COOLI NG METHOD AND COOLI NG SYSTEM FOR ELECTRONI C DEVI CE BACKGROUND OF' THE
| NVENTI ON Field of the Invention The 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 roomby naturally circulating a
refrigerant between an evaporator and a cooling tower (or a condenser).
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intensive state. The el ectronic devDE¥I&HE: installed generally in a rack
nount system that is, in a systemin which the electronic devices are

di vided on a functional unit basis to be housed in a rack (casing) and such
racks are stacked on top gRok@euanmyOFerHENN&BRapioMet . Then, a | arge
nunber of such cabinets are arranged in a line on a floor of the server
room These el ectronic devices require a given tenperature

envi ron ﬂﬁdBP@eqnﬂgﬁgﬂl operation thereof, and if a high tenperature state
occurs, as a systemhalt may be caused. For this reason, the
serves room i sTaeptasedtlieckntyn aélntes omdicoolory mgthadegdip prelmg soteas faranhave t he
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continues to increase, and the running cost of the air-conditioning
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vari ous l.odgi L.clent I | ectronic device have been
proppsedgaﬁggggggbg(g%gkgﬁi%h%?ﬁ@u%%Fgggféﬁgggﬁfﬁternational Pat ent
APpllcatlon No. 2006-507676 proposes a nethod of locally cooling an

el ectronic devijce ormng a closed | oop flow passing through the
eIecﬁéonk%?ﬁﬂﬂﬂg%géﬁkﬁgﬁéggﬁgﬁ the closed loop flow with a heat exchanger.

In a server room, a large number of electronic devices such as a computer and a

server are installed in an intensive state. The electronic devices are installed generally
in a rack mount system, that is, in a system in which the electronic devices are divided on
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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In addition, a nethod of cooling a server roomby floor blow out air
condi ti oni ng usi ng package air-conditioning equi pnent has been al so
adopted, hut in order to suppress a local increase in tenperature due to
exhaust heat fromthe electronic 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 blow ng power required for
heat transfer to the air-conditioning power is high. Accordingly, howto
reduce the hea r r oS 41.11pO M SR ' nmeasur es.
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tenperature at an exit of the evaporator may occur. There is fear that this
consilder ablosntelthe sefeigemnt bapdiabe peppiied thBiegvpporgiorihgalegspFaledr causes
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caused on evapor at or, ere arise n only a probl em
30t hat dewasoade sl febsasevhitocthe aclver ®ehy oS uisslttthe setvectoponis codiseliase and

accordi ngly }he rel ilébi i tx i S glgteri orated but also a problemthat an
energy | 6885 fOPeR S EMBCRYEsRPEsd&nsat i on occurs. Mbr eover, in
the case wher e Hdwevegfthd gav@bdntid haah wiedhdnisiaiin edici thd floet mveest thée
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{ ! : A . It
ter m8Oof reffigenali a0 usid Bhchspeinge BBt IRSRIanee Hﬂ%‘?g GOt BrighEN y i ntai n
a press urr@tﬁ%'efafn? fERce PRLVRRA the FEfiLE9RN PRlraCARIEARAL IR mSIndehitk e cool i ng
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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.



5 low pressure side and a refrigerant evaporation side (the evaporator)
corresponding to the high pressure side, and the condensation pressure and
t he evaporation pressure follow the condensation tenperature and the
evaporati on tenperature. Accordingly, if the evaporation tenperature
fluctuates, the evaporation pressure also fluctuates, which thus leads to a
probl em that the natural circulation of the 10refrigerant becones unstabl e.
The present invention has been nmade in view of the above-nentioned
circunstances, I\/Pdil?m;e?,q{let‘lflf’éa%e NaRrAhe PP B ant B REAYIIFBIrdu1sRAlbeReciRAO0Od and
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whi ch vaporizes t refrigerant at exchange with exhaust hot air from
t he el ectomdunsatobememperagird and Blessvaheratigh samspersfore. ai r; and one of a cooling

tower and a condenser .whi.ch is placed at it i

evaporator, an CF?rziﬂ'égle’étﬁ’tel‘Fé’aPlgrﬁﬁ?l? éllpelr%?&’?fzuectrt%an%f maeg%%é%ﬁtaggf_?géé%ﬁrgl l'ing
a flow raflg Micuatdsehhiciah@leads @ui gtoblenb@astipphives dioulatien 35tlevapor at or  so
that an air tenperature after heat has been exchanged for cooling by the

evapd? at mffiﬁé@@mogle@é‘ﬁﬁé?lﬁture suited to an operating environment of the
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a condensati on prgssure of a re?rl gerant gas in one of the cooling tower
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rate of refrigerant and can prevent dew condensation from being caused on a surface of an

15  evaporator, even when a flow rate of the refrigerant of the evaporator is valve-controlled

in a cooling system having a refrigerant natural circulation system.

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.



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 with the valve
control of the evaporator, one of the condensation tenperature and the
condensati on pressure in one of the cooling tower and the condenser is
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pressure of the evaporator can be supprpessedl. a’result, 1t 1s possible
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prevent dew condensati on from bei nchaHsed on a ?H{fa e of the. evapor at or.
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corresponding to the | ow pressure side of the cooling systemis controlled

so ad0noteftigerantizndiatsevenh dewispnienspisorpbem ising eayset abp yuiteierfdih t he

nat ur al %%Colt‘%t%}i on of the refrigerant. In addition, because the
condensat’i on tenperature follows the condensation pressure, when the
condensat i on t diperaiaritéon recsond meldeed tisoevaponadr it thef teficganattenatursl i s
possible to stably maintain the natural. circul atign of .the refrigerant.
251 n addiclPYALIOR Ry 45t op HeCGHIERRIOTP S LR THePHEREr *8han t he
condenser;ffabgbigMemsht BevRERs SfERpbASIrdRd dhe (d1ReREAPOTRALQE, tAd pRYSirhas a
val ue hi gher than that of the condensation pressure. Therefore, when the
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device, 2pg60Q  dh@t exhadsdie NPherBby it i#P6hsible to stably maintain the natural

circulation of the refrigerant. In addition, because the condensation temperature
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.



5a cooling tower which is placed at a position higher than the evaporator,
and |iquefies 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 10t he evaporator becones a tenperature suited to an
operating environment of the electronic device; and wherein the cooling

tower COMpriSeSi, orer to achieve thetatoPChnh BGohQYEEjelBh BeRAlMspddt BhiLEHraechake-1n
port and an exhaust port Yor ‘1soutside air ar]e f or med; a heat

exchange inventiomhioyides 8 qoobug dgtien risi ateel eftranhedeoood, icagptiower mai n body; and
i ncludes: an entrance .conpected t.o S _pi.pi ng .through which.a r | ger ant
gas. returning. FGREFEOY Ao aPer e tBs et BHAR I Ny PaRhe i BN LTS

pi pi ng t BirGHgh thWhdledircaid @dvidegahd@bbolb tiglaxBatis? hbeaisymdl i ed to the evaporat or
flows; 20a sprinkler which sprinkles water to the heat exchange cojl, a

bl owe? which t aKkeslingmtoptes whighsisdéacas pt @ PeHiphBIZhek 2R G BRPORIPIHINY t he
t aken inligﬂéi?ésqﬁe%gfotr){zgd}&ﬁggr%ﬁf; exchange coil, and exhausts the air from

t he exhaust port; OW ng - anount adj ust nent device which adjusts a
bl owi ng anount whkrdihe réfrigerant isaGairnley cirgdatadbetvwegunithe ¢veppeteatandéhsensor
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valve-controlled so that an air temperature after heat has been exchanged for cooling by
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



a controller which controls the bl ow ng anbunt adjustnment device on a basis
of the tenperature neasured by the refrigerant |iquid tenperature sensor;
and the controller controls the bl ow ng amount of the bl ower by neans of
the 30 bl owi ng anmount adj ustnent device so that the tenperature neasured by
the refrigerant liquid tenperature sensor is maintained 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 (Pl{lcmati?%lgo as %%1]3@%%@3@%%&@%@3&5&)9 &in r%?é:bif til@ e?ﬂ{?ﬁ%@; Hee
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result, kbed whtomsidRhsorhQosicalYeyatiiioTtid v apbentaalibhaltess tHeCddnabilon of the
refriger ant arid to prevent dew condensation from bei ng caused on the
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refrigerant matural circulation sys i to a t%irdeaspect
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tenperature sepsar  i.s replaced with a refrigerant. lLiquid pressure sensor,
20 and t %W%dﬁg?ﬁlaf Ig}e @8&??’3}?‘36 @pﬁf%\}ﬁeﬁﬁﬂg}%@ﬁft’ugﬁmg'he bl ower by neans of
the bl ow ng anmpyntreads, Sk Fosdible @y kteblysfaihhad the nanesisdifcalafeasiried by the
refrigerant. |iquid pressure sensor is nmaintained at, a rglr edet erqr?ﬁﬂgd

pr esdur e FAFIBHARE A (T EIROT AEY SBNERESAPY ISP AR REHBUFIA R BESPERE _
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evaporat or. 25According to the third aspect, instead of the tenperature of
the refr icgmr(gl}cd ih it}qfu(qu) ing system having the refrigerant natural circulation system.
According to a third aspect of the present invention, in the second aspect, the
refrigerant liquid temperature sensor is replaced with a refrigerant liquid pressure sensor,
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



at the exit of the heat exchange coil, the condensation pressure at the
exit of the heat exchange coil is controlled so as to becone the

pr edet er mi ned pressure. in order to achi eve the above-nentioned
object, a fourth aspect of the present invention provides a cooling system
for an el ectronic device, conprising: 30an evaporator which vaporizes the
refrigerant by heat exchange w0 air fromthe electronic device, and cools
t he exhaust hot air; and a cooling tower which is placed at a

posi tion higher CBB%% ;J%@eers?lﬁed aBRHobitigH G i %?tHaH?hé’@ﬁ?Bfa%&dand
refrigerant; erein arefrigerant I1s naturally circul ated between

t he evapdiqatioss thcldapdraedmoﬁrigngmt ower, and a fl ow rate of a refrigerant
liquid to be su t he, evapaor tor i a ntroI at an air
tenperat ure. af taProiEac R PR PRERL el te g PRIS IRE Ao IE 204h0 e or
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devi ce, and wherejn_ the cooling tower co rlses 10a ool i mai n
body Pn wWAlVEtFoatrplgbsq ?hab@aalaﬁran%ﬁﬁatés&ﬁeft?é %ffb@%g OéF?O HlfgéDYf or med;

