1 COCLI NG SYSTEM FOR ELECTRONI C APPARATUS BACKGROUND OF THE | NVENTI ON Fi el d
of the Invention The presently disclosed subject matter relates to a
cooling systemfor an 5el ectronic apparatus, and particularly relates to a
cooling systemfor an electronic apparalus for efficiently cooling an

el ectroni c apparatus such as a conputer or a server which is required to
performa precise operation and generates a |arge anount of heat from
itself. Description of the Related Art 10l n recent years, w th inprovenment

of the informtiCODPINGSYSTEN FORELTCTRONPCRPPARATEY nt er net

environnments, the information processing anount which is required has been
i ncr eased, and data processing centers for processing various kinds of

i nformation in | arge vol ugR dja4g & RGNS REGRNt i on as a busi ness.
In, for exanple, the server—rUcngggﬁﬁhe—da%%—prccessrn center, a large
nunber of electronic l1l5apparatuses such as a conputer and a server are

instal |l ed..i cqpcentrated state, and are continuously operated day and
ni ght . Iﬂﬁ§§é§ﬂ§¥——%g¥éhk nmount method is mainstreamfor installation of
the el ectroni c TaRRPAE s@h&l‘i@ﬁ;clo@e@ﬁib}{&ﬁ @8N Eelatés toacdooMRYRYstomifbosh i s the

met hod in_which the racks housin electronlc appar atuses by dividing the

appar at u%trge@&pearﬁgmt ond parEeRlafnrelaigs tosa geadingisysiredfopan glestphifet . A
number agkmtmbﬂ é}ﬁfcénﬁg%eﬁ ¢ AP1EAFNR a p%{a afat® LRed A gnﬂke?%%%grv%f‘ the

fl oor of server room The el®ectronic a rat uses mhlc process

i nf or mat ivonclaseeqapddbyeifopn evpeecisaoppracessidragnspesc largd animoughipeat and t he
anount of heatt generati on fromthe electronic apparatuses is steadily

i ncrea5| uch circunstances, Japanese Patent Application Laid-Open
No. 2009- 25081439 proposes the art for efficiently cooling an electronic
appar at us, Japanese Pat ent Application Laid-Open No. 2009-081439 discl oses
a cool i n@i’éwfé%ﬁﬁm—%l ch is a steam conpressi on heat exchange

system for progptdag: 3%994 kw3 19{ r&vendnf 6f t}{eélﬁfi)rmﬁﬂgn bfb% @%Steélﬂn&lymr at or
coil ‘at an outlet door which |s hinge-nounted to an air outlet side of the

server r dekelopment of the Internet environments, the information processing amount which is
required has been increased, and data processing centers for processing various kinds of
information in large volume have been attracting attention as a business. In, for
example, the server room of the data processing center, a large number of electronic

15  apparatuses such as a computer and a server are installed in a concentrated state, and are
continuously operated day and night. In general, a rack-mount method is mainstream
for installation of the electronic apparatuses in server rooms. A rack-mount method is
the method in which the racks housing electronic apparatuses by dividing the apparatuses
according to functional units are stacked on a cabinet. A number of the cabinets (server

20  racks) are aligned and disposed on the floor of a server room. The electronic
apparatuses which process information are rapidly improved in processing speed and
throughput and the amount of heat generation from the electronic apparatuses is steadily
increasing.

In such circumstances, Japanese Patent Application Laid-Open No. 2009-

25 081439 proposes the art for efficiently cooling an electronic apparatus. Japanese Patent
Application Laid-Open No. 2009-081439 discloses a cooling unit (evaporator) which is a
steam compression heat exchange system for promoting cooling of a server rack, and
includes an evaporator coil at an outlet door which is hinge-mounted to an air outlet side

of the server rack.



2 SUMVARY OF THE | NVENTI ON Incidentally, the cooling unit in Japanese
Pat ent Application Laid-Open No. 2009-081439 is hinge-fixed to the server
rack. Therefore, machining is required for the server rack. Further, it is
necessary to prepare an exclusive coolifng unit adapted to the 5shape of the
server rack. Further, in the hinde-fixed cooling unit, the cooling
unit is sonetines in contact with the adjacent server rack at the tinme of
opening and cl osing of the cooling unit, and the novabl e range of the
cooling unit may be limted. The presently disclosed subject matter is nade
in view of the above 10circunstances, and Pas an object to provide a

cooling systemfor an el ect SUMMARNQF AHE INKENTION, efficiently cool an
el ectroni ¢ appgfahlRapy the @(?olﬂlé%ﬂ%t] an8fe Patait'A] licmbx?ﬂai'fd-s(%%egl?l%.r ed to

performa preci se operdtion and generates a [ arge anount o rom

itsel f, WOOR-081¢3bisimygeadfiked (oehapovatrack. \itherdfocgmadshingasisiryquiresitfat thed. | n
order to attain, th ove-descri bed object, a first aspect. o resently
Todi scl oSBHeElibfec Fufitt B0 FronBot Hengonnas-iuyys snfrlr i Raplsdo B c
appar 8t ushapdsflthélkdiger @ckasi ng in which the el ectronic apparatus is housed;
an evaporator which is disposed at a rear surface side of the casing, and

cool s heat rel &HEBEN i} Hinhinge-HreteqolAE dnkpihs capking wit i sopretings impntay s| i de
mechani s m e RALORNREHS: HIR o 8 e Bbhdilf SXARBLAL B HeQoBEnEBiiRRAE I n 2

| ongi tudi nal direction wmth respect to the Tctasing; at |east any one of a 20 -
cool i ng tthewmoveie cangeof pheosdodied vait mayhheglimitegpl ace t han t he evaporator and
condenses the ¢ Er%g%aﬁnhsg% QFOM.% n%& e§tenﬁgl\@irogﬂp %grénkled wat er
and a heat exchanger 1 CRUC8aT & He ™ F?%d%%aﬁp BVNUS ﬁ@' il1led water; a
ci r cubat iciriouinstagcashamhhasomesbjédieo pohtdegesoaling hedtwmeor dihelcavapo npiapatuand at

| east one qf the cooling tower and the heat exchanger; and a pipipg, which
connect s WHEN e iPRPIB A9} wlgﬁ@nf%@pé%wﬁaﬁﬁc RHUISE 0D aKVERUABPe. and

