1 COOLING SYSTEM FOR ELECTRONIC EQUIPMENT BACKGROUND OF THE INVENTION Field
of the Invention 5The present invention relates toa cooling system for electronic equipment which is
favorably used, in particular, for cooling electronic equipment which is to be operated with precision
and is large in quantity of heat generated therefrom such as a computer, a server and lothe like.
Description of the Relaté®AHRs &¥0ftg ByStefi-for EBBRHE-h&QGenEried when electronic
equipment such as a server or the like is operated, variouis systems such as an air cooling system, 15
a water cooling system and the like are proposed. In particular, since a cooling system of the type
that refrigerant natural circulation for naturally circulating a refrigerant without power is utilized uses

neither a BAmpTHET A ComPredsor SFEfEctONotice as an

Field of the Invention
5 The present invention relates to a cooling system
for electronic equipment which is favorably used, in
particular, for coocling elect;onig egquipment which is teo
be operated with precision and is large in guantity of
heat generated therefrom such as a computer, a server and
10 the like.
Description of the Related Art

As 2 cooling system for cocling heat generated when
electronic equipment such as a gerver or the like is
operated, variouls systems such as an éir‘cooling system,

15 a water cooling system and the like are proposed.

In particular, since a cooling system of the type
that refrigerant natural circulation for naturally
clirculating a refrigerant without power is utilized uses
neither a pump nor a compressor, it attracts notice as an

20 energy saving cooling system running cost of which is
expected to be reduced.

For example, Japanese Patent Application Laid-Open
No. 2009-217500 discloses a cooling system for electronic
egquipment in which an evaporator for cooling a hot blast

25 (air) which has been discharged from electronic squipment



20 energy saving cooling system running cost of which is expected to be reduced. For example,
Japanese Patent Application Laid-Open No. 2008-217500 discloses a cooling system for electronic
equipment in which an evaporator for cooling a hot blast 25(air) which has been discharged from
electronic equipment 2 such as a server or the like is disposed and a temperature sensor which
detects aStéfiperatuie OF BIFUDtaIRed After tHeCail Fas bEERL8IerS disposBE TR sifeam of the
evaporator such that the opening of a valve for s controlling a flow rate of a refrigerant which flows
within the8¥apoTattr 1§ adiRESF S tife BSSIB oF & tetéction ialive BPHeIM& ofthE®Emperature sensor
to control an outlet temperature of the evaporator so as to approximate to a set value. 10In the system
which is diS€loded if3&pRTESL PRRAEAPPRcaibRIFEO LIRS L2562 21566:% temperature sensor
is disposed on the middle of the downstream side of the evaporator so as to adjust the flow rate of the
refrigerarf VAHER AGRE \WitGR thdeFapdtatatRirthebais £5 ¥Fed@it dFdetection by the temperature
sensor. However, in a cooling system of the type using a refrigerant natural circulation system,
althcugh B8 fefRgeran® ifinta fjudietsstate 6n theldidd oF & inlBtECBwet PAf) into the evaporator,
since the quantity of heat generated 20 from the electronic equipment is increased when the electronic
equipmentis fiify et afetPRRed P the RefigedRtafaStaldstoRgase dus r_irigerant on the side of

an outlet (an upper part) of the evaporator, Therfefore, on the upper part side of the evaporator, a 26

differencé'BEfiieerPs témpBFatiire GHtGinetf Wh&itthe e temperature sensor to

control an outlet temperature of the evaporator sc as to
approximate to a set value.

10 In the system which is disclcsed in Japanese Patent
Application Laid-Open No. 2009-217500, a temperature
gsensor 1s disposed on the middle.of the downstream side of
the evaporator so as to adjust the flow rate of the
refrigerant which fiows within the evaporator on the basis

15 a result of detection by the temperature sensor. However,
in a cooling system of the type using a refrigerant
natural circulation system, although the refrigerant is in
a liquefied state on the side of an inlet (a lower part)
into the evaporator, since the guantity of heat generated

20 from the electronic eguipment is increased when the
glectronic equipment is fully operated, most of the
refrigerant evaporates to a gaseous refrigerant on the
side of an outlet (an upper part) of the evaporatocr.
Therfefore, on the upper part side of the evaporator, a

25 difference between a temperature obtained when the



3 electronic equipment is not so fully opetated and a temperature obtained when the electronic
equipment is fully operated is increased to such an extent that the temperature sensor disposed on the
middle of the downstream side of the evaporator may not sufficiently cope with the operating status of
the electronic equipment and hence stable control of the electronic equipment may not be attained.

However, aipthing mawbe cgnsidarerfor fhe ahgve ngntignethsjituatign: SUMMARY;OF, THE

INVENTION Therefore, an embodiment of the present invention seeks to provide a cooling system

for electropisgRuipment whight isicandiguiedkto appropriaiely-adiust a flavwlatept adefrigerant which
flows within an evaporator, coping with the operating status of the electronic equipment, thereby

attaining stahlecortpehaf the elegironicequiprentcc  sAcEPrding toaneaspesl:af thepresent
invention, there is provided a cooling system for electronic equipment of the type including an

evaporatot eviieh-avapesates adefrigeram yithhaat geperateddromglgetrenic eguipragnt, a blower
which makes air which is heated with the heat generated from the electronic equipment flow into the

evaporatodcantd:a ceagdenseawhielr 4isdisposeddighenthamthe avapomigrrand eeelsand
condenses the refrigerant to be supplied to the evaporator to a liquefied refrigerant, and including a

refrigerantliguid pipenwhich guidesstherliguefied refrigerarrdront theceaitenserto adewer part of the
evaporator, a refrigerant gas pipe which guides the refrigerant from an upper part of the evaporator to
the condenser, a¢efrigersnifow ratereonol Wit which sostrelsanflew eate Dithetefrigarant in
accordance with a temperature of air obtained after the air has passed through the evaporator and a
temperatute semgor shich det@cts tHetemperatuie it theyaimabtained eftes ile-aisdag passed through
the evaporator, wherein the temperature sensor is disposed on the side of an air outlet of the
evaporatot laaddighver thanailhalbdf thetheightet the evaporator. Here, desirably, the evaporator
includes a coiled vertical pipe through which the refrigerant flows upward from below and the
temperature sensor is disposed higher than a half of the height of the coiled vertical pipe. Desirably,
the temperature sensor is disposed lower than an upper end of the evaporator. More desirably, the
temperatuPEdBABAr ISIiSHUSeUNUEST flizth an upper end of the coiled vertical pipe. According to
another aspect of the present invention, there is provided a cooling system for
Therefore, an embodiment of the present invention
seeks to provide a cooling system for electronic egquipment
which is configured to appropriately adjust a flow rate of
a refrigerant which flows within; an evaporator, coping
with the operating status of the electronic eguipment,
thereby attaining stable contrcl of the  electronic
eguipment.
According to one aspect of the present invention,
there i1s provided a cooling system for electronic
~equipment of the type including an evaporator which
evaporates a refrigerant with heat generated from
electronic eguipment, a blower which makes air which is

heated with the heat generated from the electronic

equipment flow into the evaporator, and a condenser which



electronic equipment of the type including an evaporator which evaporates a refrigerant with heat
generated from electronic equipment, a blower which makes air which is heated with the heat
generated from the electronic equipment flow into4he evaporator, and a condenser which is disposed
higher than the evaporator and cools and condenses the refrigerant to be supplied to the evaporator to
a liquefied refrigerant, and including a refrigerant liquid pipe which guides the liquefied refrigerant from
lo the condensetitsraolosdr pairtbkthe evaporatdica refrigesanigas ppedvhichgiides the refrigerant
from an upper part of the evaporator to the condenser, a refrigerant flow rate control valve which is
disposed incatdeast amedidhe egfriggrantdiquidopibe agditbé issreftigerahtgaspiseancbeontrols a flow
rate of the refrigerant which flows within the evaporator, a temperature sensor which detects a
temperature ofair bbtpiréd afternthé aigkaspassed thi ougirthedsvvaporatorafid Bgeardeatler for control
valve which controls the 20 refrigerant flow rate control valve on the basis of a detection value of the
temperatute gensor piperemithelbengperdase sersorlisaisposed ondhie Sigerefran afrrautlet of the
evaporator and on an upper part of the evaporator. 26Here desirably, when a temperature value which
is 6 detectét:by theitempernaturecsensor Istigiher tizarnta prédetelminesneghae;sthexcontraller for
control valve increases the opening of the refrigerant flow rate control valve to increase the flow rate of
the liquefiee fafligersmn to besupplietl telthe vapdrator, &he whefaitemparatufe-valuamwhich is
detected by the temperature sensor is lower than a predetermined value, the controller for control
valve decréaBes thergadhingodt thé refrigeraapfiow tate control Veihe todisedeaseethe flow rate of the
liquid refrigerant to be supplied to the evaporator. In particular, an embodiment of the present
invention BFAVGraBKEaNDIiEdTE t¢ iHeesys@mt iIPwhighihe reidgéranoistonisyed bebween the

