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BACKGROUND

1. Technical Field

[0001] The present disclosure relates generally to cooling systems and methods and,

more particularly, to cooling systems and methods for cooling electronic equipment,

including computer servers disposed in high-density data centers.

2. Background of Related Art

[0002] Over the past several years, computer equipment manufacturers have
expanded the data collection and storage capabilities of their servers. However, as the
data collection and storage capabilities of computer servers have increased, so to have
total power consumption and total heat output per server increased. As a result, there is a
continuing need for improved power and temperature control systems capable of
handling the tremendous and continued growth in capacity of computer data collection
and storage.

[0003] Cooling systems to date have been unable to keep pace with the increasing
heat loads produced by servers, especially in high-density data centers. In an attempt to
combat these increased heat loads (measured in kilowatts (kW)), data rooms have
allocated additional space within the data rooms themselves to allow for a greater volume
of cooling infrastructure. More recently, cooling systems have been designed to
concentrate the cooling at the computer server racks, i.e., at the heat source. These
cooling systems include rear-door heat exchangers and rack-top coolers.

[0004] Cooling systems, such as rear-door heat exchangers and rack-top coolers,
circulate de-ionized water, R-134a (i.e., 1,1,1,2-Tetrafluoroethane) refrigerant, or other

similar fluid in order to reject heat from server racks. However, spatial constraints limit
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[ 0005] Vari ous enbodi nents of the present disclosure are described with
reference to the accopppmy & RN o THE BrawiNgs

[0005] Various embodiments of the present disclosure are described with reference to

the accompanying drawings wherein:

[0006] FIG. 1 is a schematic diagram of a cooling system in accordance with one
embodiment of the present disclosure;

[0007] FIG. 2 is an exploded, perspective view of a portion of the cooling system of
FIG. 1 showing the general direction of air flow through first and second heat exchangers
of the cooling system during operation;

[0008] FIG. 3 is a cut-away, perspective view of one embodiment of the first heat
exchanger of FIG. 2;

[0009] FIG. 4A is a cross-sectional view of the second heat exchanger taken along
section line 4A-4A of FIG. 1;

[0010] FIG. 4B is a cross-sectional view of another embodiment of the second heat
exchanger;

[0011] FIG. 4C is a front view of another embodiment of a heat exchanger configured
for use with the cooling system of FIG. 1;

[0012] FIG. 5A is a perspective view of another embodiment of a heat exchanger

configured for use with the cooling system of FIG. 1;



[0006]FIG 1 is a schematic diagramof a cooling systemin accordance with

one enbodi nent of the present disclosure;

[0007]FIG 2 is an expl oded,
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[0014] FIG. 6 is a schematic diagram of another embodiment of a cooling system in

accordance with the present disclosure.

SUMMARY

[0015] In one aspect, the present disclosure features a system for cooling electronic
equipment. The system generally includes a first heat exchanger, a second heat
exchanger, and a condenser. The first heat exchanger has a fluid input and a fluid output
and is configured to be disposed in an airflow path in thermal communication with
electronic equipment. The fluid input of the first heat exchanger is configured to receive
a cooling fluid at a first temperature. The first heat exchanger is configured to enable
heat transfer from the airflow to the cooling fluid to heat the cooling fluid to a second
temperature. The second heat exchanger has a fluid input and a fluid output. The fluid
input of the second heat exchanger is in fluid communication with the fluid output of the
first heat exchanger. The second heat exchanger is configured to be disposed in the
airflow between the first heat exchanger and the electronic equipment. The fluid input of
the second heat exchanger is configured to receive the cooling fluid at the second
temperature from the fluid output of the first heat exchanger. The second heat exchanger
enables heat transfer from the airflow to the cooling fluid to heat the cooling fluid to a
third temperature.

[0016] The condenser has a fluid input and a fluid output. The fluid input of the
condenser is in fluid communication with the fluid output of the second heat exchanger
and the fluid output of the condenser is in fluid communication with the fluid input of the
first heat exchanger. The fluid input of the condenser receives the cooling fluid at the
third temperature from the fluid output of the second heat exchanger. The condenser
enables heat transfer from the cooling fluid to a cooling source to cool the cooling fluid to
the first temperature.

[0017] In some embodiments, the first heat exchanger is a micro-channel heat

exchanger, although other suitable heat exchangers are contemplated. The second heat



[0011]FIG 4C is a front view of another enbodi nent of a heat exchanger
configured for use with the cooling systemof FIG 1; [0012]FIG 5Ais a
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[0013]FIG 5B is a cross-sectional view of the heat exchanger of FIG SA
taken al ong section line 58-5B of FIG 5A; and [0014]FIG 6 is a schematic
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suitable heat exchanger.
[0018] In some embodiments, the second heat exchanger diffuses the airflow across
the first heat exchanger.
[0019] In some embodiments, the condenser transforms the cooling fluid from a gas
to a liquid, the first exchanger transforms the cooling fluid from a liquid to a liquid-gas
mixture, and/or the second heat exchanger transforms the cooling fluid from a liquid-gas
mixture to a gas.
[0020] In some embodiments, the first temperature is between about 18° Celsius and
about 24° Celsius, the second temperature is between about 24° Celsius and about 32°
Celsius, and the third temperature is between about 32° Celsius and about 41° Celsius.
[0021] In another aspect, the present disclosure features a method of cooling
electronic equipment. The method generally includes passing a first cooling fluid
through a first heat exchanger disposed in an airflow in thermal communication with
electronic equipment to transform the first cooling fluid from a liquid to a liquid-gas
mixture, passing the first cooling fluid through a second heat exchanger disposed in the
airflow between the first heat exchanger and the electronic equipment to transform the
first cooling fluid from the liquid-gas mixture to a gas, and condensing the first cooling
fluid from a gas to a liquid by enabling heat transfer from the first cooling fluid to a
second cooling fluid flowing through a cooling circuit.
[0022] In some embodiments, the first heat exchanger is a micro-channel heat
exchanger, although other similar heat exchangers are contemplated. The second heat
exchanger may be a flat-plate heat exchanger, a serpentine heat exchanger, or any other
similar heat exchanger.
[0023] In some embodiments, the second heat exchanger diffuses the airflow across
the first heat exchanger.
[0024] In some embodiments, passing the cooling fluid through the first heat
exchanger includes heating the cooling fluid from a first temperature to a second
temperature, passing the cooling fluid through the second heat exchanger includes

heating the cooling fluid from the second temperature to a third temperature, and
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[0026] In some embodiments, the first heat exchanger is a micro-channel heat
exchanger, although other suitable heat exchangers are contemplated. In some
embodiments, the second heat exchanger may be a flat-plate heat exchanger, a serpentine

heat exchanger, or any other similar heat exchanger.

DETAILED DESCRIPTION

[0027] Particular embodiments of the present disclosure are described below with
reference to the accompanying drawings.

