COOLING SYSTEM FOR ELECTRONIC EQUIPMENT BACKGROUND OF THE INVENTION Field of
the Invention 5The present invention relates to a cooling system for electronic equipment which is
favorably used, in particular, for cooling electronic €quipment which is to be operated with precision
and is large in quantity of heat generated therefrom such as a computer, a server and 10the like.
Description of the Related Art As a cooling system for coolirﬁﬁheat @gnerated when electronic

equipment such as a s&@@ﬁ%eﬁi‘&@?@%pg e ,%%Ru%gt 5 EBENS 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 pump nor a compressor, it attracts notice as an 20 energy saving cooling system running
cost of whi‘éﬁ%‘é%&?{@d & b%%daw&bg&o&ample, Japanese Patent Application Laid-Open No.

2 -217 iscl li f [
009 SEQJE)e %c 8%631: ﬁ e(:og AQ% Islxt/itgrrp or electronic

5 The present invention relates to a cooling system
for electronic equipment which is favorably used, in
particular, for cooling electronic egquipment which is to
be operated with precision and is large in gquantity of
heat generated therefrom such as a computer, a server and

10 the like.
Degcription of the Related Art

As a cooling system for cooling heat generated 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 pump nor a compressor, 1t 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
equipment in which an evaporator for cooling a hot blast

25 {air} which has been discharged from electronic equipment



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 Iikg Is disposed and a temperature sensor which
detects a temperature of air obtained after the air has been cooled is disposed downstream of the
evaporator such that the opening of a valve for 5 controlling a flow rate of a refrigerant which flows
within the evaporator is adjusted on the basis of a detection value or the like of the temperature sensor
to control §16BtEF e R EHFE oPThe-Bfaporifor £8 L RRYHroxiAAk b 5LPFAREYE6In the system
which is disclosed in Japanese Patent Application Laid-Open No. 2009-2175Q0, a temperature sensor
is disposed ONthRE Wﬁﬂ@o%‘é%ﬁwﬁreﬁ?ﬁ‘?ﬁl‘é%ﬁﬁg e%p&%\%r%tfslfbegdjazﬁﬁjé flow rate of the

refrigerant which flows within the evapor&to,r on.the basis 15 a result of detegtiotﬁby the temperature
u

sensor. HoWEvet 1h £ 860y StenTsithe Ty 5t G8RG S e AYEPEtaTaliar tirki&tion system,

although the refrigerant is in a liquefied state on the side of an_inlet (a lower part) into the evaporator,
6t hatirbrats o1 gn e (a lpu

since the (fu"éﬁ 320 HEmIRE RS Shiic eql}’i%ment IS Increased when the electronic

equipment is fullg/ qqerated, rr%(isc'g v?f tg%refri erant e3£zaporates ntg a ﬁal%eﬁ)g refrigerant on the side of
a

an ouflet (gﬁ’ ﬂﬁp r pérrbgofathe evapjér or. eartfe%ere,r%)ﬁ%reaupper par S|d]e'oo“f he evaporator, a 25

dlfference‘?g%{ﬁ%n %}geem \efra%gﬁrea%%t:?mfsd Vavg(:j‘%é eed3 on the basis of a

detection value or the like of the temperature sensor to
control an outlet temperature of the evaporator so as to
approximate to a set value.

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

15 a result of detection by the temperature senscr. 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 quantity of heat generated

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

25 difference between a temperature obtained when the



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 5 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, nothing may be considered for the above mentioned situation. 10 SUMMARY OF THE
INVENTION-€C L 5 PR it ST LPHI5BE dfihBPresihit itehtioARSIARRNid 4 cBoling system for
electronic equipment which is configured to appropriately adjust a flow rate of a 15 refrigerant which
flows withif SRPSEHOESr BTG RRh THE BpERGing Attt Frfe BRLEBRR guiSment, thereby
attaining stable control of the electronic equipment. In order to attain the above mentioned object,

according 3o eRRSOERTER: G EEATSAVERioR1SE thdteSE bfdViddd a toblifg system for

electronic equipment of the type includin%n evaporator which_evaporates a refrigerant with heat
generated FIRPEiettidhe S5iisRent & Wé‘?\/\ffg?c - AfakBe A Whidth ish&ated with the heat

generated from the electroni¢ 25 efquigment flow into the evaporator, agg a condefser which 4
5 downatream 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, nothing may be considered for
the above mentioned situation.

