COOLI NG METHOD AND COOLI NG SYSTEM FOR ELECTRONI C DEVI CE BACKGROUND OF THE

| NVENTI ON Field of the Invention 5The present invention relates to a
cooling nethod and a cooling systemfor an el ectronic device, and nore
particularly, to a cooling nethod and a cooling systemfor an el ectronic
devi ce which are used for locally cooling electronic devices such as a
conputer and a server placed in a server room by naturaIIy circulating a
refrigerant between an e orator and a coaling_ tower condenser). 10
Descr i pt CAOMINGMETHOD ARD COOLINGSYS TEM EOR ELEGTRONISe: of

el ectronic devices such as a computgjrygigdga server are installed in an
intensive state. The electronic devices are installed generally in a rack
nmount system that is, in a systemin which the electronic devices are

di vided on a functional i rack (casing) and such
racks are stacked on top o teT g—cabtnet. Then, a | arge
nunber of such cabinets are arranged inaline on a floor of the server
room . These electronlc devices require a given tenperature

envi ron operation thereof, and if a high tenperature state
occurss, a tr OUﬂk e&e%bflag gﬁﬁ&%&%&nﬁg&%&m@bmﬁg ydilthSof §ASON, the
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t he gi veeriecttmmedauw, enémvire partieniarly Howesveling imethaslcdta qoeting sysidrofior asi t h a

evi ces. SRR PERBa GeABrpel s BIRERESLP Bt bickt ¥udmeos St caci iy

conti nue@mlﬁltéﬁuilﬁmﬁwer?m@ed iea kdred OEmasiatehlly bRc@bting 9 Redtiféraii ng
equi pnent is al so si icantly increasing 5Agai nst such a backdr op,
vari ous l?f‘é%’ﬁ%?lb@‘fa@graf“ﬁranéfaf‘ioeﬁéﬁf‘?“{/eré%r ng*%arrr)er ectroni c device have been
proposed. For exanple, National Publication of International Patent
Applrcatron hb 2006 507676 proposes a nethod of locally cooling an

PUDX ¢ Rahated Agt a cl osed | oop fl ow passing through the
el ectronic dev ool | th nger.
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a functional unit basis to be housed in a rack (casing) and such racks are stacked on top

15 of one another in a cabinet. Then, a large number of such cabinets are arranged in a line
on a floor of the server room.

These electronic devices require a given temperature environment for a normal
operation thereof, and if a high temperature state occurs, a trouble such as a system halt
may be caused. For this reason, the server room is controlled by air-conditioning

20  equipment so as to have the given temperature environment. However, in recent years,
along with a rapid increase in processing speed and processing ability of the electronic
devices, an amount of head generated from the electronic devices steadily continues to
increase, and the running cost of the air-conditioning equipment is also significantly
increasing.

25 Against such a backdrop, various technologies for efficiently cooling an
electronic device have been proposed. For example, National Publication of
International Patent Application No. 2006-507676 proposes a method of locally cooling
an electronic device by forming a closed loop flow passing through the electronic device

and cooling the closed loop flow with a heat exchanger.
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device, it is necessary to air-condition the entire server room which thus
leads to a 5 problemthat the cooling efficiency is low Therefore, the
ratio of the blowi ng power required for heat transfer to the
air-conditioning power is high. Accordingly, how to reduce the heat
transfer power is inportant for energy saving neasures. Under the
circunstances, a cooling systemwhich uses a refrigerant natura

circulation systemas disclosed in Japanese Patent Application Laid-Open
No. 01-121641 neddionpeastindpiroeling 3 spramemenpay Eaer PgpHew atti on Lai d- Open
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evapor ation tenperature nore than necessary cause
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However, the valve control has a mechanism in which the flow rate of the

20  refrigerant is adjusted by changing a pipe resistance of piping through which the
refrigerant flows. Therefore, the refrigerant natural circulation system in which an
operation state of the cooling system is significantly affected by the pipe resistance has a
problem that the valve control may cause fluctuations in evaporation temperature. For
example, an evaporation pressure inside of the evaporator is decreased by the valve

25  control, and accordingly a decrease in evaporation temperature more than necessary is
caused, so that a considerable decrease in temperature at an exit of the evaporator may
occur. There is fear that this considerable decrease in temperature at the exit of the
evaporator causes dew condensation on a surface of the evaporator. If dew
condensation is caused on the surface of the evaporator, there arise not only a problem

30 that dew condensation water adversely affects the electronic device and accordingly the
reliability is deteriorated but also a problem that an energy loss for preventing dew

condensation occurs.



evaporator and the cooling tower (or the condenser), it is inportant in
ternms of the stabilization of the natural circulation to properly maintain
a pressure difference between a refrigerant condensation side (the cooling
tower or the condenser) corresponding to the 5 | ow pressure side and a
refrigerant evaporation side (the evaporator) corresponding to the high
pressure side, and the condensation pressure and the evaporation pressure
foll ow the condensation tenperature and the evaporation tenperature.
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SUMMARY OF THE INVENTION

In order to achieve the above-mentioned object, a first aspect of the present

invention provides a cooling method for an electronic device, comprising:
20 naturally circulating a refrigerant between: an evaporator which vaporizes the
refrigerant by heat exchange with exhaust hot air from the electronic device, and cools
the exhaust hot air; and one of a cooling tower and a condenser which is placed at a
position higher than the evaporator, and liquefies the vaporized refrigerant; and
valve-controlling a flow rate of a refrigerant liquid to be supplied to the
25  evaporator so that an air temperature after heat has been exchanged for cooling by the
evaporator becomes a temperature suited to an operating environment of the electronic
device, wherein
one of a condensation temperature and a condensation pressure of a refrigerant
gas in one of the cooling tower and the condenser do not fluctuate even when the flow

30 rate of the refrigerant liquid to be supplied to the evaporator is valve-controlled.



According to the first aspect of the present invention, even when the flow
rate of the refrigerant liquid to be supplied to the evaporator is

val ve-control l ed, one of the condensation tenperature and the condensati on
pressure of the refrigerant gas in one of the cooling tower and the
condenser corresponding to the | ow pressure side of the 5cooling systemis
controlled so as not to fluctuate. In this way, in parallel wth the valve
control of the evaporator, one of the condensation tenperature and the
condensat i on phewsding to thediret aspeat loé thearreseny invenieon, gien When tsilsnede of s
control |l ed as t . | uct wua : | i ' apor ation
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possible to stably .maintain the natural circul ation he,refrigerant.
Do Baciitaes thiciBbuty srune repr b S sonEEs et o] beb e PR e e
condgns efnsideraﬁtﬁbeévaﬁoﬂahﬁ Dihe eEhdedshtiv slessafe + Aty aifferaitial pakuay.s has a
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at a position higher than the evaporator, and. )
follows the condensation pressure, when the condensation temperature is controlled so as
not to fluctuate, it is possible to stably maintain the natural circulation of the refrigerant.
25 In addition, the evaporator is placed at a position lower than the condenser, and
hence the pressure inside of the evaporator always has a value higher than that of the
condensation pressure. Therefore, when the pressure inside of the condenser is set to a
refrigerant saturation temperature on the basis of a dew-point temperature in a room, the
evaporation temperature of the evaporator always becomes equal to or higher than the
30  dew-point temperature of air in the room. Accordingly, it is possible to prevent dew

condensation from being caused on the surface of the evaporator.



|l i quefies the vaporized refrigerant; wherein a refrigerant is
naturally circul ated between the evaporator and the cooling tower, and a
flowrate of a refrigerant liquid to be supplied to the evaporator is

val ve-controlled so that an air tenperature after heat has been exchanged
for cooling by 10 the evaporator becones a tenperature suited to an
operating environnent of the electronic device, and wherein the cooling

t ower conpri ses: a cooling tower main body in which a take-in
port and an exHagsder poachi¢vsrtha Benmeshertioned ohjest, pseerng: aspect of theprpsent

exchang einggﬂtlon ?&Elgé 2 c&cﬂ& i sg'gtgm't 3r Llrg glegﬂcr%ﬁig %eﬁQQJ éogﬁ)rf\%ﬁxl r main body, and

I ncl udes: "an ¢ ance connéec 0 gas piping throu ch a refrigerant
gas returning dorenapbdlhorevdgoratosized thowsfyigaradt by heatiekclrmge edthexthawst hbgui d

pi ping through whjch a refrigerant |jquid t e.supplied to the evaporator

flows; Z‘Bfé?rgg‘rtihﬁﬁ'e&m’%ﬁidEWCE’pﬂnidrﬂoalééhwwStﬁl??taﬁea‘ﬁgat exchange coi F; a

bl owey whi ch takginkRowhiewridh $d Hlaced dt afﬂogﬂﬂohhﬁ%ﬂe@lﬂ%nitﬁe Bepbrdt6r, Bh@W t he
oil,

taken- in outside al'r to the heat exchange c and exhausts the air from
t he exhaliguefigs the; vagonzes\ieiggeaamdunt adj ust ment devi ce whi ch adjusts a

bl owi ng anount e bl s fE] L QU PR re.sensor
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10  the evaporator becomes a temperature suited to an operating environment of the
electronic device, and
wherein
the cooling tower comprises:
a cooling tower main body in which a take-in port and an exhaust port for
15 outside air are formed;

a heat exchange coil which is provided inside of the cooling tower main body,
and includes: an entrance connected to gas piping through which a refrigerant gas
returning from the evaporator flows; and an exit connected to liquid piping through
which a refrigerant liquid to be supplied to the evaporator flows;

20 a sprinkler which sprinkles water to the heat exchange coil;

a blower which takes in the outside air from the take-in port to blow the taken-
in outside air to the heat exchange coil, and exhausts the air from the exhaust port;

a blowing amount adjustment device which adjusts a blowing amount of the
blower;

25 a refrigerant liquid temperature sensor which measures a temperature of the
refrigerant liquid at the exit of the heat exchange coil; and

a controller which controls the blowing amount adjustment device on a basis of
the temperature measured by the refrigerant liquid temperature sensor; and

the controller controls the blowing amount of the blower by means of the
30 blowing amount adjustment device so that the temperature measured by the refrigerant

liquid temperature sensor is maintained at a predetermined temperature without



the controller controls the bl ow ng anount of the blower by nmeans of the 30
bl owi ng anount adj ustnent device so that the tenperature neasured by the
refrigerant liquid tenperature sensor is nmaintained at a predeterm ned
tenperature without fluctuating so as to follow fluctuations in
evaporation tenperature of the evaporator due to valve control in the
evapor at or . The second aspect describes a specific apparatus
configuration for preventing the condensatjon tenperature of the
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of the proskiaatowsrverresnondingriothrlosepisprrasge of theicqalingsysteys vaharehy Hei d

t enper at i i . i e ensor,
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refrigerant liguid essure sensor .i S _maintai ned at .a predeterm ned
pressure with aqugé’thbﬁ?%ﬁ]‘ﬁg%oe?gabk%m%ﬂt"%%et 2 rﬁ‘f ﬁ%‘f‘@a‘oﬂolnoor{gﬁ? no
evapor atlefiperaitRed & ple@ertfdet@nayvidansarom biigg tamsedion wal suefacoof thel in the
evaporat or. 25According to the third aspect, instead of the tenperature of

the ref reVgRPEH, Pyeguoyhendhe flaw rate;of thy refipgerpptaf the SRRAGETAHVRIVET he

condensaldnaiips §5HE Bodlg $RRnPEAVinTheliBEiRBAE nSXFAI 3HOB G $ysten.cONt T Ol | ed
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20  and the controller controls the blowing amount of the blower by means of the blowing
amount adjustment device so that a pressure measured by the refrigerant liquid pressure
sensor is maintained at a predetermined pressure without fluctuating so as to follow the
fluctuations in evaporation temperature of the evaporator due to the valve control in the
evaporator. |
25 According to the third aspect, instead of the temperature of the refrigerant liquid
at the exit of the heat exchange coil, the condensation pressure at the exit of the heat
exchange coil is controlled so as to become the predetermined pressure.
In order to achieve the above-mentioned object, a fourth aspect of the present
invention provides a cooling system for an electronic device, comprising:
30 an evaporator which vaporizes the refrigerant by heat exchange with exhaust hot

air from the electronic device, and cools the exhaust hot air; and



30an evaporator which vaporizes the refrigerant by heat exchange with
exhaust hot air fromthe el ectronic device, and cools the exhaust hot air;
and a cooling tower which is placed at a position higher than the
evaporator, and liquefies the vaporized refrigerant; wherein a
refrigerant is naturally circul ated between the evaporator and the cooling
tower, and a flowrate of a refrigerant liquid to be supplied to the
evaporator is 5 valve-controlled so that an air tenperature after heat has
been exchanged? ¢@fingdewemghish it places aiparosition highes e the pwpgertan aré suit ed
to an op@%%%kggng¥5ﬁ2§ﬁ% oPintl he el ectronic device, and wherein the

cool i ng Wer  conpri ses: cooling tower main body in which a take-in
port and an exwhersin guefitigdrant ipuiteraily caicnlatadebetweanettle evaporator aral theat

