LOCAL COOLI NG UNIT AND COCLI NG SYSTEM BACKGROUND OF THE | NVENTI ON Fi el d of
the Invention The present invention relates to a |ocal 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 opment of IO AT COOLIINGEUNLT AND UOOTING'SKSTEEMIi ng anount
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, GACRGREYRD OPITMPINVENFI@NPr ocessing center, a
nunber of el ectronic deviCés such as conputers and servers are installed in
a concentrated state, and are continuously operated ni ght and day.
GEneraIIﬁﬁFIQQgggg%arlstion of electronic devices in a server room a rack
nount i oyed. The rack nmount nethod is a nethod for stacking
racks, which hphsgresdng diveatidrcretiays weslobyl cdbinglumigatdie cedldgtsyswing ag@vi ces
according to the functionﬁl uni.t, on a cabinet in Iayers. A nupber of such

cabi net sPRTHERGEY. tpadRe coplinstmibiidericontins gy SpBdeio6H Y FROUNEFB LIRS er ver
room Thgsgcek@G 4 dmAR 8% sWhief RvIRER 651 8ccdh QlsEBet Ridnplave rapidly

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

As a_coob%g VI ef(ﬁmggg!'ng el ectroni c devices, there is known a
cool i ng urality of racks which house electronic

devi ces opposem recene gedrs o e impriol bmentfin édfetreatiinrdcsspiag ecchpams s ae)
interposgd Lperebe% en in a device rogm and an ai.r conditiﬁpﬁt spaced
apart i ndgGORIeRE at Iismef v IRRmEN S LhG AURTRHON RIRGESSINg mQuRt wWhiCh 1% o o) j ng

SYStRIN  felgfirdd hasCifB@hdddON BatAiprd6eRingenRrCoP bRieRig FRIINRIHds of I for
cooling is delivered to the predeterm ned space and sucked into the racks.

Then, t hinfermtion injarge volwme pEgiinghie spslighigs HEneRsos. c dOTREUBRY. inA $a7eeTT acks,
and i's bl QW0oPYach 'bpdpeggf'r?g {nidr, £ HihBEESTE dctlolife deRFKS 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 electronic 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  generation 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
Spartition 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 db8EingNYER dhkribed abolé) Hohevealphit @f shesdxbausdihsaladsed in
Japanese Patent Application Laid-Cpen No. 2010-25451, a plurality of racks
provi dedftpm the meks saot delivesedtothe pe gopditignerdiut issgckeshiara thesasks, Witk diedi ng| y,
the powel. of iabfedxhall: g@ragg{jaiggiraﬂ tecondi tioner is large, and the power
consunption I ncreases. In addition, the air conditioner is installed in the
devi ce room whipetest PaiensApplécasipn daid-OpermaNpa2(in2p 45 alischasks that a The

B ot ectoHigonP B HaRA ) eRatoerpueRag it e E AR SRR Tave

smal | 15iopaeRint éeuaRbh 6N eandstaeat Sapakl Be efcksecuring 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 ectroni c device

to cool the electronic deviggivikey ORCAEGRYENION t characterized by
i ncluding: a housing having a cavity forned in the housing; an air inlet 20

port which is Jrtbeicddihg systembdiselosedsndipanesedatertid ppbigationglaid@poniNd t akes

i n exhau ai r, fr.am t.he, el ectr oni vi.ce. Vv or. which is
provi dedi@@?ﬁfglhgggqrﬂgygﬁaaCﬁng%e al?ﬁ%rd;eﬁlgse?(gorflg&r?oﬁer arf&rbé}r heat exchange
Wi t hii r candéd@dr. nAE¢oeainglye thei powe b€ thepir lower oftthb atrlvenditibnertibéargegf ri ger ant
passi ng through an inside of the evaporator; an air outlet. port which is