a heat exghange fQidec¥ibsh idnfp k@M A0dd kd13h 96erfing BR/iCRARlehDS thower main
body, Eﬁé]nc? ﬁles egn entr “ﬁ%e connect ed tgﬁ%rasm%l pllng t hrough which a
refri ger atectrgais degtcayaridng from t he evaporator flows; and an exit connected
to liquid iﬁgi ng through 15which a refrigerant quuid to be supplied to the

evapor at a sprinkler which sprinkles water to the heat exchange
coil; the cooling tower comprises:
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



a bl ower which takes in the outside air fromthe take-in port to blow the
taken- in outside air to the heat exchange coil, and exhausts the air from
t he exhaust port; a refrigerant |iquid tenperature sensor which nmeasures a
tenperature of the 20refrigerant liquid at the exit of the heat exchange
coil; a circulation 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 @ﬁﬁfib iR bporation tem rF)[(;:rature o tied &8 gbf’artbrodheacb haRRRURtoBiditkSt ment

devi ce usts an air a of the 25exhaust outside air flow ng
t hr ough bhquuoculatlon duct; and a controller which controls the

circulation ai t_adj.ust t devi.c ny of erature
measur ed by ¢+ nbF SR TuEPET G I B S AT aPehB SR e TR

control | esnfe@inktical for bf@eﬁtnﬁ@ﬂie&foh@éhsaﬂlcﬁn &ﬁ@ef&tu&fof&h@reémf&ihl&tgwm mede air
flowi ng through the circul ati on duct he C|rcul i r anount

ans of
adj us§neﬁ?olmdewwogbﬂ'e%&thanevqne‘ﬁherbérf @t%%filﬁlr%falgsgant ﬁé? E?ger ant
liquid tsﬁﬁngQgﬂgfgg g&ﬁmu§v?§#£5@&&ﬁg at a predeterm ned tenperature
C

wi t hout tuating s l'ow fluctuations in evaporation

t enperat ure of Acherdexeipshafourth aipect b thegirosent orvendon, ithe mml}eampmrta)ﬁ dlre
The fourt anot her ct _whic des ribes par at us
cont | gur Seirararehadd s§BRiRGetRE FE s R E R PR &R Rr P e Tl for PR

refri ger amen @@seviapotakien 5@ﬁpéramge boe evigoeatof Hluetisat ItH@corﬂMﬂl@r n‘dilﬁfbli e flow
rate of the refrigerant liquid to be supplied to the ev porato

val vél coﬁ’ch‘HP‘Il@Halr amount of thg gghaysiyisige tnﬁ éer‘tblaPl% thyepcie gircy ﬁtémba‘é@e nt
i nventi OtheI'éB? tRURR reﬁﬁi‘é%}{thé)feﬁtl%&aﬁtquuﬁcgﬂ B0 Ex it be Eﬁe%eﬁpe)&ﬁaﬁgml' igd to

t he evaporatof 1s valve-controlled, Therefore, even when the evaporation
t enper at tireecoofing heveiapeptat dre frede ezined tempiseatarsnvitoit Sucieeting st & tohe

follow the fluctuations. That is, when the circulation duct is provided, the part of the
exhaust outside air having a temperature increased by the heat exchange at the heat

15 exchange coil is returned to the vicinity of the take-in port of the cooling tower main
body, and mixes with the taken-in outside air taken in from the take-in port. This
changes a temperature of the air blown to the heat exchange coil. In addition, the
temperature of the blown air can be adjusted by adjusting the circulation air amount of
the circulation duct. As a result, it is possible to maintain the condensation temperature

20  in the cooling tower corresponding 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.

8



10circul ation air anount of the exhaust outside air circulating through the
circul ation duct, whereby the tenperature of the refrigerant liquid at the
exit of the heat exchange coil in the cooling tower is kept at the
predeterm ned tenperature without -fluctuating so as to follow the
fluctuations. That is, when the circulation duct is provided, the part of

t he exhaust outside air having a tenperature increased by the heat exchange
at the heat exchange coil is returned to the vicinity of the take-in port

of the cooling A:%:%\Rﬁ | Re lﬁ%ﬁsp@c‘?ﬂn%ﬁ?éf Wetté}n}%é}gtu}@gﬁﬂé - SFriQBtaft Hltz;iéi r
t a Ir

taken in fromthe takKe-in port. This changes a tenperature of the bl own
to t he heatheexthdnigehaoikchahge aaltiithé comdensution pmppevtztan the axfit afttbe béadbwn ai r

can be adjusted by.adjust.i the circulation air. anpunt_of the circul ation
duct. As a}aé‘%f’?l?{lsi (Ean]?ré)hB@g% P%‘Oeb?S%ﬁ%Prg?ﬁteFﬂl@egBﬁe(ﬁ%%gat i on tenperature
20i n the cool i mgotdeyes achddveahp ahdliengeitdneb @bjeovyai @b tieet 61 the pdsehthe

cooling systemconstantly at the predeterm ned tenperature. Accordingly, it
i s podsi BEN{ign STYMISH ARTONRARYSIEA o GlFEronss ARiFaCPBRTISNEt he refri ger ant

and to prevent .d %%@Qﬁtgﬁgﬁﬁhgv\%@oﬁf&%? f‘t{fﬂgexﬁm& @x&ﬁﬁ%é Wihaggapt ndthe

evaporator, even n rate o refrigerant of the evaporator is
val ve- 25odndm thd dectiami¢ Heviemahil ngols yist exmahst\hiongjiridnel ref ri ger ant nat ur al
circulation syste Accor di to a fjfth aspect of .fthe,present
Cnvent i on, i n AIEGHBEET WPESBRTTISCTARh &7 p Rt A PRI Hets i kB o sensor
i s repl ageshorhibh aadnehiefigehantpdriAbirerigpfa@gsur e sensor, and the controller
controls the circulation air anount of the exhaust outside air f| owilgg

throdBh the ci MOWrdR porTigaEnt Bynatsale cisfulpirg beivrecnithl FEROBer aagdlneold”
ad) ust ety GaVbECrlnatdl s RoDAS BHG S ARARMS AduBYo bESufRfigiant 11 quid

pressure sens I's malntained at a predetermn pressure wthout

f | uct uat iemgpsatons vatve-girtmied ke tifat ac birdtipersturgakerdpat ledsiboan exehpeget ur e of

t he evaparator. due to the valve control in the.e orator.. Accordi to
the 111t Roapuee 55 hEr bl ¥teSPlhidrns ot Sy Y RES Bhhans SRERFMDP' o
the exit ogthdhecthaad dexehange coil, the condensation pressure at the exit
of the heat exchange coil is controlled so as to becone the predeterm ned
presdir e WheEiBr der to achi eve the above-mentioned object, a sixth aspect of

the present 5i pyenfii QatdioH dRdeRcr ARIIRE SYSheRtd Bundbe8tSsiy MpPing devi ce,
conpri si ng:
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, 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



an evaporator which vaporizes the refrigerant by heat exchange w th exhaust
hot air fromthe el ectronic device, and cools the exhaust hot air; and

a cold water type condenser which is placed at a position higher than the
evaporator, and liquefies the vaporized refrigerant; 10wherein a
refrigerant is naturally circul ated between the evaporator and the cold
wat er type condenser, and a flowrate of a refrigerant liquid to be
supplied to the evaporator is valve-controlled so that an air tenperature
after he ed@t%?mz?i%g@erﬁﬁ&%?@%hgﬁ’trﬂ&@&{dn?%o% td RELSY AROLAE Qs iRCHBSi A
tenperature suited to an operating environnment of the electronic device,
and 15whemgianature of the evepocasbdwetpernl teypetrobimdbaseaporatot.udes: an entrance

connected to g i_pi ng through ich.a refrigeran as_returni fromthe
cvaporator 11 onge Suftetak Ay et Bitadheber dP &b AR B FRAATER &
refriger aitprbveiting thOcdddesdapiph t@flpdratutdef 1y agfoipatant gdsliowse cAdthats tgpe

condenser which obtains cold energy for condensing.the 20refri gerant gas
i nto 1hecordeppgdramnilurivging oygn YIrA ey r%ﬁtoéﬁhe\mfw@r&q@ws{)@ﬁ@d to the

col d wat Sp %H?oﬁféﬂgz‘éﬂéﬁfor‘{é @algg_lcgrg}q@]e%( supply piping; the cold water type

condenser “conpri ses: . wat er anmount adj ustment devi ce which
is provided toAchedog td thasieth aspplof th piesayt invedtieajthe suppdy fhowtrodtle of t he

cold water..to be.supplijed t he..col d water 25type .c enser; a
refriger gﬁf{lg?ﬁaaﬁil%}llgg%%flﬁp%é Gy Pp%{% i Y?i‘é%g?lggoq%gt eﬁ%gregfrﬁ’reev Df the
refriger amen hﬂ&waﬁoﬁtioh g gothiurdf thbevakstonat@tatey pBe CONELIRE Edritradnthe

a controller which controls the cold water anount adjustnent device on a

basi §0 of floWeratcedfBe aeld vertersadgreupprling torike pf Pl typR COdgTicd COBRPEPENEr e
Sensor, ﬁpgleffgw @ssﬁr%%gdeodi{ thé c&ﬁﬂg %gt%n;, %efébg‘;}hé %&rﬁwe@z{tultehff kOlGrivaiar to

be supplie e cold water typ ondenser means of the col d water
anount atijjuisitattint exdecfi the celd wateart typh eondenperiaipigy entad &our Buctbstingse as to
refriger I ,qui d tenperature sensor is naintained at a predeterm ned

t enper at &L"“&Jﬁ%m‘tﬁuaﬁﬂgﬁ%t uating so as to follow fluctuations in evaporation
tenper at ure of Acberdeistpar Bipoksibleo blahyiatate tHermkurahcitdutatRvagaliat or .

15  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-

controlled in the cooling system having the refrigerant natural circulation system.
According to a seventh aspect of the present invention, in the sixth aspect, the

refrigerant liquid temperature sensor is replaced with a refrigerant liquid pressure sensor,

20  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.