[0028] FIG. 1 is a schematic diagram of a cooling system 10 for electronic
equipment. In the embodiment shown in FIG. 1, the cooling system 10 is configured for
use in high-density data centers having one or more IT cabinets or server racks 12, each
of which contains one or more servers 14. In other embodiments, however, the cooling
system 10 may be configured for cooling any other electronic equipment or system.
Cooling system 10 generally features a cooling circuit 11 including a condenser 30, a

fluid pump 32, a liquid receiver 34, a heat exchanger assembly 35, and a feedback control
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heat exchanger diffuses the airfl ow across
includes a first temperature sensor 52 and a second temperature sensor 54 disposed on
either side of condenser 30. The sensed temperatures from the first temperature sensor
52 and the second temperature sensor 54 are used to control the valve 46, which regulates
the flow of cooling liquid through second cooling circuit 40.
[0030] Referring to FIGS. 1 and 2, each of the servers 14 of server rack 12 produces
heat during use. The fan 60 creates an airflow path through the servers 14 in the general
direction of arrows “F.” Cooling circuit 11 is arranged such that both first and second
heat exchangers 36, 38, respectively, are disposed in this airflow path “F,” i.e., in thermal
communication with the servers 14. As shown, the second heat exchanger 38 is
positioned between server racks 12 and first heat exchanger 36. Depending on the
direction of the airflow path “F” through the servers 14 or the airflow paths throughout
the data center in general, cooling circuit 11 may be disposed in various different
positions relative to server racks 12. For example, first and second heat exchangers 36,
38, respectively, may be arranged in the hot aisle(s) of the data center, in the cool aisle(s)
of the data center, in close proximity to the rear of the server rack(s) (e.g., for rear-blow
servers), alongside the server rack(s) (e.g., for side-blow servers), above the server
rack(s), and/or below the server rack(s).
[0031] Further, cooling circuit 11 may be configured for use in modular data pod
applications and/or may be adapted for incorporation into existing or new data centers.
However, while the orientation of heat exchangers 36, 38 relative to the server rack(s)

may be varied depending on the particular configuration of the server racks and/or data
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the firg50hepdsitoret aBPEntitse iAtake Gldeof RanetElo faﬁﬁér cool the hot air as it flows in
airflow path “F,” before the air is re-circulated (as indicated by arrows “C”) through the
server rack 12, thus providing “graduated” heat dissipation. The secondary heat
exchanger assembly 350 may also provide redundancy in case the primary heat
exchanger assembly 35 fails. First and second heat exchanger assemblies 35, 350,
respectively, and/or additional heat exchanger assemblies (not shown) may be coupled to
the same cooling circuit (in series or in parallel), or independent cooling circuits may be
associated with each of the heat exchanger assemblies 35, 350.
[0033] Referring again to FIG. 1, in operation, a fluid is circulated through cooling
circuit 11, as will be described below, to reject heat produced by the server racks 12, i.e.,
to reject heat from the hot air flowing out of the back of the server racks 12 along airflow
path “F.” With the assistance of fan 60, the resulting cooler air is re-circulated through
the enclosure 13, as shown generally by arrows “C,” such that a sufficiently cool
operating temperature within the enclosure 13 can be maintained. The fluid circulating
through cooling circuit 11 may be R-134a refrigerant, or any other suitable refrigerant or
fluorocarbon. For purposes of simplicity and consistency, the fluid flowing through
cooling circuit 11 will be referred to as “the refrigerant.”
[0034] In operation of some embodiments of the cooling system, the refrigerant exits
condenser 30 at a first predetermined temperature (e.g., between about 18° C (about 65°
F) and about 24° C (about 75° F) or, more specifically, about 22° C (about 72° F)) and
flows through pipe segments 22, 23 to fluid pump 32. Liquid receiver 34 is interdisposed

between condenser 30 and fluid pump 32. The liquid receiver 34 ensures that the



exchanger, al though other suitable heat exchangers are contenplated. In
sone enbodi nents, the second heat exchanger may be a flat-plate heat
exchangerwoaopawpsnt i ne heat exchanger, or any ot her si RCrars26ieats3893
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[0028]FIG 1 is a schematic diagram of a cooling system 10 for el ect roni C
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form a liquid-gas mixture. More specifically, the liquid refrigerant “boils off” at a rate

(e.g., approximately 0.12 I/s (about 1.9 gpm)) that is less that the first predetermined flow
rate (e.g., approximately 0.76 1/s (about 12 gpm)) of the refrigerant flowing through the
first heat exchanger 36 such that only a portion of the liquid is converted to gas. As a
result, a liquid-gas refrigerant mixture exits fluid output 36b of first heat exchanger 36.
[0036] The liquid-gas refrigerant mixture exits fluid output 36b of first heat
exchanger 36 at the second predetermined temperature (e.g., between about 24° C (about
75° F) and about 32° C (about 90° F)) and flows through pipe segment 26 into fluid input
38a of second heat exchanger 38. The liquid-gas refrigerant mixture then flows through
second heat exchanger 38 where the liquid portion of the refrigerant has a second
predetermined flow rate (e.g., approximately 0.64 1/s (about 10.1 gpm)).

[0037] Thus, the liquid refrigerant flows through first heat exchanger 36 at the first
predetermined rate (e.g., approximately 0.76 I/s (about 12 gpm)). However, as the liquid
refrigerant flows through first heat exchanger 36, the liquid refrigerant is “boiled off,”
i.e., converted to gas, at a rate of approximately 0.12 I/s (about 1.9 gpm), thus leaving
approximately 0.64 1/s (about 10.1 gpm) of liquid refrigerant flowing into second heat

exchanger 38.



[0030] Referring to FIGS. 1 and 2, each of the servers 14 of server rack 12
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modul ar féﬁig%ra&%&%m fse%ﬂ&ﬂéffanﬂio% sﬂseafcgf% afenb & poftfon JI4RE RAGAL egagm into

exi sting or  new data centers. e'orientation o
exchangeefigstant 38xtued at i‘hcaledcnff’ha asecaoed prmkc(rm)nerdagatd)éﬁ yappedxidepdndi ng on

the part ar con ra n of the. ser and/ data . er, the
ol at el GhUP gl Hy T e BammiiidriehSinab e Seond et SEIRY nea
exchangahte3§F 1he 1R bbl@ﬂ&ﬁdoﬂ the rE@igBlahi hawnfgathbo&gﬁt WBEM hoR xBRAGEr BACK(S)

and first heat exchanger 36, remmins the sane regardless of the orientation
of heat sorleHbatigdl gf ge, h%drrefrmerané 1& (cransferrs@r inéo gaa@k(tlse) reffigeranq flowss al so
envi sio a It or coaqli CIrCUIt h vi ng
mul tipl eﬁﬁougg é& he p?xcg ﬁt?l P”o@legﬁgy BN Ee?ﬂﬁerg% h one

anot her .ouffit %a}’ﬂﬁee@ndaﬁeeﬁ QQWﬁmgé‘r 58 & aﬁsupélfhf:zitéé? bas & a Iﬂ[lfd@feﬂethﬁﬁlhed
exchanger assenbly 35 is positioned adjacent the servers 14 of server rack