evaporator and the condenser by a refrigerant natural circulation system.
rate of the refrigerant in accordance with a temperature

of air obtaineé after the air has passed through the
evaporator and a temperature sensor which detects the
temperature of the air obtained after the air has passed
through the evaporator, wherein the temperature sensor is
disposed on the side of an air outlet of the evaporator
and higher than a half of the height of the evaporator.
Here, desirably, the evaporator includes a coiled
vertical pipe through which the refrigerant flows upward
from below and the temperature sensor is digposed higher
than a half of the height of the coiled vertical pipe.
Degirably, the temperature sensor is disposed lower than
an upper end of the evaporator. More desirably, the
temperature seﬁsor is disposed lower than an upper end of
the coiled wvertical pipe.
According to another aspect of the pregent invention,

there is provided a cooling system for



Desirably, the blower is disposed downstream of the evaporator and the temperature sensor is
disposed between the evaporator and the blower. Preferably, a plurality of the blowers is vertically
disposed on the evaporator and the temperature sensor is disposed in the vicinity of a blower which is
disposed at an upper stage in the plurality of blowers. The electronic apparatus may be cooled

even wheg apditdoor tempetauenfs kighBycorfiguwingsuakcthat thewcendenses cordenses a
gaseous refrigerant which flows into it through the refrigerant gas pipe by being cooled by a 7
refrigeratingrinalchigreaporAs an alteraétivey¢hevondenser mayconslense Begaseous refrigerant which
flows into it through the refrigerant gas pipe by being cooled with outside air or 5 external cooling
water.  efeaddition suehraicordiguratioromayde passible thaitdze eamdenseris a4 gondenser which
is included in a refrigerating machine, the evaporator is an evaporator which is included in the
refrigeratifpiaehine] &lyaskoubddtrefrigerantoelictt iscsent tkroaihbdhe sefiigerant gas pipe is
compressed by a compressor included in the refrigerating machine, is sent to the condenser and is
condénseé W aditgafie o fefrigéraint thrbagh hWepbexchange avith eutsitedsineeextetnat cooling water,
and the 15 liquefied refrigerant so condensed by the condenser is sent to the refrigerant liquid pipe
and a refrig&rait fippae sormhstvaleawhiches evrfigored asingrah electrenisrexpansion valve is

disposed in the refrigerant liquid pipe as the refrigerant flow rate control unit so as to expand
condenses the refrigerant to be supplied tc the evaporator

to a liguefied refrigerant, and including a refrigerant
liguid pipe which guides the liguefied refrigerant from

10 the condenser to a lower part of the evaporator, a
refrigerant gas pipe which guides the refrigerant from an
upper part of the evaporator to the condenser, a
refrigerant flow rate control valve which is disposed in
at least one of the refrigerant ligquid pine and the

15 refrigerant gas pipe and controls a flow rate of the
refrigerant which flows within the evaporator, a
temperature sensor which detects a temperature of air
cbtained after the air has passed through the evaporator
and a controller for control valve which controls the

20 refrigerant flow rate control wvalve on the basis of a
detection value of the temperature sensor, wherein the
temperature sensor 1s disposed on the side of an air
outlet of the evaporator and on an upper part of the
evaporator.

25 Here, desirably, when a temperature value which is



20 the refrigerant while controlling the flow rate of the refrigerant by the refrigerant flow rate control
valve, thereby making the refrigerant flow into the evaporator. More preferably, a plurality of the
evaporator are disposed, the refrigerant flow rate 8ontrol valve is 25 disposed in the refrigerant liquid
pipe, the refrigerant liquid pipe is branched into respective pipes on the downstream side of the
refrigerant flow rate control valve and the branched pipes are connected to lower parts of the plurality
of evaporaters; atgidrality of Biggeltaspasjipessaresespectively cohngdted to tipper parts of the
plurality of evaporators, the plurality of refrigerant gas pipes are configured to be united together so as
to guide argas@ots yaftigerantts e condeasersarplunalifyesf thédemperattredensersare respectively
disposed on upper parts of the respective evaporators, and the refrigerant flow rate control valve is
configured tciy@zsatolidtebpivaidatralir fdrecontrbriglos antthé bakiswftdetectivrrvalues of the
respective temperature sensors. Desirably, the refrigerant flow rate control valve is controlled by
the controW@ifo® coritfol valvererhahattdmean Yawe ofdtedeteétiontVetuesidareettidsy the
temperature sensors disposed on the respective evaporators is within a predetermined temperature
range. Alsbedeshablistie refrigetarf fiedietel coimrot balve isgstitadifed byahé cotreailefor control
valve such that a maximum detection value of the detection values detected by the temperature
sensors disPEBET BRUKE respétiive BlAFSratbfs iSFRRIREEPreddterfifed temperRGIEANge.
According to an embodiment of the present invention, since it is allowed to appropriately adjust a flow
rate of a §PEFGEraht wHittEfowbaithin BF e985GHRIMespilg e thelsheralig staliisrof electronic
equipment, a cooling system for electronic equipment by which stable control of the electronic
equipment RratERRed fay iFel GBtaftt BRIEE BESCRIPTION OF THEDRAWMNGSANE FIG. 1is a
schematic diagram of a general configuration, illustrating an embodiment 1 of a coolin%system for
electronic eboipnicHt AcCOri b tHe présenp decrease the flow rate of the

ligquid refrigerant to be supplied to the evaporator.

In particular, an embodiment o©of the present
invention is favorably applicable to the sgystem in which
the refrigerant is conveyed between the evaporator and the
condenser by a refrigerant natural circulation system.

Desirably, the blower is disposed downstream of the
evaporator and the temperature sensor is disposed between
the evaporator and the blower. Preferably, a plurality of
the blowers is vertically disposed on the evaporator and
the temperature sensor 1s disposed in the vicinity of a
blower which is disposed at an upper stage in the
plurality of blowers.

The electronic apparatus may be cooled even when an
outdoor temperature is high by configuring such that the
condenser condenses a gaseous refrigerant which flows into

it through the refrigerant gas pipe by being cocled by a



to invention; FIG. 2 is a schematic side view of the cooling system illustrated in FIG. 1, viewed
from the side of a blower; FIG. 3 is a diagram illusfrating a manner that a 15 liquefied refrigerant
evaporates to a gaseous refrigerant in an evaporator illustrated in FIG. 1; FIG. 4 is a flowchart
illustrating a flow of control by a controller in the embodiment 1 of the present invention; 20FIG. 5 is a
schematicrdidgrame 0f aicopfigartionsof essential parts, illustrating an embodiment 2 of the cooling
system for electronic equipment according to the present invention; and FIG. 6 is a flowchart
illustrating a flow éfscantrok 25 doyree conteollet e thiememibodimenh 2 of ¢hefeesenta10 invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
gaseous refrigerant which flows intc it through the
refrigerant gas pipe by being cooled with outside air or
5 external cooling water.
In addition, such a configuration may be possible
that the condenser is a condenser which is included in a
refrigerating machine, the evaporator is an evaporator
which is included in the refrigerating machine, a gaseous
10  refrigerant which is sent through the refrigerant cas pipe
is compressed by a compressor included in the
refrigerating machine, is sent to the condenssr and is
condensed to a liquefied refrigerant through heat exchange
with cutside air or external cooling water, and the
15 liguefied refrigerant so condensed by the condenser is
sent to the refrigerant liguid pipe and a refrigerant flow
rate control valve which 1s configured using an electronic
expansion valve is disposed in the refrigerant liguid pipe
as the refrigerant flow rate control unit so as to expand
20 the refrigerant while controlling the flow rate of the
refrigerant by the refrigerant flow rate control valve,
thereby making the refrigerant flow into the evaporator.
More preferably, a plurality of the evaporator are