cont r act iiPtQuirbd fESRRMLa hRABVBERAN Bid %&férz&é’@@%@é Shount of heatABGRT di ng to
the presently disclosed subject matter, tThe high-tenperature heat which is
gener at edts¢ldi wighacgeldng pribtavaporetosrWhishican ap pasibtinstalledual |y having a fan
whi ch takes in;aj i e_ Al IS
directly subjeé?g%m?%)%%g?ﬁ%&%ﬁgﬁggm%ﬁgﬁb?ﬁgn9&?%?%%g§2¥&a%yﬁﬁﬁ%¥bms in the
evapabat discidsed eulijbe et provides d doelihg gysterd Got anglectadnic epstrat g, indnding:

evaporation .of .the.refrigerant is pronoted,  whereb he t.ransport power for
Cr ahapor i Ag e ik Biibe el apPyRh T bk B T REV Rl e POt | e
at a rear surface side of the casing, and cools heat released from the electronic apparatus by a

refrigerant; a slide mechanism which connects the casing and the evaporator to be
movable in a longitudinal direction with respect to the casing; at least any one of a

20  cooling tower which is provided at a higher place than the evaporator and condenses the
refrigerant by cooling of external air and sprinkled water, and a heat exchanger which
cools the refrigerant by using chilled water; a circulation line which moves the
refrigerant between the evaporator and at least one of the cooling tower and the heat
exchanger; and a piping which connects the circulation line and the evaporator, and is

25  extendable and contractible in response to movement of the evaporator.

According to the presently disclosed subject matter, the high-temperature heat
which is generated (discharged) from an electronic apparatus (usually having a fan which
takes in air of the apparatus room and discharges the air) is directly subjected to heat
exchange with the refrigerant which flows in the evaporator while the heat is in the high-

30  temperature state, and evaporation of the refrigerant is promoted, whereby the transport

power for transporting the evaporated refrigerant gas to the cooling tower installed at a



3 higher place than the evaporator or the heat exchanger. Furthernore, the
refrigerant gas evaporated in the evaporator has a high tenperature, and

t hereby, the cooling capacity to condense the evaporated refrigerant gas to
make the refrigerant gas a refrigerant |iquid can be nade snmall. The
refrigerant liquid which is cooled and tondensed flows down 5to the
evaporator | ocated below the cooling tower, and thereby, the circulation
line in which the refrigerant naturally circul ates between the evaporat or

and the Clﬁglllér'i)@aécq}i‘ﬁ{ the Sy RIRMF Hﬁﬁh@%eat%&cﬁé}gﬁ I Ui RImbRE ieab{@bant gas

circulation line like this, the power cost for transporting the refr| ger ant
i's not rexyaperated imitlee c\@epmt;g Ita@wémgh tsmpswdirewridthersbp) e chelinelragheitygler ant

with exte [

ci v cul at racrGehe ADoRAL REsET el bt R SERREAY N SR llbadiiaug,
reduced, @netrhelersunii. ngheastrigemnt dgaliwigch fsecoroﬁa‘dr ang&foadlénse@ﬂob@ down
signlflcantl t he eva&orator Slldgf in the

r educed. Furt her,
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i nterfer eynich e o8 AYhRGRAFraISLENV RN atE P we B &N A Satot BRd RPBERg {dWer is
carrying-in, wiring, maintenance and the |like of the el ectronic apparatus

can be er@ﬂﬁtélﬂ?t%ﬁ the rear surface side of the casing. Further, the

evaporator 15 8! olBEIYuERRL AL 0L DR 1R TL0By NToLNEr GRS, @ special

evapor at or does n e shape of
each casnr@spcbmngmmrrefmgnrattuanot Itmar@if orweeobdlionedvan by ek, wmch@oohdhcas pect
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of the casi ng, and cools heat rel eased fromthe electronic apparatus by a

ref ri ger &90HNZthe refEeehEy Kam be sgaiicanlvidie’d- s the casing and the evapor at or
to be novabl e 'Fi'lrt%ef Qﬂcgéxta%fa@élj sggléi ﬁx%é?cﬁll W'uElﬂxaf %&%%B nr:l%tl{uﬂg {&agi ng; a

cooling tower which'is 25 provi at a g er ace than t evapor at or
and condeﬂasaeg, aridethclefomgh}eampt inyerfﬁo@Wiithgh@adjemlsuabr ack. afigersford,nkd ed

mater exchan er | s the fri nt by usin ille mater
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In order to attain the aforementioned object, a second aspect of the presently
20  disclosed subject matter provides a cooling system for an electronic apparatus, including:
a casing in which the electronic apparatus is housed; an evaporator which is disposed at a
rear surface side of the casing, and cools heat released from the electronic apparatus by a
refrigerant; a slide mechanism which connects the casing and the evaporator to be
movable in a longitudinal direction with respect to the casing; a cooling tower which is
25  provided at a higher place than the evaporator and condenses the refrigerant by cooling
of external air and sprinkled water; a heat exchanger which cools the refrigerant by using
chilled water; a circulation line which moves the refrigerant between the evaporator and
the cooling tower; a parallel line which is a channel of the refrigerant, is connected to the
circulation line, and is provided so that the heat exchanger and the cooling tower have a
30  parallel relation; a parallelizing control mechanism which controls a refrigerant amount

of the refrigerant which is passed to the parallel line from the circulation line; and a



of the refrigerant which is passed to the parallel Iine fromthe
circulation line; and a 4 piping which connects the circulation |ine and

t he evaporator and is extendable and contractible in response to novenent
of the evaporator. According to ihe presently disclosed subject
matter, as the device which cools the refrigerant, the heat exchanger which
cools the refrigerant is connected in parallel to 5the circulation line to
be configured to have a parallel relation with the cooling tower, in

addi ti on gipinghehiclp obimegtsttoyeifcul @i lifkendehs tagoaibr A0 BkteWiihand passed
to the heat exchanger is controlled with the paralleling control nmechani sm
Ther eby, YORE2EHIS ihiFSPYWELC BIRYCIERY Hdhg cwperdpiger can be efficiently used
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t he presenditiondbskd asgithgsowigahd MRirttRigerdnan®tihi wheneypaked fvaheuaqor at or
can be enhanced by prov%giqg the fan in the evaporator. 15A fourth aspect
of the prSBEryISHoaEPBeel 8 ks paallsing ontigl merlpadsm.nelhasely, Hf wWpdingm
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mechanismis fixed to the casing by a clanp. According to the presently

