LOCAL COOLI NG UNIT AND COCLI NG SYSTEM BACKGROUND OF THE | NVENTI ON Fi el d of
the I nvention The present invention relates to a local cooling unit and a
cooling system and 5particularly, to a local cooling unit and a cooling
system for locally cooling an el ectronic device, such as a conputer and a
server, which is placed in a server room Description of the Related Art In
recent years, with inprovenent in information processing techniques and
devel opnent of INOCAT COOLINGUNITIAND ¢ OOBING SYSTEM ng amount
which is 10 required has increased. Data processing centers for processing
various kinds of information in large volune are in the spotlight as

busi nesses. For exanpl e, gACRGARHUYKD ORAIPP INGENATANPT OCessi ng center, a
nunber of el ectronic devices such as conputers and servers are installed in
a concentrated state, and are continuously operated ni ght and day.
GEnerallﬁi!igfq%gs&QLlation of electronic devices in a server room a rack
nount ne oyed. The rack nount nethod is a nethod for stacking
racks, which hoUHspregtitGiiventibs relgies 6es1del dhoVingiunl ahdh@ cobIRGL §yRTnG adléVvi ces
acco%ging to the functional unit, on a cabinet in Igﬁers.,A nunber of such
cabi ndt sPREEHREY, tofclvedl coplingpnib A coplinesysispston lasally reelinggpyelegtrogiser ver
room Thesgcelsea SONEGmBRY £R% WN&wRIAGEsRcddThY Rl pshpave rapidly

i nproved I n processing speed and processing capability. Thus, the heat 20
generation anmount fromthe el ectronic devices continues to increase.

As a cooﬂeg .§%§to?rtrplé‘ élat%ﬁ%- ng el ectronic devices, there is known a
cool i ng sys%q—-‘é?rn—rnvl—uﬂgng?—&'ﬁural ity of racks which house el ectronic
devi ces opposeth teoereaehrspivitk impidvbmanpindaikenionpocspagaediipra grd
interposgqﬁ%herebz%ﬁgen in a device ro&g; and an aiy conditioner, spaced
apart i n9EYRRORIREIY Of LHAFIRLTN VA9REEN e AR TIAYOT BIORESSINZAMPURE WK 18 00l i ng

systemn td@ired haz@ﬁx@f@a&éd@n%at@bﬁfé@@[@%n&:@ﬂﬂ'p?&c@éigg davaisadishis ol ' for
cooling is delivered to the predeterm ned space and sucked into the racks.
Then, t hénfewedtion iailarge solnmernse iihe spetlighiast tveingesgh.c eEorFaswir. iha s¢teer acks,

and is b %&\i\ﬁ' opyhatfarpﬁ)g@etsﬁﬁg L&fLr, ﬁlﬂﬁfnﬁgleéf aécthﬁ?c (ﬁe%%% such as computers and

servers are installed in a concentrated state, and are continuously operated night and day.

Generally, for installation of electronic devices in a server room, a rack mount method is
15 employed. The rack mount method is a method for stacking racks, which house
electronic devices by dividing the electrontic devices according to the functional unit, on
a cabinet in layers. A number of such cabinets (server racks) are arranged and disposed
on the floor of a server room. These electronic devices which process information have
rapidly improved in processing speed and processing capability. Thus, the heat
20  gencration amount from the electronic devices continues to increase.

As a cooling system for cooling electronic devices, there is known a cooling
system including a plurality of racks which house electronic devices opposed to each
other with a predetermined space (passage) interposed therebetween in a device room,
and an air conditioner spaced apart in the predetermined space between the racks.

25 In such a cooling system, the air conditioner discharges a cooled air downward.
Air for cooling is delivered to the predetermined space and sucked into the racks. Then,
the cooled air is warmed by cooling the devices housed in the racks, and is blown out

from the rear surfaces of the racks.



In the cooling system descri bed above, however, a part of the exhaust heat
air fromthe racks is not delivered to the air conditioner but is sucked
into the racks, with the result that the exhaust heat air may recircul ate.
Japanese Patent Application Laid-Open No. 2010-25451 discloses that a
S5partition plate which is extendabl e/retractable in the height direction of
racks is installed to prevent recircul ation of exhaust heat air fromthe

racks. SUMVARYinGhe d68ting YR ddbkcribed abové,molweeers @ phitng itysdhamitdescdiosed in
Japanese Patent Application Laid-Open No. 201025451, a {)I urallty of racks

provi dedftpv the Ereks senat ggliveedtothe pagopditigrerhut isyckeshimtq themacks, Witk diedi ngl y,
the powefl. Qf sabfhetxhall gxﬁ JQ{”’P ﬁ:%u@ﬁl tecondi tioner is large, and the power
consunption I ncreases. t1 on, e air conditioner is installed in the
devi ce room V\hlparhf:sb imesAppbcmadald—GpelaNloah@]Gﬂ@‘kﬂieiist.‘dmslcsthata The