exchange coil which is_provid I psi de .of the cooling tower main body, and
el ddeseoie ik aBhas B T Bapidlg eRreelh SRR gor ant
gas ret UWydvdgodtfRdtsh ehR vaRa eiperafur@wier RAthAbeRN ekchaapaefir @dolink by qui d

pi ping through 15 which a refrigerant liquid to be supplied to the

evapor at &€ evararator hecopras pERperaRire puitadrtp aR operaliag envirimens ohthet exchange
coil; a anﬂﬁﬁc&gh&pahgkes in the outside air fromthe take-in port to bl ow
the taken- 1n outside air to the heat exchange coil, and exhausts the air
from t hewhadeaust port; a refrigerant |iquid tenperature sensor which
measures a te grcgéllilr{geto(\%;er E:gr%prises:
10 a cooling tower main body in which a take-in port and an exhaust port for
outside air are formed;
a heat exchange coil which is provided inside of the cooling tower main body,
and includes: an entrance connected to gas piping through which a refrigerant gas
returning from the evaporator flows; and an exit connected to liquid piping through
15  which a refrigerant liquid to be supplied to the evaporator flows;
a sprinkler which sprinkles water to the heat exchange coil;
a blower which takes in the outside air from the take-in port to blow the taken-
in outside air to the heat exchange coil, and exhausts the air from the exhaust port;
a refrigerant liquid temperature sensor which measures a temperature of the
20  refrigerant liquid at the exit of the heat exchange coil;
a circulation duct which returns part of the exhaust outside air exhausted from
the exhaust port to a vicinity of the take-in port, and mixes the part of the exhaust outside
air with the taken-in outside air from the take-in port;
a circulation air amount adjustment device which adjusts an air amount of the
25  exhaust outside air flowing through the circulation duct; and
a controller which controls the circulation air amount adjustment device on a
basis of the temperature measured by the refrigerant liquid temperature sensor; and
the controller controls the circulation air amount of the exhaust outside air
flowing through the circulation duct by means of the circulation air amount adjustment

30  device so that the temperature measured by the refrigerant liquid temperature sensor is

maintained at a predetermined temperature without fluctuating so as to follow



20refrigerant liquid at the exit of the heat exchange coil; a
circul ation duct which returns part of the exhaust outside air exhausted
fromthe exhaust port to a vicinity of the take-in port, and m xes the part
of the exhaust outside air with the taken-in outside air fromthe take-in
port; a circulation air anmpunt adjustnent device which adjusts
an air anmount of the 25exhaust outside air flow ng through the circulation
duct; and a controller which controls the circulation air anmpunt adjustnent
devi ce ofuciuaiingisdn evaporsiondepaeatine ef the genasefopgue Wevahersonget irfhe | i qui d

t enper at‘%{;? sgqsor; and the controller controls the circulation air
anount o R&é exhaust outside air flowi ng through the circul ati on duct by
means of the cThct:fquethlaepecalsranattmuatpeadwhshldemnb:es)adpmlﬁceamaratthmt the

t enper at ur e. neasured b the efr te ure sensor

i 1 o n g o B entRabe EERh et et O B e B g as b

foll o Edotia Flt!@xlféroﬂﬁ&n ifficRMBRES Veh Wheh ERERE W rike f @fe I’éﬂfge%tﬂiﬂlqtt@tt@fbedue to
val ve control in the evaporator. The fourth aspect is another aspect

whi ch desplipdep the spenorator isabvereangiollednf i gurati on for pr eventing the
condensat i on ! RERSHAEYS fconliR sdet 8t HEHAREnIRY dn%ntﬂi{@su"_’;r;ﬁ?Q Bk drquer from

fluctuating, even owrate o e re et ant |qU| to be
suppl i edrefidgdrine 1@paiortet smpplied wethwevapora:tomls Ivelie- controlled Adﬂmm:tbwg evan t he

fourth aspect of the. resent i nv t|on e

refriger ‘é(ﬁ?n {}iecﬁ)’ PROTEY Ibt?“ﬁ’ﬁbaﬁt“ieé)g oo VeRer é%ﬁ‘c?ﬁ%f%r &’iescof}té?l\?eé °88‘ﬁ?1|561ﬁ ed.
Ther gf or grcu@Mfm AhARoUMSf EMARGRM! 0QRideePEFAlAting tBfoubh ehetdirpbitidh@ict,
fluctuates, the controller controls the 10 circulatjon air anpunt of t he

exhaust whesbyghedemperature phthedgltiasrant Qﬁutdr?é thg exainfdhe Bept guehansspdt Bby t he
tenper at {f, %081 % Q@ve&%ﬁép@%ﬁ’l@ rédeﬁéx'llnpr a1 extﬂ Erafirfé (Nltﬂf)uttflﬂi%tﬁmtg s§xshange coil

in the cooling Tower rm ned tenperaturé w thout
fl uct uat forhlg“stmeeihlctuatwm I d"vhat tsethmthGLmltcuann dwetas prayidedhthe paleofdhe cul at i on

duct is provi de t he f the exhaust i i nper at ure
i ncr eas et BYSHH, ggl o3t hg‘%%gg AP HECHE dq?’Stleglg%{[n X(%hcglg ap?ls?ehreé Yurned to
the M ci gidhingd cdilhie rétakrdite tlﬂﬂhbmﬂ? of e takeoln gt bf)ﬂ&él@od&i&lgtob/@dmanﬁnd m xes
with the taken-in outside taken.in f@%omt ke-in port._This changes

a t enper Beds andmixgsavigh theﬁ? oYt dfaath Fnérkgﬂlé’nt e iakgih Poitn 2B tion, the

tenper at W8 o8 » T Pl@Wbrahd algﬁfb“kiﬁtoetﬂé H&dt @RI g@EbivS t I dithy, fer cul ation
ai r anount of the circulation duct. As a result, it is possible to maintain

the condtempstatens of shefelownairecap(beiadjusted Wo%hm&ﬁ@gtthﬁ/\em%wrpmwn’ég to the
| ow pr eSHurd rcﬁ\faggn gLCtt h%SCaOI%Ldl{"gt 1§¥) ﬁk?@ﬂﬁﬁrﬁﬁh tXe @énd‘éﬁ%%lleﬁ ﬁgﬁ&éﬂ}@ed
Y, e to stabl t

tenperature. y mal ntain nat ur al
ci r c20 at incthe oboliﬂgetower correspondmg to the low pressure side of the cooling system

constantly at the predetermined temperature.

Accordingly, it is possible to stably maintain the natural circulation of the
refrigerant and to prevent dew condensation from being caused on the surface of the
evaporator, even when the flow rate of the refrigerant of the evaporator is valve-

25  controlled in the cooling system having the refrigerant natural circulation system.

According to a fifth aspect of the present invention, in the fourth aspect, the
refrigerant liquid temperature sensor is replaced with a refrigerant liquid pressure sensor,
and the controller controls the circulation air amount of the exhaust outside air flowing
through the circulation duct by means of the circulation air amount adjustment device so

30 that a pressure measured by the refrigerant liquid pressure sensor is maintained at a
predetermined pressure without fluctuating so as to follow the fluctuations in evaporation

temperature of the evaporator due to the valve control in the evaporator.
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refrigerant and to prevent dew condensation from being caused on the
surface of the evaporator, even when the flowrate of the refrigerant of

t he evaporator is valve- 25controlled in the cooling system having the
refrigerant natural circulation system According to a fifth aspect
of the present invention, in the fourth aspect, the refrigerant liquid
tenperature sensor is replaced with a refrigerant liquid pressure sensor,

and the controller controls the circulation air anmount of the exhaust
outside air f Iftmonbng m bedHth me@ ingighdiof By termperatye plethg sefpgerapeliquid

ol 1 oul at, o8, BT oAPHBY A HSLIE! IR RS AR I DALy dPLESSERaRASUT o0 by

the ref ri'§& &y pres ure sensor 1S maint a predeterm ned

pressur eeMﬁﬂg@woﬂfﬂ; tmttuﬂledrsg as o bohe the)btedmtenhmeﬂlpus:s‘smatl ons in

evapor ati on terrper atur he, evapor at or %ue to. val v control in the
c 18ve[ a1b to

evaporator. AR ‘Hlt?lﬁ PYS PRCBLS qcﬁﬂsé’ét aél?ecfﬂ the PIp5EPat ur e of
the rsef rihggffmlprbyidty éjc&!‘rhnrgr&?st@ffﬂ for 9 ekb@oﬂl@@%w@é(  Joaipgeingoi |, t he

condensati on pressure at the exit of the heat exchange coil is controlled
so as to becorm ctVIaeor]@tOéd\én@h vanesidepihe sefiigerant by beal ek Chap g witheybayshBot

above- g At fgmetguf—; gf%l:‘&gﬁlb dv %E Xatnh c%gﬁ\?ﬁé e)aiaugtj'hpot Bfreﬁﬁf't Sinvention provides a

cool i ng sys an &I’ §Ctroni ¢ an evapor at or
whi ch vapori Z%ch&Wat@ﬁW@mﬁmSebthas phxed]atr@pomamhlghetrahstthhot air from
the el ectronic dev cool s the exha¥st hot air; and a cold
wat er tﬁépﬁ@%e?@ﬂq%% & VaPRTZRIdAI T 05 t on hi gher than the

evapgy at or, anﬂhérbﬂtaeﬁefﬁgeraﬁies NARRIly Z28GulhfleBféthe eldpoabeind the cold
refrlgerant is naturally circul ated between the evaporator and the cold

wat er t yyater bindepadanseraprd a fipwoateraftageigenant élﬂmdgterbgﬁtlpm 1§uPdhs o be
suppl i ed, [, BRIIaPo? iS VAR g'ﬁal%llé dSsortRi e a?ft@fn&gtalrﬁg af8r hdihadBbeRickcllABBET At ur e

after heat been ex dfor ¢oo he evaporat or becones a

t enper at fmlr eodlirig tpdthe @vam)ralpebectomﬁg agemperature stiteol totah @petfatiog eoviraumekayi ce,
and 15 wh e cold water type condenser includes: an entrance
connect € ‘E)e%&go’BFﬂFWQe ar‘i“rélough which a refrigerant gas returning fromthe
evapoy at@hetinows; and an exit connected to liquid piping through which a

refrigerant liquid to be supplied to the evaporator flo egs and is a
condenser whi cthic splday#er &BrF gowdrargynlBCcs: B BUFEICAGOTIE G0 28T PIPHEr ant  gas

I nto thegl &l WGERY fefrioBaht erefh?ﬁlﬁg flot) theWRhSSratthifloWsi sndShdid ed to the
col d wat er t%pe condenSer v%a col d water supply piping;
connected to liquid piping through Wthh a refrigerant liquid to be supplied to the
evaporator flows, and is a condenser which obtains cold energy for condensing the
20  refrigerant gas into the refrigerant liquid by using cold water which is supplied to the
cold water type condenser via cold water supply piping;
the cold water type condenser comprises:
a cold water amount adjustment device which is provided to the cold water
supply piping, and adjusts a flow rate of the cold water to be supplied to the cold water
25  type condenser;
a refrigerant liquid temperature sensor which measures a temperature of the
refrigerant liquid at the exit of the cold water type condenser; and
a controller which controls the cold water amount adjustment device on a basis
of the temperature measured by the refrigerant liquid temperature sensor; and
30 the controller controls the flow rate of the cold water to be supplied to the cold

water type condenser by means of the cold water amount adjustment device so that the

temperature measured by the refrigerant liquid temperature sensor is maintained at a

9



the cold water type condenser conprises: a cold water anount
adj ust nent device which is provided to the cold water supply piping, and
adjusts a flowrate of the cold water to be supplied to the cold water 25

t ype condenser; a refrigerant |iquid tenperature sensor which
measures a tenperature of the refrigerant liquid at the exit of the cold
wat er type condenser; and a controller which controls the cold

wat er anount adjustnment device on a basis of the tenperature neasured by

the ref rpigdetammingd woipgrateiepeithau flacwatingio asdpdobew dstuabprs 9l qvaporaiénh r ol s
the T1 OWehBkRgl of B SabdalRIAE 1d PallE SHRRIA 8] & BpdrferCal d vater type

condenser By neans of wat er anount justnent device so that the
t enper at ur e neEBswiet asyect searr &spedtgarantesciibes aspeeifisaapptutes ®efigontips

mai ntaingd at a. predetermned te ratur,e wi.t hout fluctuating.sq as to

ol |'ow 116 B TAR RS A AP T B A e P SFEE A €A TS GOMATER 0% ¢ o

val vg cogdnidehsel frobBuARQ! 8¥e& when the flowlfag & tké Fefdg@ent liduid &nbaspect whi ch
descri bes a specific apparatus confiquration for preventing the

condensatiPpHed tnibe eraneraonk vahe-qastioflgérant gas in the cold water type
scondenser fr O&Jo}r&iﬁé‘t’@%ﬂe%%{th%%&t Yh&B Iph%‘é:‘ntfi f’é’ﬂti%ﬂ} Hedh élg%n{o%{ dfgE ant
to the ap d.