di scl osednifbjzed in agpordance phidr the codingdoadinécsasary fdricpadensing the refrigemgt by t he

cla a . chani sm can be fixed to the casing wthout
0 e 0B o Shhp

wor ki ng ecifically, the slide 20 nechani sm can be fixed
to the casing VA tHird dspeel efche prebantigphsl @ded Subjpermited prévddey e ogblng t he
evapor at or can. be unted to the casing with the el ectronic apparatus

oper at ed.SYECH If An gEABRRIC GPPRRS BF%%@HE Itg the st gsseqond pipect Whateikthepr ovi des
the cool iRgps&ieh MOIA&s Al fdh NIAEQramy iR REsdnlfl§ didcdsibd k@vjbQuhdderagpect s,
wherein the evaporator 25includes a caster adjustable in height at a bottom

part of tehdcigncyprthe sYaporgeneadi hrenhancedymresiding e dinsial the evepoudpect
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slide mechanism is fixed to the casing by the clamp, and thereby, the slide mechanism
can be fixed to the casing without working the casing. More specifically, the slide
20  mechanism can be fixed to the casing with the electronic apparatus operated.
Accordingly, the evaporator can be mounted to the casing with the electronic apparatus
operated.
A fifth aspect of the presently disclosed subject matter provides the cooling
system according to any one of the first to fourth aspects, wherein the evaporator
25  includes a caster adjustable in height at a bottom part of the evaporator. According to
the presently disclosed subject matter, by the caster provided at the bottom part of the
evaporator, the evaporator can be easily moved in the longitudinal direction with respect
to the casing.  Further, the caster includes the height adjusting function, and therefore,
the evaporator can be disposed to correspond to the height of the opening portion of the
30  casing.
A sixth aspect of the presently disclosed subject matter provides the cooling

system for an electronic apparatus according to any one of the first to the fifth aspects,



30casi ng. A sixth aspect of the presently disclosed subject matter
provi des the cooling systemfor an el ectroni c apparatus according to any
one of the first to the fifth aspects, 5 further including: a stopper

whi ch fixes positions of the evaporatorcand the casing. According to the
presently disclosed subject matter, the state in which the evaporator is
closely attached to the casing can be kept by the stopper. Thereby, the
heat generated fromthe el ectronic apparatus can be efficiently cooled with

t he evapofuather inclWign atstpped which @ﬂik@F@d@@@{saifuﬁe bvapoddtér &d thecastdd.ri ed out
and the |ike, the evaporator is usually noved to separate fromthe casing.
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the operator ‘can be prevented. A seventh aspect of the presently disclosed
subj ect nfseméhe gegivindesppangius owl haxffit®sily ceohed arithathe ebgratoni ¢ appar at us
according to a of, fir to_sixth.aspect further, i ncluding: a
fr ame%body whi Ez\ﬁl hlglg ﬁlr?oe&%(]ti%gu% %’pg%ttgd 8émﬁe r I|l’p S o A f“ll%hee ﬂf'fp I‘at or and
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Accor di nglnfe oPHSrRYGPHBLREs tREBpBRoFBMEEHrelOnidd 15pl ural ity of casings
differing in size. According to the presently disclosed subject
matter, a cool ilhgevepst apeetot taprebantlyrdiselesed splieeit et anotidesghovpeléty  whi ch
can Eif()]c : V%V'H?t@{}lal thr ﬁﬂgiecﬁgn’glaﬁgﬁrﬁﬂg' coqgil?@rtgaf’ﬁ? oﬁéJSPth% i€t (& R h e 2
server, Ichis require per?orn1a pr eci se operailon and genetates a
| ar ge anduriberafclhdang: & fiamei HoslglWhiclwistthowanedtoapoowatoperipheghofahanevpoeast | y
20i nstal | ed. .BRI EF .DESCRI PTI ON OF THE W NGS .Flg. . 11is a
concept uaﬁng\?ldl%\ﬁ}seaxﬁ?%wgﬁﬁlée b &ﬁcﬂ%ﬂ?@f t'f\llﬁ pE%B?tﬂ%gj‘sglﬁgﬁdesrﬁbieﬁ mafer,
el ect r onity rap@amtHS frametdody ko efttidrpesiphelyQFerk StHpbRtdr, Rt difftrence in
Fig. 2 is_an explanatory view explaining one node of a server rack and an
25evapor #4SriTR di eAsHE 428 bereiysids edvacgrdimal ki aseryapeiBjas cen hamogpted to a
Fig. 13 1 S&aMi (khhg§gﬁ§%ﬁ%qﬁgﬁg.nnde for fixing positions of the
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evaporator and t he S rver r
According to the presently disclosed subject matter, a cooling system for an
electronic apparatus can be provided, which can efficiently cool an electronic apparatus
such as a computer or a server, which is required to perform a precise operation and

generates a large amount of heat from itself, with an evaporator which can be easily
20  installed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a conceptual view explaining an embodiment of a cooling system for an
electronic apparatus of the presently disclosed subject matter;
Fig. 2 is an explanatory view explaining one mode of a server rack and an
25  evaporator according to the presently disclosed subject matter;
Fig. 3 is a view illustrating one mode for fixing positions of the evaporator and
the server rack;
Fig. 4 is a view illustrating another mode for fixing the positions of the
evaporator and the server rack;
30 Figs. 5A and 5B are explanatory views illustrating mounting states of the

evaporator, the server rack and piping; and



Fig. 4is aviewillustrating another node for fixing the positions of the
evaporator and the server rack; 30Figs. 5A and 5B are explanatory views
illustrating nmounting states of the evaporator, the server rack and pi ping;
and 6 Fig. 6 is an explanatory EEFM/iIIustrating t he evaporator, a
frame body and the server rack. DETAIL DESCRI PTI ON OF THE PREFERRED
EMBODI MENT Hereinafter, a preferred enbodi nent of the presently discl osed
subject matter 5will be described in accordance with the attached draw ngs.
The presently diigod Ba@dkxplibp@ey vivat ill@stradnlgl thdevaposast, Agehnkceatydindghd 0 t he
follow ng preferred enbodi nent, but the presently disclosed subject matter
can be ndﬁ%ﬁ?gﬁkby a number of methods without departing fromthe range of
the presently disclosed subject matter, and enbodi nents ot her than the
present enbodi nent can be used. Accordingly, all nodifications in the