disposed, the refrigerant flow rate control valve 1is

25 disposed in the refrigerant ligquid pipe, the refrigerant



Hereinafter, specific embodiments of the present s invention will be described with reference to the
accompanying drawings. [Embodiment 11 An embodiment 1 of a cooling system for electronic
equipment according to the present invention will e 10 described with reference to FIG. 1 to FIG. 4.
FIG. 1 is a schematic diagram of a general configuration, illustrating an embodiment 1 of a cooling
system for electronic equipment according to the present invention. FIG. 2 is a schematic side view of
the cooling system ilfvstrated in 15:RIGCAgdiewed-fronrtherside bfa blpweeF1Gar8 iscdndiagram
illustrating a manner that a liquefied refrigerant evaporates to a gaseous refrigerant in an evaporator
illustratedde PG eRIG. #iide fidwdhiert iaswatmraflfowfdfoontet by amonollermitie embodiment
1 of 20 the present invention. FIG. 1 illustrates a cooling system for electronic equipment 2 which
cools a sexvest dsrelebtraniclwlipmpsts IREEG chriniscd serveproorwerhichristiastafied mdthin a
building. A plurality of server racks 100 (only one 25 server rack is illustrated in FIG. 1), each housing
the 11 sérVerpfeldctronic eeufirRarty 20sarednspalieehihihy serfemedni delrethe egdzdiment 1, a
blade type server is given as an example of the server 10 to be cooled. The blade type server 10 is a
thin-tybe $&ipes ARIGUglSIABgédatal a phaaiydiele thin-tyRrpsarvers i Paded orthe server rack
100, the server 10 may be one large-sized server. Air is taken into the server 10 from a front surface
(on the right $icRelintmIGR ) e fecsarverrack Ao andrAs tova hbt BRETBYesaliy Heshot server 10.

pipes are configured to be united together so as to guide
a gaseous refrigerant to the condenser, a pluraiity of the
temperature sensors are respectively disposed on upper
parts of the respective evaporators, and the refrigerant
flow rate control valve is configured to be controlled by
the controller for control valve on the basis of detection
values of the respective temperature sensors.

Desirably, the refrigerant flow rate controcl valve
is controlled by the controller for control valve such
that a mean value of the detection values detected by the
temperature sengors disposed on the respective evaporators
is within a predetermined temperature range. Also
desirably, the refrigerant flow rate control valve is
controlled by the controller for control valve such that a
maximum detection wvalue of the detection wvalues detected
by the temperature sensors disposed on the respective
evaporators is within a predetermined temperature range.

According to an embodiment of the present invention,

since it is allowed to appropriately adjust a flow rate of a



10 The air which has flown out from the server rack 100 is sent toward an evaporator 21 in the cooling
system 2. The cooling system 2 includes the Sévaporator 21 and a condenser 22 which are used to
cool the hot blast from the server 10, a refrigerant liquid pipe 23 which guides a 15 liquefied refrigerant
which has been condensed by the condenser 22 to a lower part of the evaporator 21, a refrigerant gas
pipe 24 whighrétigns atgagentis réfrigesantiviich has ewapgrated-througivheatcexchange with the hot
blast from the server 10 in the evaporator 21 20 from an upper part of the evaporator 21 to the
condenset 22, apefrigetart fRverate cohtrel e rvefrigerantiiem rateccontrol dmnit) 25 which is
disposed in the refrigerant liquid pipe 23 to control a flow rate of the liquefied refrigerant flowing into
the evaposatek 21, 425 Isléwer 26nthat &Tajpnetity éfblowérstwhithate omstadledadwnstream of
the evaporator 21 so as to introduce air in the server room 1 into the server rack 100, to cool the air
which hasteereheated Byicoctidgitheservel 4 0al3ytpassig hrobgh ts evasstator 21, and to 5 blow
off the cooled air again into the server room 1, a temperature sensor (for example, a blown-off air
température sensor) 27 which is disposed between the evaporator 21 and the blower 26 and on an

upper part of the evaporator 21 to detect a temperature of blown-off air
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a general
configuration, illustrating an embodiment 1 of a cooling
system for electronic eguipment according to the present

10  invention;

FIG. 2 is a schematic side view of the cooling
system ililustrated in FIC. 1, wviewed from the side of a
blower;

FIG. 3 is a diagram i1llustrating a manner that a

15 liguefied refrigerant evaporates to a gaseous refrigerant
in an evaporator illustrated in FIG. 1;

FIG. 4 is & flowchart i1llustrating a flow of control
by a controlier in the embodiment 1 of the present
invention;

20 FIG. 5 is a schematic diagram of a configuration of
gssential parts, illustrating an embodiment 2 of the
cooling system for electronic eguipment according to the
present invention; and

FIG. 6 is a flowchart illustrating a2 flow of control

25 Dby a controller in the embodiment 2 of the present



10 which is blown off from the evaporator 21, a controller for control valve 28 which controls the
opening of the refrigerant flow rate control valve 26 on the basis of a detection value obtained by the
temperature sensor 27, a casing 29 which houses the evaporator 21, the blower 26 15 and the
temperature sensor 27 installed in the server room and the like. The blower 26 includes an upper
blower 26urdispeseson a downstream-side upper part of the evaporator, a middle blower 26m
disposed on a downstream-side middle 20 part thereof, and a lower blower 26d disposed on a
downstream-side lower part thereof. As illustrated in FIG. 2, two blowers are installed as the upper
blower 26u, one blower is installed as the middle blower 26m, and two blowers are installed as the
lower blowec26d: iEaein25 blovwer indudesrEmopstermndmmmtor (not illustrated 13 in FIG. 2) for
driving the propeller. Air in the server room 1 is introduced into the server rack 100 by rotating the
propeller, passestkrosigh:ihe serverdd: passestitougntherevappratoe 2 aaskis mgain blown off into

the server room 1. The number of the blowers 26 to be installed and an arrangement configuration
thereof aremettimited teoithose#luskatediinddGw 2 tin the embodiment 1cthe condenser 22 is
configured to condense a gaseous refrigerant which
accompanying drawings.
[Embodiment 1]
An embodiment 1 of a cooling system for electronic
equipment according to the present inventicon will be
10 described with reference to FIG. 1 toc FIG. 4. FIG. 1 ig a
schematic diagram of a general configuration, illustrating
an embodiment 1 of a cooling system for electronic
egquipment according to the present invention. FIG. 2 is a
schematic side view of the ccoling system illustrated in
15 FIG. 1, viewed from the side cf a blower. FIG. 3 is a
diagram illustrating a manner that a liquefilied refrigerant
evaporates to a gasecus refrigerant in an evaporator
illustrated in FIG. 1. FIG. 4 is a flowchart illustrating
a flow of contrel by a controller in the embodiment 1 of
20 the present invention.
FIG. 1 illustrates a cooling system for electronic
eguipment 2 which cools a server as electronic equipment.
In FIG. 1, 1 is a server room which is installed within a

building. A plurality of server racks 100 (only one

25 server rack is illustrated in FIG. 1), each houging the



10 flows into the condenser through the refrigerant gas pipe 24 by cooling it by a refrigerating machine
30. The refrigerating machine 30 configures a refrigeration cycle by compressing a refrigerant by a
compressor. However, the condenser 22 may be configured to condense a gaseous 15 refrigerant
which flows into the condenser through the refrigerant gas pipe 24 by cooling it with outside air or

external cgeling-waterenstaacofiinsatatiomehihe refrigesating machine.30. fhedgmperature sensor

27 is disposed between the 20 evaporator 21 and the blower 26 and in the vicinity of the upper blower

26u whichdig sisposedan an upper pagt eithe @vaperatar 21.as llygtratedjp FiG.1and FIG. 2, and,
more specifically, is disposed between the two upper blowers 26u (on an axial central part of the

evaporatof)s2a e examnplediustiated BeFkG.2. Jbedemperature gk 14-ain which fews out from an
upper part of the evaporator 21 may be more accurately and stably detected by positioning the

temperatuge saaser2Eas sweniioned ahove. Ardelectignavalue-obthe temperatige sengor 27 is 5 sent
to the controller 28. The controller 28 controls the opening of the refrigerant flow rate control valve 25

on the basie s thel detectiomvaluetsp astaset tha temperature-afair-en the oufietsideaf the
evaporator 21 to a predetermined value (or within a predetermined

the server rack 100, the server 10 may be one large-sized
server. Alr 1s taken into the server 10 from a front
surface {on the right gide in FIG. 1) of the server rack
100 and turns to a hot blast by cocling the hot server 10.