10
SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to
provide a cooling system for electronic eguipment which is
configured to appropriately adjust a flow rate of a

15 refrigerant which flows within an evaporator, coping with
the operating status of the electronic equipment, thereby
attaining stable contrcl of the electronic equipment.

In order to attain the above mentioned object,
according to one embodiment of the present invention,

20 there is provided a cooling system for 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

25  equipment flow into the 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 S 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
unit which controls a flow rate of the refrigerant in accordance with a temperature 10 of air obtained
after the ait had bERSE§ thridtightke BUaPoldisr STPREAPEAAtGRSEHRBE Fifd detects the
temperature of the air obtained after the air has passed through the evaporator, wherein the
temperatufePSIRRF £SdisPBs&¢ bh tFE SR oftsh BF oBHBEIFRE eVBpSiako R BA Righer than a half
of the height of the evaporator. Here, desirably, the evaporator includes a coiled vertical pipe
through wHih et it EREN6%E ThaRTaiom BEROW Bird LR Ferkfil& S8REETS disposed higher
than a half_of the height of the coiled vertical pipe. 20 Desirably, the temperature sensor is disposed
lower than EdseERFof R aPbrdse Mte deiraph #E ERigerdfirasenid R disposed lower
than an upper end of the coiled vertical pipe. According to another embodiment of the present
25 invention: thér@ T pRstided 8 dofifd Y@ for 5 eldtfoRita§ifhght ofthe type including an
evaporator which evaporates a refrigerant with heat generated from electronic equipment, a blower
which makBE B WRTERTS hAR R (HETER: SRR Afed 116 He BEFBRIS L4TBntaht flow into the

evaporator, and a condenser which is di%gosed higher []eqén the evaporator and cools and condenses

the refrigem?gbg%ﬁﬁpﬁ) d fbht%eeé\f F&tbrto ?lqﬁ fed & éeé}gﬁf and including a refrigerant
liquid pipe which guides the jquefied remaerantioM it which controls a flow
rate of the refrigerant in accordance with a temperature

10 of air obtained after the air has pagsed through the
evaporator and a temperature sengor 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

15 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 disposed higher
than a half of the height of the coiled vertical pipe.

20 Desirably, the temperature sensor is disposed lower than
an upper end of the evaporator. More desirably, the
temperature sensor is disposed lower than an upper end of
the coiled vertical pipe.

According to another embodiment of the present

25 invention, there is provided a coocling system for



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 liquid pirﬁ-:- 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 obtained after the air has passed through the evaporator and a controller for control
valve whichkoatrorthe Xmeingeant féwiar omml iavéwhithe BRisyrPdsaletsn value of the
temperature sensor, wherein the temperature sensor is disposed on the side of an air outlet of the
evaporatoMa-dEBn eYARsper st of the Bvhperast 28Hdie heairapRnorhedtcfasarature value
which is 6 detected by the temperature sensor is higher than a predetermined value, the controller for
control valfd fitFERIEsCtheBpEriMayst the kR an b\ FatB2bRFoRalva s Flerédse the flow rate of
the liquefied 5 refrigerant to be supplied to the evaporator, and when a temperature value which is
detected b} 2RE Ehmpéiaturetserker s BARE HR&Td pre@Bteithih el Vil ¥Re Eontroller for control
valve decreases the opening of the refrigerant flow rate control valve to decrease the flow rate of the
10 liqdid retAgemReRFbé SapphdtFfo thaseaippasrtor, and a condenser which

is disposed higher than the evaporator and cools and
condenses the refrigerant to be suppliied to the evaporator
to a liquefied refrigerant, and including a refrigerant
liquid pipe which guides the liquefied refrigerant from

10 the condenser to a lower part of the evaporator, a
refrigerant gag 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 cone of the refrigerant liquid pine and the

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

20 refrigerant flow rate contrecl valve on the basis of a
detection value of the temperature sensor, wherein the
temperature senscr 1s disposed on the side of an air
outiet of the evaporator and on an upper part of the
evaporator.