12 to cdemp%tur%(ergfb%weﬁgab%ﬁﬂ? ﬁe(aw\?ér E) aud phput§ CAaPPHLAS® Buor whil e
a second sQﬁhe ﬁl%B{i‘ﬂfeﬁle g% 3g?§?%?§%ﬁ®?enbl y 350 is positioned adjacent

the inta eS| the hot air as it flows in
ai rf | ow [p0391 'FZhe bﬂﬂpeﬂmatbdhereﬁugeram [0 @klltSILﬂlﬂd eclithets 38 difc a¢oedd bliyeaar r ows

"C') throu rack 12, thus vi di ng "gradu eat )
d| ssi pathBﬁan gg @%‘iﬁﬂﬁ’éﬁ@roH@hPlpéﬁﬁgﬁ tgLom 9 g)so%ﬁf‘a f}ﬁiggfi?répd%i de
redundangsy ihME@eEmindgicRti b RitH a@@@énd%%ﬁﬁﬁ'gi%ultaﬁﬁﬁﬁgpl}dluaés 4 ﬁlg cfgil ijst and

second heat exchanger assenblies 35, 350, respectiv tional
heat exchpplydmedSsodil qoebng floid rstvomdine ﬁﬁyTbecmﬂqulﬂadd Bu:ppﬂhhnsé%amoml ing

CLiou! CARREIH o8 o CoRE kL b SRR P ECPA eSSl ™ ©°
refrigerant gas flowing through condenser 30 to the cooling fluid flowing through the
condenser 30. As a result of the heat transfer, the refrigerant is converted from a
superheated gas back to a liquid. The cooling fluid can be any suitable cooling fluid,
such as a water solution, a glycol solution (i.c., ethylene/propylene glycol and water), or
geothermal water. Alternatively, the superheated refrigerant gas can be cooled by an air-
cooled direct-expansion (DX) condenser (not shown), or any other suitable condenser.
[0040] Continuing with reference to FIG. 1, feedback control assembly 50 uses
feedback (via temperature sensors 52, 54) to ensure that the temperature of the refrigerant
exiting condenser 30 is approximately equal to the first predetermined temperature.
More specifically, temperature sensors 52, 54 determine the temperature of the

refrigerant flowing through pipe sections 22 and 28, respectively, i.e., temperature



[0033] Referring again to FIG 1, in operation, a fluid is circul ated
through cooling circuit 11, as wll be described below, to reject heat
produced W9 2teoswover racks 12, i.e., to reject heat fPromuskaloalsonir
flow ng out of the back of the server racks 12 along airflow path "F." Wth
t he assistance of fan 60, the resulting cooler ai r is re-circul ated through
the enclosure 13, as shown generally by arrows C such that a

i nt i rogorrig 14 SREREh ol BORE i bphlet B e R A5Y R TR R 124

refri geriat comleng 300t Tidse Semparbiuees| @t mrgealaruse@rto fcbn@dsloeeavéma e.EQrto
purposes, of sinplicity and consistency, the fluid flow ng through cool i ng
Circuit Rerepic rie%@aSPeqrem@léHurt the flow rate of becogling Hpid: ﬂqwgzﬂ]umglbﬁ%cpa@l on of

Some e”b&%hgg Q%réulpfto Lhe S&t%h&é?%ostfﬁlk %Eeéeatéh& E@Jréés ;na%%gﬁléct?ggﬁgser 30

at a first eterm ne t enperat ure .g., etwee out ut 65 F)
and aboudf 4t Cafsdrowithinokdenser, 300 ire othpe wiotdse bylcy)mpahmgjtheZtEnﬁel(aahelmtf 72 F))

o0 o U B RSRTER Be S hBATE T B e e 4

recei verco%ﬁng AR ASwiAhrduDR thd REGADBIMAG cidul 4bicaed cRfusich 1 |a@HY§vé ato

fluid punp t hus lping to limt the pressure within cooling circuit
11. As d@smd @@guﬁiempwatutr@@cﬁ;,atbk fiesmreddteraysehicmpetitura e g., pmdbiaviely

(readi n gt t??pgiature sensors 52, 54) to ensure that the tenperature
of the r %?‘é |t| ng condenser 30 is approximately equal to the first

pr edet er[noqu t @ ad ahdl ﬁbbve[&ﬁﬁ@hﬁﬁoﬁ ROWBoliry &itdait 1Ll ahd,Uhéke Riabfcublypunps
the liquid refrigerant throug{é Er pe segnment 24 into fluid i nput 36a of
(R 3:4:

first heet exbppgrgassaaplussa gepng gritwerely sesang heat exehagiger 38
f
P ough Tt e Gt R Uin 45 Sflekyne MR o feh Bkt SRR I, o

t he hot Rirthepdseai e;g:htajigewgﬁ, 38 bt artemged eedadtm@etme&(ﬁrﬂow path “Fhauttothaai r

flow ng f am t he server via airflow path "F, " thus c ollng the hot
air as ek &%‘gg@“%t“éd&g s Got howfre RRARGEFS 58 e hets tbdt by t he

liquidr t t I r m ned
tenper at e Lrer 20 WiREBaliidy chpel B Y, h%ﬁté‘“lf%aya%aﬁgq@‘aqtlpﬁﬁg%%%bout %
F)) suc mop}edtb}asqyond heat exichartger BBpasdes ‘éﬂrmu@eﬁmhhea‘tbomhwgef 86." Thatis,

changes froma.li to f smxture

spemgfl CES)PF e THEY | g fa% Vﬁ‘b%g%rﬁfoﬁag%ﬂt gag O%lzari’é’tnepflgmggs by
appr oxi riednefoymbhgl the U fri goRatdt frdm % HBHM) tot QQiquicﬁgiseﬁﬁxthféatast e rbfilgRtant
predetermned flow rate (e. approximately 0.76 1/s (about 12 gpm) of

t he ref rilages dhrough @mtdtgat aRger t3ﬁbamd from ndigidegestaixgee (36 speheatbdt onl y

el 11 gerantosnS Fetip b o S TARAER nd BslSepantel bRk ik sl e

[ 0036] THoetet icfitigedagaSlowiy tlhgﬁl’ghrsbcd’ﬂdxﬁda’f exchuhded 38l Ub(ﬁls Ohit téwtlva@bh(ﬁﬂcerf irst
heat exchangter 36_at the_secon redeterm ned tenperature (e.g bet ween
about 24uan{ %ldut"’h‘il?) the) reéﬁtwelamsierséfr@el(aabﬁtﬁmge tmygbﬁ&tﬁpﬁvﬁcb%ﬂgh pi pe

segment 3 éu'BTs ;tﬁzéfr;: g{eogegﬁw%t ﬁtepddme - Biehang éng-%ategh:% WLhQU'd gas

refrigerant x t hrou secon e the
liquid mﬁﬁctlelmneMeaﬁxaevedf rigerant has a second predetermned flow rate

ot £ er BT oty Biiior FIET péhd S tRaRGb o shnger PRangy pec micrd
predet erghbmRd hétt € ek@abgor @I@Prﬂtﬁoﬂgﬁ ebiheP- fiftablR (HREOWkchehg@RMake iQyEVeEr,

as the liquid refrigerant flows through first heat exchanger 36, the liquid
r ef ri gercanteniplatedsoMieng-ahipfinel heateexchangey 86 tgeeraldy g@éudeata fuid dnwit 3, a