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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The sixth aspect is an aspect which describes a specific apparatus
configuration for preventing the condensation tenperature of the
refrigerant gas in the cold water type condenser from fluctuating, even
when the flow rate of the refrigerant liquid to be supplied to the
evaporator is valve-controll ed. According to the sixth aspect of
the present invention, the supply anobunt of the refrigerant liquid to be
supplied to the evaporator is valve-controlled. Therefore, even when the
evaporation te : r t.r:.04l
Controls The. 100TT au B o e e e OB RREe l

wat er typeociomce tisar1060y itesponiilag utdizeH'éek ovolprgd 98 wheclsi secated dhgllarool i ng

system whereby.the.te rature of the, refr.iger Liguid.at e exit of
the. col o tiaR e SAREREL SRR sdEHE b B Mhe bt b P 1 o1 1 ow
the fl uctlRtricomsver costs for an aifeE@lidbiigg ¥ystéh chs bpdssiddh&luced st abl y nai ntain
the natural circulation of the 15refrigerant and t4c1> p({:‘event .dew

gl

condehsati on f ASHeBEileg a@_ﬁlﬁ"’s@ﬂc‘ﬁﬁin@ﬁ@t $qodivg rpgthe (g 58P ARy steay £y when
the flowgalignid Hﬁvié@&f’t‘hgﬁk%gﬁt iRferdiid, RISPALMOfo é_ta?o%ﬁiamafn HORhEA ! ed i n
t he cooling systemhaving the refrigerant natural circulation system

Accor di ngirtdatios ef/éetrbfrigspat tndfo prieenp dewanndénseeon from, beinrg taveed px the
aspect, the refrjgerant liquid tenperature sensor.is r ced with a

or T ger aEse car ARt BtRbETBesBinGt: AERE SrednERt B5REpMGe e 11 ow
rate of whEetRhtoMed B tht oyimGkysRhObghing e refldran@heiirs ¢Rphiyvtifh Pysign by
nmeans of the cold water anount adjustnent device so that a pressure
nmeasured by the refrigerant liquid pressure sensor is nmaintained at a
predegperm ned pressure pRifOWESCORISTHIN B TSE BRAWNIQE! ow the fluctuations
in evaporation tenperature of the evaporator due to the valve control in

t he evapor at or Fi23As ecodiapiual diaghen sldwsénating as peatl]l comSgueatdorodf 4 fisst

t enper at ur f ihe.refrigerant Liqui t the exit of.the cold ter type
condensebmopfindal Aia RSB b terfopirafufitiobefingds T sder ¢ yie
condenselinvestio@ntrol l ed so as to becone the predeterm ned pressure.

According to an_ eighth aspect of the present invention, in the sixt
aspect, the 3080/ 1ﬁ§°§9%@cpé‘h%[l flgeran Ibistatipg AR 8"%@?8%"?%%?%%&%% t hat

the yat ek, BuRRhdRds iR doBEng terl@diBhe EMBROFRILSRE BEcrding 99 R BY¥nSI NG
outside air when a tenperature of the outside air is equal to or |ower than
10C. 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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According to this configuration, when the tenperature of the outside air is
equal to or lower than 10C, it is possible to utilize "free cooling"” in
which a so-called chiller is not used and the cold water can be cool ed by
using only the outside air, and hence electric power costs for an
air-c.anditioning systemcan be further reduced. As descri bed above,
according to the cooling nethod and the cooling systemfor the electronic
device of the present invention, it is possible to stably naintain the

natural circul ghl ooy $RRnT & N11985RANN BN 1102 RYSUSHhideW s0PEsAS atd on from
bei ng caused on the surface of the evaporator, even when the flow rate of

t he ref r vigarignof afervdrd 4qwapidedimeachf vaiverrcoont 23] skl ¥ on revegardiupgesy st em
having the %I)Irsl. g?trs%rcl)'{l aet ﬁ%g& that & a%a%ﬁécf % r?%%én%@nu&l%ﬁﬁliﬁzﬁ%e ﬁ%l@n ON OF
o al"diagramillustra
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el ectronic device according o resent inventign; Fig. 2.is )
concept uaitadied & %ﬁepf%‘!m%fﬁ\t Wdhgfpl&m& pscEipHPR JerSRate @PH@C&@%W@

enbodi megy , 0fo1fdesysRA bidtheYPEEMIOT 1 BEdiBbEGH TR 1S alfNi B RGERAKEI DG t O the
n Flg. 3

present inventidn; I's an explanatory diagramfor describing a
st ruct ur @lwfraddi eech eft thoserdercoomg d@Xcawl 121G in osdity, adagemiugnber of theg

conceptual diagramijllustrati n_overal.l ecaonfiguration i.r
20enbodi et atrﬁgiag?)écj eﬁedn's;%rg}%r ’f%orrm[a!‘ulg’ %F 3%??%&%&%3@?%%&%%@ rogi ng to
t he presené ahd@ntbibemoubddiAlalsehy ePERERLBITIHON nGFaniHuPREMSRRED iEMBOIANMENTS

Herei nafter, g%fferred enbodi nents of a cooling nethod and a cooling system
for & eFuey én¢iéd¥ce according to the present invention are described

in details wthytelOLLIWR frovilfEwahlAGREGh P53 WM RGRd an exhaust bt LIBB fBF esent
enbodi nents, description is given by taking an exanple of a server placed

in a serweyandosnisaprotideditbtarfonil éCdevileef thesevst 1 Enbddiendn fanfl4Ehe Present
et ok B i o Qo ARSERS AL A BEA! AASAO OB ANTER Lt 1
devi ce. heat of the server 14 is exhausted from the exhaust port 14B. As a result, the server 14
15 canbe cooled. On the other hand, if the exhaust hot air is exhausted into the server
rooms 12X and 12Y as it is, the room temperatures of the server rooms 12X and 12Y
increase, and the temperature of air suctioned into the server 14 becomes higher.
Accordingly, it is necessary to exhaust the exhaust hot air into the server rooms 12X and
12Y after the exhaust hot air has been cooled by evaporators 20X and 20Y.
20 Underfloor chambers 18X and 18Y are 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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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
| oner and upper two floors. It should be noted that X attached to reference
nunmeral in the follow ng description designates a nenber relating to a
cooling systemon the Iower floor, and Y S5attached to reference nuneral in
the foll owi ng description designates a nenber relating to a cooling system
on the upper floor. In addition, in Fig. 1, although one server 14 is

illust i
rtiustr a%gg% nSerCf Jﬁd? %15294§ﬁ%;6§% é&ﬁl@&ﬂ% rett %%I‘Qﬁ'tql ﬂo{NQ e[n%aé }% ipifigh8r ge

nunber o e sér 4 are Furt her norna he servers
14 are stlaokgdwbichtaopingeraneaaflovser to be housed in a server rack (not

shown), and th i nstalled th rver 0 12X.a 2Y,

The server 14 FacbpBeatitunh AR ubTRER Bl e T AE TSR hare 148
for air, 6ftd4&of&h§@erpé@‘dhd1§doi\l\ﬂ(ﬁd‘t SBO\fVﬁ)’lls|p46i71tlétSin@ﬁllefehdﬂﬁoiStﬁéVer 14. V\hen
t he fan 14C is driven, air is suctioned fromthe sucthon port

exhaudt KBWPOARETS oA AYY ex hBg §>éhah1étahot 8t xhausied frem t ae?flsauéad?%y{%a? from
the exhaﬁ sePr &Lo%vﬁs% e Bt i heSelif and i n’%ﬁf int (Jﬁlauﬂd%ws heide 9P1ad coiPtot he

ot her aust ot a’r is exha ste into the server roons 12X
and 12Y dsatiheatiis exdthegedoms emseltauharréggafant h@méé}w\eng meoleef1dXcahd 12Y

i ncrease, air |oned he server,.14 b GOmes
i aner - - AREEPubAE el FARFIALS GoBLLE K fEFAURREE M bR Rt e REn Lo
the servexhdiRo#s eliZsrddntbdNe adrt&roblhe 1exmafd31tzyhﬁtcoaleﬂ hasthiegny,cool ed by
evaporators 20X and 20Y. 20Underfl oor chanmbers 18X and 18Y are formed under

f 1 oof0surcpabigdvatythecaadisigpipgrain s oudXt hgdloyp put paksjato the eeryer RISt he
under f | ogp W%enlﬁefaﬁ erbBrondfids J}Qhé@érv&r ?merr'éx]a%é 1B¥Ach ¥ R &

communi cated wi th eac er via a pI urality o [ ow out ports (not shown)
f or med omempteamlra)@rvwmnfeatsesecciis;:lryrtesddewtthve¢1yersctértdmpmaiiyn@xmtﬁ cool ed by

package air-conditionin prent or .the,like {not wn t he 25
under f | oor chanB&r€° Img8'§wa?ggb 8Y apaor%autl%wmc Calﬁagﬁlcﬂg&élls%s tlhg r%tf%v\%?gtout of
tﬂe bl gng?IthhrHas bt Oalidaﬁe?seyvmevrapmrizw(amd ZDYYFmdﬁ isftellddathe not ed
that the ow rts are forne |C|n|t of the ort 14A
of tHhe s@P%}@Pn%kgheaﬂv&ntthree‘@@ﬁmt@rﬁgﬂ?#@d% & et nad TORL B 4 hlél?dé ver
wher eby theeS@FM8odkfls AN be efficiently cooled. Further, the server 14 |s

| ocally cool ed by the cooli r;g s%st em 10. 30The cooling syst em t O confi gures
a natural circilhaevarrelpel 20%0rna206Rnd gercoatingkivedr 22arerapmicpterlde aedh of 't he

o120 L 91 SR g P0IBT 3RS e e R | 01
t hr ough \Eldi(ilichmmgelﬁnan@md@pesg}ﬁé( fddOE®Y). An upper end of the gas piping 26 is
20  connected to an entrance of a heat exchange coil 28 inside of the cooling 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. Alower 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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Each of the evaporators 20X and 20? is provided in the vicinity of the
exhaust port 14Ecif the server, and a coil (not shown) is provided inside
of each of the sevaporators 20X and 20Y. The exhaust hot air exhausted from
t he exhaust port 14B of the server flows outside of this coil, and the
refrigerant liquid flows inside of this coil, so that heat is exchanged. As
aresult, the refrigerant liquid flowng inside of the coil absorbs heat of
vapori zation fromthe exhaust hot air to thereby evaporate, and hence the

exhaust air ex h%@' - 12 e ¥l &gl n this
w 10 conbi ned ?\?PFS] hedhggﬁ)gfu??%c%ﬁ%\é?g? %ﬂ? 0\1/\‘/?132%%??%?1 t%e EI%%Isvgght pacs)rts
i nt o t hetlsarnerating oefligk2Xt.an atidifiont enhe cateurfehensd atarmressuss lofvet thensier ver

rooms 12X and, 12Y can be, set t'f))]gttcgu erature environnents necessary to allow
te.