br ovi dec®idNg POPGRCRMAEER Sertes. h b SR OB hS i coRUERRES Al I cool e
25 by t hge\a¥ARRBNAWNich Bfls thef PRcodl GRadginpiiRYhelQd on a side of the air
inlet port or a side of the air outlet port of the housing and which noves
the air from t Bee piesent inventipp has begnmipdedn viegyef e apeve circngstangesngnd o t he
present | nventi. St ] . o ' [ ' ocal ly
ool od. 15 Frteie FEIRHSLOIRToRhE wif 90 FR0SErAGR FRhthiFa kel
(eneryy) pov@&Sionsenpticn draicat capabld ofgseouning a spade Sprosmdgimgoaekstine devieet r oni ¢
device, a zlgace for arranging the racks can be secured. The exhaust heat
air is t98 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 og¥ thé hohsind4Rf BE 3bbled biraé ettaastb® epthe 3R suPfdcasiiié of e thbaging,ncl udes a
dr ai nage pan forned bel ow the evaporator. Another aspect of the present

i nvent i oficsPpendlingdogasizingeidhetacal sagling g iselfy oni ¢ devi ce, characteri zed
by i ncl udi ng: A i : i d by a
plurality of r%%‘%g%ﬁhgﬁoe&%ﬁ%?ﬁ@ ;Iﬂ%&ﬂre g%ﬁgvgfelﬁﬁg’ I{j{gﬁ%f%%g%&‘% ngtthgevi ce
room t o localseotinguri,abt eaportoley disppsesirtd ba tijed sa that theofvaporatar geaslobllng units

accordi ng to any,one of t abov S ts, .the .plurality of |ocal cooling

uni téd be}gﬁﬁaﬁqss}%gglggt Qﬁ'@{fse]ﬁ‘[el‘i’ér (fuilfgg&?%ﬁ&t eﬁlrtlﬁigyB?rﬁ'r ality of racks have

air suction poAécording t@btheLadpactsdf thO%Sﬂesent if\@nelbf, il Préferabrohhisthb&icap f or med
0

in front surfaces of the pluralijty racks, the air exhaust 15 ports being
formed i¢poligguni fprherdaclpdesadirainnge pan fopmed belgmiibe exaperaite di sposed so t hat
the air exhaus a hloDidRs RCE8IEE ichefbrapace

i nt er posed theégﬁgglﬁgﬁﬁggﬁﬁ &iie%%rgg[ﬁ?% _o%‘ Isoc(::al cgggo}_):glien fi)lﬁni ts cover the
space. electrondndeniges chgraeterizedd hyhiackidinge a dovigh redm;tahpluegkitpoktackieews air i s

or oviiht PPl aLE Bier Uy of MGt Bty 8 s ERring SRbR R M B devicsn t he”
racks. Reohherhoutdtheetdravaic deeive; sndapistaily bdldchlecodtiag anttsuccbaling fd ci ent |y
taken in by the Jocal cooling units, Accordi.ng to other ect of the
present ¥HIGATSRE ahqveg@%%?fﬁrp&ma@tx pldpcal WQOE%P?IW&%%‘%@WSF@I %S‘E"é"r
I ncl ude: 1,2 153! WRGeMHEHE 9ﬁlrmz%lﬁ rdcks RARVAiF Qektidh parddaAe Gir RkBGRE pdriathet he
local cooling units and which |iquefy an evaporated refrigerant; a gas
pi pi ng \lm_ur sUCtipB poes boimg Sommrs indtant gertanes ow@pﬂmlhydoftrycltw eitagrbeuttor t to

e 00 - AE [ [ i Y r n
l'i queti et y&?r?f#f(’?fgg Ilr}grgeﬁaél%}r?dégg?f;fh? 2[9 %lv pog?%%g’r %nd‘;a[ﬁg d%sﬁ%eﬁf{% Eéh%g%{li ng
syst em cair exttankiepdriseppese éagh odrer withtapraddtyrmined spacd imgerpe$ad therchervees,

circul ated atural circul ation nethod, thereby suppressing occurrence
of condeﬂ?a%%@ﬁlrglhtyt‘ﬁ ‘_""5‘1:1?‘? E‘@“é‘ft_sfﬂ\_éeré@%ﬁgfﬁt or. 30According to other
aspect of the Rhepp&patifand spade td Which th &ftRiuadHeat AiPatexhhistédi® cov&td ng
system the device roominclude a lattice ceiling and that the | ocal

cool i ng withttke plaralisy af logal @oling upisy, thesebycrey ¢ntipg 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 descri bed 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 viewillustrating an overall
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 | aygs gescAbél @ovay@blocal cdodiggluniteal itigcddling System according toFi g. 3
is an explanatory view illustrating an internal structure_ of a |ocal

cool i ng the praset;inggrgion have a pingll pawpscopspRtep aRhire\srRARLS P Pt SPAEE a

support | nd suspends the local cooling unit from
t he cei I@%éﬁg{%ﬁéfﬁ%ﬁ@gggﬁ%% ‘OF THE PREFERRED EMBODI MENTS