B oty ect o PRl kA ¥ eRsfeer ey B e P AR YRR Tave

smal | 15ionaeRint e@NeURRbh 0Ncandstafeat gapahl e edcksecuring a space for
arranging racks in a device room An aspect of the present invention
provides a local cooling unit which is disposed above an el ectronic device
to cool the electronic devigRoiakey (RCPUEGRUIENEGNI t characterized by

i ncluding: a housing having a cavity fornmed in the housing; an air inlet 20

port which is lurtbeicdaing sysienbdisclosedsnd amesqﬁat@me&msmmgwdd)m Nd t akes

i n exhau air he n or. which is
provi dedfﬁ?]nd}?iieslh%BE%‘?w‘S‘ygﬁa“\kgP léevapgr(ge'?léjgg&mélfe gOO?Q(Pbrfalbélrheat exchange
Wt higi r candetksdr.i NAE¢ordingye thei gowen |oéthep{i>1r[bloﬁver ofihk atrfvenditionertibéarpef ri ger ant

passing t uhan|n5|de of the ev an,air outlet port which is
pr ovi deda‘i“#%ﬁ SVGECUWPMRHEN Hicreates: h %aoaﬁaemceﬂdlélﬁﬂ%mgf lied mhe cool ed

25 by th@eﬁ&%@hﬁmﬁeh ﬁlﬁlﬁs ﬁw&%ﬁcé’%‘rﬁﬁaﬁgﬁn@fﬂé\&hﬂéﬁd on a side of the air
inlet port or a side of the air outl et port of the housing and which noves
the air from thee aﬁesentrw‘@mlg@has hegnimasedn vieguef e apoya circngstngenhgnd o t he
pr esent vV, o X ocal ly
cool ed, ha{k %ﬂgg&,t% ex ltogﬁzég? ﬂhé ufllggﬁa 20@0% %t%m &hﬁﬁ\ﬁa als%\?\%r

( enerfgy) po@éi&ommﬂnpﬂrrm ehrmtmb cambld cfgpeturiirig & spade $posmdgmigonekstine (EN'Eet ronic
device, a zlﬁace for arranging the racks can be secured. The exhaust heat
air is t49%8h in fromthe bottom surface side

An aspect of the present invention provides a local cooling unit which is

disposed above an electronic device to cool the electronic device, the local cooling unit
characterized by including: a housing having a cavity formed in the housing; an air inlet
20 port which is provided in a bottom surface of the housing and which takes in exhaust
heat air from the electronic device; an evaporator which is provided in the housing and
which evaporates a refrigerant by heat exchange with air sucked in from the air inlet port
to cool the air, the refrigerant passing through an inside of the evaporator; an air outlet
port which is provided in a side surface of the housing and which exhausts the air cooled
25 by the evaporator; and a fan which is provided on a side of the air inlet port or a side of
the air outlet port of the housing and which moves the air from the air inlet port to the air
outlet port.
According to the present invention, exhaust heat air from an electronic device is
locally cooled, so that the exhaust heat air can be cooled with small power (energy).
30  Since the local cooling unit is disposed above the electronic device, a space for arranging

the racks can be secured. The exhaust heat air is taken in from the bottom surface side



of the housing and the cooled air is exhausted to the side surface side of
t he housi ng, thereby enabling downsi zing of the local cooling unit itself.
According to other aspect of the present invention, it is preferable that,
in the local cooling unit, the evaporator is disposed to be tilted so that
t he evaporator gradually 5increases in height toward the air outlet port
fromthe air inlet port. According to other aspect of the present

i nvent i o§f the hoisingaef deabbedblfat exid@slea eatheadd supfaceisidt of thetd@singncl udes a
drai nage pan forned bel ow the evaporator. Another aspect of the present

i nventi oweﬁbéi\ﬁné@@gdi%lﬁmﬁf%t%ﬂ% sonlingngiisely oni ¢ devi ce, characterized
by i ncl udi ng: ed by a
plurality of r%g(%?&hg fob th f@yﬂﬁ?bllreg%nﬁgﬁveglﬁﬁﬁ i g\é&o%ga(?%% lkllﬁeﬂltgew ce
roomto lmoaisc@ohhguait,ehc smpomtdlermdwoscahdtaqjtedrsalthatyhe)évalporﬂmr grablallpg units

i 1€ bors ey 8RR et Eer A BBl wedf RIYBRl o) Oy of racks have

air suctl on poAtsording t@bthef ¥dpauisif tROpicSent tilendib, 1$i$qirbﬁfabﬂl@lh'fa6thb%dhg formed
in front surfaces of the pluraljty of rack the air exhaust 15 ports

bei ng fo?cr%'agMﬁﬂtrfaahe@mlpé%dr&nag%earbfqawaﬁ PELPVOE CYRIAAORNg are di sposed
so that the ai An&ﬁ&a&g&m&ﬁé}%&%@%ﬁeﬁa&m I%tvnfeg a%z)hngsﬁfe%@l%r%m ned space

i nt er posed t herebetwe he plurali t% | ocal codling units cover the
space. electrommd@pgerchmctpnmd bhimchding atdsvighiredmy mplueggliipobrackeews air i s