the ser vBMOSPRCH PRI §f POSY *rH&"Eool i ng tower 22 is an apparat us

whi ch cool s anghgQnge ih6urteff ihORfdgtrantdRsi dMd K xuppBeddRaRe vapori zed by
t he evaporators 20X an 0Y, and is installed at a 15position higher than

the eYapeéyanosrers2OX aml PO comgplled dpheachbyoteceeasdBre ad tepsiAtEgial§g of t he
server r . r i t ower
22 are cg égélégr attucgeggceﬁiqo t{d{ﬁ% ttﬁ%g&??égﬁﬁ S?B}&ﬁ%""%’{ 1LrrPllgIetQJ;g'l&lr%t%gsr anched
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26) 0. An. upper end of t a Lpi.ng 26 is 20 ne to ntrance of a
ront excHURGE €oi ot hox dad JPYRNE heorbiato ale g 2001 SuBR BNt e

gas pi pi Rhn?61136 akM ¢ hedmiaHiAntdB the adehestup f8srod¥énanditebib thikerveisanched
pi pes 26X and 26? are connected to one ends of the coils (not shown) of the

evapd? at dfs Dot inrfemperature seyperst2dfetsd 230n areiopidse in Wgvaciniggs appels dnd of
Che |1 aui . . il 28
i nai de oPHEPUES) whideis ERARSELGFor Tl oBllahor B0k e TG 24T
br anchedréamhol 23hend it 2Yictespecpivplys Py aatel a@idXingTvedvdsr 250C metl2 PV pascl24X and
24Y ) ted t her..end f.th il t .sh f

evapor at SIS 0% MRS f BUHESAR S R U e PAEAPL pReg 2 S apdgas

whi ch i soyepgiheeehibyidine 28viRRRalays 200h, akhs2@Mehl @whetiuiehirughed he gas

pi ping 26 to be naturally fed to the cooling tower Zoi After the
r ef r i ger AntheyARPREEIBEEHIOrS YLt pnEd3 BOBIPHECE o FHgollshbf- 28 the he | i quefi ed

oL L Sl et i e G P o ocfentlaling o (o
refri ger 20K and 26&adri thedasis of the measurement temperatures.  This makes it possible to

supply a proper flow rate of the refrigerant which enables the temperature of the exhaust

air to be the same between the evaporators 20X and 20Y at different heights on the lower

20  floor and the upper floor. As a result, it is possible to adjust the temperature of the
exhaust air which is exhausted from the servers 14 into the server rooms 12X and 12Y
via the evaporators 20X and 20Y, 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
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(1 TC, HFC (hydrryfluorocarbot 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
evaporators 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

ai r whic éﬁ%@g ?gﬁﬁ% o4 tﬁr gg}agﬁ%hgg%&ﬁ erdth: 1&@5&%& rkes i%&lo HRQWBpFAraNd

12Y via t ors the se er roons 12X and 12Y
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provi ded theoSHwéles 34n c Aben. galgasinossianer Xayhigh is kken irhfIPH‘ tB fkagn part
respecti ?gQVOaf rrgé‘gé?};\l(mg'%@%b’f IR0 8 bRl 9? §\%xef3n g% thd¥Geat emper at ure

sensors re rnputted’to a contro er 17, and the controller 17
i ndi vi duakthangonoit @Bsartdheatclpmmpn@dé@yé@smﬁlktdnéﬁdnmhedt%t cm}lalsgeiqt?@ vaI ves

poss! bl e 2P0 SOAHFY G BhGrtT G FDE R LIH0 FERFIGEr REC KA Ch (ERABTEs € he

t enper at Bieh®butbide a@>dausd spidklddwher iR Gadendaa! mrehud fsehcpmﬁp@rm tes 20X
and 20Y at _ different hei ghts on the | ower 20fl cor and the per floor. As a

resull, irefriggragbligig) e Opgheajhgs hands ghe iakgeinquiside air W&fee%ﬁadsqcogimgm ch
s eXhaU%\?& 519%39?8$B§&8£ ﬁ%al‘frdnmlfé Ifef}ggrega%gggg f16% nt g&?h%@héa?" via the

evaporators 2 e tenperat viron uited to the
oper at i onxdfan'gheo@ @8 vehavelah indiersed temperbwt,ang it oviewused fian tdesxhiyséd. 25As

illustrated ooling tower 22, a cooling tower main body
(casi ng) pg% ?l)l()? ‘%9?%8“{6%%& gfl zontal type, a take-in port 30A which

takes in outsi dlethel das¢ whéerthe dodlingasysteanst thé rdffigeranohdtingl tionedtidmesystetody
30, and an e gust port 30B. of the out Si:de air is forned at ﬁnot her end
sHpl

t her &of . 40 SEYRHRRGBE &b dapgepier, Jpedir FIPSTHETGS! ¥t Hdhe ool i ng t ower
mai n bodxévé%ratbﬁezrﬁesﬁ@m “qlflcﬁ &%1 ReRusEHEMANTSerb s 14286 k& 139gannesiced to

the gas piping 26 through which the refrigerant gas returning fromthe
evapor at oriscleBx gendrapee? t¢tpersturantitheservexiaonpin mpey ersas, aad dhasigeo@spPr 28 s

connect eg. 0. e, L UL SBERLIGSPA HNOHBR MR BokNRamBY fegghant |1 quid to

be supplie € evaporators addition, a
spri nkl empp#xirsatplyo8Gad 2d7Ct he take-in port 30A side of t he heat exchange
giO|d|eZ§f8 , and a IIllJ !ch%vrgfrlgfezria%t naturzﬁ c r'r:ul\élltlgr(i'l (sjysftelzjr{ltt ee'ien%g]ergtﬁree (gfatﬁe heat PO’ t 30A
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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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
l0refrigerant liquid. On the other hand, the taken-in outside air X taken

into thegcol i Hg'c% %e 4| JTB E,C QQXn&le?t:?(ﬁg%Hl?eﬁ%ﬁ% ot iRMekil& hiRhig 1 gerant gas

fl ow ng throug eat ange co 0 have an increased tenperature,
and i s expausinedelf 1t thé8¥xhadst cpmiderd0B efshekbrwsthangt stfdeermiyrin ¥he i n t he

case where the cooling systemof the refrigerant natural circulation system
15 s apphiuaRenee ol ESIE Rrer et bERIEM: ERAUY FAGIRH ros Nt

exits of 15Ne QuRPOEAL B SufBOXn@y Perf&inathisaly siPtheexhebshirf rom the servers 14
are set to 22C to 28C which_ is a general set_tenperat uLe of the er\@r room

in mehy eases, [l s enobing o e %errsrrh’é?‘éifl‘ft@r Withf GOREO} BEFhagy Wlh de of
the evapgrahons tl?qurn?&qug? i ﬂi%%fr{ﬁg:t?alﬁ‘@iaﬁﬂ?t it SliyoHBEnER e%éﬁ%ngﬁ gg{? okhe

refrigerant natural Crrculation s em 't tenperature of the
exchangecaoitdnti28it h pséddeerofinddhelwnol i ng tower 22 serving as the condenser

needs to have t enper.at ure .| ower. approxi matel.y 2C to 6C than t

t enper at ur es o?h‘f ﬁ%ﬁﬁg}é‘beﬁilﬁqlwgﬁiﬁ&%gﬁ% 87 l,geg?r?gllﬁ'élﬁggm%%%&%ﬁedlg%gfi on

t enper at Whechahedsifested feh@Riante dfiisd AerigdrattnRubeatthexcinange el dxcB&geer vi ng
as the condenser requires approximtely 12C to 18C. 250n the other hand, in

the Edol Foih28culewass amenitpdserent dewice db4ivdachrhangss fle@bes 8hsons and
i nt er redi 3R REIIPHR. Hé@wéisf%ﬁ' 3 63%4h%ﬂ>§5%r E@'ﬁfmg %l’ov&iﬁ% SRYoLRKSBHr iobelt1Swn |

| ow-t enperature outside air, where Towtenpefature outside air is
made coofrem thy bidveertfemat 6 of thedpet dxxhtngereodf28; hed s genmddlerdowatieh comfaler t hat

the air h cool ed i | own rou he .heat . e ange coil i nsi of

t he cool h’?;lﬁ?‘g%a%n§?%uftﬂ?eernta‘f/v%%g?‘&toﬁeth% oY (?fictgeer aﬁfgrglhg?tégmpgr%ttﬂg case
011: OlrJItSi d?t}@iréfrfg@kﬁnﬂgq@idttagpaﬁﬁiwEﬁlﬁbﬂ%r mﬁmm benml@admsbé Fcamronlemn@[) iett ure
of the refrigerant requir t he heat exchange coil 28 it |1s possible to
cool 13 hemaé‘ﬁi%i‘é]@raéﬁ}t’e WSt P_%sainﬂg"s I‘:‘S%ﬂra éd? @-éq&%ﬁ?ll%‘#%ﬁr foduces

col d  wat&llingl tBwlr LAY Bk ﬁ@ﬁaw‘septa&eel%o ngﬁﬂg&%—‘: tdseht debiBhatingscabtishe

refrigerant i's approximtely 12C to 18C, in consideration of the heat
exchangegiekhiof ierage Wheretibe peritollexetramgeviées sepaighady: fionecacampedtat ure of the

o oo Lt ok RbschBuBh id SVBL of PR or RORCH Y 5B Y T! f ently
electronic device having the conﬁguratioﬁ as described above.