. Preferred enbodinents of a |local cooling unit and a cooling system

according to 15 the pr Nt A | ] ribed in detail in
accordance with the acfg\i{ﬁ*‘gﬁm%m&ﬁi s enbodi nent, as one
exanpl e of an gheriyOeneestani Gy iRRtanagm 6verhll iré@ieast apjoslitglsysterd ser ver
roomw || be described. Fig. 1 is a conceptual view illustrating an overall
st ruct uref B¢ PESEIARYIRYOBY st em 2010. The cooling system 10 shown in
Fig. 11is a CO@%@% Y pRIRaY 9%& mﬁa!rzhiﬁgcaqa#&n%@fse&efraekss\seﬂfama%gsef rom
servers 14 provided i n upper an | ower server roons 12X and 12Y in a

t wo- st or seecerbstiatletidrig layEhss andelayoyt efjlotadwodlinghamitsa st ructure 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 ow 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) serverayaoks idFid. 7 ve floor usfaceacksf ihe skiver rodmsalr2X il E2Wld y al i gned
to thereby formeach rack row 15. The plurality of rack rows 1? are
ar r angePlimlipaetdfive in Fig eheanvasupeks 13t (fiye seraeiarksiadis - &rs/igalyrhough f our

rack r O\(ljﬁilg%é(% ﬁ)é tﬁg%%)k g(%ﬂ'}?éd’cﬁtrg& fo% 13.9- i aplﬁraﬁ aclPfov Park QWanded @ €

provi de server roons 12X and 12Y. The server racks 13 house
t he pl urmralte) tooéach ethee aspredetstminke ihtemvalsay #heught fovewmck ages $5are Fig. 2).
As shown.in Fig. ach qof the serve 14 Leh ar ) tacked in
Iayess ilHuiqﬁ‘ée‘glélr%g'r ’P&?ﬂ?ﬁ’ eigl,graicﬁé?ﬁ%ii A" ‘I\;\i{l’ae(g Ut F%ﬁtﬁggﬁg" ﬁ{i&ngn air

exhaust X andl#Y. 1Dhédgver ricki 184oufomagturhlini afeervBys Ui dtadked in hgefsan 14C,
air fromthe suction port 14A is sucked, and exhaust heat air w th exhaust

heat of @Hehlayeis\yBFig4)is exhausted fromthe exhaust port 14B. This all ows

each server 140G Q4 iﬁql?%.el(?eac‘?xsof?tﬂé’wvé@ 161 @hich-ard RéusBl HidbthéRedqh rack rows
15 are divided into a palr of adjacent groups A and B. Further, the servers

14 housddyérnin the servekracks3, ifclodestanerin@iciamporyld dpamais exBust othddBed so
t hat, t h h ts, 148 f ig. . ,
exnalfbt o Tychfing ier o BY RRHE Bhef 4G AG oflnddoutl plr 9 L "

ai’rr from e servers
exhaust eqick&d, had sEthubgicaesin withesxhawst heaiws edch @fvedrid is extmugted fipmither B.

Additionally, an air suction space 19 | ich air is sucked into the
servers ‘%E‘i‘a‘i‘%f’_f’ﬁrlﬁ'gd l}rg‘f%\%g’t‘i"sttﬁ‘ghé@]"ﬁrcje‘gtto PIFE- A and B. 20Thus, when the
exhaust heat ai¢ sHowQlhiFie 5 Me/Slamlitytof MRS 8d dindédmieypanst space 17,
the tenperature of the exhaust space 17 rises. Wth the rise of the

t enper atadjascnf grohps Axnd st Eisdien therseryare 14 bonseddnpha aeluravsold offbeentire
ey . A .
Servas rgs%g](sﬁs%&&ﬁa&% A hoth 6 tpéqu gﬁ@g&p%omt 1% FE0BRY G EENA. Suct T on

spacé 1 i ses. rature o air suc ‘into
t he ser vAs a rédsilty alsechaugapadeal’ @ which theexbhus® Sediairsfeom ¢hesseiviers 34lis kel y to
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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 server rooms 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.