?2@28?' Tah§olall 38 R 338 pedioR g8Pakoct PRliong ot ipd AR T AeBhanger
tube or conduit 36d fluidly coupled to fluid input 36a, a lower hortzontal conduit 36e

fluidly coupled to fluid output 36b, a plurality of spaced-apart rows of micro-channels
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WO 2012/ 009460PCT/ US2011/ 043893 [0038] As the liquid-gas refrigerant m xture
fl ows through second heat exchanger 38, the refrigerant absorbs heat from

t he hot awo 2pmemd4eg t hr ough second heat exchanger 38, i PeT/Ushati/oaise3 f| owi ng
fromserver(s) 14 in server rack(s) 12 via airflow path "F," thus cooling
the hot air as it passes through second heat exchanger 38. The heat
absorbed by the liquid-gas refrigerant m xture heats the |iquid-gas
refrigergnt. mixture. as it fl t hr ough, secopd t ,exchanaer .38 _such that
the r onarctimgroontfiindchpets anf e PR EO R AR B AR Rleat L or -
Mor e s peslinfaligedfl syacks bﬁﬁﬂlsis%gidispb@éd baweed thehews bmidlo-ghsnneRfIsfger ant m xture
is "boiled off' at a second predeterm ned rate (e(ﬁ@é apEroxinater 0.64 Us

(about 1180431gpnin usen fpid; Bovapisioupner hetigong ¢anduit3q U386 8@ R i ned
it t that PrO% i ' ; _ <
oot e Aol UL AORIL R wRS HEELAGRARN SOl o,
i nt o gas3éhs Rihe3éelireayairdidw through bddyorugtios 86gnd gheahlle kdivatuddry &8ow

Utinmately, the. fully- fri t _exits fluid output. 38b of d
eat oxari gt e bt B Rt b EHaT Brels pivh o BRI SIS b er ot ur o
(e.g., Q@ti%%?mﬁp%ihmﬁgicg%i&ﬁ%ﬁtth@Qir':ﬂov@iﬂg tﬁxl[agg% S]é%%goﬁﬁ‘)ﬁ%. 189 shigh, O, 1N

sonme enbodi ments, about 34 C (about 94 F) e superheat ed
r ef r i germisro-glannebdicat exdhanger 3atashicvesiftiokniklkad trandferdictesanthe garfld®@@ngand

fl t i t 28 t d 30, Th d 30, i | so i
ot conmieh oY BrRfRr Trtenatins Mt C Bor A bstieb MErarg HinEe ohoviedsd *° "
cool i ng rkdwdisk BotAFIWd bhd 8ir péestitd dRoEsORrds3 Dolll WortioneIder Midrérehthel Hde

cooling fluid supply line 42 carries a cooling fluid to the condenser 30,
whi ch erfashangendats alsoaspatially effisient hevingpdhiskagse 9f plaut 2gfiéram(abgas 1425w ng

t hr ough . . . } | | Qi t.hr. h ondenser 30.
" S0 EERRCERN DB SRS bU LG L Db PRS TR
super heétetght @ bebasls dboun 196 g and Tbeut A0l s gbétiveerd aban 1einghes s 84bl e
cooling fluid, such a water sol utiop, | ycol solutjon

a a i.e.,
et hyl endngrshsndehwidin §Efes‘feela APOWl Oty ?ncbﬁibogég% Fey (batwegm alout 3& ipghengnd vel v,
the sup tred; i C {r :
Rl e (R i e S R ML R
condensguarticul®d®4®] Continuing with reference to FIG 1, feedback control

assenbl y use eedbac vj a tenperatur sors 52, 54) to ensu t hat
the t enﬂgﬁzgﬁ]ur eﬁ8%rrt“h?e%r Eﬁ'ijgé‘? ﬁﬂ?%ﬁ%}c’tni ‘Wg}‘ %gﬁd%sﬁco%gif XpRANERI 1g‘r§t ely
equal t andyhe A sépbntieatat fdhhAR 38eABRBh WiRr sHlfe BER ChEHaBBdh Yre also
tenperature sensors 52, 54 determine the tenperature of the refrigerant

f 1 owi ng CORtCBRehi pe. Sellei-plate heat sgxghargger 198s FHESI vA-§B).i . Serpentimgplasait ur e

sensors t enm.n e nespegtiyv e r.at ur f the, refr.i ant

fl ow ng egélgangér gfi(fgib%to&g%vﬁdgr@ér 2%0.m°$’hdt§§ gqfuéﬁb ru§§ g?’easf?oqynpqrh?lggg%r e used
to cont rhavingad \erpéfitinesst@ped teonduit BRASEspod&l tigasia, aofluidbdutpwti 38Y, adf4 ow rate
of the gﬁollng fluid flow ng through second cooling circuit 40 and

condens U8Bty of ipassskanasisifing | 38fe Hpasadn gbowr apdiiint aensrally tewendicalapf heat

transf er, amL.hi : ] [ Lk rature

of the. 105 b0 (AEBCENGREr sl ikl obflolipin el RERAC PR MERECE, 50
the fl owonduie38&f. the cooling fluid flow ng through the second cooling

circuit an he .adjusted to .gchi eve a desi.r output, te ature,, e.qg.
the fi rslﬁ(?“sgr ed@f‘@?ﬁ%"ﬁ%@“i’%n@‘é‘ga{r_ﬁl‘lﬂ’%l %.C@r@uﬂaggci S48 ﬂﬁ@@p@@a@ﬂy&a@ht 7
F)). [OQéx%kHﬂfé-élﬁPéché‘orﬁQﬁ\B%dPﬁﬂfélﬂ‘é!fﬁ{é QAdeHk 380 9d MAd SLkpetbéb, 13ingnge more

particularly, hea exchaq&gr assenbly 35, the refrigerant flow ng through
second Idétget aixdomnbponglzBodraportionB§har a gerepallyapenpendidudan dirketionefetatiye tant

f1 ow h h first. t .36, Furth h 6, 38
o oAb A bnigr o S} nER SRR e kR s A e TG R EBAGL BT ot o
ai r (e. gortidnh®8chabstah@alyngirfouafl seidvar3BdlhusRAsEas kdaf exdiansacredd theat

exchanger 38, while relatively cooler air (air that has already pass
t hr ough alrfipviag Hrewd kymprdet randdhe flaidd gthrgpgh enpdyi S 8dh¥sn@en, first
heat excBRgaale fen AbRheboss GOy UM hbink AERIAMAN A% Thuft oNt
heat of vaporization principles by {rans ofmng°the refrigeran roma
liquid to a |iquid-gas mxture (as the refrigerant passes through first

heat exchanger 36) and froma liquid-gas m xture to a superheated gas (as
the refrigerant passes through secondjjheat exchanger 38), such that the
relatively hotter refrigerant (flow ng through second heat exchanger 38)
cools the relatively hotter air initially, while the relatively cool er
refrigerant (flowi ng through first heat exchanger 36) subsequently cools
the relatively cooler air. In this manner, greater cooling efficiencies are
achi eved.




