated cooling fluid to the second tenperature; in response to
the periodic detennination by a controller of the anmount of energy
needed 1o reject faedfiRlordAR RSN 1RBIHE BObLLEd JithofRt Athe
fromthe plurality of servers and the ow rate the cool'i ng

| i qui d, r3nee POHI0daktess RapdisOidagreesd fl ow rate of the cooling Iiquid

t hrough the second fluid circuit such that the dielectric liquid
coolant exiting the plurality of servers is maintained at
approximately the el evated tenperature in order to sufficiently cool
the plurality of servers while reducing the anobunt of energy consuned
to sufficiently cowimehedpfclaindbtiinfher saprrising a secondarygoolingappastthod of
claim4 heil | j

of 't e asaphilOFHFRE hésk DnkigS: Shetpnfly SRRLLY podtg Wh P i
met hod &F reedvar #hlSmt a pedoreefigny heat absethsd by thedinirsiristlignisl coglapt freamther at ur e
hi gher hﬂﬁﬂﬂ%&%ﬁﬁ%ﬂhﬁﬂkt&&ﬁfOrtable roomtenperature for humans and

| ower than t'he nmaxi mum perm ssi bl e tenperature of the nost sensitive
heat generating el ectronic conponent in the plurality of servers.

45. The nethod of claim44, wherein the elevated tenperature is a
tenperature in the range of 90 degrees F and 130 degrees F.

46. The net hogl of TieldiiBdAA clah 87 Suihd: Bem@hi@sat ed tenperature is a
tenperature in the range of 100 degrees and 110 degrees F.

47. The nethod of. cl.aim 37, furiher conprising a secondary coolin
appar at us. t hETAEYP IR VEe by ie HERp sy I BvPe B R o Rty OF
seconda@e,fv@-@ajth@gnﬁpm&ﬁﬁ@sgﬁeré,s configured to recover at |east a
portion of any heat absorbed by the dielectric liquid coolant from
the plurality of servers in the tank. 48. The net hod of claim
47, further conpri sing: exhausting the heat recovered by the
secondary cooling apparatus fromthe plurality of servers to the
anbi ent at no$pherBie method of 4Bim Fhduriedr badpridings| ai m 47, furt her

conpri si ng: Beneficially using the heat recovered by the
secondary cogll.R’g: I .Se

recycling heg%delﬁglta gpgﬁﬁ@g E‘faft %%g?(éa%]?nﬁhé‘ge@&g%?’y Q%Eléégrr@g%%%s %¥mc Qim
49, whepbiality bisesespyotcycingtehi ing seafl mediona usef ul nmedi um conpri ses
a selected one of a group of recycling heat steps consisting of
heating a building through its HVAC system operating a heat punp to
performwork, generating electricity, heating water, and a

conbi nati on thereof )
5 The method of claim 49, wherein the step of recycling heat into a useful mediuvm

comprises a selected one of a group of recycling heat steps consisting of heating a building
through its HVAC system, operating a heat pump to perform work, generating electricity,

heating water, and a combination thereof.
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51. The method of claim 37, wherein the step of rejecting at |east a
portion of the heat absorbed by the dielectric |iquid cool ant

conpri ses: renmoving at | east a portion of the heat at the
distally | ocated heat exchanger through a sel ected one of a group of
secondary cooling apparatus consisting of a vapor-cycle refrigeration
apparatus, a cooling tower, a fan for blow ng anbient air, a heat

engi ne for performng work, an electric generator, and a conbi nation

t her eof . 51 The method of claim 37, wherein the step of rejecting at least a portion of the

heat absorbed by the dielectric liquid coolant comprises:

removing at least a portion of the heat at the distally located heat exchanger through a
selected one of a group of secondary cooling apparatus consisting of a vapor-cycle refrigeration
apparatus, a cooling tower, a fan for blowing ambient air, a heat engine for performing work, an

electric generator, and a combination thereof,
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