20 The refrigerant liquid is vaporized by the evaporators 20X and 20Y, whereby
high-temperature exhaust hot air from the server 14 is cooled. On the other hand, the
cooling tower 22 cools and condenses the refrigerant gas from the evaporators 20X and
20Y to thereby liquefy the refrigerant gas, and the liquefied refrigerant liquid flows down
to the evaporators 20X and 20Y by gravity. As a result, the natural circulation of the

25  refrigerant is formed. Then, the controller 17 monitors the air temperatures 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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In addition, the cooling tower 22 is provided with a control nechani 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 ow ng anmount adj ustnent device 36A which
changes the nunber of revolutions of the blower fan 36, to thereby adjust
the blowi ng a i | r heat
exchange coil %?Jegg{i ﬂgé ‘Z%%\??‘%ﬁogksoﬁgoﬁ?[ﬁ& é(}ﬁaﬁi rsg atr%%&lgﬁ%vé fcnﬂglé gﬁ%lg nt

adj ust mepipidg\aind de8&Aho rvireatiasprsssofestihgdeefithgreeaparatorepénad 0¥ of t he

refrigerant |jquid t erature sensor 44, it shoul d be t t hat . t he
Cont o1 Spentels T ERBH ML TREDRERe Plisrlh 03 PrimfSa JOI R APl ca®i
Fig. 1, theule@s boihk@efrderan®bedone:staeiabRGinkiak&ra R2rdaByinke apsvioded
separately. In the present enbodi nent, description is given of the case
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" o , ; : ) f
escrip k%ﬁ%ﬂéﬁu% (\/tﬁtgs ?%]fél%tglﬁgp dsqafrf 1R exifd®f %’é)é\}aggra% Egg'aa:hg H08F o dAIR.

el ectroni Vi ce onfiguration as descri ove. The
r ef ri ger amedditiquiadongswith ploy dexeshsbin ¢vhpoeviapderapaaisire Gxwandd@@ytiomtser eby

hi gh-t enper at,ur e haust. hot air f t rver, 14 is cool ed...On t he ot her
nand, ¢ hestane sy ol boeegiton Al A aos el thed bk s SRR TRl om ¢ he
evapor at gese? OKwand i2Q Yréddsibheiaehyiel i quefy the refrigerant gas, and the
liquefied refrigerant liquid flows down to the evaporators 20X and 20Y by

gravily. As a fieiertof thpabews Uy e PEsseRIINYERtR. BYCn: Waerpihe flomt jafferkiie i s
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nsors an Y, at 1Is

the tenperature s , the air tenperatures after
t he exhatist fltvetrataiadjustiogrvalves 2%% ved 351 Atheaendmeatiqoiehedrabyre oficheevapor at or s

20X and 20y. Fugt her,hthe co troléér 17 c]?n rols ?e fltov¥ rate adj usting
val ves 25XTBRGNO8R 1 ghg FRHBEOUE 17t PRECHTLE 54108 [OMUYHECr of ri gerant gas
f1 ow ng througlThhtie, the @uhteolpir oGori@rs Wakthther #ut the3€indepekiah teeper@eoMe a
tenperature suited to the operating envi ronrregt of t h(g Sﬁrve,rs J’{é Thi s
val vé3 comtseaired Ry bt it graant [ G ipplesntiessnsr taPrevidetydhe et pY therhsat

evapor at Qﬁ&aﬁggc@ﬂp% M s RAIPIOREE Va fRALERINGH templR¥RMET - HEBE LYl ve
control is an operation of adjusting a resistance of the liquid piping, and

hence t heretoorditonpprbrs oredeisasiodforekamhle, evepdanativnsemoxagng 20Y
fluct uat %ece@e} fid Hﬁé&é?ﬁét %gégéerﬁtﬁég! %&%&{W cq&uPartgﬁlsﬂtﬁtgg%ePrOb' ems that the

natural Crfculation o er ant “becones uns ['eand that a decrease
i n evapor at i onTheit dfffermtasneniont enigeaaturecbessacsywitls raspeged ttend accor di ngl y

a considerapl e decrease in t erature of the refrigerant gas. at the exits
of tﬁ@ eV _Feé‘F’H}eéi t?@Reréﬁﬁe’iggB%@iﬁg ,26 Pﬂf‘té@ﬁme%ﬂ‘,” aé‘?ft}”&f%l‘fswgt decr ease
i N evapoiayiceneAVTRES &diing to Ve entRRsAtdhangd te GakibetoORvsMEibACEsthef t he

evaporators 20X and 20Y, and then nmay adversely affect the server 14 which

is a predlayafandeindadust) the blosving pnpret fapeveling the heas cpehasgaroil A &At i on,
e or o Bk B LLAWSALE hodliird 6 bl BTNt MY ferhRBErSYRRI A (0 T Te

evaporators IS valve-contro ow rate adj usting
val ves 2bXcand tA5 ¥redetvemomddenpativon t enperature of the refrigerant gas in
.22 i s _con fluctua t he

cont 01 1 er 46 Fois 8% Ree) Vo orIneotinaoHe e el dnged
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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15neasured 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 nmay 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 20predet erm ned
tenperature, the controller 46 controls the bl owi ng anount adj ust nent

devi ce 36A of AE’ rgﬁlﬁ’tléitqg %%ozaablg%agﬁ'@fnell%n lﬁ?ﬁ%ahf&ﬁoﬂklffﬁﬁf of

revol utions of : justs t | owm ng anount for
cool i ng tdﬁlegdjewttandm pavget almv I:om&nmlomrfalmbhmgma&ndr%ab‘urtfmef titeur e of

the refri erant I| rature or. 44 b mes th t
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22 is controlled so as not to -fluctuate, whereby the fluctuations in

evapor ati on présberld bsmotaddhehihisgrossibledo Me@@grommte@gﬁugeasstg PAVEEBY. That
s, Whenﬂ\g&ﬁatfdr}é% H@ab&@ﬁehﬂe&?ﬁ%ﬁx@%‘f‘ fife I%fh%]el?fﬁh £3901d REpERVGEE sglﬁof"ﬁ?

el i m nate I'S possible y mal nt ai e pressure on the high
pressur ewﬁhd%plent tbhlee B@determiakd ¢cémparhtatd divvaf the kentrafer igdo amtforns cortthdt t he

nat ur al ul ati .0 he, refrigerant. can be made stable s As a
toeu o fad GOV padf brer Rl 3o IR At REoTRRGe D 38T Bk withign o5t fe
refriger é&&npﬂamm @t%%&e@@ﬁhﬁ%\dmhﬁmoﬂdmm Bghbeaiusetk GMht he
surfaces of the evaporators, even when the flowrate of the refrigerant of

t he Hbapbﬁea@%rl%vem)w&ﬁﬁf“@@d(b?l@%al ve-controlled in the cooling system
havi ng ttS% gﬁﬁhﬁ%&&ﬁ%ﬂaﬁﬂéfﬁkseﬁt frﬁ%ht%d on system 5It should be noted that

it is poss to make appropriate settlng as to how many flucniations in
measur ement t efige? ag aupmo&ptlmhéagmm 1lkyettrantg dni oueral carfipmratonred aseoswr 44

per { or m EoRte 8RR REPORE AT o R TRTRRLIRr B0 B ah it Rbuflt b on  °

t enper at whereScisldtionfdakt type tholing todier ﬁx;amkied adBeGbpitatisseiich esnenaisur e.
The sanme hol ds true for enbodi nents of the 10present invention described
bel olv, [ BECBHECERHE ment of the Present invention] Fig. 2is a

conceptual di agrsﬁmlulble%terd%atr@erﬁéhtw&ﬁﬁioh t6 Qs QPf}ﬁtﬂ&f'ex%ocﬁméﬁt%Qd
embodi nent of the COOIIQ% system 10 for the electronic device, and

i 11 ust r afewtey dasemaheleenge simbab andsiesaimiontthgreois oiifigd-t ower s
provided as t hgs ARRALALYR F‘fg] IZCJﬁd%E.dfq c%ﬁphng 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. 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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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 20exhaust
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 ﬁﬁﬁ Lncr LR LS: st e .exhaust
port SOBdggtsses dﬁ E? %ﬁgﬁgﬁagg@i rcuﬁgﬁrggﬁagfé?gaggqtﬁfgggg cig?%(%fi%gl@émtqg t he

vi ci ni ty pofsittlbéo takedrperpordm@GAof herd whesicis abberbed hntist exbatgiodtside air Y and
outsi do. A temsa Sehrieo i ant Bittelthe SurRSOoHAghir CaagR WS b e Guer
fan 36 t gidHaetHagakatDfehaBIRUGVuksi@Bait WCax@asREd from the exhdust fors30Bsen bet is
preferabl e that thetagas pi ping 26 which returns fromthe evaporators 20X

and 20Y mwxehwithdet jakgnibaesideitgenet rate through a side wall cif the

circulation du . NS f. i i 38,
and be coupl ed‘fxﬁ %ﬁgg?ﬁ?galﬁ%ngg}%%gg Réyﬁllggfd egQ%tﬁlﬁa}eﬁaeﬁdgﬂtﬁ%ggguvl\?gﬁit hi s
confi gur auctdy, apdthe ofxitdengas (pichidiag 26 case Whersele mmsnglemofinttingero) of
circul ation quct 38, . and_hence heat . h e.is efficiently perfdrined

ot voon, e rge Y1 e el b AR B i SRl I adhBETBY ' Boe: s
and the ngfkiigeiRpeds ek (REMdMOME RaddehgashPopinig Erecic cordiongley, it
is possible to make | arger an anount of heat which is absorbed by the

exhad8t damgptRoraiatusytd.rom t he heat exchange coil 28, and hence the exhaust

outside ai r Y haui,0u ARIRETAI BLARIed DRA iahi Bt hewRthRAkoQUL ST de

air Y exhauste e exhRaust por can be 5m xe the taken-in
out si de ahe aiXamount of th¢ exlaaeli dutode aia Yoowerg tappahdasraation duco¥d ted i n t he

iddle of the gjrculation duct, 38 t he ,mi xJ. t (including. th
Case aherthe! fedPH B AGRY 40 S4HB) Msreo i BURBaPet s dara el b
m xed W tohs tdiRlehaiiedy the hest skicBghgichil X8itecadpsis badeRymadt ushpagutde openi ng

degree (including the case where the opening degree is zero) of the
1. OddAperiespthe ptedstempined temperafpyg MAKPS SetHa, 05 SKIAR St HENIIEDRLOR pr ovi ded