25 Here, desirably, when a temperature value which isg



In particular, the present invention is favorably applicable to the system in which the refrigerant is
conveyed between the evaporator and the condenser by a refrigerant natural circulation system.
15Desirably, 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 20 blower which
is disposedaE A kRpePBtdgesin tREPRIARYIST HIGRERY TRE elbkdlofic &hFatafus may be cooled even
when an outdoor temperature is high by configuring such that the  condenser condenses a gaseous
refrigerant®¥FES ISRBIRRL S R Bughiife FOMbERNt ?4s bRfe FPBERYIcotidd By a 7 refrigerating
machine. ~ As an alternative, the condenser may condense a gaseous refrigerant which flows into it
through thé PEFGRPET JalSHip® ) HethEodiBg Wit ditSBEH oIS 8XtetRAICJoRRG Trter. In

addition, such a configuration may be possible that the condenser is a condenser which is included in
a valve to increase the flow rate of the liquefied

5 refrigerant to be 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

1ic  liguid refrigerant to be supplied to the evaporator.

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

15 Desirably, the blower is disposed downstream of the
evaporator and the temperature sensor i1s disposed between
the evaporator and the blower. Preferably, a plurality of
the bliowers 1s vertically disposed on the evaporator and
the temperature sensor is disposed in the vicinity of a

20 Dblower which is disposed at an upper stage in the
plurality of blowers.

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

25 it through the refrigerant gas pipe by being cooled by 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 gas pipe is compressed by a compressor
included in the refrigerating machine, is sent to thé condenser and is condensed to a liquefied
refrigerant through heat exchange with outside air or external cooling water, and the 15 liquefied
refrigerant so condensed by the condenser is sent to the refrigerant liquid pipe and a refrigerant flow
rate contrélSERERARRIBEoMAGHEB%USIng an electronic expansion valve is disposed in the refrigerant
liquid pipe as the refrigerant flow rate control unit so as to expand 20 the refrigerant while controlling
the flow rate of thé*Feffiferaht By IR ietRgerldift IERAAEEESHirMYRIVECRRFEEE nfaking the refrigerant
flow into the evaporator. ~ More preferably, a plurality of the evaporator are disposed, the refrigerant
flow rate cBREBPAVE & ¥ IRTRBED TR refbG@ant iddid ot Brershgdlht 8 liquid pipe is
branched into respective pipes on the downstream side of the refrigerant flow rate control valve and

the brancHREFiIPEEERE EoARSCBARE IdWe 5o e it alty 'dt V8PS 2 AipI@Klity of refrigerant

gas 5 pipes are respectively connected to upper parts of the plurality of evaporators, the plurality of

refrig@rantgd<Spipas areRonfigura 16 he united together so as to guide a gaseous refrigerant to the

condenser, a plurality of the temperature sensors are respe,ctivelg/1 disg%sed on upper lo parts of the
i

respective evaporaforé Hhdthe tefraran e S T LORTbIEN S Y e difigRrEF tBE controlled by the

controller for control valve gn the basis of detection values qf the respective temperature sensors.
that the condenser is a condenser ﬁ%&éﬂ is %nclu e@prn a

refrigerating machine, the evaporator is an evaporator
which is inciuded in the refrigerating machine, a gaseous

10 refrigerant which is sent through the refrigerant gas pipe
is compressed by a compressor included in the
refrigerating machine, is sent to the condenser and is
condensed to a liquefied refrigerant through heat exchange
with outside air or external cooling water, and the

15 liquefied refrigerant so condensed by the condenser is
gent to the refrigerant liquid pipe and a refrigerant flow
rate control valve which is configured using an electronic
expansion valve is disposed in the refrigerant liquid 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 contreol valve,
thereby making the refrigerant flow into the evaporator.