exha Lt gonstcitu?e&/ l%]? gl[urai ty 0 rz%k?ltﬂ? Siou{ziii{% gE E%R:g )%%lgg ??Spﬁea 191%& Favidd her eby

prev g recrr a par arr from the
racks. Furohh&xrhoutsélﬂle&»ldswmic deaitte; en@aphﬂradﬂybﬁldchbccsmagemﬁancdmedleg fociently

taken in by the J]ocal cooling u ordin t_o t her .aspect of the
ot sent | PRV TIRE dnaveiiabisie fos BBTAU PEoCREoRBb AT Py BisRed AbRer

i nclude: 4R r6AQ! WhercHENE ‘f)ﬁ:r)iﬁt?lrQﬁ' rAcks ma@é/w@@c@h Rri |aﬁ6 @umxﬂﬁ\m pbifi@ihd he
|l ocal cooling units and | i quefy an evaporated refrigerant; a gas

pi ping “”i‘@‘”"“@5’0@'@'bmrfgﬁﬂ%mrféfw@@a@mof theapraliteel 1agks, Hie aivehensit or to
th |
e fPol hodk %) B Cooﬁwm@: Eﬁr%UegoP{h%W\ﬂ-eHQ Fhadl am@ digiBsddol highan

i que device to t or at of at the coo |ng
system cair exl]hfansemrtse:)ppew ¢agh ot witt mpx&ﬂétyrmmed spac?Ehmterwfscd therchntweies,

circul ated ul ati.on net t her eby suppressing occurrence
of condeﬁ%‘?‘%é’iurgﬁtytﬁz ‘?E @B’@ YpLs cngréB A%t or . 30According to ot her

aspect of the Rheppétpartvrant kgite td which the eimugmeat 4@ exhialisttdB ©o&leting
system the device roominclude a lattice ceiling and that the |ocal

cool i ng Withitae plarality af logak eeoling upiss. therebRicyenipg recirculation of a part of the
20  exhaust heat air from the racks. Further, the exhaust heat exhausted to the space can be

efficiently taken in by the local cooling units.

According to other aspect of the present invention, it is preferable that the
cooling system further include: a cooling device which is provided at a place higher than
the local cooling units and which liquefy an evaporated refrigerant; a gas piping which

25  delivers the refrigerant evaporated by the evaporator to the cooling device; and a liquid

piping which delivers the refrigerant liquefied by the cooling device to the evaporator,
and that the cooling system circulate the refrigerant naturally.
The refrigerant is circulated by a natural circulation method, thereby suppressing
occurrence of condensation on the surface of the evaporator.
30 According to other aspect of the present invention, it is preferable that, in the
cooling system, the device room include a lattice ceiling and that the local cooling units

be mounted to the lattice ceiling.



As described above, the local cooling unit and the cooling system according
to the present invention have a small power consunption and are capabl e of
secure a space for arranging racks in the device room BRI EF DESCRI PTI ON OF
THE DRAWNGS b5Fig. 1 is a conceptual view illustrating an overal

structure of a cooling systemof the present invention; Fig. 2 is an
explanatory view illustrating a | ayout of server racks which house servers
stacked in | aygk gescaibed abdvaydidtlo®l cbalam urgoald thg covlingSsystem according toFi g. 3
is an explanatory view illustrating an internal structure_of a | ocal

cool i ng e PiFieRt inygRyion have aISF’@H PAWCE C%%HW&’@BFH%F“\H@W £ 1of SRetFet PR{GC a

support ﬁﬁ%ﬂﬁ%%ﬁgnﬂmk%hﬁé%ﬂﬂﬂk?&nﬁnd suspends the local cooling unit from
the ceiling TAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS

Preferred enbodi ments of a local cooling unit and a cooling system
according to 15 the pr s ibed in detail in
accordance wth the accotpa . Tt S enbodi nent, as one
exanmy e of an Bﬂgecﬁmmmeﬂ@m ﬁew 1Hﬁ6tﬂ1§ﬁ§ﬁh©vﬂﬁll%trﬁ6ﬂhb&e@f Ptaatiad syerd server
roomw || _ be described, Fig. 1 is a conceptual view illustrating an overal
structur%f@WpﬁﬁéwﬂpYﬂﬁm@ysten12010 The cooling system 10 shown in
Fig. 1is a copli 8¢ SYSLRMaM v AR LORNSutWHseRlef ratks GRRMIRAsE T OM
servers 14 prOV|ded I n upper and | ower server rooms 12X and 12Y in a

t wo- st or baggcrh atackiidnig layens apé ellayeyt of/ocalmonbing asitsi structure as descri bed

bel ow.

Fig. 3 is an explanatory view illustrating an internal structure of a local cooling
10 unit; and
Fig. 4 is a conceptual view illustrating a support structure which supports and

suspends the local cooling unit from the ceiling.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of a local cooling unit and a cooling system according to

15  the present invention will now be described in detail in accordance with the
accompanying drawings.