liquid to be supplie e orator 1s valve-contro
Accor di ngfitigeratidiguidktorbeasppli¢d wfthe beaporatewintvaivacentrolded. tHrereforspéyenanount

of the refrigerant liquid to be lied to th vaparat or..i s

val ve. coribeatroristtieeanst of e nls dhtfeRi RO b MG apERs 0 ¢ e
evapy at Aswirhtd G vt ®%d white t€ e buplic@ o RrbIdWstet Rpe LOnddnody doadesporidiighe col d
water to be supplied to the cold water type condenser correégondj ng to the

| ow pr es@uhelasy peesyire side of sl GoRkng y¥tiem Wigiebe By temecaipet BedriEesRnt he
refri ger%‘(ﬁ‘\*id L BhdieRli 3 tﬁ%l@Wa{ergqegéaﬁgfrﬁgfvjvis A Whtdd/iPin TRRABASESo AsSto

prevente romtluctuating so a e fluctuations. Accordingly,
it is pofdliopltheflocsptdyisy maintain the natural circulation of the 15

refrigerant angd to.prevent dew.con sati.on from hej n the
surface of the %Vé%lggé't grls p%%?égrlne Wnsggbq?'%an% %&Egg%tg%é? E}Fﬁgﬁ';&g frtlci)laer ant of
t he Bvapefitagsintiadd v@pregematdir edrdeksakion filoen being tnged 8 tiarsufice nfithehe

refrigerant natural circulation system_. ccording to sevent h
aspect ofVaPRERIGF %‘é"é‘m’hanfg%%f’i‘”oﬁ,te ‘?frsﬁl? FF‘é“g‘?rﬁ‘E‘ttPfé@i)%Y?tp?W%e‘S M&FF1 ger ant

liquid teiReIRl W heIBOBRY sysfert SRVAS Bk (il derdht hefufdl @acaRtioh kykwrsl pressure
sensor, 20 and the controller controls the flowrate of the cold water

f1 owi ng t hr oughcediding & d sewengr aspapigtfyihgpisheng inyentends tht sixthaspest.dhbat er
oo, B RS e B, BHESRLATOEPHE R Bk kBT
f | uc2uat amiths comsolten comtrdlovhet fi@w frate of thetdobdhwaten flowappthadughrth¢ estp evaggrur e of
the evapgurp%}yopgip{jn%eb};[ rgegng%f \{}?el dold (\:V%?érra(r)rlouinp a&jlrllset\meer\{ta e%ric%ts%rthat a pressure
measured by the refrigerant liquid pressure sensor is maintained at a predetermined
pressure without fluctuating so as to follow the fluctuations in evaporation temperature
of the evaporator due to the valve control in the evaporator.
25 According to the seventh aspect, instead of the temperature of the refrigerant
liquid at the exit of the cold water type condenser, the condensation pressure at the exit
of the cold water type condenser is controlled so as to become the predetermined
pressure.
According to an eighth aspect of the present invention, in the sixth aspect, the
30 cooling system for an electronic device operates such that the water supplied to the cold
water type condenser is cooled by using outside air when a temperature of the outside air

is equal to or lower than 10°C.
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25According to the seventh aspect, instead of the tenperature of the
refrigerant liquid at the exit of the cold water type condenser, the
condensation pressure at the exit of the cold water type condenser is
controlled so as to becone the predeterm ned pressure. According to an

ei ght h aspect of the present invention, in the sixth aspect, the 30 cooling
system for an el ectronic device operates such that the water supplied to
the cold water type condenser is cooled by using outside air when a

t enper at ure of Atdvedingts thiecanifigurationqwhen ths temperetnse of thawulsids air is equal
According to this ¢ L gurati wh the t 1B hde air is
caual t 0% Tpiteaf P Tk Por e U5t s BOREE T BeR shURIBLHRNET P

whi ch a is@ocasddesidahe tdlémwats canbe useldd dpdisingentyothd onssideraic and henaool ed by

using only the outside_air,. and hence electri r costg for an
ai r - condFlEFtHAPAYCE SRTLRF é‘éﬁlrt?@nfl’lﬁ‘roflﬁ’@rsy?@ﬁh‘@é‘g?epfg% fafi%cé‘ai bed above,

accorging to tRgJ6REbeNELIR! M@rcﬁﬁ?t& ine c6@1%ébrﬁ6th§é(§h@EﬂedeolihEGyﬁélﬁ%ﬂ oni ¢
device of the present invention, it is possible to stably maintain the

nat ural terctagtranicatevise of H prefent wentien, ahid ppesie &y atablydedintesndemstialon from
bei ng caused .on t . f [ f te of
the ref r‘flﬁcél(riizglr?tn 05]13 ﬁ? %gﬁ%e\a}g%gggtt%p?§v§X%%§ngg%§aﬁéﬁ ?ré) ?ér}n% Egusggg it%eg system
havi ng thefacebf tigasvapdranatavealwhehtibaflawirate of yist refriget OBl Bfe HRHGRIPTI ON OF
THE DRAW NGS Fi 1 is a conceptual diagram.illuystratin n. overall

confi gur‘é%lY‘?)‘ﬁmeoqkdf‘F ltlé?tco@ﬁﬁ%t%}’ﬁ‘@ﬂ aB‘Flgag%E? g‘?’iﬁ“@?i‘i@n‘i”&&i&“ﬁﬂ SEEBt r oni ¢
devi ce according to the present invention; Fig. 2 is a conceptual

diagramillustrating an overall configuration of a second 15 enbodi nent of
t he bol i ng syst em f or BRIEFDBSERBRIONOF FAE RBAWINGS t 0 t he present

i nvention; .1 F ] | i riehi a
structure of aFlgi H:éu %?nl%g‘é]tﬁ%ﬁ%l? &? glplgﬂg%%{l?énag oﬁg@go@%ﬁgﬁ%ﬁ C’Tgfﬁl&Fi g. 41is
a concepé¢mbdditieagoneddling systemifogamael eavariadévicoafcoglimgtd tha pofsest t hird 20
enbodi rent of the cooling systemfor the electronic device according to the
present XY on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Her ei nafter, prgf 24 £eoRepagi diegtam Ulust@atiRein dvgraliEddadgunion @f agedondg Ssyst em

for an el ectronic device according to the present inventioE are descri bed
in deY ai ¢Bbedimentef the peelingewysiem tonshagleetimecidaisaachgiding to the present

invention;

Fig. 3 is an explanatory diagram for describing a structure of a circulation duct
type cooling tower; and
Fig. 4 is a conceptual diagram illustrating an overall configuration of a third
20 embodiment of the cooling system for the electronic device according to the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments of a cooling method and a cooling system

for an electronic device according to the present invention are described in details with
25  reference to the attached drawings.
In the present embodiments, description is given by taking an example of a
server placed in a server room as the electronic device.
[First Embodiment of the Present Invention]
Fig. 1 is a conceptual diagram illustrating an overall configuration of a first

30 embodiment of a cooling system 10 for an electronic device.
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In the present enbodi ments, description is given by taking an exanple of a
server placed in a server roomas the electronic device. [First Enbodi nent

of the Present |nvention] Fig. 1 is a conceptual diagram
illustrating an overall configuration of a first 30 enbodi nent of a cooling
system 10 for an el ectronic device. The cooling system 10

illustrated in Fig. 1 is a systemwhich locally cools the vicinity of a
server 14 provided in each of server roons 12X and 12Y on | ower and upper
two floors. |tThheoliggisesterotl@diiusieateddindiig akiscaosysieny whish doredlyeaplsrthe in t he

foll ow ng descr.i pti ' t. | ' m on
the | oworPTSor = har V¥ BRSSP a1 SR 2P Rl e
descri ptivanfleesi ghahesddenetddahatr>ehiidhed té cefarcoaotuinngyalsiyshefollowithe upper
floor. In addition, in Fi[g. 1, al t.hough one server 14 irls il ustr%g din
each of 49feriRign designatsnd MOBOL AR 10 FOG g PG off g (LT HIAtdoY ¢ he
servey s dithcREEtolcRG b liMBleRd] In tHeUolIBRIng MREMBInYdesiohbtes 8 hYd@iitser tafie

stacked on top of one another to be housed in a server rack (not shown),
and t hustoar eolingsustemdni the pprer Sloover Inpgditisaerin Hizgxl.h@oughyone server 147pe

server 14 | V] i £ i t é@hﬁHﬁ rt. 14B for
air, an ﬁiug&%t%gn !ﬁ)agg\?}lfg%ed& Vr\\fe { E&g}lé %%ﬁ@:l?%ﬁ‘d‘g%@}i servféerr%?ﬁlse When t he
fan 14C segvals il ¥ are placed thereiu c thuethed nbrmatlyt, hiee suodrs dh appotdckdd dn tgnof exhaust
hot air involvin xhaust, .heat of the server, 14 |s exhausted. fromthe
exhaust P oteRTo R RGUSEAd pervBhac B ahovn. gt s BEF BRNEHn R STHE® ot ner
handyg i frdohfs @K@si2Yhot air is exhausted into the server roonms 12X and 12Y
as it is, the roomtenperatures of the server roons 12X and 12Y i ncrease,

and t he tenperBasesvastl4dp proyided;voitfed siditon norel Lepidin ghapeaeretthicher .
Accor di Dk Yond!id afeS pREAGISHN o b PACIANRE ditfic SEDAUS RPlerfthE AT e ser ver

roons 12 ter the exhaust hot air been cool ed by evaporators
20X and @&@vén, 210 ihsletibhabfromitberbetion p8X 1ddd ahd ¥xlzauet iasprsdvelmoegrexhhwsdr

surfaces, 1 f. the server .ro 12X, and 12Y, r ectivel nd t he

indert | oBET hsEner T IRt aRdnE Renut berf FRBo ab Y5ty AV 14
COMRI CaHndisk dolddl. € Whthelofter hihd iBthpledhalst hyt £f iskkBMistdtin@aht Seryeot  shown)
formed on the floor surfaces 13, respectiveltv(. Condi ti oni %ai cool ed by
package ¥OPSc3Raind b Ayitey theioamm tepperates pkibeshger Eﬂ‘?&kﬁr& F G Y t 0 the 25
under | ogtr502RRE R tq:g’xge e H8Yir sﬁ‘&ﬁ)n%@%t@@l’i@éeﬁ%&rlw&c@rhés high&l own out of

the bl ow out ports into the server rooms 12X and 12Y. It should be noted
t hat t heAb¢ardinglyt, itje neeessarg td ethapst theyexhrasihiadiariintp the server roomisildX gndrt 14A

of the s e and condi ti oni - ty JREO the server 14,
wher eby g]\gagtgr}tégre Xfi]%ls%:g% rghagfb ¥ Flglc(léérll?? $ggﬁ%é%8%ggﬁ]%gr%d%{'he server 14 is
| ocatd y cool edUhgerflber chaadbiersgl 85§ siide b8 Y @re formed under floor surfaces 13 of the

server rooms 12X and 12Y, respectively, and the underfloor chambers 18X and 18Y and

the server rooms 12X and 12Y are communicated with each other via a plurality of blow
out ports (not shown) formed on the floor surfaces 13, respectively. Conditioning air
cooled by package air-conditioning equipment or the like (not shown) is fed to the

25  underfloor chambers 18X and 18Y, and the conditioning air is blown out of the blow out
ports into the server rooms 12X and 12Y. It should be noted that the blow out ports are
formed in the vicinity of the suction port 14A of the server 14, and the conditioning air is
suctioned into the server 14, whereby the server 14 can be efficiently cooled.