More preferably, a plurality of the evaporator are

disposed, the refrigerant flow rate control valve is

25 disposed in the refrigerant liquid pipe, the refrigerant



Desirably, the refrigerant flow rate control valve 15 is controlled 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 is within a predetermined t%mperature range. Also desirably, the refrigerant
flow rate control valve is 20 controlled by the controller for control valve such that a maximum
detection value of the detection values detected by the temperature sensors disposed on the
respectiveleh@pbaiBidR ithik Basrelettriied kanpeatuid tafgd Pccordifg o the present
invention, since it is 25 allowed to appropriately adjust a flow rate of a 9 refrigerant which flows within
an evapor8@YrEsrisg withife opkradiyy staflislerdasitonid elupficht CRRESNy F7st¥ for electronic
equipment by which stable control of the electronic equipment is attained may be obtained. 5 BRIEF
DESCRIPTISN O TRIEE DR INGRES ARG SR SERSAR: difyBimR atgeriefaltddhfiguration,

illustrating an embodiment 1 of a cooling system for electronic equipment according to the present
plurality of evaporators, a plurality of refrigerant gas

5 pipes are respectively connected to upper partg of the
plurality of evaporators, the plurality of refrigerant gas
pipes are configured to be united together so as to guide
a gaseous refrigerant to the condenser, a plurality of the
temperature sensors are respectively disposed on upper

ic 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 control valve
15 1s controlled by the contreller for control valve such
that a mean value of the detection values detected by the
temperature sensors disposed on the respective evaporators
ig within a predetermined temperature range. Algo
desirably, the refrigerant flow rate control valve is
20 controlled by the contrcller for contrel wvalve such that a
maximum detection value of the detection values detected
by the temperature sensors disposed on the respective
evaporators is within a predetermined temperature range.
According to the present invention, sgsince it is

25 allowed toc appropriately adjust a flow rate of a



lo 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 illustrating a manner that a 15 liquefied refrigerant
evaporates to a gaseous refrigerant in an evapor&or 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
schematic diagram of a configuration of essential parts, illustrating an embodiment 2 of the cooling
system forelEEfaRESHuipheAbadcoriitghs thé Préderd At Ahd COPINIFE.Hhis a flowchart
illustrating a flow of control 25 by a controller in the embodiment 2 of the present 10 invention.
DESCRIPFON@E mHE PREEERREPEMBGOIVENTS eduipBittaftér, SPEdiE8mbodiments of

the present 5 invention will be described with reference to the accompanying drawings.
system for electronic equipment by which stable control of

the electronic equipment is attained may be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

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

10 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 illustrating a manner that a

15 liguefied 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;

20 FIG. 5 ig a gchematic diagram of a configuration of
essential parts, illustrating an embodiment 2 of the
cooling system for electronic equipment according to the
pregent invention; and

FIG. 6 is a flowchart illustrating a flow of control

25 by a controller in the embodiment 2 of the present



[Embodiment 11 An embodiment 1 of a cooling system for electronic equipment according to the
present invention will be 10 described with reference to FIG. 1 to FIG. 4. FIG. 1 is a schematic diagram
of a general configuration, illustrating an embodimént 1 of a cooling system for electronic equipment
according to the present invention. FIG. 2 is a schematic side view of the cooling system illustrated in
15 FIG. 1, viewed from the side of a blower. FIG. 3 is a diagram illustrating a manner that a liquefied
refrigerantl&V4pdFateR 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 20 the present invention.
FIG. 1 illustrates a cooling system for electronic equipment 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 5 95K aek isTHESTREHTRERE . BIRARAYBUSMg the 11 servers (electronic
equipment) 10, are installed_in the server room 1. In the embodiment 1, a blade type server is given as
an example of the'SEream i fBe cSHRALTAE LRIRCPEPETRRErAb EREMER TR Y erver. Although, in 5
general, a plurality of the thin-type servers is lopaded on the server rack 100, the server 10 may be one
large-Sized SER/R .WFP@P&%%&IO%@%%%OW&& & S RESIHER BN TRE right side in FIG. 1) of the

server rack 100 and turns to_ a hot blast by cooling the hot server 10. 10 The air which has flown out

from the SBVEPTRACYOGT Orawings.