10 The air which has flown out from the server rack 100 is
sent toward an evaporator 21 in the cooling system 2.

The cooling system 2 includes the evaporator 21 and

a condenser 22 which are used tc cool the hot blast from
the server 10, a refrigerant liquid pipe 23 which guides a

15 liguefied refrigerant which has been condensed by the
condenser 22 to a lower part of the evaporator 21, a
refrigerant gas pipe 24 which returns a gaseous
refrigerant which has evaporated through heat exchange
with the hot blast from the server 10 in the evaporator 21

20 from an upper part of the evaporator 21 to the condenser
22, a refrigerant flow rate control valve (a refrigerant
flow rate control unit) 25 which is disposed in the
refrigerant liquid pipe 23 to control a flow rate of the
liquefied refrigerant flowing into the evaporator 21, a

25 blower 26, that is, & plurality of blowers which are



10 temperature range). That is, when the detection value of the temperature sensor 27 is higher than a
predetermined value, the controller 28 controls ta increase the opening of the refrigerant flow rate
control valve 25 to increase the flow rate of the liquefied refrigerant which flows is through the
refrigerant liquid pipe, thereby increasing the cooling capacity of the evaporator 21. While, when the

detection yalie:is leuerthandhe sedeterminedvalue, the sentsalles 28,conteols to decrease the
opening of the refrigerant flow rate control valve 25 to decrease the 20 flow rate of the liquefied

refrigerant whiehdlows threugh the sefigerpat ligdidnipe, thareby glecerasing-thescaeling capacity of
the evaporator 21. The temperature sensor 27 is disposed on the air outlet side of the evaporator

21 and higher thas adaalf of-2% the height ehthe-eyapeeaton2b.dexplaipingiamere 45Letail, the
evaporator 21 includes a coiled vertical pipe through which the refrigerant flows upward from below
and the tesaperature sepsob3%is disposed atapgsitionavhich isdrigherthan thatef a half of the height

of the coiled 5 vertical pipe. It is desirable that the temperature sensor 27 is disposed lower than
an upper endpaef theevaperpdar 21 and dt=s preferable-that the-temperatisre sensor 27 be disposed
lower than an upper end part of the coiled
temperature sensor (for example, a blown-off air
temperature sensor} 27 which is disposed between the
evaporator 21 and the blower 26 and on an upper part of
the evaporator 21 to detect a temperature of blown-off air
10 which is blown off from the evaporator 21, a controller
for control wvalve 28 which controls the opening of the
refrigerant flow rate control valve 25 on the basis of a
detection value obtained by the temperature sgengor 27, a
casing 29 which houses the evaporator 21, the blower 26
15 and the temperature sensor 27 installed in the server roowm
1 and the like.
The blower 26 includes an upper blower 26u disposed
onn a downstream-side upper part of the evaporator, a
middie blower 26m disposed on a downstream-gide middle
20 part therecf, and a lower blower 26d disposed on a
downstream-~side lower part thereof. Asg illustrated in FIG.
2, two blowers are installed as the upper blower 26u, one
blower 1s installed as the middle blower 2ém, and two

blowers are installed as the lower blower 264. Each

25  blower includes a propeller and a motor (not illugtrated



10 vertical pipe. In the embodiment 1, the temperature sensor 27 is configured to be disposed at a
height-wise position which is within 10 % when measured downward from the upper end part of the
evaporator 21. Control to almost complete evaporation of a Is liquefied refrigerant on an upper part of
the evaporator may be facilitated, efficiency of heat exchange of the entire evaporator may be

increased, aneigiable)refrigerantiRatyeal eheublationmay:he attained;by configsuingthe temperature
sensor 27 as mentioned above. That is, since 20 the temperature sensor 27 is disposed on an upper

part of the g¥aparaiyy 2hand & pabof thecvaporaiercarresponding to the sensgrdisposed position is
a place where the liquefied refrigerant is liable to evaporate to a gas, the detected temperature of air

faithfully egrdorms 2 10 dhe sipdusektherevapgratend]l aaghence® change-iy 16 temperature may
be grasped sensitively. A manner that a liquefied refrigerant evaporates to a gaseous refrigerant
in the evaperategRlillustiaiegbtirator 21 and is again blown off into the

5 Sserver rcom 1.

The number cf the blowers 26 to be installed and an
arrangement configuration thereof are not limited to those
illustrated in FIG. 2. In the smbodiment 1, the zondenser
22 1s configured to condense a gaseous refrigerant which

10  flows into the condenser through the refrigerant gas pipe
24 by cooling it by a refrigerating machine 3¢. The
refrigerating machine 30 configures a refrigeration cycle
by compressing a refrigerant by a compressor. However,
the condenser 22 may be configured to condense a gaseous

15 refrigerant which flows into the condenser through the
refrigerant gas pipe 24 by cooling it with cutside alr or
external ccoling water, instead of installation of the
refrigerating machine 30.

The temperature sensor 27 is disposed between the

20 evaporator 21 and the blower 28 and in the vicinity of the
upper blower 26u which is disposed on an upper part of the
evaporator 21 as illustrated in FIG. 1 and FIG. 2, and,
more specifically, is disposed between the two upper

lowers 26u (on an axial central part of the evaporator)

25 in the example illustrated in FIG. 2. The temperature of



FIG. 1 will be described with reference to FIG. 3. As illustrated in FIG. 3, the evaporator 21 includes a
lower horizontal pipe 21a, an upper horizontal pipe 21b and a plurality of vertical pipes 21c which
connect together the lower horizontal pipe 21a and the upper horizontal pipe 21b and each vertical
pipe 21c is configured using a 10 coiled heat-transfer pipe. The refrigerant liquid pipe 23 is connected
to the lowerhagizoptal pipssdlaand thereftigeanbgaspine24is eonnesiediothedipper horizontal
pipe 21b. A liquefied refrigerant which is obtained by being is condensed in the condenser 22 flows
downward thigughshenetrigesant igyicepipeada isssuplied de the-lowerdierizontal pipe 21a, flows into
the refrigerant gas pipe 24 from the pipe 21a and goes upward. Air heated by the server 10 is cooled

through heat exehanggywith dhe 2:sefrigesant whielh gees upwarchHieughse wersical. pipe 21c when
passing through the evaporator 21 and the liquefied refrigerant which passes through the vertical pipe

21c evaporates t@ adgasesussefrigerant. the gaseaustairgerantiieus due the raéfdgerant gas pipe 24
through 25 the upper horizontal pipe 21b, goes upward and is returned 17

5 sent to the controller 28. The controller 28 controls the
opening of the refrigerant f£low rate control valve 25 on
the basgsis of the detection value so as to set the
temperature of air on the outlet side of the evaporator 21
to a predetermined value (or within a predetermined

10 temperature range). That is, when the detection value of
the temperature sensor 27 is higher than a predetermined
value, the controller 28 controls to increase the opening
of the refrigerant flow rate ccntrol valve 25 to increase
the flow rate of the liguefied refrigerant which flows

15 through the refrigerant liguid pipe, thereby increasing
the cooling capacity of the evaporator 21. While, when
the detection value is lower than the predetermined value,
the controller 28 controls tTo decrease the opening of the
refrigerant f£low rate contrcl valve 25 to decrease the

20 flow rate of the liquefied refrigerant which flows through
the refrigerant liguid pipe, thereby decrsasing the
cooling capacity of the evaporator 21.

The temperature sensor 27 is dispcsed on the air

outlet side of the evaporator 21 and higher than a half of

25 the height of the evaporator 21. Explaining in more



to the condenser 22. As described above, in the embodiment 1, the server (electronic equipment) 10
is cooled by a refrigerant natural circulation systef. For example, R-134a (HFC-134a) may be
used as the refrigerant to be naturally circulated. Although the state of the refrigerant n the vertical
pipe 21c depends on the operating status on the side of electronic equipment used, for example, 80 96

of the refdgeeant js bz lighefissk-staterand 20:961afdbe refrigerant & e 10 gasepupstate on a lower
part of the vertical pipe 21c, and 5 96 of the refrigerant is in a liquefied state and 95 9,5 of the

refrigerantiis suaigasaous state on«sirtpperpart afliibeveditat pipef2ien Thelgasenns refrigerant
which has been returned to the condenser 22 is cooled by is the refrigerating machine 30 and is again

condensethdncideptaly -thegasenns refiigetantdvhiciohas been setoenrad tosthewtonslenser may be
cooled with outside air or external cooling water as described above. The refrigerant which has been
condensed:tcha digaefiecth2 refrigerant ir thestdndehseh 22 agaghffows outitoward kel refrigerant
liquid pipe 23. Next, a flow of control performed by the controller 28 in the embodiment 1 of the
present imentionadillppesgdescribed with reference to a flowchart in FIG. 4.
It is desirable that the temperature sensor 27 is
disposed lower than an upper end part of the evaporator 21
and it 1s preferable that the temperature sensor 27 be
disposed lower than an upper end part of the coiled
10  vertical pipe. In the embodiment 1, the temperaturs
sensor 27 ig configured to be disposed at a helight-wige
position which i1s within 10 % when measured downward from

the upper end part of the evaporator 21.