10r ange of the PEESA i EHIN HHTHE PR RREBY EMBAUDIMENTI n cl ai ns.
Hereinafter, a ) e i .of olin temfor.an el ectronic
appar at s accortr g A7 &L BBy sn ot Rt uly Tl el fr e

descr Bbedwillbed&iaiitbed in aacarafittencieh whictaltatied drawmghedThE pksargs,. diddosde

exanple of .the electraonic a ratus, an ex | e of the server placed in a
server r oY @Fttﬁew’ﬁi@éec‘quﬁfg}g‘? afgii‘id&‘g ¥ the (g}%’é"ﬂﬂ% Bpferagd ?}PEWIWPE g’t“r ating a
cool i ng suspRREntE difdloRN sabRet hatdCad PR M AN 8 a higivebedkdsal wahothe
presently disclosed subject” matter. As illustrated in Fig. 1, a server room

14 is prciepadagifiona theunhgs eithe presepily disclpsasicubjegemeftera and embodimehtice 20, an
underflo et j ] o) C . J 1y of
air outlgﬁgﬁ?not FPﬁ%g@%g@§%§§gwggﬁﬁ%3§g%d,Réﬁ%&%gﬁag%%@“?ﬁ%ﬁyﬁ%ﬁﬂhg

ai r - doOndirengendrth peserly dibdloskirsabjed) masertaroimelaketl ih olaithe server room 14

fromthe floor surface 20 through the underfl oor chanber 22. The air
outlets are pr ‘%?Q€$?38Pgﬁgggﬂgﬁggpnﬁn%§$¥%¥RW§éﬁ“ﬁ%ﬂgfﬁ@%mﬁ%@“?hereby,
the col d apbirauRiaclorimghb O preskintliysdisoldsel is@) eétQnater il e RBESbARRABAIIUS ( NOt
illustrated) which i.s housed in the server rack 26. Accordingly, the

el ect r onil A&{opdanae y4th e aftpsher digwipge o of eanpgxasenle ofhe. clontingiq dppagtysat ed i n
Fig. 1. o QUABRIGAL sé&eﬂﬁ%%gﬁﬂ‘a%@ﬂzeﬁ}oo% W@Eegggcm%& side of the server

rack 26. aporator 3 t he server rac are connected by a slide
mechdfi sm 50. Byg.tlhie agiondeptuad oieamilbistrding ¢ beolingagysteat B0 f@4ntpbatives novabl e

in the | i i | diregtion Wth respect .to.the. server rack.26. The
cvapor at PPt B Rle ARS8 the Breb R B E O RA PR AEE " R Bt or 34
can be eddg.lly anewetrdoyn t41és frasided in a building 12.  On the back side of a floor
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surface 20, an underfloor chamber 22 is formed. On the floor surface 20, a plurality of
air outlets (not illustrated) are disposed, and cold air from an air-conditioner (not

20  illustrated) is blown off to the server room 14 from the floor surface 20 through the
underfloor chamber 22. The air outlets are preferably disposed near a server rack
(casing) 26. Thereby, the cold air which is blown out is supplied to an electronic
apparatus (not illustrated) which is housed in the server rack 26. Accordingly, the
electronic apparatus is efficiently cooled by cold air.

25 As illustrated in Fig. 1, an evaporator 34 is disposed at a rear surface side of the
server rack 26. The evaporator 34 and the server rack 26 are connected by a slide
mechanism 50. By the slide mechanism 50, the evaporator 34 becomes movable in the
longitudinal direction with respect to the server rack 26. The evaporator 34 includes a

caster 52 on the bottom surface. The evaporator 34 can be easily moved by the caster
30 52.



3052. 7 The evaporator 34 includes a cooling coil 36 therein. A
refrigerant liquid flowng in the cooling coil 36 is evaporated by

hi gh-tenperature air generated fromthe el ectronic apparatus housed in the
server rack 26, and thereby, deprives the surroundi ngs of heat of

vapori zation to be gasified. Thereby, the el ectronic apparatus and the

hi gh- Stenperature air discharged fromthe el ectronic apparatus are cool ed.
A cooling tower 38 is installed on the roof of the building 12. A

circul ation |i rkheA¥aporahnideindudsfa dapiingobil Bathuréinl y ACtefGadradtaiuid for ned
bet ween the coolin and the evaporator 34. The cooling tower 38
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sprinkles water to the spiral piping 4 The c00|ng ower i ncludes a
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formed by the Sapbowlkige:dwa&rs 1aﬁtdlléd1@n ﬂ))etrebﬂ’k‘&ﬂthﬁbﬁlldlﬁgﬂﬁ I A cildu@itivly, the
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are connegtiege HYapbRkaH 3. p"lﬂie%oﬂﬁ% (dv&‘ér@lsgﬁaa&@s tga%mt)dp@ﬂang%lﬁgm {elBcRi Ng
t he refrlgerant gas whi ch i s gasi in the evaporator to the cooling
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i pi ng 48. return pi in 46 and _t he I i ping 48 are
Pngt algl edPERIng l%g}el %lq?gs%%ﬁ 8@@1% HRE {9yeeTs Vﬁf&g‘g’&ﬁg%b %én & JroM™ pi pi ng
46 and t h@ opesing g aCt@ |sur3§ceOf A Bsurearaereat Rforddedyethe RPARKIEE aky ahlignd bl e
pi ping 78. Further, e sup thél ng 48 and the cooling 25coil 36 of the

evapor at &ﬁt%ﬂﬁlé?réa%f@ﬂﬁecgéﬁeby xicH1ad aiineeniedo. beftrwer fharitkt e pi pi ng 78

and the ftérﬁﬁérmu?e&ﬁb@gteﬁﬁlﬁfrﬂv}?&ﬁt &qglpé enand contractible, and therefore,
even if the evaporator noves re atlv y to the server rack 26,

connection of flhe coeling Wle@)amtgtMGpanloblpimg 4e1\ﬁa{po<mateoted334f retuml plpmmglé@t i on of
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i ncr easedvapdistohBg o thermeﬁﬂg toveer [38adndMupply p@m@%&lﬁﬁh@éraﬁdh@@h@ﬁ@ﬁgb) from
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refriger
20  refrigerant gas in the cooling tower 38 to the evaporator 34. The circulation line 40 is
configured by the return piping 46 and the supply piping 48.
The return piping 46 and the supply piping 48 are installed on a ceiling surface
16 of the server room 14. The return piping 46 and the cooling coil 36 of the evaporator
34 are connected by flexible piping 78. Further, the supply piping 48 and the cooling
25 coil 36 of the evaporator 34 are connected by flexible piping 80. The flexible piping 78
and the flexible piping 80 are extendable and contractible, and therefore, even if the
evaporator 34 moves relatively to the server rack 26, connection of the return piping 46
and the evaporator 34, and connection of the supply piping 48 and the evaporator 34 are
kept.
30 The amount of heat generation from the electronic apparatuses of recent years

has rapidly increased. The high-temperature heat which is generated (discharged) from

the electronic apparatus is directly subjected to heat exchange with the refrigerant