[Embodiment 1}
An embodiment 1 of a cooling system for electronic
equipment according to the present invention will be
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 illustrated in
15 FIG. 1, viewed from the side of a blower. FIG. 3 is a
diagram illustrating a manner that a 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
20 the present invention.
FIG. 1 iliustrates a cocling system for electronic
equipment 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 housing the



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 to cool the hot blast from the server 10, a
refrigerant liquid pipe 23 which guides a 15 quuef?eh 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
evaporatoF2E g% fon aFeGPpe et SHERNapblatdP2] ertheldtiidehsed2da Fdifigerant flow rate
control valve (a refrigerant flow rate control unit) 25 which is disposed in the refrigerant liquid pipe 23
to control &HEWEALeE 8PRelliquefie dTRRiRIIRAKINERG ifte the BYap6ratofEl, ¥y BPower 26, that is,
a plurality of blowers which are 12 installed downstream of the evaporator 21 so as to introduce air in
the server +SoA 1Vt Bfe SEnBXPRIRLFOR %o €661 tFREAKNiER HeR Beendeedéd by &d8ling the server
10 by passing it through the evaporator 21, and to 5 blow off the cooled air again into the server room
1, a temperafre sEXRST RGEMIIR, & BIGv-BHEIT BT FREIVE Eensdr) BIAkARN id Bisposed
between the evaporator 21 and the blower 26 and on an upper part of the evaporator 21 to detect a
tempetatuRESEBIBWN-Gif Bit YOAWRIEN i€ BlowWHoff froRT ek apBrater 81,38 cORFEIRS f8Fcontrol valve

28 which controls the openingéof the refrigerant flow rate control valve 25 on the basis of a detection

value obtalr&d RFHEETFETStutd Lenstt £ Hr¥asing 20 M cPRo 6% thRrERpBIZABR21, the blower

26 server. Air is taken into the server 10 from a front
surface (on the right side in FIG. 1) of the server rack
100 and turns to a hot biast by cooling 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 to cocl the hot blast from
the server 10, a refrigerant liquid pipe 23 which guides a
15 ligquefied 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
liguefied refrigerant flowing into the evaporator 21, a

25 Dblower 26, that is, a plurality of blowers which are



15 and the temperature sensor 27 installed in the server room 1 and the like. The blower 26
includes an upper blower 26u disposed on a downstream-side upper part of the evaporator, a middle
blower 26m disposed on a downstream-side midd€ 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 Blower28¢EdchvRs bimeer influtibs agprapeliertarid & inctor @ot flostrated 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, passesdhgrighithe Senidrel (5 assds HPoligh thendvagdigtos@rveaid isagain blown off into
the 5 server room 1. The number of the blowers 26 to be installed and an arrangement
configuratidf Sheredf arcaotthisitéd o Wosehlsaaitde RrF e 2t aftHevemibodimsht tthehe condenser
22 is configured to condense a gaseous refrigerant which 10 flows into the condenser through the
refrigerant Ya5ige 24 BYcavtingitly iFefrigeratily HachiA¥BOOTRBYEfrigeratitfmiehine 30
configures a refrigeration cycle by compressing a refrigerant by a compressor. However, the
condehser2oifiag e Ediffigtrsd BSicrideri@del Jadediis Hifefigerant whRPrfiows fto the condenser

through the refrigerant gas pipe 24 by cooling it with outside air or
temperature sensor (for exampie, 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 valve 28 which controls the opening of the
refrigerant flow rate control wvalve 25 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
1 and the like.