In this embodiment, as one example of an electronic device, an example of a
server placed in a server room will be described.

Fig. 1 is a conceptual view illustrating an overall structure of a cooling system

20 10.

The cooling system 10 shown in Fig. 1 is a cooling system which locally cools
hot air discharged from servers 14 provided in upper and lower server rooms 12X and
12Y in a two-storied building. The cooling system 10 has a structure as described
below.

25 In the following description, reference character X, which is added to reference
numerals, designates members involved in a cooling system for the server room 12X on
the lower floor, and reference character Y, which is added to reference numerals,
designates members involved in a cooling system for the server room 12Y on the upper

floor.



25In the foll owi ng description, reference character X, which is added to
reference nuneral s, designates nenbers involved in a cooling systemfor the
server room 12X on the | ower floor, and reference character Y, which is
added to reference nunerals, designates nmenbers involved in a cooling
system for the server room 12Y on the upper floor. As shown in Fig. 2, on
floor surfaces 11 of the server roons 12X and 12Y, a plurality of (five in
Fig. 2) serveras gk ihFiffd, va fRer v@ifadeadkof the deigr rahmatZX had e2d] 4 y al i gned
to thereby formeach rac row 15. The plurality, of rack rows 15 ar

ar r angePlPFipaphifiveiin £ig. eh s veaeks b ( b’FéE@fFéFWﬁEHF@n%)éIIQé‘?‘%raHﬁough f our

rack ro‘(’j‘ﬁlg%éd%ﬁleébzlfbﬂﬁ%ﬁ&tﬁ& tdw 159. TRe ﬁrﬂﬂgla?facﬁfmw%afe%ﬁdn &l ff e

provi de n the act server roons 12X a The server racks 13 house
t he pI urlairaliql totachartherras pme‘@trameédntﬁwalsay&mugh fnueeadkapwsdﬁane Fig. 2).

t e 14 tacked in
Fayers. T HuRre Qi Vg, ZAeer b R APHSAS liorg e i ot N8 BE9 R0, "5
exhaust PIX tnd4BY. 10hangver rheks 1BAKouke eivgslutalisy ofeserBys O stucied ih heyefsaan 14C,
air fromthe suctiqn port 14A is sucked, and exhaust heat air w th exhaust
heat of @HeRlayeriafias)is exhausted from the exhaust port 14B. This allows

each server 14a{ e MAYL e eadSoStheWeveR 14, thlc% ark hsud@h%alstawem rack rows
15 are divided Iinto a pair _of adjacent groups and B. Further, the servers

14 houseldyér in te sermvek rachng 3,1iBclyfes 4neain Secsiop pgrtd&pﬂ& Angir eghaise pBU4Bd so t hat
the ﬁf(hgéjrfdt rIt EI f%ﬁrﬁ %%eea%& (ﬂ-{\plgé th(a%%? ljl: Ysir ﬂr))rn ﬂ’?ﬁ%ﬂ)htl’ 484143 exhaust

space’ 1 aust he Server s exhausted is
f or med bsﬁckece mnﬂ leghavacheat ainsviftbexhhiudt Hneatsﬁ‘rmclg perugy 14 isexBaustkddirdmdreal |y, an

air suctl spa 9 i ch air is sucked into, the servers 14 is forned
bet ween "t’ éﬂB ‘W%ﬁ‘f Sﬁ?"erzg‘lcﬁﬂjge %tln% t he exhaust heat air from

the servers 14Aé %Mﬁtﬁ%\’@ th® ﬁ]mu%h?déﬁtmﬁmsare]&mdw@mb@rﬁaﬁroit ure of the
exhaust space 17 rises e rise of the tenperature of the exhaust

space 17adjadsat groBps Aanddi- atlim’élebfth@ by Ve tlitheusask ipdhe ragk mpwe bXobg 12Y
T o A Ao S AR B A S A P P o iR 180 oo
that a fAb hmcsaitoan 28tanst spea:ev]a?f ® Wilich shd é¢xbahyt heat pclram. thé-eerveraild is eason, i t
's necesss Xsteg is9 OI’H’IBCC\ gg{wegn f %Oraclg r%ws 15 of the same group A or B. Additionally,
an air suction space 19 in which air is sucked into the servers 14 is formed between the
adjacent groups A and B.
20 Thus, when the exhaust heat air from the servers 14 is exhausted to the exhaust
space 17, the temperature of the exhaust space 17 rises. With the rise of the
temperature of the exhaust space 17, the room temperature of the entire server rooms
12X and 12Y rises. Accordingly, the temperature of the suction space 19 also rises.
As a result, the temperature of the air sucked into the servers 14 rises, so that a failure of
25  the servers 14 is likely to occur.  For this reason, it is necessary to efficiently cool the
exhaust heat air exhausted to the exhaust space 17.