Further, the server 14 is locally cooled by the cooling system 10.
30 The cooling system 10 configures a natural circulation cycle of a refrigerant

which is mainly formed of the evaporators 20X and 20Y, a cooling tower 22 serving as a
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30The cooling system 10 configures a natural circulation cycle of a
refrigerant which is mainly formed of the evaporators 20X and 20Y, a

cooling tower 22 serving as a condenser, liquid piping 24 through which a
refrigerant liquid flows, and a gas piping 26 through which a refrigerant
gas fl ows. Each of the evaporators 20X and 20Y is provided in the

vicinity of the exhaust port 14B of the server, and a coil (not shown) is
provided inside of each of the 5 evaporators 20X and 20Y. The exhaust hot
ai r exhatmdensef.rlsmid pipingdiaiiseughovhich 2 Bfoperaneliged Wlowst anshis gasurigingeof thi s
coil, an [ an I Ol | ows inside of this coil, so that heat is
exchange%.n%‘%gl ‘gﬁ%%%g%{%e{aﬁjéé%e OSYJgerant liquid flowing inside of the coil
absor bs heat ofachagahé¢ eapomort 20K dnlde@ 0&xik pustiddrbin the vicimtytdfehebyhaastapor at e,

and hence the exhaust air exhausted into the server roo X and 12Y is
cool ed. H’Wi%‘?@?ﬁ(a&ﬁer"f@ G A R Gobihow h@f&&@ﬁ%‘ﬁﬁﬁ%@f’géﬁom out of the
bl ow put e\RBbtafork DOV dhBS0YET VIBle SxAAIE hdiZatr @iAudidd frohPie @kRdudt fore MYBo@NNENt S
of the server roonms 12X and 12Y can be set to tenperature environnents

necessar fpetservar flovis phsidsent whis soilanddhaesirigerpyt lisped Hows inpide ofdbisicad, $ower 22
is an ap | ool | ger:an ik ch has
been vap@?{}g%g%bég&fl%%eg\/aé% rag? %lrl tg ﬁ%%%ﬂ%%gan;ﬁ}@ufd:é%\blﬁg 1%‘ﬁs@t(gilat eeggl:'lit a 15
posi t i onatkbgRdieat dfampbhieatwmepom dicosxha2d Xoand th¥rebly@vamgoraepdrel, hemoe ther oof  of
a building of the server rqons 12. T vapor.at or,s .20X and 20Y and
he cool PilgattatRrss el g Bieekbipans BAOIPES B ithe T AMTp: ping 24
(I ncjdi ggnhihenGRedhdERRmERfine AP 6loshYout M ehd BI8waAS pBitind@ theGelicheddit NY
branchedaggpes 26X and 26Y). An upper end of the gas MW@ZG is 20

6

connect e né h2 ¥ nieppeeasutsfenyirprragnta REHg sg ce BIomsRP X N beEet édol i ng

tower 22 r ' ] chgdai e branched

pi pes 26 ﬁ}cf%\?ﬁ%gﬂ%}tgﬁg%eg%%ﬁp@s&gg‘é@gﬁrggﬂar e 8%?:%@%%%6 to one ends
of the coils (Hucxhingnywef22 isenapppotuatmdich @k ambicaddyses depelfidevalty. On

t he ot her hand, .an upper end .of .the |iqui i pi 4 i.s connected to an
exi t of EHOTER IR AnRTaG Y o8 ranerdargR f ufitkd BORNREAEE 50 A

| owers engbsaion Kighdri tHati theRivEhdIBLo22036 atid 20T¢ NE ekathple] dita Ryodine hédilginges 24X

and 24Y. The branched pi pes 24X and 24Y are connected to anot her ends of
the coil &f thaserveroRMs I3 t he evaporators 20X and 20Y, respectively.

Accordingly, tfig L&LbIAGS 20K HAD0MURIhE SoMARADKWEEN2 B doffie@¥PIOUBE O S 20X
and 20Y flows up through the gas piping 26 to be naturally fed to the

cool i ng etbaehy the ligafd piping# (iedludige beanchegbiptrazd b aeh 24 Y hanst the g28pipkng t he
R e e ]
t he 2t uédinected cubmtnteamcobf b heatregthidnge caid R 8iissideaf the edoling tower 22. A
lower end of the gas piping 26 is branched into the branched pipes 26X and 26Y. The
branched pipes 26X and 26Y are connected to one ends of the coils (not shown) of the
evaporators 20X and 20Y, respectively. On the other hand, an upper end of the liquid
piping 24 is connected to an exit of the heat exchange coil 28 inside of the cooling tower
25 22. A lower end of the liquid piping 24 is branched into the branched pipes 24X and
24Y. The branched pipes 24X and 24Y are connected to another ends of the coils (not
shown) of the evaporators 20X and 20Y, respectively. Accordingly, the refrigerant gas
which is vaporized by the evaporators 20X and 20Y flows up through the gas piping 26
to be naturally fed to the cooling tower 22.  After the refrigerant gas has been liquefied
30 by the cooling tower 22, the liquefied refrigerant flows down through the liquid piping
24 to be naturally fed to the evaporators 20X and 20Y. In this way, the natural

circulation of the refrigerant is realized.
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CFC, HFC (hydrofluorocarbon) as alternative CFC, and the |ike can be used
as the circulating refrigerant. In addition, in the case of the use at a
pressure | ower than an atnospheric pressure, it is possible to use water.
Then, the supply anmount of the refrigerant liquid to be supplied to the
5evaporators 20X and 20Y is controlled, to thereby decrease the air
tenperature after high-tenperature air exhausted fromthe servers 14 has
been cool ed by the evaporators 20X and 20Y (the tenperature of the exhaust
air which i s ettQUsEE thydodibersan)\aernkerbdtiveCBCt el thedikecan bonsediasX and
12Y via the evaporators 20X ang,. 20Y), .so th the server. r nd 12Y
are mai fharkedating e égq@ﬁpérh‘t‘ o i e SN R 18 855 HEPFE VT O@%&&égrag 1014.

That i s, i GORRKE LSS ERE0sssBE0aRd wagY. are provided in the vicinities of
exits of exhaust "air 21 which is exhausted fromthe evap raéors 20X and 20Y
into the servérhenobasunpx ameynt ofithe relgperant iguid to s Hrrsd © WEj usting val ves

25X and 25Y whi.c i t. rat i LWWedy ar e

or ovi'ded PR RET BYE A ERY i Sorl ity BRerSty ARl ARG HF ERPerdcutune, &

r espect i Mgh-yempdastare aieasanstee fitont thepervatsuiddssibeas coddd hp thpevaperatoshper at ur e
sensors 23X a are inputt tog a controll.er .17 ler 17
i ndi vi dudlf 9“‘@%91%?%[3 éer?ﬂ’Féatgffe‘Pﬁ%ﬂﬁ e’g@b‘FteaégwthlhtlﬁSX qu%%ﬁ?%{%ﬁ%&jﬁﬁ%{sr %!g val ves
25X and 2aViheRed Berobas @)mndmeymaﬁ@léwf@sef&tmmeJ@tMsso i thesaives | t
possible to su)pé)ly a proper flowrate of the refrigerant i enabl es the

) c
t enper attopmsdR2Xtand 1@¥harggnainained dn Bie teMBCEAHE CRUT BRI Tt it/%l PSS 20X
and 20Y .dltﬂcat & ?e%e?ﬁ?x%@tegsoqggﬁﬁ%nh Qwrargglfdv?d%rd iafck $ibRitRREexfd OO . As a
i's possible to adjus f th h

result, 1t 0% the tenperature o e exhaust air which
i s exhauathadstfairdh whieh seexhansted froimthe eviporatersOX awb2RY IRX ther¢re2y via t he

evaporat ors a Y, to.the t erature .envi t {t o the
oper at i ﬁog*szlgéeangglg&g,rgspﬁt}vq{;éxtlﬁg%ﬁg eca(%ﬁblfsluﬁé Vg %\%g??%fﬁﬁzg evgtg(rﬂl5 bed. 25As
i |1 ustraj@gstite fbw ratd of tHe refrezeean lighid dropaivi®d, toahchmahited pimssedXnaidn body
(casing) 30 is provided as a horizontal type, a take-in Eort 30A whi ch

takes i n24ipEthedianid pipingrZsh respeditvebhe TdE: BFATFENEH SFPRYHERSICATRIH body
30, ANd B EIANShPOL B K add 12 YoM Sholftedith alchnéMarad, aid meot her end

t her €of . t exchange col 8 I's provided inside of the cooling tower
mai n bodyord®]let Heindividuatiyecontrotsithe hpeningstegiessqd thoflpwratejadiusing ¥#iect ed to

Lhe 25 BLPL8:20 O UGG 05, el LIGLATE RS LELALR oA e
connect eghgply a pfo@et flomirske Rif phen@ fi2derirth mdtighenablasith¢ teenpeeftwiegd tlanexhiaigui d t o
e D e LERLELE! 2,20 AT RO g BRI BB
coi 1?8, naRhnd th: BYRY floBR 3Rs h FesItOM iFRssiblts foh@jusb thel to@ptratiee bfitheor t 30A
st de o exhaust air which is exhausted from the servers 14 into the server rooms 12X and 12Y

via the evaporators 20X and 207, to the temperature environments suited to the

operation of the servers 14.

Next, the cooling tower 22 is described.
25 As illustrated in Fig. 1, in the cooling tower 22, a cooling tower main body

(casing) 30 is provided as a horizontal type, a take-in port 30A which takes in outside air

is formed at one end of the cooling tower main body 30, and an exhaust port 30B of the

outside air is formed at another end thereof. The heat exchange coil 28 is provided

inside of the cooling tower main body 30, the entrance of the heat exchange coil 28 is

30  connected to the gas piping 26 through which the refrigerant gas returning from the

evaporators 20X and 20Y flows, and the exit of the heat exchange coil 28 is connected to

14



5the sprinkler 34. Then, taken-in outside air X which is taken in fromthe
take-in port 30A of the cooling tower nmain body 30 is blown by the bl ower
fan 36 to the heat exchange coil 28, and water is sprinkled by the
sprinkler 34 onto the heat exchange coil 28. As a result, the refrigerant
gas flow ng through the heat exchange coil 28 is cooled by the outside air
and the sprinkled water to be condensed, and thus is liquefied into the

10refrigerant liquid. On the other hand, the taken-in outside air X taken
i nt o t hethedighidping\Rdrthromigh whaehythg defrigsranbiquid 4e be punpliciéo thefovpp@ipiart gas

fl ow ng ou heat exchange coil 28 to have an increased tenperature,
and is eé@éﬂg‘?ggﬁ{?@gr%the exhaust port 30B as exhaust outside air Y. In the
case where t helnc@ditionga spréikéen 3 is tohevidef on thenaketinpatt 30 side pfibledterton syst em
15is applied to server cooling in a dat. nter, the air te atures at

exits of Xhangscolrdannt §8g¥)‘5§rg%3@€?\pr E‘Egﬁg’ﬁf Oﬁilffatﬁg‘?“nf?‘gggﬁlé“g vers 14
are set @ séﬁﬁdkm@%rﬁ@m Gleh-$n SutSiRBEIA whidh i MRA TR HYhEhe kakelia poer ver room
in many cases, and the evaporation tenperature of the refrigerant inside of

t he evapdiavbtie 0kngtvve? ®ain bady 3@ bipwn bxithablewyr @G te thalsat201 n t he
refrigerant natur circul ation. t eqt:
exchang ee%i}??g%ﬂiajr?s i W(%#e?tl %%Dr%%%/ﬁ%i bﬁg“% tﬁ#@?ﬁéﬁé :d??gle%{s e)%cﬁgn%boﬁo enser
needs t o2aves ardsaRpe aéftigerahoywrfldying proogh tethehtyex2bange 0 2A8hanodlbe
tenperatures of .the evaporators 20X and 20Y, a hence.t he condensation

t enper at ¥ ﬁled’futstl‘af‘ea’F%‘_? &’ﬁéP’éﬂlfle?j Mo g? corplenpre pn ﬂ“@ﬁ%@‘@‘egﬁalmtﬁghcser vi ng
as thie CRRGERIAMNIGURAYIBEthedMRrBahIBNE takerd 2 ohiRidbAE X 206R ihBehOtdinghand, in
the cooling tower 22, lowtenperature outside air in w nter seasons and

i nt er medioates madmberhs3Q absashsdheatfiemithe refageraptgas fowingihiremahdahe beatt he

| owt enper re ' LI . r I iris
made coo?’%:f%%%/e ‘foﬁl? %ﬂgcai’t%vgf h b%‘@%"%‘ga |I%)ega%%ﬂfe’ %%gs@éﬁ% %ﬂefg()%ezér:ﬁ%g?t er that,
the air pdru30Baskdthusisolrdidewairthr ough t he heat exchange coil 28 inside of
the cooling to 22, to thereby cool the . 30refrigerant. Here,. in the case
of outside ai rﬂﬁgﬁ’/ﬁ?ﬁ“éhef% ecloﬁiiﬁgéysltmfmteﬁﬁ gteﬁag‘?ggtr‘fﬁaéﬁggfl%%’f% rature
of the rﬁfab'FE@d N¥ervee Qubliinyddid eeri@athe@iCbRpERNGed 4t 28s of thel s possi bl e to
cool the refrigerant w thout using heat source equi pnent which produces

col d  waewporaters 20Femd 28N whishgaol exhaus Sinae HEHETGF 1orBerEPReCdr 28 He
refriger @ﬂ#cth: i% a ggxperrﬂ)ge%@eﬁatﬂi%%fttgehmr 80 ih haaQRaddesil theBvfordtha heat

]
exchange e rency int eat exchange coil, whéen the tenperature of the
out si de ®impermuregdae tefrigaraitonede ofthn et&OratosA XhendhY bajuses fi ci ently
perfor negpplﬁgiixqgatéf}o |1¥°(E perAP’%I. side air.

20 In the refrigerant natural circulation system, the temperature of the heat

exchange coil 28 inside of the cooling tower 22 serving as the condenser needs to have a
temperature lower by approximately 2°C to 6°C than the temperatures of the evaporators
20X and 20Y, and hence the condensation temperature of the refrigerant inside of the
heat exchange coil 28 serving as the condenser requires approximately 12°C to 18°C.