Control to almost complete evaporation of a

Jert
Ui

liquefied refrigerant on an upper part of the evaporator
may be facilitated, efficiency of heat exchange of the
entire evaporator may be increased, and stable refrigerant
natural circulation may be attained by configuring the
temperature senscr 27 as mentiocned above. That is, since
20 the temperature sensor 27 1s disposed on an upper part of
the evapcrator 21 and a part of the evaporator
corresponding to the sensor disposed position is a place
where the ligquefied refrigerant is liable to evaporate to
a gas, the detected temperature of air faithfully conforms

25 to the status of the evaporator 21 and hence a change in



25When operation is started, first, a detection 18 temperature T is acquired by the temperature sensor
27 (Step S01). Next, the process proceeds to Step S02. When a controlling operation of the refrigerant
flow rate control valve 25 is started (operation is started), the 5 opening of the control valve 25 is set to
its initial state (Step SOS) and the process returns to Step SO01. When the controlling operation is

not startegddnSiien Q<4 theprecessRIoseads i step;$@3.For example, when the control valve 25 is
under PID control, the 10 process proceeds to Step 506 and a manipulated variable (the opening or

the like) of the contrehyaive 26Hs calculated onthe basis:of dae-datectionyalte- B of the blown-off air
temperature which has been acquired in Step 501. Next, whether manipulation of the control valve 25

15 is desikablg de datermited eStep:SA% Whensnaniptatien isnotidesirables thesipracess returns
Step SO01. While, when manipulation is desirable, desirable manipulation such as change of the
opening afthe contialvalye osthelikeisperformedansk-ibandhe pracess returnsdo Step SO1.
5 illustrated in FIG. 3, the evaporator 21 includes a lower
horizontal pipe 21a, an upper horizontal pipe 21b and a
plurality of vertical pipes 21c which connect together the
lower horizontal pipe 2la and the upper horizontal pipe
21b and each vertical pipe 2ic is configured using a
10 coiled heat-transfer pipe. The refrigerant liguid pipe 23
is connected to the lower horizontal pipe 21a and the
refrigerant gas pipe 24 is connected to the upper

horizontal pipe 21b.

A liguefied refrigerant which is obtained by being

=
(8]

condensed in the condenser 22 flowe downward through the
refrigerant ligquid pipe 23, is supplied toc the lower
horizontal pipe 2la, flows into the refrigerant gas pipe
24 from the pipe 2la and goes upward. Air heated by the
gerver 10 is cooled through heat exchange with the

20 refrigerant which goes upward through the vertical pipe
21c when passing through the evapcorator 21 and the
liguefied refrigerant which passes through the vertical
pipe 21c evaporates to a gaseous refrigerant. The gaseous
refrigerant flows into the refrigerant gas pipe 24 through

25 the upper horizontal pipe 21b, goes upward and is returned



20Incidentally, the above mentioned PID control is a kind of feedback control, that is, a controlling
method by which an input value is controlled onlfie basis of three elements of proportional (or
deviation) between an output value and a target value, integral thereof and 25 differential thereof. 19
When PID control is not being performed or is not performed in Step 503, the process proceeds to
Step 504t dViére theoapenasion dof the cheling: systéinas nobstoppednthetgrocess returns to Step 501.
While, when the 5 operation is stopped, the control valve 25 is shut down (Step S07) and the operation
of the coelirigpsyistemtisistopped. Embedimeit2itApnembodimept2nt thelpresent invention will be Ic
described with reference to FIG. 5 and FIG. 6. FIG. 5 is a schematic diagram of a configuration of
essentialkariss dlusirating<hie egibogirthent2 of the couting bystenmforetectronic equipment of the
present invention. FIG. 6 is a flowchart illustrating a flow of control which is 15 performed by a
controller in the efnbodingent =of tRe prdsentiiffentiona) may be used as the
5  refrigerant to be naturally circulated. &Although the
state of the refrigerant in the vertical pipe 21c depends
onn the operating status on the side of electronic
equipment used, for example, 80 % of the refrigerant is in
a liguefied state and 20 % of the refrigerant is in a
10 gaseous state on a lower part of the vertical pipe 21c¢,
and 5 % of the refrigerant is in & liguefied state and
95 % of the refrigerant is 1n a gaseocus state on an upper
part of the vertical pipe 21lc. The gaseous refrigerant
which hag been returned to the condenser 22 is cooled by
15 the refrigerating machine 30 and 1s again condensead.
Incidentally, the gasecus refrigerant which has been
returned to the condenser may be cooled with outside air
or external cocling water as described above. The
refrigerant which has been condensed to a liguefied
20 refrigerant in the condenser 22 again flows out toward the
refrigerant liguid pipe 23.
Next, a flow ©f contrel performed bhy the contreller
28 in the embodiment 1 of the present invention will be

described with reference to a flowchart in FIG. 4.

25 When operation is started, first, a detection



Although in the embodiment 1, a case in which only one evaporator is connected to one cooling
system for electronic component (a server) to bé 8ooled has been 20 described by way of example, in
the embodiment 2, an example in which a plurality (two in this embodiment) of evaporators are
connected to one cooling system will be described. That is, the embodiment 2 involves an example in
which tweevapetatarssare connecteditosaheoreftigerant2peireidatien eycledn EIG. 5 and FIG. 6, the
same 20 numerals as those in FIG. 1 to FIG. 4 designate the same or corresponding parts. As
illustrated 8tEis.B 10N the deabodimisat 2rtweeraporatoss2:A ands2Epareoeerticallydisposed and 5
temperature sensors (for example, blown-off air temperature sensors) 27A and 273 are disposed on

airoutlet-sideanpper paitsof tiye respoctive Evajperators 21 Acarech21 3. 1 Fhreeditewers 26A (26Au, 26Am
and 26Ad) and three blowers 263 (263u, 263m and 263d) are vertically lo disposed on the outlet sides
of the evaporatars 2iAlamd 2331 Ehe temperaturesensors2y A and 2¥3taré iconnieeted to the
controller 28 for control valve and the controller 28 is configured to control the opening or the like of
the refrigeramt flow rafe tomtrolaraive-25 onlthie basisicf set to its initial
state {(Step 505) and the process returns to Step 501.
When the controlling operation is noit started in
Step 502, the process proceeds to Step S03. For example,
when the control valve 25 is under PID control, the
10  process proceeds Lo Step 806 and a manipulated variable
(the opening or the like) of the control valve 25 is
calculated on the basis of the detection value T of the
blown-coff air temperature which hag been acquired in Step
S01. Next, whéther manipulation of the control valve 25
15 1s desirable is determined in Step S$08. When manipulation
ig not desirable, the process returns Step S01. While,
when manipulation is desirable, desirable manipulation
such as change of the opening of the control valve or the
iike is performed and then the process returns to Step S01.
20 Incidentally, the above mentioned PID contrcl is a
kind of feedback control, that 1is, a controlling method by
which an input value is controlled on the basis of three
elements of proportional {or deviation) between an output
value and a target value, integral thereof and

25 differential thereof.



15 detection values obtained by the temperature sensors 27A and 2715. Next, control of the
control valve 25 which is performed by the contrbRer 28 for control valve on the basis of the detection
values of the temperature sensors 20 27A and 2713 will be described. In a first example, a mean value
is obtained by the arithmetical mean of values detected by the both temperature sensors 27A and 273
and the control valver25 TDiscemniraliedien thetbasis ekthpargavaliieoThakisn2% when the mean
value of temperatures detected by the 21 temperature sensors 27A and 27B is higher than a

predeterminethaiaee the opesingsofztheteligerant dlow rate cenrtfiel adves2sis increased to increase
the flow rate of a refrigerant which flows into the respective evaporators 21A and 21B through the

refrigeramitignid:pipe &35 thereby indreatingdhe taolingssapasitiessofribe evaparatars 21A and 21B.
While, when the mean value of temperatures detected by the temperature sensors 27A and 27B is
lower thanttbe predeiesmmeduatiie, the ®peningoaf . While, when the
5 operation is stopped, the control valve 25 is shut down
(8tep 38C7) and the operation of the cooling system is
stopped.
[Embodiment 2]
An embodiment 2 of the present invention will be
10 desgcribed with reference tc FIG. 5 and FIG. 6. FIG. & is
z schematic diagram of a configuration of esgential parts,
illustrating the embodiment 2 of the cooling system for
electronic eguipment of the present invention. FIG. 6 is
a flowchart illustrating a flow of control which is
15 performed by a controller in the embodiment Z of the
present invention.