In view of this, the embodiment of the present invention provides a structure in
which an upper part of the exhaust space 17 is covered with a plurality of local cooling
units 21X and 21Y so as to prevent the exhaust heat air from spreading over the entire

30 serverrooms 12X and 12Y, and in which the exhaust heat air exhausted to the exhaust

space 17 is locally cooled by the local cooling units 21X and 21Y.



exhaust heat air exhausted to the exhaust space 17. In view of this,

t he enbodi nent of the present invention provides a structure in which an
upper part of the exhaust space 17 is covered with a plurality of | ocal
cooling units 21X and 21Y so as to prevent the exhaust heat air from
spreading over the entire 30 server roons 12X and 12Y, and in which the
exhaust heat air exhausted to the exhaust space 17 is locally cooled by the

local cool ing ARriedipfibX idhely 2ivén of the structurdofi@gdsdaptodling tiR@UXginden of the
structure of the |local cooling units 21X and 21Y and a_ceilng suspension

st ruct ur 21Y grd a 66iEpg SESPeRtoR pERGIUIS{PY cQyEripg ey st Bt §hMECSXhUS) SRS t he
| ocal cog} {Nﬁg d#li?kél c%%ﬁn%ﬁﬂitgzll\s( aﬁﬁszﬁrpwn in Fig. 3, in the local cooling
an ,oalr |

units 21 l'et ports 23B 5 are formed in a bottom surface 23A
of a rectangul As sloeai ingFig 33, Havherigea coaling ynifsodiieand REY giininleipdrta2dBout | et

ts. 23D farmed i id f f the casing 2 be_si f th
Clict ion Saransioh R et Agtss Ffafdnt REan R R0k and

20Y for gealihnadaryuaet paty 23ny atdttbirhed g sidparfacabl dr dasiag 29emahatidd when a
refrigerant Iic%uid evaforates to vapor. Additionally, at th8 airﬂ@ | et
ports 2305 the estionapaceptbyiladhe asingde, irre agdnounted eapprtets ¢UX A8 Yex haust

heat ai rfo‘?fcoﬁlgx%ﬁﬁﬁgﬂlsatir %gﬂgﬁzi g ivﬁ%lﬂ’iz{aﬁfm RER WeRGa @ bwtha rbfi8dod Gq@id

outlet ports ~desc ater, the cooling system 10 of this
enmbodi neeraperaisay yapomatAgdditionally callthe dip auieitpeos 28Ds therg ye@royided intalieat i ng

refrjgerant tween. t he evapor [S..2 f _the | J i . X and
21y ha B g3F skt w3 BRI E Rl R sk BRE (RORLI R uf S
evapor at frof tRO afr@udxdpd?ist23®.hi gh cool i ng capacity, it is preferable to
increase the length of a coqQling.coil %rrn]ﬁ{q ?ggvm%l ich forns the

evapor at ors 20As gescrified later, fiscoplingsyst SF By cpeqimentemploys,p npzal o o
area. circuldtibn' fbthodl & atlraRy cREMMhg Rfrfgcdant Detwdenithe HFapbREGRIO offtat t he
air inlet ports 23B be formed in a bottom surface portion near a_side

surface Wgplerioliag upits AEX ahd 2dYtandta qoeling toaD 223eEMeE thatondsasesy aPor at ors 20
be djspo 0, il i -8 | f 0 degrees
it oo gy Wty sk ffbufonCad o dxodioh Bieh pBidd GurBRgT: Riprdflrblt @), 0

di st anceirfcreage tHedemdth of akedlinpordils(ndBihowm)} Wikichifornouht evanpoatds 2238 can be

i ncreased. Accordi.ngl a.large s e for heat exchange between the cooling
coi |l and™f a%R'Pﬁﬂm‘% tﬁglﬁreb&iﬁng‘ieﬁ%pe%aﬁ‘?aﬁ?%nfﬂé{eargﬁsi ng can be secured in the
casing 23. Thi g (Hek@Sarll add®Sinah Fid B, 9s prerabie ehdthike hie ngédpodls 23Bevecool i ng
coil. If both the air inlet ports 23B_and the air outlet ports 23D_ are

formed i forigd ipabpupMsUripecROTHSMNEAr & fide sltach gPpasitedo the HeoWA PR &7 Pheat
exchghge r £504% d LihcHlad § has a
featg(?e ?%g{hagglﬁ%g%%%ﬁogn |s§ zsi?%sle?/ t? Bgﬂg?ﬂ&]gﬁ]&{l?én%&@ gdr‘! ﬂzéufﬁ9 %ggmc:]&gt he
evapor at 30 de@@cawith orspactad the bditom Swiase 334 ofithecasig Th Shasgdthé® i n which a

conpr essqr a&lno sh vvn?i [ Vﬁ’ﬁ?f Thus, s _| {S. e | , When the
| ocal cogﬁ ¢ bﬁfﬂt tg’ef )in%ﬁgmgsl % Fthg iaérpdc‘)lgggp‘%argsoivsleB ?%ne%ts)lglgtegr%% acks 13, dew
condensaiicosrdwli € ra lngeBpaseeior Beht ek ciinde bppicag tiarcdoliag $6il wad shelekhakuir t her ,
as shown in ) ) ) , ] ) )
heat air taken into the casing can be secured in the casing 23. This makes it possible to
25  increase the length of the cooling coil. If both the air inlet ports 23B and the air outlet
ports 23D are formed in the bottom surface 23A of the casing 23, a large space for heat
exchange can hardly be secured.
The natural circulation method has a feature that condensation is hardly formed
on the outer surfaces of the evaporators 20 as compared with a forcible circulation
30  method in which a compressor (not shown) is provided. Thus, as in this embodiment,

when the local cooling units 21X and 21Y are disposed above the server racks 13, dew

condensation water is prevented from dropping on the servers 14.  Further, as shown in