[0042] Turning now to FIGS. 2 and 3, first heat exchanger 36 may be a m cro-
channel heat exchanger 36, although other suitable heat exchangers are al so
cont enpl aveadsi2dogss0- channel heat exchanger 36 general | y pcmalSode®43895 | ui d

i nput 36a, a fluid output 36b, and a body portion 36c. Body portion 36¢

i ncl udes an upper horizontal tube or conduit 36d fluidly coupled to fluid

i nput 36a, a |ower horizontal conduit 36e fluidly coupled to fluid output
36b, a | . ] - f.i.nte nnecti ng
apper - angbr hefen 3BARERNERRL bidd B Shal S BURNORS of 8 B ERRR Vel 1)
of st ackaclQfi.ef, iankigt of Betsyeos abodideReNaridwbotoDE3 ah (btoken eban e linch3df .
[0043]In use, fluid flows into upper horizontal conduit 36d via fluid input

36a, dovidi Heinshes andia, wadth ebresnabaph 60 smaand abgus §lsmetbelenA06P0 condui t
36e, an i 4 i W i e'nﬁéi‘é r .

porti angg‘%? aglg gggﬁgﬁa@%esigﬁ?ga$}g§thg‘5&g%? (E:')l\?vﬁé' %f,%"crogﬁc ttﬁgt&ggﬁisn?%g%{i ally
al | of tthepaxitelaiase. surface area of each of mcro-channels 36f is in

t her mal ni [ ith the air flawn hr ough bod ortion 36¢. As
such i BPRTenaffte: T showr endhgo FmbatHe? ot SoBrmbice el ichitees o or

bet ween dhgerding hfeét%ﬁkﬂlg%??g’m%ﬁnh&dﬁb Heat éﬁcﬁ%g%@@;sﬁlﬂgt}.tzpeexﬁéﬁiitﬂatf a@ith N

t hrough m cro-channel s ile also reducing both fluid and air pressure

drops adhosbatiogy sruparitioe-sbaed andnis-38HaHG! 4Adabodyxpirting&i8a3ecludesad so

oo Binli ot R an i B ThRuRERESRelhe B konfii TR RIS St

server rtaGks sdrpéntineahiyidadoindoit 38 (RN QD et ardRGemBhtadTthor2Ohtal dndiu@sn
(bet ween about 77 inches and 84 inches) and a w dth between about 76 cm and

about 81788mndpasqusarduitsoide. 28 pravides subsianiish gerfare arere pbegnduits 78buGSS, ot her
[0044] RS ) ReAfA AR Byflter BERRAE Op &k irdtEh S0t MritiT Tt ofchee
exchangexcihganyl ael fuid dlopdind thheugheahd @isci8dngsy, 788, al t hough ot her suitabl e
e IO *ahr e TS o S A e °°
cond t 3gu " SipehBhea? BRihafiec s PRk A s AR YL e REP P D 27 naped

spaced- apeent that,rethesthadipspodieg adody poriod 38n (g€hdna hhying etqngatdd dink 48¢
orientatj t hough ot.her cqgnfigurat.i gns are. contenplate relatjve to
ser pent i(E@'s&{g e%er%%‘ﬂﬂﬁi}{eaégﬁc%aflé%4é€ﬁh‘%‘%d %Qé‘fraﬁ off, 1 ’Uﬂéﬁlf ﬁ‘ﬁﬁ/\ék‘i‘ nt o
condui t @§dsed aohg lsmgemmuaha Beoridiit @86 Rh S0 BAf fBed ARRREIGRARW fn 28d, and
out of the conduit 38d via fluid output 38b. Fins 38e direct air flow

t hr ough gsBerpllpoperpendiadar idireetiapeielativg yiopesrpeniitiecshipad dondwit i &b, ribbati ve to
thr oug g bedt St HOR b0 G A8 st RE et d Pondi s bt nabl T ng
Fovi gt g o £ Ear T R oAnt L heat exchanger 38 s
spat i algll%]‘{éﬁf ?cfﬁ%t-, gj‘ﬂaiﬂ ﬁ%u%raf%acﬁﬁéﬁgteofeaé%ﬁhmsm%( Much %@_ago‘;h,qg hes)
e O Ram Rl ik AEAE e stoRbhel BRMAIRL Py Blnd HeybbEBhna YET 1 90C

.e., a hei etween about 196 cm an about 77
i nches amdud% 4 hotepprimmndide having alduratignofiblongatzd spacaiabaabplates SBaAM

(bet ween, aboiky 0. hes. 208, 020t 92, REhes) oelAhoval ot dLsep! o
relative to one another. However, it is also envisioned that plates 98d be angled relative
to one another and/or that plates 98d define curved or other configurations, depending on
the particular purpose. Each plate 98d includes an internal conduit 98e, or conduit
system, that facilitates heat transfer between the air flowing between plates 98b and the
fluid flowing through internal conduits 98e. Flat-plate heat exchanger 98 may be
dimensioned similarly to heat exchanger 38 (FIG. 2)
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[ 0046] FI G 4B shows anot her enbodi nent of a serpentine heat exchanger 78.
Serpentine heat exchanger 78 is simlar to heat exchanger 38 (FIG 2)
except thao,20r2zm0bsp t han havi ng a serpentine-shaped con@&artus3@d/0¢8bEs. 4A) ,
body portion 78a includes a plurality of horizontal conduits 78b

i nt erconnecting base conduits 78c and 78d. Simlar to the serpentine-shaped
conduit 38d (FIG 4A), the arrangenent of horizontal conduits 78b and base

condui ts , 7 vi.des sybstantd al surface_area of condujd.s /8 78c,
78d to f[géiﬁﬁi ta gat-%éag? He?taﬁ)é‘%hg?g%e% %‘F‘}u(g S MbéIQBFrnga eh?%‘ﬁiﬁﬁ %éobd&ub(gyti on
78a of heapledxohbodriid Thuand hehtubxethhhg@Wo8dartdns oGt 436 dohist 986 fluide, 78d.
[ 0047] Tur ni ng t 4C, anot her enbodi nent. of a serpentine heat exchanger

o FIG
88 is sHowaledda the Auidreutptaf hoat preshgeger £8. | YpreranddpwepbaserqeadtitsnBtheat
exchan 3 e; ol AL b iodi i on 38c
(FIG gA gchge\?fj %&@gﬂyﬁ%rge&ﬁﬁeﬁ?@n%@@@?g t?é?r&%rn%ﬁ?&d@ét?‘gggto?%gahgg% gegnger 88
i ncl udes98 qichrthdtithy reffigemadi vandflalv ifionspe8dash spuaad8bl vdaghe fluid input,

ser penti ne-shaped conduit . 88b that are confjigured to direct airflowin a
gener al Itgmblggﬁgﬁdp@magrcoﬁ‘ih}l@c?éeoﬂ he B{aFe\?eéf{“ga%‘gr‘HBmaF_ 1870 ROV RASBIUI t
88b, thugnfigiebsd frtkieg !B@ﬁtexkﬁa@a@élf@gvia&mmﬁia%ugeu'i. AL 8WiREBRRHEIG. 5B,
serpenti ne-shaped conduit 88b to the fluid fl ow ng through