25 On the other hand, in the cooling tower 22, low-temperature outside air in winter
seasons and intermediate seasons is used, and further water is sprinkled in the low-
temperature outside air, whereby the low-temperature outside air is made cooler by the
heat of vaporization of the sprinkled water. ~After that, the air thus cooled is blown
through the heat exchange coil 28 inside of the cooling tower 22, to thereby cool the

30 refrigerant. Here, in the case of outside air having a temperature lower than the
condensation temperature of the refrigerant required by the heat exchange coil 28, it is

possible to cool the refrigerant without using heat source equipment which produces cold
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5In addition, the cooling tower 22 is provided with a control mechani sm 42
whi ch maintains the tenperature of the refrigerant liquid at the exit of

t he heat exchange coil 28 constantly at a predeterm ned val ue. The
control nmechanism 42 includes: a refrigerant liquid tenperature sensor 44
whi ch neasures the tenperature of the refrigerant liquid at the exit of the
heat exchange 10 coil 28; a bl owi ng anmount adj ustnent device 36A which
changes the nunber of revolutions of the blower fan 36, to thereby adjust
the bl owMaETanBumgensrel deigh.dheeondepsasionteRpeRRIPiereffigarastist o the heat

exchang eiah@ﬂ%}in%%ly gg‘b B POl rag(li in%on%@e%‘%fliigﬁ ReGdaPbdnhige HReIhEg; unt

adj ust ne evi ce A on thé basis o nmeasur enent tenperature of the
r ef ri ger beut ek¢lpnge coibmpenahetempsensmrof4ie outsids hvus dquaétnartledet than t he
control l e, 46 15may double .as . the.controller. 17 anpd as illustrated in Fig.
S he oL P PRRE s Rt BT IoRget shse 255 b MBEHoui ded separat ol y.
In the present resddaibnyeidt coollfg eov d2122d8 piodvididweith @toiithe ntbenivheneykide
controllers are provided separately fraom_each ot her. Next , .
descri pt P8HtIgs ﬁle\i@ﬁp"éﬁm&%og@ﬁ irefpigerant hguid gbihersgitof dhechsat oxqhgpeg ¢l 28
el ec”on.i:cﬁls%ﬁﬂg%?élﬂ?é@e{é&nhﬁﬁv% figuration as described above. 20The

I gqul

refrigerant I's vaporized by the evaporators 20X and 20Y, whereby
hi gh-t enper at utke exttalistechatismaid? ifclodest hecfogerant liquid fenmeogheedenson 44he ot her

hand, the,cooling tower 22 cool s..and.condenses, the refrd.gerant _gas fromthe
oo mnor ot BPERTast ik WelenbhrfRE R B R RRRS TRRR 8 PP Rl exdRRgl { P
| i quEj i egbil 28;rd Wewaip arhduiiy bdjubinQns dedva3 62 withéh ehaapertat aumbalof and 20Y by

gravity. As a resuylt, the natural circulation of the 25 refrigerant is
formed. meRitiophet tsdloverrfan 39,70 tharphbpduitike @PW%%@%%@?@%O Be Bl by

the tenpgpalHEBIGRITH 56 fooke ABS e%@%ng%%@ﬂ 28Sand NEorfidilet BERBE AL dhaSlsaf ter

the exhaust hot air fromthe servers 14 has been cool ed by the evaporators
20X and theYlowingtamsunt adjestment deyiideet6 Al gn therhasislod themedsursmend tempeagdtuest i ng

val ves 2 nd- 25Y . b i t f e refri t gas
fl ow ng 5{#1 gﬁgfﬁlg? Iﬁ‘é’{ ﬁ?‘%gs%g%élf%ﬁ%ﬁég&é%ort at It %’\gugﬁe %(8&% {eh%gglrezcto %{rrglggr%@corre a
t enpEs at mae deubleed tliecconbrellepEr, ahd agilknirated imBigt 1pthe chetraléarvérfsr thd. Thi s

val ve control enables the air  tenperatur fter the cqoling, by.the.

evapor at AUTEARVEREE BBy OF 8BS ERRRIED oo PIcseR! SHORRUER Lt e
control bigeRBf R Whtehe aslittdtleisNFe BrvidddsepaiarlPromh@ch bhet.d pi pi ng, and
hence the evaporation pressures inside of the evaporators 20X and 20Y

fluctuate. TheNeXtudesgapliomis siveneiapcaction shthsraosking eystamd@ f9it88l ens that the
natur al 81%&?&11@gé\?gengéviﬁﬁlerc%ﬁg]g%{iﬁxg&s BECAPRP L abl e and that a decrease

in evaporation erature no n necessary Is caused and accordingly
a colsi der abl eThemfegesentiliquidispapatizaddytthe ehaporabrsi 2§ antt 2G4 svlzretiyhe exits

of the eyapqrators 20X an QY occurs. In.additiop, algn i t.h decr ease
" evapol AR R PO AbvREE Mrtierid 3 FOORE, B B Pl dBe of 1 ne
evapor at esdingQdwainzl ZédYs araébnidbiyas tyrefibeedrs @hy fraff tae bvigoeats 820 anti4 Whi ch
is a precision machine., 10l n_view of the_ above (Lrn the present invention,
even whetOY kR terdy liauely Ge reffigerat gasganchibe hapghis ef%g%@ltélﬂﬁﬁf flaws foVE he
evapor at Oy §e 2026 ARErs2OXK At R E?'ﬁ%? olalsedte M, tiEndrb@VeitRIKiAUMRL T NG
val ves 25X and 25Y, the condensaftion tenperature of the refrigerant gas in
t he 2ol iafiggarantas fateds dben,rthé cadrodler 4% mysitorsghé hinderperatures measured

by the temperature sensors 23X and 23Y, that is, the air temperatures after the exhaust

hot air from the servers 14 has been cooled by the evaporators 20X and 20Y. Further,

the controller 17 controls the flow rate adjusting valves 25X and 25Y to thereby adjust

the flow rate of the refrigerant gas flowing through the liquid piping so that the air

30 temperatures become a temperature suited to the operating environment of the servers 14.
This valve control enables the air temperatures after the cooling by the evaporators 20X

and 20Y to be properly controlled.
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That is, the controller 46 nonitors whether or not the condensation
tenperature 15 neasured by the refrigerant liquid tenperature sensor 44
provided at the exit of the heat exchange coil 28 fluctuates with respect
to a predeterm ned tenperature. Here, the predeterm ned tenperature may be
set to, for exanple, a condensation tenperature necessary to allow the
refrigerant to naturally circulate in a stable manner. Then, if the
measurenent tenperature fluctuates with respect to the 20 predetern ned

t enper at ure, tHeweamnithelvhlee cdftreldsntmn operatitreobhidwiting aeanvsistancese] the tigwidt

device 36A of t cogling tower 22, to.ther chan of
revol ut i R EE" @cgﬂm\fgp?gﬁg@g{esgﬁ? £0) 850? gﬁl et%vgp%ll%govr\% ggxgﬁggﬁ? for
cool i ng fli@udieat Texahangenseh bvaBradntpiadsutchausenstblcanahit thengeraat ur e of

the refrigerant liquid tenperature sensor 44 beconmes the predeterm ned
t enper at Gifelatpg|of thqredriggagat bepompas ustable §id that 1decienss & SERPTEPNf t he

evapagy atQ 8%@%8%1&913 %r%’neE&esa&QF‘gﬁﬂ;@@%ﬁ&)Qcéo?dfﬁ%&aatdb'il§id@1fabie11fecféa§)é inng tower

22 is cont so as not to“fluctuate, whereby the fluctuations in
evapor at feompepitws i e refrigenant @esipicha txitsofXbXevapdratorg 20Frend2Slpgessed.  That

is, wh I i. [ .of th | 22.
er | mi nat Bereditory Soatife Py b SRR F PRk PErbRs, dlh Qe Rphio

Pr essur ecaukétton Surfdies SOMatewipratolsr X0X aid 20 Gindttheén maf bdgesadpbffecahd hat t he
natural circulation of the refrigerant can be nade stable. As a
resul t, serverd4ppkish i &PReEiSNAMINeai ntai n the natural circul ation of the

refrigerant angl 0y RF BYEHovE W HRORESERS AlveRfiod, 'e98h RBER theCBte Be BPtHeE

surfaces of the evaporators, even when the flow rate of the refrigerant of
t he evapefagaas 120K @it spOMi¢dtowtht veaporrionsd0Xeand 20 evabisotontiglled BY em
havi ng the yefrigerant natur (N | O e noted that
it is po@g if[gﬂweraf%a({%%ﬁ@ggﬁé)"r%%??(; ngczlsﬁé{? {ﬂ%en%ngéésiag%(t)e% 6%%€%ﬁf3%%uati ons in
measur eneiifigdraitpas af theeooling toevet €2 fis genwiied ko qunat tb €priatet ur e sensor 44

with respect tgo the predeterm ned tenperature allows the controller 46 to
perform contr oThaéh%t%ﬁ"FQPér,OﬁSﬁ F’PnV%rSﬂYP]?I‘ abpet 418 CQiy en?ﬂlé)nfr}?’a@?ﬁﬁ fon

t enpgy at PEsusQ BPihe Qe fretanMibiidlemp GhtueX SHROE44 Floviied bhthe®R1t of ENEIRAAT Ur €.
The sane holds true for enbodi nents of the 10 present invention described

bel ow. [ Sebanar @ibBuilwaimicowith resppetde amredetsravqddgmperature.  Hegg, the s g
concent Uglead A dddiahfAhhnGe 8 (OUST Bldm A0 JBHERLGR RlpefariiRCOnd
(0] m t

enbodi nment e cool1ng syste for el ectronic device, and
i |1 ustr ahessstahetocdkey thikeefeigarant tocndtanllpnirdulete in ypeabboombhnmeg. t ower is
provided as t hfhe%r,) PaLé En%%s&@ringn tgr(r)lggr%pusrg Pluctuates with respect to the

20 predetermined temperature, the controller 46 controls the blowing amount adjustment
device 36A of the cooling tower 22, to thereby change the number of revolutions of the
blower fan 36, and adjusts the blowing amount for cooling the heat exchange coil 28 so
that the measurement temperature of the refrigerant liquid temperature sensor 44
becomes the predetermined temperature.

25 In this way, in parallel with the valve control of the evaporators 20X and 20Y,
the condensation temperature of the cooling tower 22 is controlled so as not to fluctuate,
whereby the fluctuations in evaporation pressure of the evaporators 20X and 20Y can be
suppressed. That is, when the fluctuations in temperature of the cooling tower 22 are
eliminated, it is possible to stably maintain the pressure on the high pressure side in the

30 natural circulation of the refrigerant, so that the natural circulation of the refrigerant can

be made stable.
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15t he refrigerant gas. It should be noted that el ements comon to
those of the first enbodi nent are denoted by the sane reference synbols,
and description thereof is omtted. As illustrated in Fig. 2 and
Fig. 3, a coupling hole 30C is opened on a side surface of the cooling
tower main body 30 on the take-in port 30A side, and part of the 20 exhaust
port 30B and the coupling hole 30C are coupled to each other by a
circulation duct 38. Wth this configuration, part of the exhaust outside
air Y whi ch haAs aresilicit éasmssibtecioptabdy mamtaindhd satecheinsdainfefdhe t he exhaust

port 30B passes through the circul at.ion duct. 38 t Cl | at o the

vi ci ni t yGFeLHY apgﬁ%p%ﬁer&fﬁv %%‘ﬁ?nsghan ﬁré)ﬁ% el?%gauesg%gﬁgfe %lg g']% gq}é%r Y and
the takefrapBra@ith, v wiieh the A6 rite %€ theweiripeeat bf tichwtpord®ra2@6 anég0Vtis t he
outside air tenperature of blown outside air. . Z which is.bl'own by the bl ower
fan 36 tYrlvgreonieodied dx thepogling systen daying thegefidgerant naturaljgireplafign system. ¢ j g

pref?’ abl e thaf o Bigd Ba50RUHRKAG: € PoVdbIE b ﬁﬁkHEﬁﬁoEﬁﬁ%étﬁﬁg@y%Q%ﬁMh? 20X
0 e wall of the

and 20Y to the cooling tower 22 penetrate through a sid
ci r cul at flactudions iBBicapaementhenpehturhef thaseftigersnt liged ¢¢mparntare seaseitd 38,

cont i gur SLRGRPeiidp RN SHRE TGRS prpiery Ba e it AR Al neffpilobitof 1 <

ci rcul at amndriluec in BB is preebriln esdiead flevtehnngemperagiré seaetotfalt withid,fomed
bet ween the exhaust outside air Y flow ng through the circulation duct 38
R

and t he examlerlantof daesset fespenaiuenr Jhgama dolsadrus;for ergboimens o6 the ngly, it

i's si Dok hviBESn HALABEd BRlogOUNt of heat which is absorbed by the
exhgggt Stesnf ealr 'y fcromt 8 heat exchange coil 28, and hence the exhaust

out si de Etecond Fmbodigneat oEtinpdresent laveitgndr t han that of the exhaust outside
air Y exhaust fromthe ex st _po C 5. i Y| aken-in
elgilg. Ach] ?9{108%?]? (#i%%ral% dilg%tﬁalgglrg a?ﬂ)\}gfall colﬁhggqungﬁ %Pa tsl&ggg

outside air X appar at us rov in the
mi ddl e oémbédiment sfithatoslihgdysten3H) foanisk ¢lbearonixdevicea and iltusfrates thediasg t he

case where the m xing anount is.zero) of th xhaust outside.air .Y to be
m xed wi Wherteﬁé’l’tcéﬂé’é‘ﬁnidﬁcm%%‘gm&iww)% 1%”%1‘6??@ SeHie BpPALRE ST RFPAESED eni ng
degree ({h@qgﬁl%ieﬁgt %&e case where the opening degree is zero) of the 10
danper apparatus 40. Further, the cooling tower 22 is provided with

the control | erltaboulfhbemotedrihzteleametizcampon i these of the fasterbodiregisi de air
Y Tlow n@ef-r}o?{]ﬂﬂg&e DEe ?%&&HL?%I%%% d%ﬁ:frﬂ)%ﬁﬁm ofQk ofdieqdanper appar at us

40 so tha e “condensation ture o e refrigerant gas condensed by
t he heat exchaagéhstnied28 FigeComdFig Ipredeplénglioled0C enpranad ona.sidks Here, the

P LB R S RS R e BB SIS,
t he myapefah&por2iDB antthd@¥uaitt Rdle 360atd agipledviBeadPothar tshe ceaditiong syst em
of the present invention. . Dy :

' duct 38. With this configuration, part of the exhaust outside air Y which has an

increased temperature and is exhausted from the exhaust port 30B passes through the

circulation duct 38 to be circulated to the vicinity of the take-in port 30A, and hence the

exhaust outside air Y and the taken-in outside air X are mixed with each other. Asa
25  result, the outside air temperature of blown outside air Z which is blown by the blower

fan 36 to the heat exchange coil 28 increases.