Fig. 3, even if condensation is forned on the outer surfaces of the
evaporators 20X and 20Y, the evaporators 20X and 20Y are di sposed to be
tilted as described above to thereby forma drai nage pan 23F bel ow t he
evaporators 20X and 20Y, so that drew condensation water flows down in the
tilt direction and is accunul ated in the drainage pan 23F. 5Next, the
ceiling suspension structure for the |ocal cooling units 21X and 21Y w ||

be descrfaed. evbs iSduadBndatlofisdforified b theGfitdrisQEfasddlof gCevabobak 20K anie server
roons 12X and 12Y is forned of a lattice-shaped ceilin r%J'gframs 25 in which

| ongi t ud?ted the PETAGA ZQXdauda%OéfF ae dypaned 93w ticd a6 detrived aboyveqtorthereby e

T R R o S A

and the Waltee flaivs dewnsn feRilc dosgicaact is)adtrem,ulatd:rbinebq dfamagle Ipgn 33ﬁu nber of

latti eopenl s .25C. per parts of the. lqcal co ich are
f or in a rglg?’ﬁng]ﬁ ‘4 n§l‘73 “SISPétrﬂ%[Prgcf%& 30?3[ tco?lm%urp eztl?(a iq %V\Popenl ngs
25C. Thewmt,é i&gribégucture is not particularly described. However, for
exanple, it is possible to 15 enploy a nethod in which a fl ange art (not
shown) | arger {hshowmid igs4.itbecy %F‘}T&CQ@@?@ %fr%%%‘éf@ﬁ“*ﬁﬂg%@&ﬂelr Ysur f ace

of each | t

| ongi t udi naﬁ%ﬁ%ﬂaggx%ghﬁde d?%glrfgkﬁaeé%?glgg‘g%h%%ﬁ uﬁhﬁ‘fﬁ@a 2;’?%%11? cool i ng
units 21Mtfa{aidaeam¥2§Bearsuqnpbmm¢h blattideeshapd.| i Thy deilingelr@8e 2D it fvependgde where
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shown in Figs. 1 and Thus, the celiling frame 25 for supportlng t he | ocal

cool i ng lasakepoping unisy2 B wnd 21 ¥roieetipwardiye sKigtof theesorysr gaemy  2X and
20 12Y.

In this embodiment, as shown in Fig. 2, the plurality of local cooling units 21X

and 21Y are disposed in two rows above the exhaust space 17 along the rack rows 15.
In this case, in order to prevent a gap from being formed between the local cooling units
21X and 21Y, which are disposed in two rows, it is preferable to set the width

25  dimensions of the local cooling units 21X and 21Y so that the side surfaces of the
casings on the opposite side to the air outlet ports 23D come into contact with each other.
It is also preferable to set a total width W1 of the local cooling units 21X and 21Y, which
are disposed in two rows, to be larger than a width W2 of the exhaust space 17 so that the
upper surface of the exhaust space 17 can be sealed. In this case, it 1s preferable that

30  the bottom surfaces 23A of the local cooling units 21X and 21Y partially overlap the
upper surfaces of the server racks 13 as shown in Figs. 1 and 2.  Thus, the ceiling frame

25 for supporting the local cooling units 21X and 21Y is structured so that the height of



the ceiling franme 25 can be adjusted by rotating the hanging bolts 27. This
allows the plurality of local cooling units 21X and 21Y to be supported on
the ceiling franme 25 so as to conpletely cover the upper surface of the
exhaust space 17 forned between a pair of rack rows 15. O the lattice
openi ngs 25C of the ceiling frame 25, the lattice opening 525C in which the
| ocal cooling unit 21 is not supported by being fit thereto is closed with
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17, whi Cal’lshladir@k{ﬂﬁtel(ﬁbtfshmj he air inlet ports 23B, flows outside the
coollng coil, and a refrigerant liquid flows inside the 15coo|$ﬂ%1coil to
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: into t hee %ﬁst%@atp alp esThZu%Xth%rl]J?owou\{ alr-mgwrl? B,‘}P tcrom%g air outlet ports 23D into the
suction space 19 is cooled. This makes it possible to set the temperature environment
of the suction space 19 to a temperature environment necessary for the servers 14 to

20  operate normally.

As shown in Fig. 1, the cooling tower 22 is a device which cools and condenses
the refrigerant gas evaporated by the evaporators 20X and 20Y, and which is installed at
a place higher than the evaporators 20X and 20Y, for example, on the roof of the
building of the server rooms 12.