In view of this, the 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 local cooling units 21X and 21Y so as to prevent the exhaust
heat air from spreadi ng over the entire 30 server roons 12X and 12Y, and in
whi ch the exhaust heat air exhausted to the exhaust space 17 is locally
cooled by the local cooling units 21X and 21Y. A description is now

gi ven of the sA duskiptien @ ndwgived 0@ theGdativhgottht lecaldodlmgdin2d ¥1Hnmda cei | i ng
suspensi on structure for covering the upper part of the exhaust space 17

with the2lYoard a egiing pepPeRTQLstouckirg for coyeringdiedpGHParhotHhg exkaust $pacge | ocal
cool ing ﬁitﬁftl?e]icyicﬂ%go YTlni?éil)t ppbiports 23B 5 are formed in a bottom
3A 0

surface a rectan ar casing 23 having a cavity formed therein, and
air outlet porAssio3m iarkeg.fRimts loeal goglingpudigrdlXcandod1 Y, aer ivket poigs 23B on t he

e AT SB Bk SRR e SIS IR LAY o o

heat geng@eRiEdndVaR Putlet Rirfsi BE @8 folmedlind stdequefaad ebthc@asiagas onAkdiite onal |y,
at the air outlet ports 23D, there are provided intake 10 Eggs %i for
t aki ng i 9f theauction spage 19eatn Hhe cagingidie theihalg Spoudfrd syaporalgrg 205 an i ng out
air fro ' j i152iR Phporization Rt 98RE4tEDSMeh @hbirigetneligaal i ng
system ?8}g§01t |asn%e& t(??irllﬁgl?lt% en?T%I opfgzg}u%nat urgl ci rcul gti on r%\gtahqé&f or

nat ur al | gvappratasitavapry. r fdditipaaByitat e aieeyilat perte 3l othaxecire prayided intgke | ocal

cool jng uni 1 nd.21Y L ' . enser. In
15 olier i 35 AL L 0L saPAEpERZl Hine o sPatT o BBIORIARBATEEE - |
i s pref efrafaltBe 4@ oute@rppase@3Dhe | ength of a cooling coil (not shown), which
forms the evaporator, 0, as nmuch as possjible, to thereby increase

heat - transfer a$ @%??“ge‘ﬁater’l ti?etcﬂ?lé“gr %’Q%FH% Bét IRPPdimeR; ¢uplgys ‘?Patfl’éa?

pr ef er abligeui i h&tBodidr naftfrAly Al Aing3IBirRrdne boMeh hedevapbriaiiy 30/6f Bee
portion near a side surface opposite to the air outlet ports 23D, 20 and

that t heloeslaooling briss 2I0< ped 31X god agoplingi@wer P2 serving as & qandensqy| ey in the
ranggs of ot bt tﬂgggga%g?tgs% oRRRBEa bilh tcaairg%agtg&ag lrﬁ[ig Bferdbte gf the

casing 2 ereby ance arr to the air
out | et pimcieasBblegth bfa cordingasddnotshowmnyli wittly formslthe geipepdae 20p0as heat
exchange bet ween ?e Ccﬁ%l i ng coi |l and %he exhaust heat air taken into the
casi ng cBHCHEs Bsiblc i Meroby, n?ﬁ%ﬁer‘?}efg.ra‘ﬁ{?rsarﬁaakes it possible to 25

increase the |gnfishegird!R&h6RAliA PE. 8Qitlis prlefersté that b At inldtpofs 2BBes 23B
and the air outlet ports 23D are forned in the bottom surface 23A of the

casi ng 2prmad fip# Jettep sedadedroriemnea RHEYEEapPISHE Q) heAistis Berts 23D, The
nat i@l gld Gl b O FROAA RAisibsbe R b fuddala AOAMA06 A ifitahfe Hefetoy formed
a the evap 0 d wt

on the outer sur es 0 orators 20 as corpar e a forcible
ci r cul at 20deg@eesrmitinoaipeat tavthiediottancomface 334 rof theotasinigdan) Therebyotheded. Thus,