Ty 1 o e A R e ol o1 e
appar at u€0Xand@0ihaitd thheoclhngimsa? dontheaopbinasystem of thetmseseat mnvgeliemt
Then, the controller 46 controls the opening degree of the damper apparatus 40
on the basis of the measurement temperature of the refrigerant liquid temperature sensor
20 44 provided at the exit of the heat exchange coil 28 so that the measurement temperature
of the refrigerant liquid temperature sensor 44 becomes the predetermined temperature.
Description is given of an action of the second embodiment of the present
invention having the configuration as described above.
It should be noted that, as described above, there are three types of outside air,
25  that is, the taken-in outside 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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gas condensed by the heat exchange coil 28 becones a predeterm ned
tenperature. Here, the predeterm ned tenperature nmay be set to, thbr

exanpl e, a condensation tenperature necessary to allow the refrigerant to
stably circul ate between the evaporators 20X and 20Y and the cooling tower
22 in the cooling systemof the present invention. Then, the
controller 46 controls the opening degree of the danper apparatus 40 on the
basi s of the measurenent tenperature of the refrigerant liquid tenperature

sensor 20,44 Rrawi.dad &tnte#clf'arlt‘ﬁ)ﬁhé Ot ekbheinl ?@%ﬂ 0XGHangs QbkerSchinddaat the

measurenent tenperature o t he re rigerant lrquid tenperature sensor 44
becones thweehct\mtm erm ned tenperature. Description is given of an
action of the e enbodi nent, of ..t he e vntlonhvin

confi guration §§ 0(5% r iP5k mE%%OIfthe EBolfg’ ﬁyts{% ?)@ g BREHYR g%gr?%%ﬂﬂgas
descri bedad paitaf8r 49 igier thERe(clospé starth), Didtthe dperaiion istdratediis thik beate.
taken-in outside ajr X, the exhaust outside air Y, and t i

bl d
air 2 an8atindbereffigerant gasoviigh Jetus drogs thevepRIBIorsT AR apé SOYH?@%E@ES: ne
outside ahkji ¢ %Epﬁﬁtﬂrgl]l%‘wh% g%g@ e 24 ﬁedot)le\a*ynaf&oh&e&s@&ep tHetakdRMR t he

take-in port 3 alr refers to outside air which is
bl own by ottselehiiio¥eakehan {36 the tokweinisat 3(b&bhah@blow0r fan23§ amlrthe wates| ves bot h

of the taken-in oytside ean out air

301 n out SR b ehimRE S n A BRdp el A xRk Ee ot MRS her
The exhaugtcooUhgtdlera2l W Lfeeils th@refﬂg@’aﬁiegaal1§ h@@ﬂeagnmm retrigaaed
terrperature after the bl own outside air has cone jnto contact with the

heat 1@xcHawgdeandbilows thrapgh the durapBgt t@)b@ﬁ&%‘&ﬂi Pk evePiieR 20X and
Bef or e 1 hgyOPeydht Bthe? hatd, tRd bR SuRGhd /,%19 ZBELE RhslQmd Ao emautr@atmqgr ee of

the danper apparatus 40 1S set to zero (closed state), and the operation is
started heattehelmange avié 2§ hhsorbs heat Hiwny éferre@egem ggsa‘s) lwrvc eh imaseaseds fromthe

evaporat rs 20X and,20Y to . the.co I|n ing 26
s boot el rtLsnakhegdmsy B EERchie Bhtke e B (e
take-in perBOBOA by the blower fan 36 and the wat er spri nkI ed by the

sprinkler 34, while flowi ng through the_heat exch e C 8, inside of the
cool fhg tower 292 dadory ﬂ?f‘e@mperatkﬂﬁé)?ﬂmefrg@r%m éfg{] ?%éf’ﬁIeﬁ(l,féfé $Betinto the
refrigergathad0l EQUbeis rﬁ%ufédqysthta ?éfﬁ%gﬁni R&§uili t&Hh GalkdidASor2d frovided atippl i ed

to the evaporators 20X and e other hand, the blown outside air Z
whi ch haﬁlecqmts)fltm beat gnehaoee apil ASand the measxenargenpeafure s wBewBYY heat

fromthe t % gﬁgﬁﬁg s the
exhaust gtrj gggflﬂrh Vgﬁﬁ {)éeJr Je%ghgﬂﬁke&c?ggr om tetﬂe ex aufs%{eﬂt&gr Pé%gjép%ﬁg{ée

addi ti onreftlgaamehmpﬂd&tlumr dfanuhepneééterrgmedmrn;berqu'raj the auebllet bypanke heat

exch ge cojl 28 is nea refr nt |iquidt erature sensor

44 pfOvi HEAMPEL ARPAYHE ﬁ@ “%H’ cﬁg’éets qujéﬂ qlaB u%éde gﬁﬂ‘mzﬂ%sur enent

t emper at WcLeds&d Bafpeenticab ke 'IrlEﬁhlit%rBfftﬁdeﬁké-ﬁh & 30antid ﬂie'cﬁ‘rrcul‘hﬁon idactt¥se case

where the nmeasurenent tenperature of the refrigerant uid is | ower than

the predé @erbiaaxitbinsahaistpesidenis ¥ sttt fakens Oawmsanz t hEughsrpiic
appar at ug, 40411206 GhiGY A £5aR8hilt Fihd B5a8XNAN e QYESHARIRIthroYgh @l NG an

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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i ncreased tenperature to the vicinity of the take-in port 30A via the
circulation duct 38, to thereby m x this exhaust outside air I wth the
taken-in outside air X. Further, the controller 46 controls the air anount
of the exhaust outside air Y flow ng through the circul ation duct 38 by
means of the opening degree control of the danper apparatus 40 so 25t hat

t he nmeasurenent tenperature neasured by the refrigerant |iquid tenperature

sensor 44 becones the predeterm ned tenperature. Then, if the
measur ement Fegpa{iéw%qngiaraﬁ?wﬁtﬁft L gavapbndd 1%%1&1; é&p%&@rg D
fluctuates with respetct e pre eterm ne nmperature, the controller 46

cont r ol s thdendangadion &ppizaraticso e opolinpetoier aﬁhmqmllddlsm agsotftoflvetiaien t he

27 to b A BurhB i RahyEoebire SRS Btk St AL En B = ¢

t enper at yigpredsed heThafis lv@ﬁahacﬁé ﬂhbmuu&lstlﬁ Waﬁp@hwfeoﬁtQB%%ulﬂﬁo@&@@ftﬁﬁe t he
predetermnedterrperatu hi s way garallel wth t

val ved colPPlene wiver R aesalppinatedr lszm%S%’dtOz&@ably m@@%ﬁ BRSSTYS AN thenye at ure
of the C?Péskﬂg SRR thRathS1 ERANLP &eth ?etﬂgeﬂaﬂf sb okt bict M@k EeirdMi8IGRY t he

fluctuations 1 n evaporation pressure o evaporators 20X an 20Y can be
suppr esséhk reTﬂn@Iantsan\hhmdels@bid uct uations in tenperature of the

circulation duct t 000| r.e ellmnted ossible to
tably i nt af fsEgrasS FRuBR 1 RSl Bl Eul B E o s Bl or

ci rcul at iregmigefant Ml 1083rév e HantconSéhshiad frbﬂﬁebeﬂ%t ¢Husdd 6 thelatuédvfeie t he
refrl erant can be nmade st abl e. esult, it is possible to

st abll{} nmar#rosrtars Reenahen ke oy et af the ﬁefblgeltaﬁbm?téﬁ Pi"@fé)rfétﬁfs ZHeanbZOy &vent
dew cond Q/Qﬁi@tdoﬁf}oflé@m Hel k?&tx%gé&% ﬁ PRS frfgté $ nQurdl Qﬁcﬂ-lgff(‘/@%?(fﬁ.o rs,

even when the ow rate o I gerant o e evaporators 2 and 20Y
i s val ve{tloind Eoibloédném of He Rregint fryvesyisnlem havi ng the refrigerant natur aI
circul ation sy e Prese nvent i

hird
S btent B4 T Pl AR Mhusarb g G PLFRT B PUEHM P o (i O

eln‘loodi Weléfnb@ﬁlrrlltlfhﬁ o€ el do\?ﬁngyﬁsiﬁmlﬂ)qof e eldearogiceliicenirel 1gamaaés thanaisﬁ .
illustrates the case 1l5where t cool i 22 according to each of the
first andISECHREORMDERNRE e 206 V’éﬁP&é‘gHOf\t/\'ngm%r%{ aeelsﬁc%gteél}%ofj%"é’tﬁﬁndenser

48 as thg.apRanAtns c%'&ﬁeﬁ?ﬁgg&%ﬁs&h@ dsehe h;gf‘afa'%ﬁg wlRS-cohllersBomkd he noted
that el enents comon to thoSe of the first and second enmbodi nrents are

denot ed sirigh@ntgase ref erence synbols, and description thereof is

20om tted. It should be noted that elements common to those of the first and second

embodiments are denoted by the same reference symbols, and description thereof is
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.

21



As illustrated in Fig. 4, the heat exchange coil 28 coupled to the gas

pi ping 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
wat er type condenser main body 49 (casing). Then, the refrigerant gas
flowi ng through the heat exchange coil 28 and cold 25water flow ng through
the cold water supply coil 50 exchange heat with each other, so that the
refrigerant gas is cool ed and condensed to he liquefied into the

refrigerant |igujd. refr1gera ¢ nlrdl REcHE6n WIRLE th@?en?&%thf@oﬁﬁéh@ﬁ‘ of the

refrigerant natural cirtculation systemi's appli to server cooling in a
dat a centeshangheoib?$ insalepdithe codmgdbwex?2 semmgtalaeheequgnm oegls20 Xavhal 20Y
whi ch cool t fr mthe serve

ity g M SRR T et R A S T

evapor at DOX ane 708", ahdihéncefthd bendegdatiog @Edpéraiuis blihe oéfrigh@mneirplrdtioy s 20X
and 20Y requires approximtely 18C to 24C. in the refrigerant

nat urdal Beateyrhangs Rod ¢8 serving Hethe epprianssrypeuiss appeoxpagieelchafds coi | 28
inside of the @mhiaglei RARS, ﬁt%e%%rd/w@r %@g%@ﬁ%an&qﬁgﬁq{o@%dﬁoﬁ&lﬂave a

tenperature |l o y approxi mately 2Ct theterrperatures of the
evapor at oold w0t lawdlgza)témmrmweeﬁcappmobmnaiekydlé’ﬁ‘stath%ﬁ it prodecat by beadf t he
refrigerant inside of § t eXg gg angJqﬁ_@s tge ﬁ%nde ser
requi r es UPPT SRIRAEY ‘§’/h‘i &r‘% °i‘°8“<9 hé' o‘?ﬁ%‘fse e TR e S

type condengenppRicdil 30dyhé@by tr eBlideyant ot chdendedr MRYE, Rgldwhterpaicatisir e of
apprOX|nater /Cto 12C s produced by heat source equi pnent. which produces
col dlfat Brodugeby 8 se-galdatiireccqal V‘Béb’ﬁtﬂ@’ I ehigh low-temperapirg oWatdsitdtppl y coi |