8 flowng in the evaporator 34 while the heat is in the high-tenperature
state to pronote evaporation of the refrigerant, whereby a transport power
can be obtai ned, which transports the evaporated refrigerant gas to the
cooling tower 38 installed on the place higher than the evaporator 34. As
the refrigerant for use, a chlorofluord%arbon, HFC 5( hydr of | uor ocar bon) as
an alternative chlorofluorocarbon or the |like can be used. Further, water
can be used, if used at a |lower pressure than the atnospheric pressure.

Here, expi&gmb M uRlcvhpGralorBuivaalcant htd1¢d HARS nRA Rufpeffirkistee & ¥rofRk i N a
gaseous state and a refrigerant liquid in a liquid state, and in Fig. 1,
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t he ol i ng. tower. 38.. The apporator 34 is provided wth a tenperature
sensof (r{gglgeﬁn&@gp&lgé?u%gegﬁyﬁgg%pggrrspwé. tenperature of the air after
t he hi gh-t enpergleWwiRuRtibn tins aDI6OBE réfi@lahhe® @tRed¢ amufalBpdsaieds is cool ed
by the cooling coil 36. The outlet port of the cooling coil_ 36 is provided

with a fIbeweeathe peaparaies Hhanbieceolinmiower Pist PattBeiyvaporatpedfultht ¢a9gnghe
suppl y f'tewﬁf?é gncﬂeh_@}‘cﬁgglsﬁgﬂhné lgw, gﬁgeg;esgﬁeeag eriﬂfwmglgﬁ?e%fﬁggrﬁ@ isuppl i ed

to the cooling 25coi e openi ow regul ating device (valve)
i s aut onetaledlid gonsegutdt edurtiesatic amotihieofrheasganethtionfpen ghaglecttopia he

t enperat ure sensar. Thereb nthe tenmperature of the aifr after cool ed

e evRpBRn dtomen BiSmine BRThed Put RS Bl T e S5t Forier ar ur e,

t he openiTigrady, theeoblingtdndicataeonhiah icogdcaess the réfBigeadtgactandedet odesuppl y
of the refrigerant is decreased. The

erri 52& high. ol She psfrigeaen gas et Morehdeie Sree S4gay %élh@ %’,@&3@@ Behe
cooling |Qatnd Afwet 38! | T¥e thdensed refrigerant liquid flows down to the evaporator 34
located below the cooling tower 38.

20 The evaporator 34 is provided with a temperature sensor (not illustrated) which
measures the temperature of the air after the high-temperature air discharged from the
electronic apparatus is cooled by the cooling coil 36. The outlet port of the cooling coil
36 is provided with a flow rate regulating device (not illustrated) for regulating the
supply flow rate (refrigerant flow rate) of the refrigerant to be supplied to the cooling

25 coil 36. The opening of the flow regulating device (valve) is automatically regulated
based on the measured temperature by the temperature sensor. Thereby, when the
temperature of the air after cooled in the evaporator 34 becomes excessively lower than
the set temperature, the opening of the flow rate regulating device is reduced, and the
supply flow rate of the refrigerant is decreased. The supply flow rate of the refrigerant

30  is not increased more than necessary, and thereby, the cooling load for cooling the
refrigerant can be made small. Accordingly, sufficient cooling capacity can be

exhibited with only the cooling in the cooling tower 38.



refrigerant can be made small. Accordingly, sufficient cooling capacity can
be exhibited with only the cooling in the cooling tower 38. 9

Describing this in nore detail, the air in the server room 14 is taken into
the server rack 26 which houses the eIthronic apparatus, and is heated by
the heat generated fromthe el ectronic apparatus. Heat exchange is
performed between the heated high-tenperature air and the refrigerant in

t he evaporator 34, and the cooled air is neasured 5by a tenperature sensor
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cool ing
piping 48 respectively are connected to a secondary side coil 62 of the heat exchanger 54.

Thereby, the heat exchanger 54 is disposed with a parallel relation in the flow of the
refrigerant with respect to the cooling tower 38.
A primary side coil 66 of the heat exchanger 54 is connected to chilled water
25  supply piping 70 and chilled water return piping 72 from the chiller 68. The chilled
water supply piping 70 is provided with a delivery pump 74. Thereby, the chilled water
(primary refrigerant) made by the chiller 68 exchanges heat with the refrigerant
(secondary refrigerant) in the heat exchanger 54, and cools the refrigerant. The chiller
68, and a cooling tower 76 which is different from the cooling tower 38 are connected,
30  and the cooling tower 76 is used as a heat sink of the chiller 68, whereby the working
electric power of the chiller 68 can be reduced. The cooling tower 76 has a similar

structure to that of the cooling tower 38.