25 The evaporators 20X and 20Y and the cooling tower 22 are connected to each
other with the liquid piping 24 (including branch pipes 24X and 24Y) and the gas piping
26 (including branch pipes 26X and 26Y). The upper end of the gas piping 26 is
connected to the inlet of a heat exchange coil 28 in the cooling tower 22. The lower end
of the gas piping 26 is branched into the branch pipes 26X and 26Y. The branch pipe

30 26X is connected to one end of the cooling coil of the evaporator 20X, and the branch
pipe 26Y is connected to one end of the cooling coil of the evaporator 20Y. Meanwhile,

the upper end of the liquid piping 24 is connected to the outlet of the heat exchange coil



30 26X is connected to one end of the cooling coil of the evaporator 20X
and the branch pipe 26Y is connected to one end of the cooling coil of the
evapor at or 20Y. Meanwhile, the upper end of the liquid piping 24 is
connected to the outlet of the heat exchange coil 28 in the cooling tower
22. The lower end of the liquid piping 24 is branched into the branch pipes
24X and 24Y. The branch pipe 24X is connected to the other end of the
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from the evaporators 20X and 20Y flows. The outlet of the heat exchange coil 28 is
connected to the liquid piping 24 in which the refrigerant liquid supplied to the
evaporators 20X and 20Y flows.
Further, a sprinkler 34 is provided on the side of the intake port 30A of the heat
30  exchange coil 28, and a blower fan 36 is provided on the side of the intake port 30A with
respect to the sprinkler 34.  An intake external air taken in from the intake port 30A of
the cooling tower body 30 is blown to the heat exchange coil 28, and the sprinkler 34



5exchange coil 28, so that the tenperature rises. Then, the intake externa
air is discharged as an exhaust external air fromthe exhaust port 30B.
Furthernore, the cooling tower 22 is provided with a control mechani sm 42
for maintaining the tenperature of the refrigerant liquid at the outlet of
t he heat exchange coil 28 constant at a predeterm ned value. 10The contr ol
mechani sm 42 includes a refrigerant |iquid tenperature sensor 44, an air
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cool ing tower 22 refrigerant gas fromthe evaporators 20X and 20Y is
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tenperat uerrgpe%];tu}ehseenssolil' i. O sHhE ggntrlo?le?]:lg,ea{ controller 54 may also be used, and the
controller 46 for the cooling tower 22 may be separately provided as shown in Fig. 1.
According to the cooling system 10 structured as described above, the exhaust
20  heat air of high temperature (for example, 45°C) exhausted from the servers 14, which
are stacked in layers on the server racks 13, is exhausted to the exhaust space 17 formed
between a pair of rack rows 15. The exhaust heat air exhausted to the exhaust space 17
is taken into the casing 23 from the intake ports 23B of the plurality of local cooling
units 21 which are disposed above the exhaust space 17. Further, the refrigerant liquid
25  is evaporated by the evaporators 20X and 20Y which are built in the local cooling units
21, thereby cooling the exhaust heat air and blowing out the cooled air (for example,
25°C) to the suction space 19 from the air outlet ports 23D.
Meanwhile, in the cooling tower 22, the refrigerant gas from the evaporators
20X and 207Y is cooled and condensed to be liquefied, so that the liquefied refrigerant
30  liquid flows down to the evaporators 20X and 20Y by gravity. Thus, natural circulation

of refrigerant is formed. The controller 54 monitors the air temperature measured by

the temperature sensors 52X and 52Y, or the air temperature of the suction space 19 after

10



t he exhaust heat air is cooled by the evaporators 20X and 20Y in the | ocal
cooling units 21. Then, the controller 54 controls the flow rate regulating
val ves 50X and 50Y so that the air tenperature of the suction space 19
reaches a tenperature suitable for the operation environnment of the servers
14, and regulates the flowrate of the refrigerant gas 5 flowng in the
liquid piping 24. By the valve control, the tenperature of the blown air
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Gsed. " FuRFHeR i the Muraltoh baihaficss 7 fbr oty POt I dEEned on ¢ he
evapor at ghigs 219&@&? divnsidiRetdriaiaRaemis P3B. 28hnkdubhdy itkiefnpkvoh he
evaporators 20X and 20Y, which are tilted, as showm in Fig. 3, thereby
prevent i PeveresAn bslgestisally rpdugash aduich oMEIBesIOSHCIEN SAHEE25 servers 14.