[ hi nbodi - | ' j 21X . Y
a sposcadaBverIrear P R ol SR P B4, 2180t e

f rom dr oppédi@ingly, ahergs epaceror Heht exehahfebetwasn dlR@ovlingicoiFagl thd exkmsn i f
condensation is formed on the outer surfaces of ghe g.\/arg&r?atorsgg%x and
20Y, t hehedyaissekendnto thosasingicapde ssruredin His<asing §-pe This|Rakss dPaseiblaPhed

abovs t 03&&%&@@% 1&@%&11@0%3@@@01961% 28fh deLRMIENSorBVAISRE ME firditfeand 20Y,
so that drew condensation water flows down in the tilt direction and is
accurul apests 23D atecforined methe bptiema8face 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



5Next, the ceiling suspension structure for the local cooling units 21X and
21Y will be described. As shown in Fig. 4, the ceiling surface of each of
the server roonms 12X and 12Y is forned of a lattice-shaped ceiling frane 25
in which | ongitudi nal beans 25A and | ateral beans 25B are conbined in a

| attice shape. The ceiling frame 25 is suspended 10froma ceiling slab 29
(see Fig. 1) through bolts 27. In the ceiling franme 25, the | ongitudinal

beans 25@gameveR e doatiefsatiodRATENSDE G @uter 8adhced bl eie, evapatily 200aAdNg a
nunber of lattice openings 25C. Upper parts of the |ocal cooling units 21,

whi ch ar@Y.dhewrppraters 20 tand gNYatre disppeed tgbe titet 38 datsriped phoverp hargRy
lattice I g L&t I } ri bed.
ovever , P @iagpfn XN AR oporatil 2R ol 20F (PRt LN A AEe
f1 ange pwaater flows dswouwmjheltidr diegctivhand isheechmtitategkeindhediaingge pan 23F.pr ovi ded on

on tHo” T ongi { URPYRe SEE SRt PRa 4D El SR st st Elld p1a® 027

cool i ng wl beSdeddetband 21Y are supported by the ceiling frane 25 in the
state where | ower parts of the |l ocal cooling units 21X and 21Y pr.oj.ect

toward the si d&s Jrovmia Hgrd,dhe ¢eilipgsuriage ghepchpfshe server rooms LeRjagd 12Y
embodi mefatr, Qs A 'c!:—r'%h%:%e\g'cr@ga}étfg%n@ﬁyﬁﬁkhfc}i 16gitu@fal b&AR 19Mdasthi tS 21X

and 21Y are dispose ove the exhaust space 17 along the rack
rows 15.latemalthicams 2aBare combingdin 4 bttineshapet. alhgagilingdmme?his suepanddd bet ween
t he cal caol in i 21X%. a 21Y ] ar, I sposed | rows, it is
pr ef O?ab mtaoceélé‘% stfeﬂ)eé%sag Elgzgsjgfrﬂ%%sﬁ?%gﬁ?}()f I?ﬁhge Cle@gn% igijE(I:I{&é(;I'2|B’\r,1¥geuni ts 21X

and 21Y wagitidhaltbeems 264 add thclkesalMeainh @5Basossgactoothtr) eheogipoformingsd de to
the air out] et Eé)r,ts 23D caone into contact. wjth each othe is also

| t.
pr ef er aphEmkes of dattice orenIes g6 h Urpebparts i the)lospl coolpe HEtsiAlrhioh deang 21y,

whi ch ar g flk§ aPs &l dnBulaohdpR Ve deRckébl] A 8RS Hehaicd opbilhds I of e exhaust
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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 is 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



a shielding plate (not shown). Next, a refrigerant natural
circul ation net hod between the evaporators 20 and the cool ant tower 22