10 The paralleling return piping 58 is provided wth a paralleling valve
59, and a shut-off valve 61 is provided near the cooling tower 38 in the
supply piping 48. A valve 69 is also provided in the chilled water supply
piping 70 in which chilled water flows. Meanwhile, an external air
tenperature sensor 63 which neasures atVext ernal 5air tenperature is
provided in the vicinity of the cooling tower 38. A cooling tower outl et
(at the refrigerant liquid side) and a heat exchanger outlet (at the

refrigerant |iapiechaphlfigho@6@d ﬁ?ﬂ%@@ i¥?>lrd’vi@écﬂ&it9%ﬁ>a¥!liehn§ QEREB! Mda SENSOr'S
65 and 67. The neasurenent results of the respective tenperature sensors
63, 65 arfusyifaabetpiapreddédnasr thepaphng ewadg8dornhe 8ippbnpipirgé8one by one.
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t her eby, théshafiRBLRfohed, efMHegemparhtuydiciBorsH5fad d7re Beovidatat excdmger 54 is

controlled. Thereby, the cooling tower 38 and the heat exchanger 54 can be
ef fi ci enttPyeiQuist aad thedieat aehrigen OHYCe Bulta pssIResensprelobisatEd WRiEhr dance

with the j ' f [ Gt i which is
evapor at i pur e GEG O 2 lant ORRATRLA G A I (ORI BT e
cool i ng thowder, d8tisihghiquidniperatete persdss @hand@’ axd terpa¢ssaicrsensmpeaydieur e. By
perf%n‘i r}go\;iﬁg control as described above, part of the refrigerant flow ng
in thé cifrcu a(%'i on line 40 can be nade to flow automatically into the heat
exchanger 54 i rHaecopdfuned mbddofta@nwal mathodmcodrdidietoaké parantlirgd dontrol
tenperature., 30 On

e o S el ISR hETS (SR o LS, ROLIRR eafeci 1Y of the
runni ng GRs1HAR cBRrdIUmidTar cAl@IMEEGe capacity of being able to cooling the refrigerant
in the cooling tower 38 from the measurement result of the external air temperature
20  sensor 63. The amount of the opening of the paralleling valve 59 is regulated from the
calculation result, and thereby, the amount of refrigerant which is fed to the heat
exchanger 54 is controlled. Thereby, the cooling tower 38 and the heat exchanger 54
can be efficiently used so that the running cost becomes the lowest in accordance with
the cooling load required for condensing the refrigerant gas which is evaporated in the
25  evaporator 34.

The cooling capacity of the cooling tower 38 significantly depends on the
external air temperature. By performing the control as described above, part of the
refrigerant flowing in the circulation line 40 can be made to flow automatically into the
heat exchanger 54 in accordance with the variation of the external air temperature.

30  Only the insufficient amount of the cooling capacity of the cooling tower 38 is
supplemented by the heat exchanger 54. Thereby, the running cost can be further

reduced.



11 The second control nethod will be described. The paralleling
control unit 71 regul ates the anmount of the opening of the paralleling

val ve 59 so that the neasurenent result of the tenperature sensor 65 at the
cooling tower outlet becones a set valgﬁ. Accordi ngly, the anmount of the
refrigerant to be fed to the heat exchanger 54 is 5 controlled. As a
result, by nmeasuring the tenperature of the refrigerant at the outlet of
the cooling tower, the cooling capacity which the cooling tower 38 has at
the tine point THe fERaSUERITRDN BRI Wil iy @speskd estheatSR)ing A6RRS1dInRgl 1y, by
automatically regul ati ng the anmpunt of the opening of the paralleling valve
59 based '§8UlRise thpoaraonnd ok e oreaingof thparallglingnmlyedy sqydiaie measwieARyDi n t he

ci rcul ati gyt Bﬂ‘ﬁe‘f‘%}ﬁ GRubes 8 thd %Iin%lg?ﬁgf QIR bR % ai0§f3{ ?ﬂﬁ@e heat

exchanger 54, and refore, only the iIns I ci ent anount e cooling
capaci ty #Sécortioglyotic angounowerhe38irigsrantippbeefedrio ¢t toat thxehahgatS4exchanger 54.
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15t enperature of the refrigerant to be supplied to the evaporator 34 can be
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rat her dithadvainigageatisy ofitht beolagpestr 83 ist duppleumntaicdycis heatamdhdnger 84.0ore, in
such a case, when. the neasureneg%g%ﬁggeratu e of the external air

t enper at Ure? ESHE e FANTHRS EofE §any et more, the shut-off valve 61 is

cl osed, wher ebyryrh@r, VYA tAce cORtroCABhB&s ArdpehBfmEE IS RehpetdiueRbSsorsnner, by
having the two cooling devices, that is, the cooling tower 38 25 and the

heat excligHglis mavidgdat bgestlpgofithe heat exghaaget isenqasuisdcandibeneby.abe t he

stablie o I I , nni ng cost
For a0l gt pare Bt 1ErfiRRlnt A0 HHpRER 67 ho¥afaE 38 caf BE plclBtd 0 "o
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di scl osed subject matter.. The server rack 26 ipcludes. a rack ,ain body 100,
30 and. an T SPPP e biotiheRde beashE TRt sl T e AR D A P AT R

body 100 fi@n deinficotleddndy tharb@ictaaryol Ak ehelitht cachahge 4al IFud@er, anthea ceiling
pl ate 103, and opening portions are fornmed at, a front and a rear. The rack

mai n body ST pgEod pdice ﬁlgp@)oémg &apapaty of the cooling tower 38 reduces the most, the
20  combined use of the cooling tower 38 and the heat exchanger 54 may be rather

disadvantageous in the aspect of the running cost, and therefore, in such a case, when the
measurement temperature of the external air temperature sensor 63 reaches a set value or
more, the shut-off valve 61 is closed, whereby the running cost can be further reduced.
In this manner, by having the two cooling devices, that is, the cooling tower 38
25  and the heat exchanger 54, and causing them to play the respective roles, the stable
operation of the cooling system can be ensured, and the running cost for cooling the
refrigerant can be reduced.
Fig. 2 illustrates one mode of the server rack and the evaporator according to the
presently disclosed subject matter. The server rack 26 includes a rack main body 100,
30  and an inlet door 110 mounted to the rack main body 100. The rack main body 100 is
configured by a bottom plate 101, a side wall 102 and a ceiling plate 103, and opening

portions are formed at a front and a rear. The rack main body 100 has the shape of a



square pole as a whole. The rack main body 100 includes a nount angle (not
illustrated) for nounting an el ectronic apparatus therein. The el ectronic
apparatus to be nounted includes a fan therein. External air is fed to the
outl et port side (rear surface side) fr8n1the inlet port side (front
surface side) of the rack main body 104# The 5bottom plate 101, the side
wall 102 and the ceiling plate 103 are nade of a material such as stainless
steel, a steel material, or a netal subjected to electrolytic plating.