Although in the embodiment 1, a case in which only
one evaporator is connected to one cooling system for
electronic component (a server) to be cooled has been

20 described by way of example, in the embodiment 2, an
example in which a plurality (ftwo in this embodiment) of
evaporators are connected to one cooling system will be
degcribed. That is, the embodiment 2 involves an example
in which two evaporators are connected to one refrigerant

25 circulation cycle. In FIG. 5 and FIG. &, the same



10 the refrigerant flow rate control valve 25 is decreased to decrease the flow rate of the refrigerant
which flows into the respective evaporators 21Aghd 21B through the refrigerant liquid pipe 23, thereby
decreasing the cooling capacities of the evaporators 21A and 21B. 15In a second example of control
of the control valve 25 by the controller 28 for control valve, the control valve 25 is controlled on the
basis of ameximlm detectiosvalue Gfialuds detedled bydthagruiraditytaf teimpesature sensors 27A
and 27B. That is, when the maximum detection 20 value of detection values detected by the
temperature semswrs2¥Adand; 2#Bxs sigher than a predetermined value, the opening of the refrigerant
flow rate control valve 25 is increased, thereby increasing the cooling capacities of the evaporators
21A and 21B. White, Whersthearnasinium PBdetBcticrrvalbie of thecdetoetion Yalueweletected by the
22 temperature sensors 27A and 27E is lower than the predetermined value, the opening of the
refrigerastfloveraie contrdl alee @543 Besteased rihbrebyidectegsing thie 2o6ling capacities of the
evaporators 21A and 213. 6In the embodiment 2, it is desirable that each of the temperature sensors
27Aand 2FEdRr disposed anadeightivise Postion suhish rwRitHiA 208%when measured downward
from an upper end part of each of the evaporators 21k and 21E. By disposing the sensors as
mentionetEalisies eomtolamay beseadily: paHermsEsgartthat fesead o ey gpb¥ations 21A and 21E
are operated within a capacity (that is a 90 % capacity of a maximum cooling capacity) which is lower
by 10 % thahlihe nRadmUuEReeslimpEasacky dblaingd BY LoRbiting (6gsthaF fieScapstities of the two

and 21B. Three blowers 262& {26Au, 26Am and 26Ad) and
three blowers 26B (26Bu, 26Bm and 26Bd) are vertically

10. disposed on the ocutlet sides of the evaporators 21A and
21B. The temperature sensors 274 and 27B are ccnnected to
the controller 28 for control wvalve and the controller 28
is configured to control the opening or the like of the
refrigerant flow rate contrel wvalve 25 on the basis of

15 detection valuss cbitained by the temperature sensors 27A
and 27B.

Next, control of the control valve 25 which is
performed by the controller 28 for control valve on the
basis of the detection values of the temperature sensors

20 272 and 27B will be described.

In a first example, a mean value 1s obtained by the
arithmetical mean of values detected by the both
temperature sensors 27A and 27B and the control wvalve 25
is controlled on the basig of the mean value. That is,

25 when the mean value of temperatures detected by the



is evaporators 21k and 21E. In addition, since control may be readily performed so as to almost
complete evaporation of the liquefied refrigerandn an upper part of each evaporator, the heat
exchange efficiency of the entire evaporator may be increased. 20Next, a flow of control performed by
the controller 28 in the embodiment 2 of the present invention will be described with reference to a

flowchartdader §+ The sagespiverals ar assigned 0 padswhicheperate in the same manner as
those in FIG. 4 and detailed description 25 thereof will be omitted. 23 In the control flow in the

embodimentdedeteatian derperatyresrkowp andntowkareracquired fipam the: temperature sensors
27A and 27B (step S01) and then the process proceeds to Step 510. In Step S10, in which 5 control

mode therearairailen 28conitoistheflow mteconirabealve 35, thatisz whether thesentroller 28 controls
the control valve 25 on the basis of a mean value of detection values of the plurality of temperature
Sensors afaa maximamredue o thendetention values s ndeietihinede spe ¥her:the controller 28
controls the control valve 25 on the basis of a mean value of detection values of the temperature
sensoprs ZiAand278rs 212 and 21B through the refrigerant liguid
pipe 23, thereby increasing the cooling capacities of the
evaporators 21A and 21B. While, when the mean value of
temperatures detected by the temperature senscors 27A and
27B is lower than the predetermined wvalue, the opening of
190 the refrigerant flow rate control valve 25 is decreased to
decreage the flow rate of the refrigerant which flows into
the respective evapcrators 2124 and 2Z1EB through the
refrigerant liguid pipe 23, thereby decreasing the cocling
capacities of the evaporators 21A and 21B.
15 In a second example of control of the control wvalwve
25 by the controller 28 for contrel valve, the control
valve 25 is controlled on the basis of & maximum detection
value of values detected by the plurality of temperature
sensors 27A and 278B. That ig, when the maximum detection
20 value of detection values detected by the temperature
sensors 27A and 27B i1s higher than a predetermined value,
the opening of the refrigerant flow rate control valve 25
ig increased, thereby increasing the cocling capacities of

the evaporators 2124 and 21B. While, when the maximum

25 detection value of the detection valuss detected by the



T = (TOutO + Toucl) /2 15is set (Step 512). When the controller 28 controls the control valve 25 on
the basis of a maximum value of the detection valies of the temperature sensors 27A and 27B,
whether Tout 0Tout 1 20is determined (Step S11). When Yes, "T = T0"t0" is set (Step S13). When No,
"T = Toutl" is set (Step S14). In the succeeding operation, controlling operations which are the

same as thagedpSiapSQ24x:5tep 508 whieh have been geseringehin Kk 4 are performed.
25Although an example in which electronic equipment is 24 cooled by a refrigerant natural circulation

system has beenslescribed inzeaeh otthe ahaveimentanedempedimenis.dhe presant invention is not
limited to the above. For example, the condenser 22 may be configured as a condenser included in a

refrigeratingtaachineasid theevapormtos2isnay:he sanfigiied as\anievapaiatondciided in the
refrigerating machine such that a gaseous refrigerant which is sent through the refrigerant gas pipe 24

is compresset hiyga capyxrassos inchddedthin theaptrigerating Ipnaeline Aapd is sent to the condenser
22 to condense the refrigerant so compressed through heat exchange with outside air or external
cooling water. In the abeve=nbodiment 2, it is desirable that each of

the temperature sensors 27A and 27B be disposed at a
height-wise position which is within 20 % when measured
downward from an upper end part of each ¢f the evaporators
21A and 21B. By disposing the sensors as mentioned above,

10 control may be readily performed such that these two
evaporations 212 and 21B are operated within a capacity
{that is a 90 % capacity of a maximum cooling capacity)
which is lower by 10 % than the maximum cooling capacilty
obtained by combining together the capacities of the two

15 evaporators 21A and 21B. In addition, since control may
be readlly performed so as to almost complete evaporation
of the liguefied refrigerant on an upper part of each
evaporator, the heat exchange efficiency of the entire
evaporator may be increased.

20 Nexﬁ, a flow of control performed by the controller
28 in the embodiment 2 of the present invention will be
described with reference to a flowchart in FIG. €. The
same numerals are assigned to parts which operate in the
same manner as those in FIG. 4 and detailed description

25 rherecf will be omitted.



mentioned case, such a configuration is also allowable that a liquefied refrigerant obtained by being
condensed 15 by the condenser 22 is sent to th@ Fefrigerant liquid pipe 23 and the refrigerant flow rate
control valve 25 which is configured using an electronic control valve or the like is installed in the
refrigerant liquid pipe so as to expand the refrigerant while controlling the flow rate 20 thereof by the
refrigerant flow rate controbvalve 25 to 1aake therriigaranidiowetnto the evaparator21.
to each of the above mentioned embodiments, since a refrigerant liquid pipe for guiding a liquefied
refrigerart drgpe azcomdeaser, tooa fovierpart okar2% eyaperadors asefrigesant gas pipe for guiding the
25 refrigerant which has evaporated by cooling electronic equipment from an upper part of the
evaporatafeiaribe £ondensem agefrigerantftolv et captrelpvatvel (a eefriigeraathflelsate control unit)
which is disposed in the refrigerant liquid pipe to control a flow rate of the refrigerant flowing into the
evaporatarradesyperaturesénsardosdetecting a tempesatepe i air obtaiméd after passing through the
evaporator, and a controller for control valve for controlling the refrigerant flow rate io control valve on
the basis ofadstéctirtealtgof theterpjdrature Sensartarelincloded  fandvsinege ¢he temperature

10

15

20

control valve 28, that i1s, whether the controller 28
controls the control wvalve 25 on the basis of a mean value
of detection values o0f the plurality of temperature
sensors or a maximum value of the detection values is
determined.