(condenser) will be described. As shown in Fig. 3, a cooling coil (not
shown) is provided inside the evaporators 10 20X and 20Y which are built in
the local cooling units 21X and 21Y, respectively. The cooling coil is

connected to the cooling tower 22 through a liquid piping 24 in which a
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svaporal c?fdthe 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



5 by the evaporators 20X and 20Y flows upward in the gas piping 26, and is
naturally delivered to the cooling tower 22 and |iquefied by the cooling
tower 22. After that, the liquefied refrigerant flows downward in the
liquid piping 24 and is naturally delivered to the evaporators 20X and 20Y.
Thus, refrigerant natural circulation is carried out. As the refrigerant to
be naturally circul ated, chlorofluorocarbon (CFC), or HFC 10
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heat exchange coil 28 is provided in the cooling tower body 30. The inlet of the heat
25  exchange coil 28 is connected to the gas piping 26 in which the refrigerant gas returning
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



an air flowrate regul ating device 36A, and a controller 46. The
refrigerant |iquid tenperature sensor 44 neasures the tenperature of the
refrigerant liquid at the outlet of the heat exchange coil 28. The air
flowrate regulating device 36A regulates the flowrate of air blown from
the blower fan 36 to the heat exchange coil 28 by changing a 15 rotating
speed of the blower fan 36. The controller 46 controls the air flowrate

regul at i gpgindRY |\xih@er3§ﬂxeh&§i€§|xdhﬁngd@ﬂtme’(sad 66l TR SIS getaitygak lowird i ger ant
liquid ttgnger ature sensor 44, the controller 46, a confroller 54 may
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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 20Y 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
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suspended fromthe ceiling frane 25, so that the entire floor surfaces 11
of the server roons 12X and 12Y can be effectively used as a space for
installing the server racks 13. 10 Additionally, instead of intensively
cooling the overall server roonms 12X and 12Y by using a |l arge cooling
device with a |arge capacity, a plurality of exhaust spaces 17 are forned
and the plurality of exhaust spaces 17 are locally cool ed by the |ocal

cool i ng Hokkisaudiheat SIE{LINIHNGE 21 a1Hrithe 10K alde2(Nnsthe Jdcal Calingauétst |y, the
fan operation power can be drastically reduced, . whi (g‘h contri %ﬂé(eﬁ]%&&lgq ener gy

savi ng. 25Fdhehahe cortrqller SAicenEals din ey rate regulatingvalyes &/ﬁgraé‘d

cool i ng I i J Y are built
in, are tglg %%’Z%ﬁéé%%%%ﬁgl ggudsdg)rn v ?&:H%’{%EC% ,%R?I?ﬁ%:rg{rl%eeﬁggé? ?:(I}ﬁr ?{sé formed on

t he evapspepdtiphen2Dohment of (e sncersld4dy andmemriates therflonarage ofthe peftigeranhgasser ver s

14, a server failure.occurs er,.int nbaodi sent

i nvert i oHOVEEAR gletlh?én‘f@ﬂqgg?e‘%’ agqy “f)g velvese ngle ﬁxebtgg\;)géﬂ}ﬁgg ﬁtrh%:ﬁ%‘gﬁ Git

ci rcul at dged it e dvaporRoREoR 40w isrogirly dontisiidd.on the evaporators 20 as
conpared withthe forcible circulatign nmethod in ich a conpressor is
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t he cooling capability of the evaporators 20X and Y can bge enhanced. Note
that in fommed andBwiphwakity efifshagst spaces F?F"?lP?e})ﬂ.YsctoPEFégﬁ' tﬁg P%ﬁle‘é%?é‘r‘}él e of an

30 el ect §ﬁ&i A ﬁ%\‘éh‘ifedo Vs\,%z%%:ﬁ%iiﬂtﬁké’fang OBE EX eBRdQuerdB) BicHan ©pErkiify SySt erms
for electronié devices Ich require precise tenperature control, such as a
sem condpawarcanha diatically reduetdy vbich contritrutesto ®ASIEY S&V1IP&r ge anount of heat