ser pent i the ind¢raplecdnduin @8¢ of 88, pl{te 48 |nEiyGR:(ing A4 SBpentihershapad eoafigurationp| at e

heat exchanger, 98, .whi ch Ls_anot her. exanpl e.enmhodi nmen f .second heat
exchan)g(;eol’r . Ioélflqrpﬁug\é\@% ﬁgﬁ{jglg%%nﬁe]f a&?n%ﬁ’bﬁlw stgé{[ i ﬁ%%??gdﬁ&'é%aa havi ng
a pl ur algybtgm0br @ér@oBedRBndGinegsRde @D 8inild i@ iR oRB uraffbiiRwS8F16241). def i ne a

flat configuration and are positioned substantially parallel relative to
one anotlf80] Holegrgratiqn; this agprgsment - svhsrreplatel 28bsheh nslwlgd twaduit§Bed

relativ r or t .98 ine [ r ot her
confi gu(re(g% ?8‘%’@%%@%@&%9&39%% t_f#érgﬁg?flg%& a;['lglpglrrgdgé éi? eaE@%%g%?%ct%ear %8?
i ncl udesplates OBbe tonfdcilitaws chiat trABsfer Glonc aitdsri dnoShedtfulil pabdhg fldeugh hades heat

transfer between the aiy flow ng, hetween plates 98b and the fluid fl ow ng
t hr ough RORES} Ofé'@mﬁ@g%%& topfly ﬂﬁl""é‘ﬂget%h@%@ CORGHBSEr 98 nay be

di mensi sim ( : g
2012/ 00 gggl eI | G{séﬁonlié{?’%%sdg%gﬁtf ’%ﬁ%?ggg’? 93’?%%?5‘3%‘&? %&%@asﬁg’eerm"é%‘)ﬁ & Ldes an

upper badae clatl axch®@@pr fandi wherec Gugd| ket texchdngef 136 s ianmitroathatwedt heaxchanger

98 and a_lower hase conduit 98c fluidly coupled.to the flui.d output of heat
exchangeé c@agngerw g%rse%m@ H“Eﬁ\i&"c@%{% g’b‘?ﬁ%‘ﬁf‘? @E)Q% }fjﬁﬁg’b ?h%t et]é“b‘i%@ltqs\/%‘[%?t,er are
i nt er conmgdi®tl ob¥ir b®sd HRaftalpefcondpd b51h3&8rMAEe §a% Bf He thitfo-PhAhSSKAPd such

that the refrigerant can flowinto upper base conduit 98b via the fluid
i nput, toHekanger, ths inereesingthecaonting eficddey off thheyspinat dbe S8upentine, onuflati mat el vy,

out put - T BERERARHY s 32 Oh sl e B ISR oo bl ot e

98b nmay relbicedarca saifipartion edieh ap elekic athing)r Midk@ess @ineABYnt HedegHbéabl e
configuration. It is also envisioned that each plate 98b include a system
or net RVOf conduits 98e (e.g., sinmilar to the configuration shown in

G D005 005Plrulch BREEAYAE cdiofigol 32 - each
i ncl ude [a czgndu?%In Qeg’e ?sgé con%u?ts di épg)sgﬁ&?%tgrsgf:%wﬁ%} %%@&ggerggé%’st anti al
sur f ace 38 mapdctivelysprofglee farneecdodr grhduagsl @Bhijg twhdreiaialii inairdlohegith tFansf er
fromair. or.another fluid passi t hr ough ortjon 98a of heat
exchangél & yd:o]o]ee iV ’#’Fﬁﬁﬁ@m{ Sbﬁﬁﬁﬁ‘%ﬁ?agg’%f‘gﬁ@?mg cooled further by the
micro-channel heat exchanger 36. However, although cooling system 10 is particularly
advantageous when used in conjunction with serpentine (or flat-plate) and micro-channel
heat exchangers 38, 36, respectively, it is also envisioned that other suitable heat
exchangers or combinations of heat exchangers may be used in conjunction with cooling
circuit 11, depending on a particular purpose. Further, it is envisioned that the above-

described advantages of the serpentine (or flat-plate) and micro-channel heat exchangers
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[ 0051] I n sone enbodi nents, where second heat exchanger 38 is a serpentine
or flat- plate heat exchanger and where first heat exchanger 36 is a

m cr o- chamoebizmeadcoexchanger, the second heat exchanger PLCWrus2o10/0$389% a
diffuser that facilitates greater diffusion of air across a greater
percentage of the surface area of the m cro-channel heat exchanger, thus
i ncreasing the cooling efficiency of the system The serpentine or

flat-pl eat exchanger .38 and m cr.o-channel. . heat anger 36 SO
cooper act 00 AopRREOY B B bl Bl R NG i 6 oL AR Hrei Antloh
t hi cknes@ntbiniogs ofbeat &schdeges.i bed above. [0052] Further, this particular

configuration of first and second heat exchangers 36, 38, respectively,
provi ded0PR} ti dhegodlinggapakititverf aowemplary gpling ircyitin pecosdance siithghe n”  F

is initi : j 3 rnPa‘?ﬁl%]h. e ing
cool ed f%%gteﬁteglgﬁéﬁgﬁgé %S%Jrﬂged ?ﬁanne ﬂg’%ﬂ%@%ﬁiﬁgw&sg@%ﬁﬁ@%&f&é’fqﬁ%ough
cool i ng cneaitemlddesiastipsahedt exclanpsr advastcanbbers extltangers eathi avogngamera i on

wi th serpentine ( | at - pl ate) and _m crq-channel heat, exc ers 38, 36,
r espect |1{)Pégr}§an§t“gﬁ?é 1 fﬁ)bSWegl%%t(ﬁ{?PHg?’l Fi)é!S‘Fié‘_ H‘étg?é_]‘gilc(%_ers or
combi natjoRghdd), rBgREHRIE NTNO RIS odRY:, RE34S S Wikl GPRUANGE CORinY diktugaali Ng
circuit 11, depending on a partrcular purpgse.” Further, it i's envisioned
t hat t het miotepulay evight lvéd 020V at apat 1620 kpen sEbei it § Inbs(gatom) athglagme) and

m cr o- chan heat .exc rs 38 iheSpect | y |ikew se be

reali ze(kjl'1e ﬁ?eflovﬁaﬂn%%lgn Ezﬂg aHiagf"'étré?tl‘f]{%g@wé%ﬁg%h&/gﬁbi nations of heat
exchanggoes4][ 0033]Magioned laboie:, ¢Rpabid pirkp 8D RimRXBERERicYrafORltd Mgk Fisicuit in
accordance with the present disclosure is described in mathenatical terns

as fol | dat exrhengsk a6gt ardfe ebehqui§.76ilsdabqutil 3 @pode I has.fthe Brshidelw rag ehanger
g _ ( - ;
i rrons: i oty B GRARAET7 IBACRAGY (108, BOAS I DR A el o

i nches) ,vr?pelﬁzwiohiofdll?BAa,Ttﬂle cbﬁfprés?ieﬁgigdrk ?i)RéqMa% abémwggg 1{:(]7% giébght %h@ Cgol i ng

circuit has. ecul ar i.ght 102. 03, or .about 1 about 8.51

| bs/ gal |b6?(s .H%HEXF%MW%‘Q@%&Q OBk ?qraapap? g‘ﬁ%“i BeFiQs provides 4b9u‘36%9§2z k¥bra/ kg
bout 0 i I 4 th