When the controller 28 controls the control valve Z5
on the basis of a mean value of detection values ¢f the
temperature sensors 272 and 27B,

T = {Teu0 + Touel)/2
is set ({Step S512;.

When the controller 28 controls the control valve 25
on the basis of a maximum value of the detection values of
the temperature sensors 272 and 2Z7B, whether

Tout0 2 Toucl
is determined {(Step 811). When Yesg, “T = T.:0” is set
{Step S813). When No, “T = Tu:1” is set [(Step 514).

In the succeeding operation, controlling operations
which are the same as those in Step S02 to Step $09 which
have been described in FIG. 4 are periormed.

Although an example in which electronic equipment is

According



sensor is disposed on the side of an air outlet of the evaporator and on an upper part of the
evaporator, it is allowed to appropriately adjust thé flow rate of the is refrigerant which flows within the
evaporator, coping with the operating status of the electronic equipment and hence it is allowed to
obtain a cooling system for electronic equipment by which stable control is attained. in particular,
according:ta-thecerpbodiments of #e:2@ present inventien, eveniwhensthe-eqolingsystem is configured

as a cooling system for cooling electronic equipment by a refrigerant natural circulation system,
stability obgenitrelanay bedmpraved c26 ¥thatis claibed isient ibriecoelifgsystemder, electronic
equipment of the type comprising an evaporator which evaporates a refrigerant with heat generated
from electrasicaguipment, a/bloweswhich makes aifwhich isheated swithvthe heat:generated from the
electronic equipment flow into the evaporator, and a condenser which is disposed higher than the
evaporatersantbaeols and condeases thexrefrigarabitoctt:lie suppliedio the@vaperatet-to a liquefied
refrigerant, comprising: a refrigerant liquid pipe which guides the liquefied
E included in a refrigerating machine and the evaporator 21
may be configured as an evaporator included in the
refrigerating machine such that a gaseous refrigerant
which is gent through the refrigerant gas pipe 24 is
compressed by a compressor included in the refrigerating
10 machine and is sent to the condenser 22 to condense the
refrigerant sc compressed through heat exchange with
cutside air or external cooling water. In the above
mentioned case, such a configuration is also allowable
that a liguefied refrigerant obtained by being condensed
15 by the condenser 22 is sent to the refrigerant liguid pipe
23 and the refrigerant flow rate control valve 23 which is
configured using an electronic control valve or the like
is ingtalled in the refrigerant liquid pipe so as to
expand the refrigerant while controlling the flow rate
20 thereof by the refrigerant flow rate control valve 25 to
make the refrigerant fliow into the evaporator 21.
According to each of the above mentioned embodiments,
since a refrigerant liguid pipe for guiding a liguefied

refrigerant from a condenser to a lower part of an

25 evaporator, a refrigerant gas pipe for guiding the



refrigerant from the condenser to a lower part of the evaporator; 15a refrigerant gas pipe which guides
the refrigerant from an upper pant of the evaporatér to the condenser, a refrigerant flow rate
control unit which controls a flow rate of the refrigerant in accordance with a temperature of air
obtained after the air has passed 20 through the evaporator; and a temperature sensor which

detects the tamperaiie ofithe Rinchiaivedaites theaikhas passed thyough the evaporator,
wherein the temperature sensor is disposed on the 25 side of an air outlet of the evaporator and higher

than a 2¢halfpidhe height ohthesgyaporator: o £ 2cilhesegling sysfentfor glgctronic equipment
according to Claim 1, wherein the evaporator includes a coiled vertical pipe through which the
refrigerantdloanisawardsfrem helow-and the tempesatkire: seRserlis dispesed digher than a half of the

height of the coiled vertical pipe.

refrigerant flow rate control unit) which is disposed in

5 the refrigerant ligquid pipe to contrel a flow rate of the
refrigerant flowing into the evaporator, a temperature
sensor for detecting a temperature of alry obtained after
passing through the evaporator, and a controller for
control valve for controlling the refrigerant flow rate

10  control valve on the basis of a detection valuse of the
temperature sensor are inciuded, and since the temperxature
sengor ls disposed on the side of an air outlet of the
evaporator and on an upper part of the evaporator, it is
allowed to appropriately adjust the flow rate of the

15  refrigerant which flows within the evaporator, coping with
the operating status of the electronic squipment and hence
it is azllowed to obtain a cooling system for electronic
equipment by which stable contreol is attained.

In particular, according to the embodiments of the

20 present invention, even when the cooling system is
configured as a cooling system for cocling electronic
eguipment by & refrigerant natural circulation system,

stability of contreol may be improved.



103. The cooling system for electronic equipment according to Claim 1, wherein the temperature
sensor is disposed lower than an upper end of the%vaporator. 4. The cooling system for electronic
equipment according to Claim 2, wherein the temperature sensor is disposed lower than an upper
end of the coiled vertical pipe. 205. A cooling system for electronic equipment of the type comprising
an evaporéter-whish @vapuoeates a:refrigerant with heat generated from electronic equipment, a blower
which makes air which is heated with the heat generated from the electronic equipment flow into the
25 evaporator, and a condenser which is disposed higher than 28 the evaporator and cools and
condenses the refrigerant to be supplied to the evaporator to a liquefied refrigerant, comprising:

1. A cooling system for electronic eguipment of the

type comprising an evaporator which evaporates a

T

refrigerant with heat generated from electronic eguipment,

a blower which makes air which is heated with the heat

generated from the electronic eguipment flow into the

evaporator, and a condenser which is disposed higher than

the evaporator and cools and condenses the refrigerant to

10  be supplied to the evaporator to a liguefied refrigerant,
comprising:

a refrigerant liguid pipe which guides the liguefied
refrigerant from the condenser to a lower part of the
evaporator;

1B a refrigerant gas pipe which guides the refrigerant
from an upper part of the evaporator to the condenser;

a refrigerant flow rate control unit which controls
a flow rate of the refrigerant in accordance with a
Lemperature of air obtained after the air has passed

20 through the evaporator; and

& temperature sensor which detects the temperature
of the air obtained after the air has passed through the
evaporator,

wherein the temperature sensor is disposed on the

25 side of an air outlet of the evaporator and higher than a



a refrigerant liquid pipe which guides the liquefied s refrigerant from the condenser to a lower part of
the evaporator; a refrigerant gas pipe which guidés’the refrigerant from an upper part of the evaporator
to the condenser; a refrigerant flow rate control valve which is 10 disposed in at least one of the
refrigerant liquid pine and the refrigerant gas pipe and controls a flow rate of the refrigerant which
flows withirzthé evhpolratohs 1 ghd temipeiaturessgnsarwbich detects a temperature of air obtained
after the air has passed through the 15 evaporator; and a controller for control valve which controls the
refrigerant flow rate control valve on the basis of a detection value of the temperature sensor,

wherein the temperature sensor is disposed on the 20 side of an air outlet of the evaporator and on an
upper part of the évapdratrcoclenFhe gookng Systemferelectidniceguipment-according to Claim 5,

25wherein when a temperature value which is detected
according to Claim 1,

wm

wherein the evaporator includes a coiled vertical
pipe through which the refrigerant flows upward from below,
and the temperature sensor is disposed higher than a half

cf the height of the coiled vertical pipe.

10 3. The cooling system for electronic egquipment
according to Claim 1,
wherein the temperature sensor is disposed lower

than an upper end of the evaporator.

[o.]
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4. The cooling system for electronic egquipment
according to Claim 2,
whereln the temperature sensor is disposed lower

than an upper end of the coiled vertical pipe.