IS generated n.be appl. l. %ﬁ“\/@lﬁ) ' . : ling unit
whicmris di spg@gg’e&bag\}gkhégge 8@?@§Fii"§th evi ce ?Ilc?ﬁg%%ﬂcht%dghégg?{tsr g%i@c devi ce,
the | ocahndPoY iifgvhich the ehapaaaiosy 2028and0Y argdniik imgre dispaadiabovethei ng a

bot 1 o stFETEGACH1 % freoRtRsh Ao o e kel i baiE ot SREaBV AT Ot ne
el ect r ong&, {RM6R water drops on the servers 14, a server failure occurs. However, in the
embodiment of the present invention, since the refrigerant is circulated by the natural
20 circulation method, condensation is hardly formed on the evaporators 20 as compared
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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an evaporator which is provided in the housing and which evaporates a
refrigerant by heat exchange with air sucked in fromthe air inlet port to
cool the air, the refrigerant passing through an inside of the evaporator;
10an air outlet port which is provided in a side surface of the housing and
whi ch exhausts the air cooled 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 hwt]{:yi'[\qszmh[pod]%mts;noves the air fromthe air inlet port to the air
outl et port. . The local .cooling unit_ according to clajm1, erein the
evapor atbr i s 4Alilegbsedingamy wch iy qlws%al?Wﬁtantelngtr@W&pdﬁ'%é? C%‘?ﬁ%al ly

i ncrease 3 g e . aie air inlet port. 3.
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dr ai nage pan fohomsthgdeiviong a ¢ayitg\fapaadandhe howsingA cool i ng system for an

el ectroni c device,. charact.erjzed b 0 i.sing: Vi CEe. I Q . a
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of rackstakey in@xBasph&s dirl from Ite: ddestionee dvdde;t 0 house the el ectroni ¢ devi ce;

and a plurality of local cooling units accordi to any one of clains
1 to 3, the plafraepestaswhightisipreyded ‘r‘i’g‘hﬁHP?%“&)%‘?%ﬁﬂ’&Fgﬁ%Eﬁfegﬁove t he
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exhaust por e alr ion ports being formed in front surfaces of the
pl ur al i tiefrigerampiassing theoughrangnside of theevaporferng formed in rear surfaces of

t he urality of .rac nd..ar e di d t I perts
oppofsﬂe each ot W‘f‘% pgﬁaﬁggﬁs&r %aﬁgcgﬁsapgig%gllﬂn Cgrogglsegﬁcf{ b %:}ggz{h\%}gn, and
t he pl urglhabyts efe dioelledipoihe Rgaporatos andver the space.

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.

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

from the air inlet port.

3. The local cooling unit according to claim 1 or 2, further comprising a drainage

pan formed below the evaporator.

4. A cooling system for an electronic device, characterized by comprising:
20 a device room;
a plurality of rack rows constituted by a plurality of racks, the plurality of racks
being disposed in the device room to house the electronic device; and
a plurality of local cooling units according to any one of claims 1 to 3, the
plurality of local cooling units being disposed above the racks, wherein
25 the plurality of racks have air suction ports and air exhaust ports, the air suction
ports being formed in front surfaces of the plurality of racks, the air exhaust ports being
formed in rear surfaces of the plurality of racks, and are disposed so that the air exhaust
ports oppose each other with a predetermined space interposed therebetween, and

the plurality of local cooling units cover the space.
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5. The cooling systemaccording to claim4, further conprising: a
cooling device which is provided at a place higher than the |ocal cooling

units and which |iquefies an evaporated refrigerant; a gas piping
whi ch delivers the refrigerant evaporated by the evaporator to the 5cooling
devi ce; and a liquid piping which delivers the refrigerant |iquefied

by the cooling device to the evaporator, wherein the cooling system
circulates the refrigerant naturally. 6. The cooling systemaccording to
claim4 or 5, wherein 10the device roomincludes a |attice ceiling, and the
| ocal cobl i ng Theiqosling eysksm aceadipg te plaim 4 further eQmMpiHipg:

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
5 cooling device; and
a liquid piping which delivers the refrigerant liquefied by the cooling device to
the evaporator,

wherein the cooling system circulates the refrigerant naturally.
6. The cooling system according to claim 4 or 5, wherein

10 the device room includes a lattice ceiling, and

the local cooling units are mounted to the lattice ceiling.
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