50, wher ghyief &%s&rﬁfalhﬁgﬁtreﬁﬂ%dlbt% s%&'aﬂ?ﬁsd%gd f&t‘éﬁﬁ@ucnﬁ?ﬁh@ cWﬁit Rhtehd Glrdi R

10pr oduced by a so-cal ree cool 1 ng syst | ow t’enper at ur e
out si de #iercolchwaientebe swaed hsciemudhte msmﬁdhac@dmgmuspiyszousﬁéhl whagh

producin s used as .th to he ca to

P poa ot Belnci: BT Bt B HRFRy SRubgPpSRlith VBT kP aRfieBIR R ' O ocsi bl

to reali 5peraﬁoxeaﬁmgmesmung eqﬁﬁﬁ{@tl ol thi3i cahe dhmmp@tatmeqmtmeeoathae aperati on

of the heat Sﬁurce 8 r%g in this case, rrBerature f the outside
év&lt"d g

ai r 1%at ahich thgcod ratﬁ%zwwaﬂanﬁm o8 drRsateR af ther or

Condensa}éfﬁgel‘ﬂﬁt éalﬁ%ere@ﬁ&'eﬂt@y ﬁﬁ')tdugéﬂs Rgusfth 'o?lcﬁﬁgrltﬂarpf(p@-‘iﬁ%%én@ra?%@én to or
| ower than In a general” desi addition, the refrigerant

liquid tenper aimacwlts@néhﬁr rmgwtgmu@@m@unemn%ﬁaéﬁs@h mepswePer at ure of
at the curTepphichaREgaRE, Yk gt B e ROTREE B8 o T ng
20val ve B2isgroghledd] thstexittoi¢he ]heﬂvexdjaﬂg@éoﬂ & andlaccowhtveter hinowntragljastingugh
the f(? | dva vg %5 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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supply coil 50 is provided at an exit of the cold water supply coil 50.
The refrigerant tenperature neasured by the refrigerant |iquid tenperature
sensor 44 is sequentially inputted to the controller 46, and it is
nmoni t ored whether or not the refrigerant tenperature fluctuates with
respect to the predeterm ned tenperature. 25Further, the controller 46
controls the flowrate of the cold water to be supplied to the cold water
type condenser 48 by neans of the cold water anmount adjusting valve 52 so

that the er%ﬁmmaﬁdehmarf?&ny bein@fcali@ dnaht GeIR0bf He@hfoh RPN at ur e
sensor 44 i1s maintalned at the predeterm ned teggerature W t hout

f | uct uat imhgn slee BewiratefodItheowft genatt wdtheoeappratey 3pSraati20 isenpercontreBed of t he
evapor at ors._20X.and 20Y.due t.0 3 v C | i e evaporators 20X
and 20?." tcheac P lé%%?¥s,%err§ P%lﬁ%t}}fey}e?rﬁg%%let n%éuggl cg%h{aﬁgntsﬂ?t%‘g' enbodi nent of the
present i nvent fitshouidtbe ot@bdat, i thetfrssérabddimeni totthé thitdnentnalimes, the

circulation of the refrigerant and t revent dew condensatign from bei ng
caused ofFPNEAETS YoaEss BlACEhE %93&951{1& At GPLASRSH £n PP GUPINEBVER t he

refrigerantinRfudidlehe L aPRRALPaSct 4Phbef ek @AY waker Y M@naGKeF 981 ed in the

cooling systemhaving the refrigerant natural cirtcul ation system It should
be not ed Allteanatively, ipeessinestnsentrodishewn) mey bhelackd, read ébeatitredler 46 g

5t enperat ur.e sensor_ is.placed at the exit of h il, 28 in
The Loor PHICED SR osled) el i adlemam ity BRPIGRt o RIPRpRRIU4f
wat er typeredissy préGurdWitksutdlucuakiig sa aptehslowelatnsons (netapsiuoion) may
be placed, and the controller 46 nayzﬁﬁrforn1su§gycontr I, that

meas b e mESRPGFEES A dhosvapRRIQP 8K Zendis toitae Wy hechtr 4 Hie eyaporators

pr edet er phRregppgssure without fluctuating so as to follow fluctuations in
evaporation 10tenperatures of the evaporators 20X and 20Y due to the valve
control in theHsvapespredetsmpiopd aredswzo ynayHesrset top Far egpmglst e candradatprmessur e

may be s %%es&?re n%géssgéqggilgw thb &?ﬂge?%% ingﬁlrally circulate in a stable manner.
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pressure necessary to allow the refrigerant to naturally circulate in a
stable manner. WHAT IS CLAIMED IS:. 1. A cooling nethod for an electronic
device, conprising: naturally circulating a refrigerant between: an
evapor at or whi ch vaporizes the refrigerant by heat exchange w th exhaust
hot air fromthe el ectronic device, and cools the exhaust hot air; and one
of (i) a cooling tower having a heat exchange coil and a

bl ower for blowing air on to the heat exchange coil to liquefy the

vapor i Ze&éﬁ&rﬁgﬁp&@m (ii) a condenser having a cold
wat er su cold water to 10l iquefy the vaporized
refrigerant, A coolinghetieabiorag el@wenicalevivencansésindei ng pl aced at a
position higher than the evaporator; val ve-controlling a flowrate

of the liquid Peprfallyeinaiatiaggae ré&ﬂ‘raénéb?%e@vapor ator so that an air

tenperature afLgpy ?&to%ﬁicﬁ%ﬁoﬁi%hﬁ@&@ﬁgér@ﬁt HoRlat BEcHAMgd Renheyaart at or 15

becones a tenperature suited to an operating environnent, of the electronic

devi c®; hnickictnorthe kleatorictdesice aantsl @mlnige axbamt hejfait gad bl ower in the

cool i ng tower ar 5pe flowrate of the cold water supply in the condenser to
mai ntai n one of™&%condensati on tenperature and a condensati on pressure of
thedgas ref ri ger ant(i)iarcoblieg coadri Hagirgomesat exchiahge cdhalehs bloweespadowirgl y at a
pr edet er mi ned val ue, ereby one. of the condensation te rature 20and the
condensafi'én tpitleslhsy @XV@‘@H&%?OI? fukiqusty ee‘(?Bﬂr%\?ﬁ’Z‘ﬁht‘gFéaI?ti rate of the

liquid refrigerant §p,; Bgh@HRR Ha®fglalol & aRY 3RYIRES prbSidudl 062d Gark el | ed.
2. A cooling systemfor an electronic device, conprising: an
evapb? at dnuethitbhvarmpieed refsigaranef ri ger ant by heat exchange with exhaust hot

oy hom e el AL, 51, 5500a0, 60 AuLOE SRR Nty 200
evaporator;
valve-controlling a flow rate of the liquid refrigerant supplied to the evaporator

so that an air temperature after heat has been exchanged for cooling by the evaporator

15  becomes a temperature suited to an operating environment of the electronic device; and
controlling either a blowing amount of the blower in the cooling tower or the flow rate
of the cold water supply in the condenser to maintain one of a condensation temperature
and a condensation pressure of the gas refrigerant in the cooling tower or the condenser
respectively at a predetermined value, whereby one of the condensation temperature

20  and the condensation pressure do not fluctuate even when the flow rate of the liquid

refrigerant to be supplied to the evaporator is valve-controlled.

2k A cooling system for an electronic device, comprising:
an evaporator which vaporizes a refrigerant by heat exchange with exhaust hot
air from the electronic device, and cools the exhaust hot air; and
25 a cooling tower which is placed at a position higher than the evaporator, and
liquefies the vaporized refrigerant;
wherein the refrigerant is naturally circulated between the evaporator and the
cooling tower, and a flow rate of the liquid refrigerant supplied to the evaporator is

valve-controlled so that an air temperature after heat has been exchanged

24



liquefies the vaporized refrigerant; wherein the refrigerant is naturally
circul ated between the evaporator and the cooling tower, and a flow rate of
the liquid refrigerant supplied to the evaporator is valve-controlled so

that an air tenperature after heat has been exchanged for cooling
by the evaporator becones a tenperature suited to an operating environment
of the electronic device, wherein: the cooling tower conprises: a

cooling tower nmain body in which. a take-in port and an exhaust port for
outside air ar?orf

or : il - whi i .0yi ded
i nside of the coo‘iolorﬁggp g\klléer e‘ﬁagf)ﬁa%%%%mgggQ%ﬁ@%ﬁtggés%m% 188 operlifly an
ent r ance caoinsreaée @f tle dasrguipdadcd, hr ough whi ch t he gas 10refri gerant
returning fromthe evaporator flows; and an exit connected

to liquid pipi Mef$ifough which the liquid refrigerant supplied to the

evaporator fl o%cooﬁn?%&,alq&ﬁpryggg;ch sprinkles water to the heat exchange
coil; a blower which takes inthe outside air fromthe take-in port to bl ow

the taken-in ougspelingowet maithbodyeiatwhigle B d#kgeindwir andancxERvd pettdor he air
fromthe Oﬁ@&uaq; I@qﬁltm%cg bl owi ng anobunt adj ust ment devi ce which adjusts a
bl owi ng anount of "t he | ower ;

a heat exchange coil which is provided inside of the cooling tower main body,

and includes:
an entrance connected to gas piping through which the gas
10  refrigerant returning from the evaporator flows; and
an exit connected to liquid piping through which the liquid

refrigerant supplied to the evaporator flows;
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either a refrigerant liquid tenperature sensor which neasures a tenperature

of the liquid refrigerant at the exit of the heat exchange coil, or a
refrigerant |iquid pressure sensor which measures a pressure of the liquid
refrigerant at the exit of the heat exchange coil; and a controller which

controls the bl ow ng anount adj ustnent device on a basis of the tenperature
nmeasured by the refrigerant liquid tenperature sensor or the pressure