(about Q2ndr 588 Y4b Blu/nd) GMJ}Et ggyéffgg{gh@w eﬂggg%boﬁt%oﬁ 1873? (gxgg%u{”éft%”@g e

refrigerant into the frrst anger at arate out
(about 2whpnghis coolisg cirtiet isespabld ofivejeating oheat hendroffappryeimatelyilé63doMt 0. 77

kg/s (a (10 2 lLbsimn). Usi t he | atent.heat of vaporization, of
e aaa AROSIG o ALEG e R ol sttt aBh EPOtingevieul ot F G ROt
bt u/ m n)of a%rbkﬁlmélg’;\tl%@ ®W,hhe h@dﬂfr?jf:&fon%_ia_ﬁzﬂﬁliﬁ@_lﬂf tREEJoBitlg RIrOMi feFiRAGYL
600, 052 kJ/ hr (about 568, 740 btu/hr). us, given that 1 kWequal s about
3603 kJ/asordgice sy theamresendigclopuye, canhbes seadrsl umgr dowoubtaccemmagatbltee of

' [ ' I 2K Al h {hi
par o1 cul 3e° IBRCHRAC Be BRRERA Th:Bhike SEReaf Wrorbelionl RUbCRUR b °

appr oxi readketly T66 ik \ihe tabevdiedtulstegrest imesht fap aldhplatyepurpbsds Nealg ol it 1Y
circuit provyi d‘id in_accordance with the present disclosure can be scal ed up
or down SBISKEES ARD HAE theesscamel the uessnt Gselosie thet theasperifigl canfigwntion er
server ( t £ 0N i.celts).) i i

above-ca (tzlgeﬁgrf %lgﬁgidg&%ssg%g @gq%%g%g)&pnﬁagr%eaggﬁ%gz%ss%ln?{/ﬁrg(sm]lﬁ Clhgfereeﬁgi si oned
and wi t lelaetrotie esjuippeendhatihg dffesmritcadload loogutse dithedsidnsgets pacgi, thus, that
configuratign of the presently-disclosed cpoli circuit may be adapted (or
scal ed) oYl P FRISHIHETSAPRES FIGN VETYAIRRPRHERON FHEHIP AT PLERSRL - heat

| oad out[pese}. dFfERN§ieORFogoRicCand®ith réfikSice d18He JtRuY HoHRSdHHAEs! thobd1e

cal cul ations above may vary depending on the particular purpose. [0056]

Fr om t hekilled dgdhaartamidl apiprériate lmt engaintodifieatias icon defngder ® theawesegs, t hose

2T GBI Gl SRR 0 ol Rt IS tal B o0
Wi | e sewedistloarb davebsthshotvntih ehadliaelimsuit 6s hiaviatcheanthahmandisdlosufebe

drawings, it is not intended that the disclosure be limted thereto, as it
i s int endritedithereto, ge igisdatepded Babthedisolosyraibe as Srogddn ssorenes terariwill al | ow

and t hatanba%gﬁglgﬂﬁé SRbirRA b RAF kWIS Bhere ORE HRS RoFe aldBipBALYRuld

description
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not be construed as limting, but nerely as exenplifications of particular
enbodi nents. Those skilled in the art will envision other nodifications

wi t hin t hwoerpeosnd spirit of the clains appended her ePQT/USBUAMOMBIINhat | S
claimed is: 1. A systemfor cooling electronic equipnent, conprising:

a first heat exchanger having a fluid input and a fluid output, the first
heat exchanger configured to be disposed in an airflow in thernal

conmuni cat, i i e [ ' n i.d. ol f .flrst heat
exchangé%hg%ﬁ?ﬁ%hggékﬁgﬁé@@bﬁﬁggék oof%ﬁg&ﬁﬁﬁ%gﬂggféggg%g € éﬁ%%%%#%re, t he
first heHiosexkiliedde the aofwil) whedioncotherahbdifibstidns twidhis fles sdope nnd kpiriioff | ow t o
the cooling fluidt eat the cooling fluid to a second tenperature;

a secondPREMEIRNEE etfdving a fluid input and a fluid output, the fluid
i nput of the second heat exchanger in fluid conmunication with the fluid
output of the first heat exchanger, the second heat exchanger configured to
be disposed in the airflow between the first heat exchanger and the

el ectronic equi pnment, the fluid input of the second heat exchanger
configured to receive the cooling fluid at the second tenperature fromthe
fluid output of the first heat exchanger, the second heat exchanger
enabling heat transfer fromthe airflowto the cooling fluid to heat the
cooling fluid to a third tenperature; and a condenser having a fluid
input and a fluid output, the fluid input of the condenser in fluid

comruni cation with the fluid output of the second heat exchanger and the
fluid output of the condenser in fluid comunication with the fluid input
of the first heat exchanger, the fluid input of the condenser receiving the
cooling fluid at the third tenperature fromthe fluid output of the second
heat exchanger, the condenser enabling heat transfer fromthe cooling fluid
to a cooling source to cool the cooling fluid to the first tenperature. 2.
The system of claim 1, wherein the first heat exchanger is a m cro-channel
heat exchanger. 3. The systemof claim1l, wherein the second heat
exchanger is a flat-plate heat exchanger.
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WO 2012/ 009460PCT/ US2011/ 043893 4. The systemof claim 1, wherein the
second heat exchanger is a serpentine heat exchanger. 5. The system of
claim1l, wbereymiche second heat exchanger diffuses theparnfshawoasspdss t he
first heat exchanger. 6. The systemof claim 1, wherein the condenser
transforns the cooling fluid froma gas to a liquid. 7. The system of
claim1, wherein the first heat exchanger transforns the cooling fluid from
aliquidto a liquid-gas m xture. M& systemof claim1l, wherein the
second heat exchanger transforns t ing fluid froma I|iquid-gas

m Xt ur e Whatdis gRémed 8; The systemof claiml, wherein the first tenperature
I s between about 18 Cel sius and about 24 CeI sius, wherein the second

t enper atlur e i4 spdepdrcoghng €l eouonTe PEYIDCHNePTARIENE: 32 Cel si us, and wherein

the third ter?P?i'} af ekéhapgér"‘ﬁfxﬂn Qoﬂﬁld?’% Sf'aﬁd ‘éﬁ%?i:ag?l?]tgﬂéﬂtthé]ﬁr%&'t us.