In this case, it is preferable that the gas piping 26 which returns from the

evaporators 20X and 20Y to the cooling tower 22 penetrate through a side wall of the

circulation duct 38, pass through the inside of the circulation duct 38, and be coupled to
30 the entrance of the heat exchange coil 28. With this configuration, part of the gas

piping 26 is housed inside of the circulation duct 38, and hence heat exchange is

efficiently performed between the exhaust outside air Y flowing through the circulation
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Then, the controller 46 controls the opening degree of the danper apparatus
40 on the basis of the neasurenent tenperature of the refrigerant liquid
tenperature sensor 20 44 provided at the exit of the heat exchange coil 28
so that the neasurenent tenperature of the refrigerant liquid tenperature
sensor 44 becones the predeterm ned tenperature. Description is given
of an action of the second enbodi nent of the present invention having the
configuration as descri bed above. It should be not ed that, as described
above, t®#eat33and theyefigeryysaes Bowing thrasahahe gasyEpmaRoi s Aceprdinghyedhisi n

out si de ai t e Z, and
t hese ar lb eté)tﬂg%ﬁ%%ﬁ a&% (ﬂ%egd ‘th]ﬁ% IMOHQQ#S el%u%tﬁd‘%ﬁ?gé%g air X
refers t ﬁromuhs heket eachange seil T28 ydniddfentstheakbansi nutside mltYl baviag e-tempgroture 30A.

fan 36t Bebrabbaer ehieh akGust S dadit L rEadlel e B ndke s PR QD cedfei "

out sigle gill,{edxv@%qapéﬁdm%ma@grmr in which the taken- 30 in outsi de air X
and the exhaust outside air Y are mxed with each other. The_ exhaust

outsi de air Y Ineaddition; a damper apparsitys 45 ivaeyided mifhe wuddle of thesdicylatips af t er
the blo S e coil
28 and nOst haaiine Biking AARBof ARRUBE M CORE Mier i Wy iR AR B
start of thbmthobutsgleayts‘f cembaﬁuxddheitbﬁmtak@ temrtede af th@dﬁlatrpéwy appar at us
40 is set .to.zero (closed st peration.is.started

atate. cadiig (S obfuts Surpe B dhaing B ate oerLBE ORGP gR B L RelBa i o o
20X gnd @ihpdr@ bmtu@qgl ing tower 22 through the gas piping 26 is cooled and
condensed by tﬁe taken-in outside air X taken in fromthe take-in port 30A

by the bl ower Fathesahageolingdowst 8¢ isspypyidrd @/dthﬁi}e eoralist fhRyhash eomtroly | e
flow ng f hpr ?r”&Ean'?S Rk nft BRRAR o ‘BDYlﬂo%\g% @t cibfaGaPlidgsthywer 22.
S ed | 10

As a resu r|gerant gas i i que to the refrigeran
| i qui d, mndlsfdfdhsdampmpanahs 40i squhat the mn‘iyn%mdemeersmm)bf the refoigetant

evaporators 2 and, the i.r Z which

has come®?3it° 8 ‘flgx%hwqaﬁ%f%n%ee%‘fl?g({éﬁco%eg a reﬁ?et ﬁ1tg)gl%h‘?(@e}‘at fromthe
ref riger Hete, mré@tér&nﬁe@mmp@mam ey e, dtbnﬂ’xemp&ﬂd cbﬂ@emmmﬂ he exhaust

outside air Y to be exhaus

k L .the _exhg?éf P ﬁOB 1 In addition, the
t enper at PPEBHUTERECTEIY| G AHANIDG Tuedant ig st "(’J@at‘? %twl*?@éf CSVRRYAWES coi |

28 is meagunLRd2BY dhlthe @Jcﬂing%@atzi inQHé Goélﬁ@%%t%h%ﬁh@ﬁfb@éﬁt id¢enfibRVi ded at
the exit of the heat exchange coil 28 nd thé neasurenent tenperature is

sequential |y tFhers e controtler 4theonsiolt the IOPél’liln& gegren of e damper snaratus Ho
measur engh hecp%?g%'% gas%f‘er{l%ﬁ tcrngégrﬁtg Sthe géﬂgé&nf 13(811?‘(]@5 (ftr'ﬂﬁl% dhSr

predet er m ne tro er 46 ofens anper appar at us
40, 2nd 44 pmvlicmdeﬁ t}maerxnt affth¢ heatextimnge coil 28 isd ehanithe m(edrsamnmglt tampengneased
tenperatu to.the vj i.it of, the tak 30A C|rclat|on
hoor5e, oF Gerrimienny! il eSOt B e gt hibdieTipk

outside air X Destiipbigh is £ien 6P soh&T thbsecond E:absditeat &ff the progeimt of t he
exhaust outside air Y flow ng through the circulation duct 38 by neans of

t he openinvgniguyhaingbscenliigyptiomeas @Féﬁ%@d 39p8r at us 40 so 25 that the
reasurerent ! CHRESR %%%o[%a:ﬁé’tr sdady lﬁézﬁaﬂo%reh&%ra%@%mée kot SRREE &t ur e

sensor 44 becones et m ned tenperature
25  thatis, the taken in out51de air X, the exhaust outside air Y and the blown outside air Z,

and these are selectively used as follows. That is, the taken-in outside air X refers to
outside air itself which is taken in from the take-in port 30A. The blown outside air Z
refers to outside air which is blown by the blower fan 36 to the heat exchange coil 28,
and involves both of the taken-in outside air X alone and outside air in which the taken-
30 in outside air X and the exhaust outside air Y are mixed with each other. The exhaust

outside air Y refers to outside air having an increased temperature after the blown outside
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Then, if the neasurenent tenperature of the refrigerant liquid tenperature
sensor 44 fluctuates with respect to the predeterm ned tenperature, the
controller 46 controls the danper apparatus 40 of the circul ation duct 38
formed in the cooling tower 30 22, to thereby adjust the tenperature of the
bl own outside air to be blown to the heat exchange coil 28 so that the
measurenent tenperature of the refrigerant liquid tenperature sensor 44

beconmes the predeterm ned te_r’r;l)erature. ) In this way, in parallel
Wit h t heaiyglhae cematrioconict Wish dediset anchprgexepd Zhendlpgt hasheed sxehansed i on

t enper at%peb?{we%{;e cooling tower 22 is controlled so as not to fluctuate,
wher eby e uctuations in evaporation pressure of the evaporators 20X and
20Y can be supPRefessthd opdiation start oftiencdohieg fslystemuld, tlempenimgtdegpendther e of t he

circul ation duct t 5 cooling towe are elimnated, it .is.possible to
St abl'y iR ARPHRYS 3PSt e gl (RS R BE LB R a rr i hR RS

ci rcu at TRA i9fthd Rrig@hnt A8 kdidh refi@nd fai thé evApRiatoal 20K 4nauloat icohe of t he
refrigerant can be nade stabl e. As a result, it is possible to

stably negodingitewern thequghahe sasripingt264m cotled ped perdenssdrbyithe skent® pr event
d densat i ' f :
ew con &Rglafé 'aﬁ'k {a!kgmxpﬁbxfrﬁglthﬁ ?a‘féﬁﬂ PBH 3%@%}5%&% bﬁ’ﬁi\gé 124 35084 &R &Azigxgor ators

even when 'ow rate o e refrigerant evaporat ors and 20Y
i s val vesprmidteddyl the sprinklée34; ediilerflpvayg theougtathie hgatt dxeharee cod @B8ansidmaf ur al

circulatjon system hird Enbodi.nent.of the Presept.lnvention Fig.
Lo R CoRBE oM 33y wht arrigt PETEHLEHR BoerAIe e TR PR a thir
enbortj MeR§uidf anldoved@tduzd tBy E§@@pifing 04 td BE s@ptiel t® tHeGvaigdrhioss 260 end
illustrates the case 15 where the cooling tower 22 according to each of the
first ani0%ecOndhepbedrandnths blawp @B‘IS@éé’érg%mwthwhah%?@@em@épn?ayb\émbHI“Fdens er

48 as t hﬁea@@?ﬂaﬁ%ﬁ%o&%&%@%ﬁ?ﬁ?ﬁ éh?ﬁ%géﬂggg sacchageaél inkfeastidoul d be not ed

that el enents co ose 0 secon enbodi nents are
denot ed feympetaturs sansl eebmes theexbyusb olitsideandY de be ekiptusted franetheeikhawst 20
omtted. As illustrated in Fig. 4, the heat exchange coil 28 coupled
to the g%%né)?% ng 26 and the liquid piping 24 and a cold water supply coil
50 coupl ed to & sddittbn\Weicaemperaniry offhpaefigerant Hghiddk@efigd by thefieavi ded | nsi de
of a cold ter type conden %r ]Enai .body 49 (casi nag_%)r. Then, the .refrigerant
gas fl owXFaRgs o HReaAwR DB ERARET i QUi TG ie SOBRST 1A PERViAHLA ng
through {hRexfQlrthaflaesxheRR d0iCH, land thetk CAARRG R eRhpaththit i§86{neatiNIBf . SO

that the refrigerant gas iS cooled and condensed to be liquefied into the
r ef ri ger @ansniijtedifodthe controller Bf. t fetheagate where dhe meaoanemd derapaseaturg offthe he

refrigerant [ ' ] .| t ' in a
dat a cen’ifjé(glf1 gé}%&g{qﬁdr ﬁtlé‘?}%ge@g ﬁ{réég&ge?&@ﬁdséo etﬁ%e’e@gtggétg@%rr gg%@?&gnd 20Y
whi c20 cothke demipatigipatatasd @, had secvietes pid ofithe exbbudt ouBRRIE dinY 28@n8@nwhi ch is a

gener ol Sel ot STRELLILE Sl LB 00T L IRV SEE SR T, 200
and 20Y foafitlcb@ miRbis extaust &ltyidd 8 vt KitB4Ke taken-in outside air X.  Further, the
controller 46 controls the air amount of the exhaust outside air Y flowing through the
circulation duct 38 by means of the opening degree control of the damper apparatus 40 so
25  that the measurement temperature measured by the refrigerant liquid temperature sensor
44 becomes the predetermined temperature.
Then, if the measurement temperature of the refrigerant liquid temperature
sensor 44 fluctuates with respect to the predetermined temperature, the controller 46
controls the damper apparatus 40 of the circulation duct 38 formed in the cooling tower
30 22, to thereby adjust the temperature of the blown outside air to be blown to the heat
exchange coil 28 so that the measurement temperature of the refrigerant liquid

temperature sensor 44 becomes the predetermined temperature.
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In the refrigerant natural circulation system the tenperature of the heat
exchange coil 28 inside of the cooling tower 22 serving as the condenser
needs to have a tenperature | ower by approxinmately 2C to 6C than the
tenperatures of the evaporators 20X and 20Y, and hence the condensation
tenperature of the refrigerant inside of the 5 heat exchange coil 28
serving as the condenser requires approximately 12C to 18C. On the ot her
hand, in the cold water type condenser main body 49, normally, cold water
havi ng a t enpdnahisreayoin pasplielwiithathe Volve conigoliofthe evaperders 28XARdREOFL sour ce