The eVap%fq_?_ﬁr‘érpo%aé SwHbRPOT®E rk hie b'bﬁzrw@!ﬁ{cfh?cfe@ aShélgt @hglb Rfotr ack main
body 100. The ‘evaporator 34 and the rack main bo% 100 are connected by the
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appar at us. The slide rail 122 is fixed to the evaporator 34 at the
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W ring, naintenance and t lLi.ke of th l,ectroni c apparatus can be secured
at tﬁg rené?vaﬁsjg?(ﬁg%lg n%?rgbeerg 6%1@1 asg?]\tlglf&reg "26. In the conventional nethod
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limtation, 'the conventional nethod needs to provi (%e a cutout at the hinge
si de of tragk ism@t required, the adverse effect on the electronic apparatus such as short which is
20  caused by metal cuttings which are generated during work such as boring can be
prevented, and the mounting operation can be performed even during operation of the
electronic apparatus.
The slide rail 122 is fixed to the evaporator 34 at the end at the side opposite
from the fixed frame 120. The slide mechanism 50 enables the evaporator 34 to move
25 inthe longitudinal direction with respect to the server rack 26. By sliding the
evaporator 34 in the direction to be away from the server rack 26, a space for carrying
in/out, wiring, maintenance and the like of the electronic apparatus can be secured at the
rear surface side of the server rack 26. In the conventional method which hinge-mounts
the evaporator to the server rack, when a plurality of server racks are disposed in parallel,
30 the opening range of a certain evaporator may be limited because the evaporator is in

contact with the adjacent server rack, or for the other reasons. In order to avoid the

limitation, the conventional method needs to provide a cutout at the hinge side of the



evaporator. However, the range for installation of the cooling coil becones
smal |l due to the cutout, and the capacity of the evaporator may becone the
pr obl em Meanwhi | e, the evaporator 34 capable of sliding novenent of
the presently disclosed subject matter is not influenced by the adjacent
server rack, and therefore, the SCooIiﬂé coil 36 can be installed in the
evaporator 34 without any limtation. In order to connect the return
pi ping and the cooling coil 36, flexible piping 78 is nmounted to the
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and the evaporator 34 and the 15 piping which connects the supply piping
and the dyapwpiedde tizucvaperagt3dndriacantoEienta eampesithe supply piping adsther 52
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opposes tRhepseioyen. I TakreBS, cohhectrtietetidh ipipihp ahd te dvalemtdrBugaddie server
rack 26 is fed out to the evaporator 34 by the fan 30. Accordingly, the
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evapor at i; i i i i d i Xi t he
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conponentigpgitait| that the piphas whidé sonndsectheirethriFpigmg dandahe ePapreatohdd and theed by
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to the sebueictivhek 26. An L-shaped hook 130 is nmounted to a rear surface
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posi ti ongedbutttbehe evaporator 34 by the fan 30.  Accordingly, the heat generated from the
electronic apparatus is efficiently cooled by the evaporator 34.
25 Fig. 3 is a view illustrating one mode for fixing the positions of the evaporator
and the server rack. The description of the components similar to those described with
Figs. 1 and 2 may be omitted by being assigned with the same reference numerals and
characters. As illustrated in Fig. 3, the evaporator 34 is disposed at the position close to
the server rack 26. An L-shaped hook 130 is mounted to a rear surface side of the fixed
30  frame 120 fixed to the ceiling plate 103. An arm 132 engaged with the hook 130 is
rotatably mounted to the evaporator 34. When the arm 132 is engaged with the hook
130, the evaporator 34 is fixed to the fixed frame 120. Thereby, the evaporator 34 is



evaporator and the server rack. The description of the conponents simlar
to those already described may be omtted by assigning the conponents with
the sane reference 10nunerals and characters. Fig. 4 illustrates the state
in which the slide rail 122 is the nost extended with respect to the fixed
frame 120. A plate 142 having a guide Hdl e 144, and a netal clasp 140
supported by the guide hole 144 are nounted to the slide rail 122. The
nmetal clasp 140 can freely nove along the guide hole 144. In the state in
whi ch t hecgldiglel fr@x'nlsh@% th&vdnitit MOBhe &4 g@fh@&%ﬂ‘ﬂs tcfbsv\grsf%ﬁtto bR dheerirheted
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cl asp 14QWh§mgg¥gdb%anhggn@bgﬂ@st position along the guide hole 144. The
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the plate 142, and the slide rail 122 is in the movable state.
Figs. 5A and 5B illustrate mounting states of the server rack and piping. The

description of the components which are similar to those already described may be

25 omitted by assigning the components with the same reference numerals and characters.
Fig. 5A illustrates the state in which the evaporator 34 is disposed at the position which
is the closest to the server rack 26. The flexible piping 78 and the flexible piping 80 are
mounted to the evaporator 34. In order to facilitate the description, only one of the
flexible piping is illustrated on the drawing.

30 The flexible piping 78 and the flexible piping 80 are connected to the evaporator
34 at one ends of them. Further, the flexible piping 78 and the flexible piping 80 are
fixed so that parts of them are along the slide rail 122. By fixing the parts of the



as they follow the evaporator 34. Wth the relatively sinple configuration,
the evaporator, and the return piping and the supply piping can be
connected. Fig. 6 illustrates the evaporator, the frame body and the server
rack. In the present enbodinent, with respect to the width direction and

t he height direction, the 15server rackd26 has a structure | arger than the
evaporator 34. In order to supplenent the difference in size between the
server rack 26 and the evaporator 34, a frane body 150 is nounted to the
out er perd Rk . . Y. i: i i ed to the
frame boJyRT§%¥ugﬁ%?%E%f%?ﬁg&gﬁgpggé%%%afﬁéé?%%ﬁg?Q?héﬁégfgggggggk 26, the
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housed there in becones |arger. Wth this, the heat generation anmobunt al so

i ncr edsedNdpRR CYARPRAAT be dealt with by regulating the flowrate and the
li ke of the refgi gy ﬁfﬁ%tr%@ IHRWAYid &hfcﬂ?ﬁh@é/@agefa%r% léé&%srgg%& W pbsiidd-Al MED