10. A method o ctrom equi p assing a
first coakhangef Icunﬁiguréd aodie dispogedt inhemtailoohangbemal sposacicatioanwahr f | ow

D e TRl SO SeLLon WL, Lo Lonke Eau BIEnL 0, L ANSQTmLAle, 1o
cooling fluid at a first temperature, the ﬁrst heat exchanger configured to enable heat
transfer from the airflow to the cooling fluid to heat the cooling fluid to a second
temperature;

a second heat exchanger having a fluid input and a fluid output, the fluid input of
the second heat exchanger in fluid communication with the fluid output of the first heat
exchanger, the second heat exchanger configured to be disposed in the airflow between
the first heat exchanger and the electronic equipment, the fluid input of the second heat
exchanger configured to receive the cooling fluid at the second temperature from the
fluid output of the first heat exchanger, the second heat exchanger enabling heat transfer
from the airflow to the cooling fluid to heat the cooling fluid to a third temperature; and

a condenser having a fluid input and a fluid output, the fluid input of the
condenser in fluid communication with the fluid output of the second heat exchanger and
the fluid output of the condenser in fluid communication with the fluid input of the first
heat exchanger, the fluid input of the condenser receiving the cooling fluid at the third
temperature from the fluid output of the second heat exchanger, the condenser enabling

heat transfer from the cooling fluid to a cooling source to cool the cooling fluid to the

first temperature.

2. The system of claim 1, wherein the first heat exchanger is a micro-channel heat
exchanger.

3. The system of claim 1, wherein the second heat exchanger is a flat-plate heat
exchanger.
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passing the first cooling fluid through a second heat exchanger disposed in
the airfl ow between the first heat exchanger and the el ectronic equi pnent
to transfwormtdesfebr st cooling fluid fromthe |iqui d- gagCmustan®43s93 a gas;
and condensing the first cooling fluid froma gas to a liquid by
enabling heat transfer fromthe first cooling fluid to a second cool i ng
fluid flowing through a cooling circuit. W 2012/ 009460PCT/ US2011/ 043893

1. The jreth Olax(s&:'ni’“ Thin 1""‘1&@&&1&4‘?&0%%@& %%B?na%éi? hs?g%,glﬁaﬁhéneaheatt he

m cr o- channel exchanger erel

second hseharggehanger is a flat-plate heat exchanger. 13. The nethod of
claim 10, wherein the second heat exchanger is a serpentine heat exchanger.
14. The method of claim 10, wherein the second heat exchanger diffuses the

arflowact oSt Qi bPLLARAL (i ?&ﬁ@@@&c}pp&?ﬁaﬂ%&%hﬁ%%p‘aﬁﬁ%% s Bl

wherein the step "of passing the coolin u I rst at
exchangercrase teufitsshdatetdhaggerhe cooling fluid froma first tenperature to a
second tenperature, the step of passing the cooling fluid through the
second heat exchanger includes heating the cooling fluid fromthe second

tenperatgire tpheasybiehy &k &ﬁﬁpﬁr\ﬁ{éﬂélﬁm@éﬁd&ﬁ&r &h&Pora{s tRORSANT MAd e £001 i ng
fluid includes cooling the cooling fluid fromthe third tenperature to the

first t@ﬂpécrallqwé 16. A heat exchanger assenbly for cooling electronic
equi prent, conpri sing:
7. The system of claim 1, wherein the first heat exchanger transforms the cooling

fluid from a liquid to a liquid-gas mixture.

8. The system of claim 1, wherein the second heat exchanger transforms the cooling

fluid from a liquid-gas mixture to a gas.

9. The system of claim 1, wherein the first temperature is between about 18° Celsius
and about 24° Celsius, wherein the second temperature is between about 24° Celsius and
about 32° Celsius, and wherein the third temperature is between about 32° Celsius and

about 41° Celsius.

10. A method of cooling electronic equipment, comprising:

passing a first cooling fluid through a first heat exchanger disposed in an airflow
in thermal communication with electronic equipment to transform the first cooling fluid
from a liquid to a liquid-gas mixture;

passing the first cooling fluid through a second heat exchanger disposed in the
airflow between the first heat exchanger and the electronic equipment to transform the
first cooling fluid from the liquid-gas mixture to a gas; and

condensing the first cooling fluid from a gas to a liquid by enabling heat transfer

from the first cooling fluid to a second cooling fluid flowing through a cooling circuit.
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a first heat exchanger configured to be disposed in thermal conmuni cation
with el ectronic equipnent, the first heat exchanger configured to receive
cool i ng fwoi2dizasol i qui d phase, the first heat exchangecTasedilgussesl t o
transformthe cooling fluid fromthe |liquid phase to a |iquid-gas m xture
phase; and a second heat exchanger in thermal comrunication with the
el ectroni c equi pnent, the second heat exchanger configured to receive the

coolin | ui di Nt he .| .qui d-gas, m xtur ase he second heat exgchanger
cont 1 garb”t STt mh8Pa o A 0Ll il NER ool RSB R B e “phase
to a gasexphafer. 17. The heat exchanger assenbly of claim 16, wherein the

first heat exchanger and the second heat exchanger are configured to be
di sposed in an airflow path. WD 2012/ 009460PCT/ US2011/ 043893 18. The heat

exchang assggp | &l , | 0 . L '
configurelcrazd to eJ“)ét.h?gé’ge" @n@%ﬂggﬁéﬁ *%%%gg%@%p%{lp%ﬂf%ﬂ&? ﬁ%ﬁ?éﬁ%t heat
exchangesxchank8r. The heat exchanger assenbly of claim 18, wherein the second
heat exchanger diffuses the airflow across the first heat exchanger. 20.

The heat exchanger assenbly of claim 16, wherein the first heat exchanger
IS a 13.  The method of claim 10, wherein the second heat exchanger is a serpentine heat

exchanger.

14.  The method of claim 10, wherein the second heat exchanger diffuses the airflow

across the first heat exchanger.

15.  The method of claim 10, wherein the step of passing the cooling fluid through the
first heat exchanger includes heating the cooling fluid from a first temperature to a
second temperature, the step of passing the cooling fluid through the second heat
exchanger includes heating the cooling fluid from the second temperature to a third
temperature, and the step of condensing the cooling fluid includes cooling the cooling

fluid from the third temperature to the first temperature.

16. A heat exchanger assembly for cooling electronic equipment, comprising:

a first heat exchanger configured to be disposed in thermal communication with
electronic equipment, the first heat exchanger configured to receive cooling fluid in a
liquid phase, the first heat exchanger configured to transform the cooling fluid from the
liquid phase to a liquid-gas mixture phase; and

a second heat exchanger in thermal communication with the electronic equipment,
the second heat exchanger configured to receive the cooling fluid in the liquid-gas
mixture phase, the second heat exchanger configured to transform the cooling fluid from

the liquid-gas mixture phase to a gas phase.

17.  The heat exchanger assembly of claim 16, wherein the first heat exchanger and

the second heat exchanger are configured to be disposed in an airflow path.
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m cr o- channel heat exchanger and the second heat exchanger is a flat-plate
heat exchanger or a serpentine heat exchanger.
WO 2012/009460 PCT/US2011/043893

18.  The heat exchanger assembly of claim 17, wherein the second heat exchanger is

configured to be disposed in the airflow path upstream from the first heat exchanger.

19.  The heat exchanger assembly of claim 18, wherein the second heat exchanger

diffuses the airflow across the first heat exchanger.
20.  The heat exchanger assembly of claim 16, wherein the first heat exchanger is a

micro-channel heat exchanger and the second heat exchanger is a flat-plate heat

exchanger or a serpentine heat exchanger.
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