20 5. A cooling system for electronic eguipment of the
type comprising an evaporator which evaporates a
refrigerant with heat generated from electronic equipment,
a blower which makes air which i1s heated with the heat
generated from the electronic equipment flow into the

25 evaporator, and a condenser which is disposed higher than



29 by the temperature sensor is nigher than a predetermined value, the controller for control valve
increases the opening of the refrigerant flow raté Eontrol valve to increase the flow rate of the liquefied
refrigerant to be 5 supplied to the evaporator, and when a temperature value which is detected by the
temperature sensor is lower than a predetermined value, the controller for control valve decreases the
opening 6fheTERRRYARCIOR Fale TCORID| FalYe FOBEGRESS thd Bow sateldrahaliguiePrefrigerant 10 to
be supplied to the evaporator. 7. The cooling system for electronic equipment according to Claim
1, wWiteréittherefrigetafitis CONREHRbEMvERn the 1S 8sporator ehathe ehndenser by a
refrigerant natural circulation system. 8. The cooling system for electronic equipment according to
Claim 1, 2O0WRerer- ¥ blower is disposed downstream of the evaporator and the temperature sensor
is disposed between the evaporator and the blower. 9. The cooling system for electronic
eqmpment25ac@mﬁﬁﬁf&géﬁﬁﬂ?Lllquld pipe which guides the ligquefied
5 refrigerant from the condenser to a lower part cf the
evaporator;
a refrigerant gas pipe which guides the refrigerant
from an upper part of the evaporater to the condenser;
a refrigerant flow rate control valve which is
10 disposed in at least one of the refrigerant liguid pine
and the refrigerant gas pipe and contrcls a flow rate of
the refrigerant which flows within the evaporator;
a temperature sensor which detects a temperature of
air obtained after the air has passed through the
15 evaporator; and
a controller for control wvalve which controls the
refrigerant flow rate control valve on the basgisg of a
detection value of the temperature sensor,
wherein the temperature sensor is disposed on the

20 side of an air outlet of the evaporator and on an upper

part of the evaporator.

6. The cooling system for electronic egulipment

according to Claim &,

25 wherein when a temperature wvalue which is detected



3C wherein a plurality of the blowers is vertically disposed on the evaporator and the temperature
sensor is disposed in the vicinity of a blower whiél¥is disposed at an upper stage in the plurality of
blowers. S 10. The cooling system for electronic equipment according to Claim 1, wherein the
condenser condenses a gaseous  refrigerant which flows into it through the refrigerant 10 gas pipe
by being ¢aol&d by erafagerating nisching: 1s 11gThke cadling systeradereleetrasi€ equipment
according to Claim 1, wherein the condenser condenses a gaseous 15 refrigerant which flows
intothroughéthesrefriderantygds pipedy Being confedalithvelltsieleiairaeexterat seoling water.
12. The cooling system for electronic equipment 20 according to Claim 1,

opening of the refrigerant flow rate control valve to

increase the flow rate of the liquefied refrigerant to be

5 supplied to the evaporator, and when a temperature value

which is detected by the temperature sensor is lower than

a predetermined value, the controller for control valve

decreases the opening of the refrigerant flow rate control

valve to decrease the flow rate of the liguid refrigerant

10 to be supplied tc the evaporator.

7. The cooling system for electronic eguipment
according to Claim 1,

wherein the refrigerant ig conveyed between the

=]
Uy

evaporator and the condenser by a refrigerant natural

circulation systenm.

8. The cocling system for electronic eguipment
according to Claim 1,
20 wherein the blower is disposed downstream of the
evaporator and the temperafure sensor is disposed between

the evaporator and the blower.

g. The cooling system for electronic egquipment

25  according to Claim 8,



wherein the condenser is a condenser which is included in a refrigerating machine, the evaporator is
an evaporator which is included in the refrigerati%g? machine, a gaseous refrigerant which is sent
through the 25 refrigerant gas pipe is compressed by a compressor 31 included in the refrigerating
machine, is sent to the condenser and is condensed to a liquefied refrigerant through heat exchange
with outside air oEREf e} cAokrg-iaters Antl thé g hit8 WEfigerdnt S doreRohsEd by the 5
condenser is sent to the refrigerant liquid pipe and a refrigerant flow rate control valve which is
configure8 1ERREQY eetioRfc EXFRRIGH PalVETSdiSHSsceamineg PefiBratR N6 pife as the
refrigerant flow rate control unit so as to expand the refrigerant while 10 controlling the flow rate of the
refrigerantb§ BIve £&¥rigBrant flov-ate e omtroivatvel tarssy akity the rdirfgepasGiFinto the
evaporator. 13. The cooling system for_electronic equipment 15 according to Claim 5,
wherein ZpturEIBEST theddlaporatoraredispdsed; Yhé feffigérafit flow rate control valve is disposed in
the refrigerant liquid pipe, the refrigerant lirniid pipe is branched into respective pipes on the
downstream side of 20 the refrigerant flow rate control valve and the branched pipes are connected to
lower parts of the i)lurali%%f evaporators, a plurality of refrigerant gas pipes are respectively

S

connected to uppelparts of te piur Aty Of BvEPorators, &hé phirahityof $8geTst yas pipes are 25

configured to be united together so as to guide a gaseous
according teo Claim 1,

wherein the condenser condenses a gaseous
refrigerant which flows into it through the refrigerant

10 gas pipe by being cooled by a refrigerating machine.

11. The cooling system for elecironic eguipment
according to Claim 1,
wherein the condenser condenges a gassous
15 refrigerant which flows intc it through the refrigerant
gas pipe by being cooled with outsgide air or external

cooling water.

12. The cooling system for electronic equipment
20 according to Claim 1,
wherein the condenser is a condenser which is
included in a refrigerating machine, the evaporator ig an
evaporator which is included in the refrigerating machine,
a gaseous refrigerant which is sent through the

25 refrigerant gas pipe 1s compressed by a COmMpressor



32 refrigerant to the condenser, a plurality of the temperature sensors are respectively disposed on
upper parts of the respective evaporators, and théjrefrigerant flow rate control valve is configured to be
controlled by 5 the controller for control valve on the basis of detection values of the respective
temperature sensors. 14. The cooling system for electronic equipment according to Claim 13,
10whereiritierafigferanmt fidwe raeicormot alvads tontiollod byithe sontrotier foheontrol valve such
that a mean value of the detection values detected by the temperature sensors disposed on the
respectivecevaponaers Rwithia & pratensraiindd temperatued tadhese £ v it Tdetcooling system for
electronic equipment according to Claim 13, wherein the refrigerant flow rate control valve is
controlled Btha gbniekdr foxebarekyafud buchithat d20haximuradetsstion valusl ofthe detection

values detected by the temperature sensors disposed on the respective evaporators is within a
predeterniifdeetempaidtutesangauefied refrigerant sc condensed by the

-

5 condenser is sent to the refrigerant liquid pipe and a
refrigerant flow rate control wvalve which is configured
using an electronic expansion valve is disposad in the
refrigerant ligquid pipe as the refrigerant flow rate
control unit so as to.expand the refrigerant while

10  contrelling the flow rate of the refrigerant by the

refrigerant flow rate control wvalve, thereby making the

refrigerant flow into the evaporator.

13. The cooling system for electronic eguipment
15 according to Claim 5,
wherein a plurality of the evaporator are disposed,
the refrigerant flow rate control valve is disposed in the
refrigerant liguid pipe, the refrigerant liguid pipe is
branched intc respective pipes on the downstream side of
20 the refrigerant flow rate control valve and the branched
pipes are connected to lower parts of the plurality of
evaporators, a plurality of refrigerant gas pipes are
respectively connected to upper parts of the plurality of
evaporators, the plurality cf refrigerant gas pipes are

25 configured to be united together so as to guide a gaseous
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refrigerant to the condenser, a plurality of the
temperature senscrs are respectively disposed on upper
parts of the respective evaporators, and the refrigerant
flow rate control valve is ceonfigured to be controlled by
the controller for control valve on the bagis of detection

values of the respective temperature sensors.

14. The cooling system for electronic eguipment
according to Claim 13,

wherein the refrigerant flow rate control valve is
controlied by the controller for control valve such that a
mean value of the detection values detected by the
temperature sensors disposed on the respective evaporators

iz within a predetermined temperature range.

15. The cooiihg system for electronic eguipment
accerding to Claim 13,

wherein the refrigerant flow rate control valve 1is
centrolled by the controliler for control valve such that a
maximum detection value of the detection values detected
by the temperature sensors disposed on the respective

evaporators is within a predetermined temperaturs range.