equi prent._which _nro ter,. I : i 1nsi de of
the. ot onsapaferslsayerBEfifk fr 1 bupd Ry 22 P URBIIR Gl B Bificli] OB 2L
col d watwheraby the fhietibfiops ikuapdrabiyn presoure af thedvhpeatorod0X agd 80 ¥tcenmbei n

which | owtenperature ougiside air in wnter seasong and jnternedi ate
seasons JUOPEsed 1 l?l“ab‘rsoﬁ %‘?ﬂﬁfﬁ‘r‘i PGP ERRPratyre o §1§’0°1’§§13‘Ltlﬂlé dB%tﬂﬁp‘?/\at er to

be capseghqiifg ¢bw& il elifhdhA6d, ¥ is hh&iM1e tdlsthlly MhaiftdRPINE pedbire 98 thavhighh nakes
it possible ?o‘reallze an energy-Savi ng operation which does not require
t he operpressore sifle ithibe metral singnlation gfithsrefitgerany sorha thegeural psculeigedtat ur e

of the o%te?%t?%el%h{cajn%e%awgtgmghe cold water having a tenperature

necessarty condénsation of tThe refrigerant can be efficiently produced
is equal to orA$ aveultf anpckeiblé 1o stabiemaimbindieshagnral circulation of theldi ti on, the

refrigerant |iquidq tenperature sensar 44 i.ch measur the co nsati on
t enper at {fa83IARE 1 B Flbtéj:eﬁ"n‘foné%?ﬁ?é‘ﬂ% gr(?“\ll)\{’/]el% 83‘1‘?85 8 n&iﬁ %Jlrg’f’?ﬁp(gqﬁ% ndenser
48 i pr%b@@a‘t’or@}ev’éﬂ%vhl%ﬁitﬁe Qbwirhie of e refigehan 0 tHedviap@@toraDEiX an€ 00W ivat er

amount adj usting 20 val ve 52 which adjusts the flowrate of the cold water
f1 owi ng Yélvooetrdled ie leconting syserp prying she refagqrantmagyaldgulption sYS<nt of t he
col d wat gf . .CQl efrigerant tenperature neasured by
the refr &é‘?i;ﬁ;r?t’%lg%ﬁpftﬁg%’{ﬁsg?tul%gggﬁior 44 is sequentially inputted to

t he control | erFi#64 issncbrictptus! diegriaaitlestratingtanerver! qoafigttagion of a thjat ant

tenperaturge fluct es with res o t.h redetermn e rature.

25Fur t he?‘?g?%@e%#ﬁb%w‘ﬁ‘?‘gﬁ S@Bﬁﬁ&ﬂ’éhet ﬂ‘é&f(f)né Tt B¢ ﬁ?%éatgg R&ter to be
suppi§ edwh@etthecsding WREEX2 43BR1IGORACIBE OF tHSfilkyarniERESndémbdtimentks ds wat er
anount adjusting valve 52 so that the measurenent tenperature of the

ref ri ger enlaced githe cobhiyateatynecoaderssr 4312 the apRITAts Hdeh SAndERsEs Hsedet er mi ned
t enper at jige é%r%t%%ﬁ.t fluctuating so as to follow fluctuations in evaporation
terrperature% 0 e evaporators 20X and 20Y due to the valve 30 control in
t he evapor at or¥ sB@d andoRd Yhatadengenteearhmon &9 thobapf theifiystiand seepnd of t he

T A BB b oA
20  omitted.

As illustrated in Fig. 4, the heat exchange coil 28 coupled to the gas piping 26
and the liquid piping 24 and a cold water supply coil 50 coupled to a cold water supply
apparatus (not shown) are provided inside of a cold water type condenser main body 49
(casing). Then, the refrigerant gas flowing through the heat exchange coil 28 and cold

25  water flowing through the cold water supply coil 50 exchange heat with each other, so
that the refrigerant gas is cooled and condensed to be liquefied into the refrigerant liquid.

In the case where the cooling system of the refrigerant natural circulation system
is applied to server cooling in a data center, the air temperatures at exits of the
evaporators 20X and 20Y which cool exhaust from the servers 14 are set to 22°C to 28°C

30  which is a general set temperature of the server room in many cases, and the evaporation

temperature of the refrigerant inside of the evaporators 20X and 20Y requires

approximately 18°C to 24°C.
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prevent dew condensation from being caused on the surfaces of the
evaporators, even when the flowrate of the refrigerant of the evaporators
20X and 20Y is valve-controlled in the cooling system having the
refrigerant natural circulation system It should be noted that, in the
first enbodinment to the third enbodi ment, the 5tenperature sensor is placed
at the exit of the heat exchange coil 28 in the cooling tower 22 (including
the circulation duct type) or the cold water type condenser 48.

Al ter nﬁ[ i vel y, Indhprefigauan nenalarircpipsion shvom) thedgmparapreelie bspfd t he

controll er, 46 na ar.f. I : I f the
or essur bt P A hnidk I HUGBoFALIR 22 \Evift AGRSLERIRN: EA B e &

f | uct uatte@eturasows byalppbeoxihhietyt 2043 1006PE than theapoperriwwes dthe evqperadonr es of

t he evaporato 0X and 20Y due to.the valye cantrol.in the. t 20X
and 20 P 2%amgteges B oG Rias Crariy b Bewtrgeder dy AR o' o
Cpnd%nsaﬁéa%xo@l%ﬁgé&ﬁﬁzsﬂ&@@iﬁg ak Yhet&nﬁéﬁs@y\&eghﬁed’ SproOafatly 12 ratgrcal |y
circulate 1n a stable nmanner. WHAT IS CLAIMED IS: 1 cool i ng, net hod for

. A
an el ect roni ¢ @ethecaherdungringhageld water typeyeandemger {rasn pedyl 4 nagnaly,
refrigera bet n: ' ' [ nt by heat
exchangec‘%i% Wﬁ?eé;{(\lﬁglﬁl%ta%ﬁn&ggrgﬁl?é ?fr%Jrﬁrwgﬁgﬁb\é2??%?%%%@?%%@%%%8%%%0I S % t he
exhaust s_kwtce’oﬁqﬁipnﬁmﬂ“mm mbdaces @old watet, ant is @nscdatocoudlebsiasideof e dodd pl aced
at a position highe han the. evaporator, and |iquefies. the. vanorized
ref ri ger AT SUAR 091{56, Wa}kf’é?l\)’eth%%ﬁg‘é‘iam ‘ﬁﬁoﬁg@ﬁﬁdm ﬁi‘frg’ conl(t1 Xapekey |“§1he1rS ant
liquied ol deehife fda@oBNAD stindlin Whididtv-Rimpatdutlcenipadaditie af ter
heat has been exchanged for_ cooling by the evaporator (5 cones, a tfr’rsperat ure
sui ted twinger sopronaendytemadiaghsasnensds usadefor PrdLFIBAitRe & A ois used a
char act egi.266h { Dot Qe capsed to ciftlBtdihsite GPRRERRRMLRD siIPESREHWhighd a
condensat’i on pressure oA re%rlgerant gas in one of the cooling tower and
t he condenkeyrit passibdd tof lealizeurt eneegresavisigoperdi@nfwineh degsenadrequiies thef ri ger ant

1 quid tc?pe?gciosnu&pchfi: Egat tsgurtcg gqlﬁgr%%r?{ atqu rthiis. (S:as\é?gh\é?érggé}g&% I)Fﬁire outside air

15  at which the cold water having a temperature necessary for condensation of the
refrigerant can be efficiently produced is equal to or lower than 10°C in a general design.

In addition, the refrigerant liquid temperature sensor 44 which measures the
condensation temperature of the refrigerant condensed by the cold water type condenser
48 is provided at the exit of the heat exchange coil 28, and a cold water amount adjusting

20  valve 52 which adjusts the flow rate of the cold water flowing through the cold water
supply coil 50 is provided at an exit of the cold water supply coil 50.

The refrigerant temperature measured by the refrigerant liquid temperature
sensor 44 is sequentially inputted to the controller 46, and it is monitored whether or not
the refrigerant temperature fluctuates with respect to the predetermined temperature.

25  Further, the controller 46 controls the flow rate of the cold water to be supplied to the
cold water type condenser 48 by means of the cold water amount adjusting valve 52 so
that the measurement temperature of the refrigerant liquid temperature sensor 44 is
maintained at the predetermined temperature without fluctuating so as to follow
fluctuations in evaporation temperatures of the evaporators 20X and 20Y due to the valve

30  control in the evaporators 20X and 20Y.

As a result, similarly in the case of the third embodiment of the present

invention, it is possible to stably maintain the natural circulation of the refrigerant and to
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2. A cooling systemfor an electronic device, conprising: 15an evaporator
whi ch vaporizes the refrigerant by heat exchange with exhaust hot air from
the el ectronic device, and cools the exhaust hot air; and a cooling
tower which is placed at a position higher than the evaporator, and

i quefies the vaporized refrigerant; wherein a refrigerant is naturally
circul ated between the evaporator and the 20cooling tower, and a flowrate
of a refrigerant liquid to be supplied to the evaporator is

val ve- correveitided eopdensatiomior heingesnyaechenuthe surfacas of g evisperakgerfVeRk changed
for cool| r | o rating
environh%ﬁ§1@¥f%ﬁi“@%@@?égﬁﬁge g@?ﬁﬁ?egﬁg?§§§é$?g% ?qyﬁﬁxggé@ggﬁggagooling
t ower coimpth¢ sesling system havingothe kéfrigetaotweaturahcincubathn Systewhi ch a t ake-in port

and an exhaust r or oytside ai re.formed:; . eat . exchange

coil which is Iﬁglg‘?}’rtl‘éigﬁnf"r‘?giﬂﬁé’ 1Bftﬁl‘f ﬁBS?E@BPEWQEDFMF thirg ﬂnﬁ%éd]gf’,emaﬁlbe i ncl udes:

an ent r aREPeFORE 86AseH st adtdst elixidfithe RegRxyMangdcdl 281 thgebshig @a&r30

ret urni n:g%(_rom t he evaporator flows; and an exit connected to I1quid piping
1

t hr ough eHuding dhq ¢igraiation ductiype) erdhe eoldumien e e_pdepger é8apor at or 1 ows;
Faices | P RRE R, SRR BB st Ny e SRS PRl gDy v e
out si de mdrfortnosuch eotted tthaaaheasgensnt pressurd of shivguesssretshasaaiiy mhindamedha
S)r(rgﬁﬁf t o g{ehételampnle Vﬁn.reré rg%tlflght ﬁlclutllilastgnréesrc])tas § \fci)lfo%v %ci:t%g]tic?n%jig %%aspo?atpclnow ng
10  temperatures of the evaporators 20X and 20Y due to the valve control in the evaporators
20X and 20Y.
Here, the predetermined pressure may be set to, for example, a condensation

pressure necessary to allow the refrigerant to naturally circulate in a stable manner.
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5 bl ower; a refrigerant liquid tenperature sensor which neasures a
tenperature of the refrigerant liquid at the exit of the heat exchange
coil; and a controller which controls the bl owi ng anpbunt adj ustnment
device on a basis of the tenperature nmeasured by the refrigerant liquid
tenperature sensor; and 10the controller controls the blow ng anmount of the
bl ower by neans of the bl ow ng anmount adj ustnent device so that the

tenperature neasured by the refrigerant liquid tenperature sensor is
mai nt ai nﬁﬂiéﬂﬁgﬁaéﬂm_éiﬁjned tenperature wthout fluctuating so as to
follow f}uct uaglcgpﬁeé Hleﬁl‘éﬂ%fﬁé@&g%ﬁél’fﬁ & ad %F&Hggm he evaporator due to

val ve cont rol in evapor at or cdo stemfor the electronic
devi ce accor di mgutally cirenlati2g a vdfeigeant between: anteh@orrabr wgmha/rapomzﬁquhd
t enperat ure sen i S rcglgl aced wi.th refrigerant ?e ress(r sensor;

B A R e R R e e

neanss of theRehAlsONbEr; ANBBAE 0P8l Lot tnFRBIve g £ Cortienddh athich BpRRsdaEa MEASUT ed
by the refrigerant I|qU|d 20 pressure sensor i s nmintaine

pr edet er Pesiféan peberdhathgiovpraetor.| and digaefiefnghs yaperized refgReians; taﬁéaf | uct uat i ons
in evaporati 0%&19@%&&?&11{:5% AbwiaR o%%@ﬂiﬁ}&{t hgyﬁl tb%efsg@}i’&' fygpeontrol in

t he evapor at or coo system for ronic I ce, conprising:
an evapoewaiporatarsiochatveapir uemsrahtre aftef hdag) haabﬁentwycllmged é)rccbah@byvﬂteh exhaust
hot 25air fromthe el ectronic 00l s the and

a cool i ngPEIREY RIFPRRS f L-MRLTUTE Sét‘fte‘itop%ns?l?‘?r%tﬁl%?ndﬁgpn’% %%E“%EI%%%IB%; at or,

and [ quedii@s chdifctéaRa inzRsh: ref ri gerant; wherein a refrigerant is
natural ly ci rcul at ed between the evaporator and the cooli ng tower, and a
B

flow rate of aonectfra gradansation irmReratarerBdR foBHrRsation PreARIre Ohp BEERANS s 30
val ve- coptrigloheds ﬁfé dodh %&'aﬁ%?@%‘:ﬁ'ﬂ@ﬁé&f 8o abt BictiRabvdrsnbEGR s hanged

for coolTng by e evap rator becomes a tenperature suited to an operating
envi r onmete oﬁihetﬁelgedaathqludit@b@lsmpbed te thareaspanioz sdvalve-¢cdndtolledhe cool i ng
t ower conpri ses:

2. A cooling system for an electronic device, comprising:
15 an evaporator which vaporizes the refrigerant by heat exchange with exhaust hot
air from the electronic device, and cools the exhaust hot air; and
a cooling tower which is placed at a position higher than the evaporator, and
liquefies the vaporized refrigerant;
wherein a refrigerant is naturally circulated between the evaporator and the
20  cooling tower, and a flow rate of a refrigerant liquid to be supplied to the evaporator is
valve-controlled so that an air temperature after heat has been exchanged for cooling by
the evaporator becomes a temperature suited to an operating environment of the
electronic device,
characterized in that:
25 the cooling tower comprises:
a cooling tower main body in which a take-in port and an exhaust port for
outside air are formed,
a heat exchange coil which is provided inside of the cooling tower main body,
and includes: an entrance connected to gas piping through which a refrigerant gas
30 returning from the evaporator flows; and an exit connected to liquid piping through

which a refrigerant liquid to be supplied to the evaporator flows;
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5a cooling tower main body in which a take-in port and an exhaust port for
outside air are forned, a heat exchange coil which is provided

i nside of the cooling tower main body, and includes: an entrance connected
to gas piping through which a refrigerant gas returning fromthe evaporator
flows; and an exit connected to liquid piping through 10 which a
refrigerant liquid to be supplied to the evaporator flows; a sprinkler

whi ch sprinkles water to the heat exchange coil, a blower which takes in
the outside ai m spriokhet Whichapenkles peter to thedleavexchengealodn- in outside air to

the heat exchan Yo C)ri v{/hicﬁl?q(eg)lﬁuhﬁlé hRide i ﬁh{n thE R ?)of'at)fg' B R Uken- @
? enper a% nsor Ich ne t

refrigerant |i&UI%W ure se asures a tenperature of the
15r ef ri g@aroatsidd diftd e Atattdrehadge tcodf aridreshinesad theadhfamg ehecexblanst port; a
circulation duct whjch returns part of the exhaust qutside air haust ed
fromthe exhauStPlQ¥ing ampugt WJH?tﬁﬁepydﬁ’Fcet‘ﬁglcgé Bsis Peving aéi‘?fﬂmﬁf’ﬁ@'g the part
of the exhpust outside air with the taken-in outside air fromthe take-in
port; ~a circulation air anmount adjustnment device which adjusts
an air anount ofrefrigerano ghidiemperatuss srnsel Whichengageres A touRfsatreeoidhe cul at i on

duct; and ontraller B reuyl ation air anount adj ust nent
devi ce Orﬁfrgg %’stithggbdfﬁttlﬁéé\qlggrfptégg%&%g&% gﬁggﬁgﬁ%{y the refrigerant liquid
t enper at ur e sensohirofgdvhich contrdlé eheddoningl ansrunc adjustoleat ddvececdrr £ bdsat ofon ai r

amount of the exhaust outside air. fl owi.ng.through the circyulation duct b
means of thE FRENRSTRHEA @??SHFFd;WE‘S Fraamlﬁggmer WHPEE: & t hat the d

t enpgy at ure nNBAS UEAMHIRY chitfols BeH1SRIMBHm dunfUE thetBSPATALHEM S DERFOr 1S
blowing amount adjustment device so that the temperature measured by the refrigerant
liquid temperature sensor is maintained at a predetermined temperature without
fluctuating so as to follow fluctuations in evaporation temperature of the evaporator due

to valve control in the evaporator.

15 3. The cooling system for the electronic device according to claim 2, wherein:
the refrigerant liquid temperature sensor is replaced with a refrigerant liquid
pressure sensor; and
the controller controls the blowing amount of the blower by means of the
blowing amount adjustment device so that a pressure measured by the refrigerant liquid
20  pressure sensor is maintained at a predetermined pressure without fluctuating so as to
follow the fluctuations in evaporation temperature of the evaporator due to the valve

control in the evaporator.

4, A cooling system for an electronic device, comprising:
an evaporator which vaporizes the refrigerant by heat exchange with exhaust hot
25  air from the electronic device, and cools the exhaust hot air; and
a cooling tower which is placed at a position higher than the evaporator, and
liquefies the vaporized refrigerant;
wherein a refrigerant is naturally circulated between the evaporator and the
cooling tower, and a flow rate of a refrigerant liquid to be supplied to the evaporator is

30 valve-controlled so that an air temperature after heat has been exchanged for cooling by
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mai ntai ned at a predeterm ned tenperature without fluctuating so as to
follow fluctuations in evaporation tenperature of the evaporator due to
val ve control in the evaporator. 5. The cooling systemfor the electronic
~device according to claim4, wherein: 30the refrigerant liquid tenperature
sensor is replaced with a refrigerant liquid pressure sensor; and

the controller controls the circulation air anount of the exhaust outside
air flow ng through the circulation duct by neans of the circulation air
amount aldieesapaspor beopintes ademperature syredde ap OPFeHEE erdranmank af thef r i ger ant
l'iquid PLESSEEasRasOr is maintained at a predeterm ned pressure w thout
fluctuating so as 10 follow the fluctuations in 5 evaporation tenperature
of the estepataized idthat:to the val ve control in the evaporator. 6.A cooling
system for an el ectronic device, conprising: an evapor at or which
vapori zes the'SSFPﬂﬁﬁyﬁﬁFrﬁynﬁﬁg?'exchange wi th exhaust hot air fromthe

el ecty oni ¢ devig®olial tbw@hsin b8y @xWhithta thied-inBpdrt ardhgh exhaust port for a col d
wat er type condenser which is placed at a position higher than the

10evapor euteide airiee forgeés i es the vaporized refrigerant; wherein a
refrigerant i s SAbULAbNecddiChith SpROIMRERiGdSE BY BPALR! BleARdid RRyCO! d
a a e o dtob

wat er type condenser, oW ra arefrigerant 7iqu
suppl i edardinthdeewapotrate@rconsectal toegas pifiingthreghswhich atrefugerant gasenper at ur e

after heat has been exchanged, for cooling by the evapqrat.or becgmes a

t enper at (& L t?‘?é‘ﬁl r&feoevé'ﬁo@gcggﬁ’twsnﬁn‘g%F’f‘gﬁ?%ﬁfte%%quﬁﬁ@l%f’%&w | ¢ devi ce,
char get efhz8G reftidebad liquid to_be.shﬁﬁimbdhél\@iv?ﬁbra&&ﬂﬁ)vmndenser includes: an
entrance connected to gas piping through ich a reergerant gas returning

from the evapordapsinkler siich s VealaTito ehsrfet edaReF $9ikui d pi pi ng t hrough
which a refri ge‘lr\,@%’# \IgEféhQaﬁeg llli)?l " Rl 89{11091 28 0inHRPRHWihd tlos. and

i's a condenser tains co nergy for condensing the refrigerant gas
i nto theinraftsidgair tamthelheguixghimgeusilngndethdustatherainhipmithe sxhaypidred to t he

L e oo s o g RRsE D] Houtd RrbRaRur3Ror SRR MeRbRL MemBRTnt LSy g ¢ Vot er

15  refrigerant liquid at the exit of the heat exchange coil;

a circulation duct which returns part of the exhaust outside air exhausted from
the exhaust port to a vicinity of the take-in port, and mixes the part of the exhaust outside
air with the taken-in outside air from the take-in port;

a circulation air amount adjustment device which adjusts an air amount of the

20  exhaust outside air flowing through the circulation duct; and
a controller which controls the circulation air amount adjustment device on a
basis of the temperature measured by the refrigerant liquid temperature sensor; and
the controller controls the circulation air amount of the exhaust outside air
flowing through the circulation duct by means of the circulation air amount adjustment
25  device so that the temperature measured by the refrigerant liquid temperature sensor is
maintained at a predetermined temperature without fluctuating so as to follow

fluctuations in evaporation temperature of the evaporator due to valve control in the

evaporator.
5. The cooling system for the electronic device according to claim 4, wherein:
30 the refrigerant liquid temperature sensor is replaced with a refrigerant liquid

pressure sensor; and
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a cold water anount adjustment device which is provided to the cold water
25supply piping, and adjusts a flow rate of the cold water to be supplied

to the cold water type condenser; a refrigerant liquid tenperature
sensor which neasures a tenperature of the refrigerant liquid at the exit
of the cold water type condenser; and a controller which

controls the cold water anpunt adjustnent device on a basis 30 of the

tenperature neasured by the refrigerant |iquid tenperature sensor; and
the control | erthe epmtralles confgols thavpircatasiop pirameousp PHIhGSKBRUSE Butsiedippl i ed t o

t he col dﬂéﬁ%gtb{&rqgﬁ ARCAHSNERL % ‘%‘éﬁl@énd@(g )}B%‘ﬁir&ﬂétﬁm f%ﬁo&ﬁ%ﬁfsﬁﬁéﬂt%t ment

devi ce soO tenperature nedsure e refrigerant |iqui
t enper at deviceserthara pressus measunatbatheaefpigethat Bqwid pecksursrspasoaiumeingdindtout

fluctuating so as .to,follow fluctuations in ev rati .enper at ure of
the- evaptiratetdaun kPt b g sk B 55 BRP e HMhealFELS) g

syst em félfag)bfb_%ﬁ h@fpdrAMtLofTiBY e ora 60wl tdghé 0alot abidl in Resv@psratorhe
refrigerant liquid tenperature sensor is replaced with a refrigerant liquid

pressure sensor; and the controller controls the flowrate of the cold

wat er flgw ng rou I p MAipi-ng by nmeans of the cold
wat er arr(tg))’unt aé}éagffﬂ%%{s&g%gﬁcag ei%tﬁggeg%F&%%ré reasured by the
refrigerant |iauéchppragssuhiech sgnsizes the raftigetaat hy Heattexehamge o thegxiiawns dot
pressure wW.t hout fluctuating so as,to follow the fluctuations in

evapor at Fi6 Pk §Ie§ﬁﬁ?‘§ f”_cgh%’%e(i?gbgotgﬁf”gl?auaﬁémtag’ fnﬁaue val ve control in the
evaporator.  a gold WierGPsd Edidesdes Wil ©pldche aed peditienhigheletag theaccording to
claim6, wherein the 15 water supplied to the cold water type condenser is

cool ¥Y bgvapsratey. aud Kauedicathe \aperzed 1edhgrastit ure of the outside air is equal

to or lower thaR. QG refrigerant is naturally circulated between the evaporator and the cold
water type condenser, and a flow rate of a refrigerant liquid to be supplied to the
evaporator is valve-controlled so that an air temperature after heat has been exchanged
for cooling by the evaporator becomes a temperature suited to an operating environment
15  of the electronic device,
characterized in that:
the cold water type condenser includes: an entrance connected to gas piping
through which a refrigerant gas returning from the evaporator flows; and an exit
connected to liquid piping through which a refrigerant liquid to be supplied to the
20  evaporator flows, and is a condenser which obtains cold energy for condensing the
refrigerant gas into the refrigerant liquid by using cold water which is supplied to the
cold water type condenser via cold water supply piping; and
the cold water type condenser comprises:
a cold water amount adjustment device which is provided to the cold water
25  supply piping, and adjusts a flow rate of the cold water to be supplied to the cold water
type condenser;
a refrigerant liquid temperature sensor which measures a temperature of the
refrigerant liquid at the exit of the cold water type condenser; and
a controller which controls the cold water amount adjustment device on a basis

30  of the temperature measured by the refrigerant liquid temperature sensor; and
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the controller controls the flow rate of the cold water to be supplied to the cold
water type condenser by means of the cold water amount adjustment device so that the
temperature measured by the refrigerant liquid temperature sensor is maintained at a
predetermined temperature without fluctuating so as to follow fluctuations in evaporation

temperature of the evaporator due to valve control in the evaporator.

7. The cooling system for the electronic device according to claim 6, wherein:

the refrigerant liquid temperature sensor is replaced with a refrigerant liquid
pressure sensor; and

the controller controls the flow rate of the cold water flowing through the cold
water supply piping by means of the cold water amount adjustment device so that a
pressure measured by the refrigerant liquid pressure sensor is maintained at a
predetermined pressure without fluctuating so as to follow the fluctuations in evaporation

temperature of the evaporator due to the valve control in the evaporator.
8. The cooling system for the electronic device according to claim 6, wherein the

water supplied to the cold water type condenser is cooled by using outside air when a

temperature of the outside air is equal to or lower than 10°C.
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