IS: 1.A cooling”systemfor an electronic apparatus, conprising: a casing
i n whi ch wiieh &l tbe moshdistaapfsamahe seriver tadugéd; The flexible pipiag 78waddhat or whi ch

is disposed.at a.re sur f .Sj de.of .the casi n ools 5 . ased
from ¢ he kit PR SRS 1B P atg of 3R 1M 0% BN ANRhELED
whi ch comeotdinglhewtnshdgidentbvcheneyfpereatgiratod 3hahedisadter dfrth@bundled

| ongi tudinal direction with respect to the casi east any

one aP a TEEAIGCARCE SRRl apditearehys the ﬂeﬁfie@cpla@g?%'w?lgﬁ@ﬂﬁfiak?ePiPﬁtaﬁ?lOt%end

evapor at o RiFoReRIRESRPotAis: 34T rWaRBOfeldW IpRGeHfigtidtRNak ai r and
sprinkledsmatep, 10an§ﬁgoheat exchangerEVhigﬁggggls thgﬁrefrlgerant by

usi ng chievhpetaigatasd;the return papiog rod ke Supplyl pipiegwhn bh camvasted: he refri ger ant
between the ev%@grbaitﬂ%gtraqgsdth@tev V\ﬁo%ﬁ({?rﬂﬂg frgIr&etb%?% GhQ kﬂens%r\;e?%crk. a_rig tﬁéﬂ'e heat
a prpi ng Wwhi ch ‘connect’s

exchanger; and e circulation’'line and the
evapor at @reseanemb&liexhte nithbtepeant thomtidthclkiteblien ami the hpiphs dirtaiomthenent of
the %gaposreravte? ;a'ck 26 has a structure larger than the evaporator 34. In order to supplement the
difference in size between the server rack 26 and the evaporator 34, a frame body 150 is
mounted to the outer periphery of the evaporator 34. The slide rail 122 is mounted to
the frame body 150. Thereby, the difference in size of the server rack 26, the
evaporator 34 and the casing can be adjusted. Accordingly, even one evaporator 34 can
20  be adapted to a plurality of server racks 26 differing in size by mounting the frame body
150 to the evaporator 34.
As the server rack 26 becomes larger, the number of electronic apparatuses to be
housed there in becomes larger. With this, the heat generation amount also increases,
but this can be dealt with by regulating the flow rate and the like of the refrigerant

25  flowing in the evaporator 34.



152. A cooling systemfor an electronic apparatus, conprising: a casing in
whi ch the el ectronic apparatus i s housed; an evaporator which is

di sposed at a rear surface side of the casing, and cools heat rel eased from
the el ectronic apparatus by a refrigerant; a slide nechanism

whi ch connects the casing and the evapé?ator to be novable 20in a

| ongitudinal direction with respect to the casing; a cooling tower
which is provided at a higher place than the evaporator and condenses the

refriger qg%ippﬁsceglﬁmggis.ext ernal air and sprinkled water; a heat

exchange Tefrigerant by using chilled water; a
circul atilon |i recedlinghsysowetor bheleceduic gppaatus,bmmprsmg: he evaporator and the
25cooling tower; . . %él&ta%al Jﬁel line which is ad,channel of the
refrigerant, i< @oRA&LH CLIFEURPIE ARPARTS S FIHED and i's provided so that

t he heat exchangekagitgiot Réi&oeldispgsddomrrediavierace flae af telcasiak adodadils

a parallelizing control mechani smwhich controls a refrigerant anount of

t he 30r efhepgisicasnd ﬁ?\ﬁpéh‘? F1§Ct}§%§§_éﬁp%f@)tu§ Héaﬁ%ﬁriﬁﬂa‘éﬁ_ line fromthe circulation
line; and 17 , giqe n?ecﬂ!gg%rﬂgvﬁ%ﬁ EhricPR @ﬁézéa%i[ng%dCthé %&)@Edt&ntolﬂerlﬁo%% the

evapor at or and i's exten e and contracti In response to novenent of
t he evapadnatlongitugdinhhdiredmini wigh syspe@ o fhercasingel ect roni ¢ appar at us accor di ng
toclaim1 or 2 erein the evaporataor .i.ncl udes .a. f.an.. §4. e .£00ing
System for an df ity obe 8. PUPREIeE mintr PSR ey Aouelit olRG GEOLLTS
wher ei n tdvepsrhiod endresiiRAbesthé seffiparant Byocdoliig 088k wehabyirand spriklebwitee,
cooling systemfor_ an el ectronic apparatus accordjng to any one of clains 1
10g a¥1d a heat exchanger which cools theegfrigerant by using chillged water; y
a circulation line which moves the refrigerant between the evaporator and at
least one of the cooling tower and the heat exchanger; and
a piping which connects the circulation line and the evaporator, and is

extendable and contractible in response to movement of the evaporator.

15 2. A cooling system for an electronic apparatus, comprising:
a casing in which the electronic apparatus is housed;
an evaporator which is disposed at a rear surface side of the casing, and cools
heat released from the electronic apparatus by a refrigerant;
a slide mechanism which connects the casing and the evaporator to be movable
20  in a longitudinal direction with respect to the casing;
a cooling tower which is provided at a higher place than the evaporator and
condenses the refrigerant by cooling of external air and sprinkled water;
a heat exchanger which cools the refrigerant by using chilled water;
a circulation line which moves the refrigerant between the evaporator and the
25  cooling tower;
a parallel line which is a channel of the refrigerant, is connected to the
circulation line, and is provided so that the heat exchanger and the cooling tower have a
parallel relation;
a parallelizing control mechanism which controls a refrigerant amount of the

30 refrigerant which is passed to the parallel line from the circulation line; and



to 4, 10wherein the evaporator includes a caster adjustable in height at a
bottom part of the evaporator. 6. The cooling systemfor an electronic
apparatus according to any one of clains 1 to 5, further conprising: a
stopper which fixes positions of the evaporator and the casing. 157.The
cooling systemfor an electronic apparé?us according to any one of clains 1
to 6, further conprising: a frame body which is nounted to an outer
peri phery of the evaporator and adjusts a size with the casing.

a piping which connects the circulation line and the evaporator and is extendable

and contractible in response to movement of the evaporator.

3. The cooling system for an electronic apparatus according to claim 1 or 2,

wherein the evaporator includes a fan.

5 4. The cooling system for an electronic apparatus according to any one of claims 1
to 3,

wherein the slide mechanism is fixed to the casing by a clamp.

5. The cooling system for an electronic apparatus according to any one of claims 1
to 4,
10 wherein the evaporator includes a caster adjustable in height at a bottom part of

the evaporator.

6. The cooling system for an electronic apparatus according to any one of claims 1
to 5, further comprising:

a stopper which fixes positions of the evaporator and the casing.

15 7 The cooling system for an electronic apparatus according to any one of claims 1
to 6, further comprising;:
a frame body which is mounted to an outer periphery of the evaporator and

adjusts a size with the casing.