measur ed by tE‘?eﬁlfkflélj%Eﬁ%riﬁl&l%@teﬂ@ﬁé%@t SRS coftnd t he
controll er controls the blow ng amount of the bl ower by neans of the

bl owi ng armpunt blagjen sthidriakecinitbeowtside pat fram theetakefie peid fip Blodt e dakeBaBur ed by

the refrigerant |iquid t.e ratur LS mal i t.a.predeterm ned
temper AUTS 4 PHBLECH Pt ERE oAl 08 SERRE ohRsTRAT BB RnBhe T

evapor ati on tgeppeviag kheusfadjirenemaloicatvdricldaduite abidwigaantunodf tha t he

eva or%t or or the pressure neasured by the refrigerant liquid pressure
sensor Plo¥veFai nt ai ned at a predeterm ned pressure w thout fluctuating so as
to fol I ow t hegifeliglibilob QRS i MdMAPQLALE RhsbEWRRh #hdHsEredh tbhieraiaPef @kor due
to the valve control i'n the evaporator. 3. A cooling systemfor an

el ect r bniid rdBigecant athepxitsif tleg hepo axchanaperihtos e rofiicerany Hgwid pressugg sensor
refrigerant by heat a ] bl of Qnj

dovi oo P TmearS A mENERAGSe YRR SRt g e Rldor O DL
pl aced at a p®sédticdier hihidiedontdodntht bivveugpooatiordjusment deyiref dnesbaskreof
vaporized refrigerant,; erein _the refrigerant is naturally circul ated

be %geﬂlettﬁ%{péxﬂ&gswvreﬁﬁa UG et T R 0 SR PRI ¢ he

|1 QUi d b8y A retupRbdi el opiebiarevangr ahor 1s valve- control ed so that
an air tenperature after heat has been exchanged for coolin t he

b
evapor at or b8eowagoler eanpretssthe blovsng raguiiooizhe blgyer dy im@néﬁgth%ﬂ%mg of the

el ectr grrHoﬁntde?cﬁlllls(ﬁ%Entm%Ec%i dd-that either the temperature measured by the refrigerant liquid

|80h is

temperature sensor is maintained at a predetermined temperature without fluctuating so as
15 to follow fluctuations in evaporation temperature of the evaporator due to valve control in

the evaporator or the 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.

3. A cooling system for an electronic device, comprising:
20 an evaporator which vaporizes a 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 the refrigerant is naturally circulated between the evaporator and the
25  cooling tower, and a flow rate of the liquid refrigerant supplied to the evaporator is valve-

controlled so that an air temperature after heat has been exchanged for cooling by
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t he cooling tower conprises: a 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 inside of the cooling tower nain

body, and incl udes: an entrance connected to
gas piping through which the gas 10refrigerant returning fromthe
evaporator flows; and an exit connected to liquid

pi pi ng through which the liquid refrigerant supplied to the evaporator

flows; a,sprinkler which sprinkl.es ter to the.heat .exch oil;
a bl ower ﬂ@iﬁ"’@ﬁoﬁaﬁffé’??[ﬁe? ﬁgen&ﬁr%tpﬁe&%le& 9 ?’%ﬂ?‘?r%tén% a Vé&n%le%grgftht%o bl ow t he
15t aken- ieecAuhisiddeicaj r to the heat exchange coil; and exhausts the air from

t he exhaust port; either a refrigerant |iquid tenperature sensor
whi ch med4\§fe% a tenperature of the liquid refrigerant at the exit of the

heat exchange ¢q@il,8h %V(,&f({dngg{sggl_t l'iquid pressure sensor which neasures a
pressure of the quui% refrigerant at the exit of the heat 20exchange coil;

a cirgul ation duct whiaxtralisgiewer paintbody in icthatae-ionodiadd anickhaghaust ed
fromthe e ust .port to.a vi,cinity of the lake-in port, and m xes the part
of the efﬂé[}gﬁo%ﬁggflgeﬂ%foﬁmﬁdth the taken-in outside air fromthe take-in
port; a circul ation aidhamexthangepois viimtis genideel wnkide bf gdj destisg eowei r
25amount of the exhaust outside air flow ng through the circulation duct;
and a cofMapPPéh 3RAIRNShtrol s the circulation air anmount adj ust ment

device on a basis of the temgralir& (RasHEER Y diligg Hebhgloehahithé baui d
tenperature sensor or the pressure neasured by the refrigerant liquid

pr es$lir e refeigemnt reaurdinghieorn dint evippetorcibows;ehd the circul ation air anmount of
t he exhaust outside air 30fl WeQﬁﬁéﬁﬁe%&‘&ﬂotﬂa%i&bﬁﬁQt?&du%ﬂQHSﬁtt}%Mic{ﬁ‘?&‘”s of

the circulation air anount adjus
refrigerant 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
15 taken-in outside air to the heat exchange coil, and exhausts the air from the exhaust
port;
either a refrigerant liquid temperature sensor which measures a temperature of
the liquid refrigerant at the exit of the heat exchange coil or a refrigerant liquid pressure
sensor which measures a pressure of the liquid refrigerant at the exit of the heat
20 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

25  amount of the 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 or the pressure measured by the refrigerant liquid pressure sensor; and

the controller controls the circulation air amount of the exhaust outside air
30 flowing through the circulation duct by means of the circulation air amount adjustment
device so that either the temperature measured by the refrigerant liquid temperature

sensor is maintained at a predetermined temperature without fluctuating so as to follow
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device so that either the tenperature neasured by the refrigerant liquid
tenperature sensor is nmaintained at a predeterm ned tenperature w thout
fluctuating so as to follow fluctuations in evaporation tenperature of t

| e evaporator due to valve control in the evaporator or the pressure
measured by the refrigerant liquid pressure sensor is nmaintained at a.
predeterm ned pressure without fluctuating so as to follow the fluctuations
i n evaporation tenperature of the evaporator due to the valve control in

t he 5evapor.at or A coo rising:
an evapo g‘ftg?u%?ﬂgﬁvgp |5%t tggmé}/a?%g IRffﬁger%‘%? ﬁaltoeh&le{gﬁ Q(I},\'glcg?éh%&vhnt éTgx haust
hot air Evapordthicorehe ptosoutt enedewricd &y tbmr.‘bfﬁgﬂhﬁt liqued ppebﬁus'serh;ot isai r; and

a cold water type congenser ichis d at .a positio her than t he
Sevapor afr{"j‘%ntalé al 3 PEEFCHRINCA S FEHE M lﬁ@é}t Hethpting gf’n?s tovfﬁﬁ? t he

refriger aftwhoridh ‘é’if@ﬂdri(tl&rl {eﬁiﬂefﬁtﬁ@ oPehIER gofalft_ﬁ RO U e é’(ﬁﬁrotl ketheol d

wat er type condenser, 'owrate of the liquid refrigerant supplied to
t he evapevapowtol.s valve controlled so that an air tenperature after heat
has been exchanged for cooling by the. evaporator beconmes a tenperature
suited to an operating 10environnent of the electronic device., wherein the
cold water type condenser incl udes: an entrance connected
to gas piping through which the gas refrigerant returning fromthe
evaporator flows; and 15an exit connected to |liquid piping through which
the liquid refrigerant supplied to the evaporator flows, and is a condenser
whi ch. obtains cold energy for condensing the gas refrigerant into the
liquid refrigerant by using cold water which is supplied to the cold water
type condenser via cold water supply piping; and the cold water type
condenser conpri ses:
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20a cold water anount adjustnent 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 type condenser; tither a refrigerant |iquid
tenperature sensor which nmeasures a tenperature of the liquid refrigerant
at the exit of the cold water type condenser 25or a refrigerant liquid
pressure sensor which neasures a pressure of the liquid refrigerant at the
exit of the cold water type condenser; and a controller which

control s ,t he caql i . . Lce. .a basis of the

t enper at tjlfe rreg‘sgoro\g@tg%gﬁ% Ee ?Eé ?%g§%gt%{"icgf3%6§&§lesﬁ%er ature sensor or the
pressur e neasungdviporhtoe whathriageriaesta lefigerahtpydestueehsegrseoith eamsBiot t he
controller controls the fl oqw raéﬁgglf t he,col er to he supplied to the

h t
col d wat 8 FYPICIRIEILSACHIE 4B thet??‘é‘aﬂ%ﬁ’@%%aé’fd anount adj ust ment

devi ce so that 3QbldWhtet ipelcoiBaisat WhRh IR pBtEES posttlm Highdritea @at |1 qui d
tenperature sensor is maintained at a predeterm ned tenperature w thout

f I uct dat iefigposeiongind didpefi¢sofie VRRRIIZGEIFIBRSTANE evaporation tenperature of the
evapor ator due &h%{é{ﬁ!tﬁ/eeneg‘?%tr&ﬁlis hzﬂufaﬂﬁ VARG PR the E@%Urﬁ%? Hﬁ(?%l'geas ur ed

by the refrigeran i qui ressure sensor 1s maintal ne a. predeterm ned
pr essur e cuidthatet tybk ohdemsémand o flasy tate dfahé bguithefrigetrmt sagpliedgo the
evaporation tenperature of the evaporator due to.the | ve control in the
evapor at 6V2PBIPhE Eo6 Oélﬁgts‘éﬁ?a? 8? aerEmBT’réﬁ’tr? 8%?’?“3 g@?scbeeegc%‘c‘)}}a&gﬁ to
claim4, twh&oBhp blyNge dApBIRsr PRkt eterhperbfie: G0led t¥ah 8petadpe condenser is
cool ed by using outside air when a tenperature of ihe outside air is equal

t o od0| owayviremagnt pdthe electronic device,

wherein
the cold water type condenser includes:
an entrance connected to gas piping through which the gas
refrigerant returning from the evaporator flows; and

15 an exit connected to liquid piping through which the liquid
refrigerant supplied to the evaporator flows, and is a condenser which obtains cold
energy for condensing the gas refrigerant into the liquid refrigerant 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:

20 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 type condenser;

either a refrigerant liquid temperature sensor which measures a
temperature of the liquid refrigerant at the exit of the cold water type condenser

25  or arefrigerant liquid pressure sensor which measures a pressure of the liquid
refrigerant 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 or the
pressure measured by the refrigerant liquid pressure sensor; and

30
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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 either 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 or the
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.
S The cooling system for the electronic device according to claim 4, 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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