vor epyer, 1 he PYARe! RLRRS eodfent di 0f! Sist WkbRAne IstaflaRBatili D1khe

casi hgs 23 of ocal cooling units So as to~increase the
| engt h ofind BEY dootticigthe@ivhpdratons 2K ahd2@Y apobutton,sir@ Gixpesed aRod theher ef or e,

the cool i ng capabi.l i f the evaporators 20X and C e hanced. Note
Lot o0 betfer B0 HicknRinshiSh BOBRERET T Reo BB A S8 20 Sad UAR S o0: O
30 el ect ¢GrilchisAiowiveRer dbpLsnaikisvelds, 14 asetspimite o@ener dHovedet, iimchesyst ens
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with the forcible circulation method in which a compressor is used. Furthermore, as a
countermeasure for condensation to be formed on the evaporators 20X and 20Y, the
drainage pan 23F is provided below the evaporators 20X and 20Y, which are tilted, as
shown in Fig. 3, thereby preventing dew condensation water from dropping on the
25 servers 14, Moreover, the evaporators 20X and 20Y are tilted and disposed in the
casings 23 of the local cooling units 21X and 21Y so as to increase the length of the
cooling coil forming the evaporators 20X and 20Y. Therefore, the cooling capability of
the evaporators 20X and 20Y can be enhanced.
Note that in this embodiment, the server 14 is illustrated as an example of an
30 electronic device. Alternatively, for example, general cooling systems for electronic

devices which require precise temperature control, such as a semiconductor

manufacturing device, and from which a large amount of heat is generated can be applied.
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a plurality of rack rows constituted by arranging a plurality of racks
whi ch store the electronic device wwth a first fan, and have air suction
ports being formed in front 5surfaces thereof and air exhaust ports being
formed in rear surfaces thereof so that the air exhaust ports oppose each
other with a predeterm ned space interposed therebetween; a | ocal
unit for cooling the electronic device, the local unit which is disposed

above th rgldt Df cks and covers the space, the local cooling unit
conpri se@ﬂg‘é—h&ﬁ% ving a cavity forned in the housing; an air
inlet port whighobingkmért et dmelecthniid dmisadnamtsigf: t he housing and which
t akes in exhaust heat Pgi r fromthe, elg troni c device;, ah

an
evapor at or whi &Rty 0f gackagws gopstituted by jargnaing agivahtyeRfdpdsayhich store

refriger apleldrolRadeviotGRRR G Sirtthil) 28l havd'G Stctidh Jor@Pelfderofthéd infrét port to
cool the air, the 15refrigerant pasmgvgnthrough an inside of the

evapor at sirfaces thereofand pir eshausepogsobeingdiratediia rear syifared thateef sojthd tBupirace of

t he housj i e .he  aj . r eqNd a
second 1 S St Hebdee R B with PloeeaRIoB sk G PUAPBL Rk BiwecTL T
port. 2. Thel@ablmitfprepslirgnieeiatdnitgldvicecthailoeal nnitlvdiiei is dispesal/apor at or
is disposed tg 281 Qe ti.lted so that the evaporator gradually increases in
hei ght t BY@ledhe RErality of ra éf‘n‘gs‘?‘f@fﬁﬂ‘&ﬁi’?‘ﬁe air inlet port, in the |ocal

cooling unit. ¢ ]lodddRosIRRY diifcsifies according to claim1l or 2, wherein the
| ocal cooling unit further conprises _a drainage pan forned bel ow the

evapll at or. 252 housieg baoing agavistosmed st Bicdiongingo any one of clains 1 to 3,
further compr! g iinlet port whichIObtdaciGladforitf fbrabs 0Pl odEifle Bhd AmRlACe
ocal I C P v

hi gher than the cal cooling units an I quefies an evapor at ed
ref ri ger takes in exhaustdegtasir fiomi thg elohirgiicdeviceers the refrigerant evaporated
by the evapor aEu? Eavgp%rgt(r)]re wﬁ%ﬁlié Bl%vg(%\cliiiﬁ Hhie }Elioqlcsling and which evaporates a
refrigerant by heat exchange with air sucked in from the air inlet port to cool the air, the
15  refrigerant passing through an inside of the evaporator;
an air outlet port which is provided in a side surface of the housing and which
exhausts the air cooled by the evaporator; and

a second fan which moves the air from the air inlet port to the air outlet port.

2. The cooling system according to claim 1, wherein the evaporator is disposed to
20 be tilted so that the evaporator gradually increases in height toward the air outlet port

from the air inlet port, in the local cooling unit.

3. The cooling system according to claim 1 or 2, wherein the local cooling unit

further comprises a drainage pan formed below the evaporator.

25 4 The cooling system according to any one of claims 1 to 3, further comprising:
a cooling device which is provided at a place higher than the local cooling units
and which liquefies an evaporated refrigerant;
a gas piping which delivers the refrigerant evaporated by the evaporator to the

cooling device; and

12



a liquid piping which delivers the refrigerant |iquefied by the cooling
device to the evaporator, wherein the cooling systemcircul ates the
refrigerant naturally. 5.The cooling systemaccording to any one of clains
1 to 4, wherein 5the device roomon which the plurality of racks are
arranged includes a lattice ceiling, and the local cooling units are
nmounted to the lattice ceiling.

a liquid piping which delivers the refrigerant liquefied by the cooling device to

the evaporator,

wherein the cooling system circulates the refrigerant naturally.

5. The cooling system according to any one of claims 1 to 4, wherein
5 the device room on which the plurality of racks are arranged includes a lattice
ceiling, and

the local cooling units are mounted to the laftice ceiling.
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