The blower 26 includes an upper blower 26u disposed

on 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-gide 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 blower 26d. Each

25 blower includes a propeller and a motor (not illustrated



external cooling water, instead of installation of the refrigerating machine 30. The temperature sensor
27 is disposed between the 20 evaporator 21 and the blower 26 and in the vicinity of the upper blower
26u which is disposed on an upper part of the evadporator 21 as illustrated in FIG. 1 and FIG. 2, and,
more specifically, is disposed between the two upper blowers 26u (on an axial central part of the
evaporator) 25 in the example illustrated in FIG. 2. The temperature of 14 air which flows out from an
upper partiot tid @vagorator Kentyregmohe apewntely and stably detedtée byeiositioning the
temperature sensor 27 as mentioned above. A detection value of the temperature sensor 27 is 5 sent
to the contrsifen 28. The bontoflaicegl controls the operingof tackefili§érapy flowtrateloehtrol valve 25
on the basis of the detection value so as to set the temperature of air on the outlet side of the
evaporatotZE tP ppedeteminpdsgise [drwitiih agredsrermiedlio tamassi@iure range). That is,
when the detection value of the temperature sensor 27 is higher than a predetermined value, the
controller Zdh&emedls i imcreasotietegeridg anthelrefidgeram fiolerate @bhtrdélisivé 28 to increase
the flow rate of the liquefied refrigerant which flows 15 through the refrigerant liquid pipe, thereby
increaing /& €66l eapakcity of the evaporator 21. While, when the detection value is lower than the
predetermined value, the controller 28 controls to decrease the opening of the refrigerant flow rate

control valve 25 toteRréBEEPE Z0HfIGW PatelSTMBE fiqdéfidcPrehfyeraftRhikd h&ugh the

refrigerant liquid pipe, thereby decreasing the cooling capacity of the evaporator 21.
arrangement configuration thereof are not limited to those

illustrated in FIG. 2. In the embodiment 1, the condenser
22 is 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 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 cooling water, instead of installation of the
refrigerating machine 30.

The temperature sensor 27 is disposed between the

20 evaporator 21 and the blower 26 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
blowers 26u {on an axial central part of the evaporator)

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



The temperature sensor 27 is disposed 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 15 detail, the evaporator 21 includes a
coiled vertical pipe through which the refrigerant fids upward from below and the temperature sensor
27 is disposed at a position which is higher than that of 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 end part of the
evaporator2Y awd ik pféfevableuhatfthenempevainr sersot 27 he-dispeselonegraltan an upper end
part of the coiled 10 vertical pipe. In the embodiment 1, the temperature sensor 27 is configured to be
disposed gl heightwisequsiterewhiches withid 16 Yalwiiendatsasired dewnward from the upper end
part of the evaporator 21. Control to almost complete evaporation of a 15 liquefied refrigerant on an
upper partid #id doagaratciiiray dedasiftbiad cfficiensy rhast erehdrigaefthaluritige evaporator
may be increased, and stable refrigerant natural circulation may be attained by configuring the
temperature sensdk easAlchtiongd Epeve fThHalgs SHgeze e enwgaratife 3énsér 27 is disposed
on an upper part of the evaporator 21 and a part of the evaporator corresponding to the sensor
dispoged pERMtfontie atfiace Where Helgddtied RifgSRMEBdbbR to28yaporaetds §&§ the detected

temperature of air faithfully conforms
opening of the refrigerant flow rate contreol valve 25 on

the basis 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 controiler 28 controls to increase the opening
of the refrigerant flow rate control wvalve 25 to increase
the flow rate of the liquefied refrigerant which flows

15 through the refrigerant liquid pipe, thereby increasing
the cooling capacity of the evaporator 21. While, when
the detection value is lower than the predetermined value,
the controiler 28 controls to decrease the opening of the
refrigerant flow rate control valve 25 to decrease the

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

The temperature sensor 27 is disposed 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



25 to the status of the evaporator 21 and hence a change in 16 temperature may be grasped
sensitively. A manner that a liquefied refrigerant evaporates to a gaseous refrigerant in the
evaporator 21 illustrated in FIG. 1 will be describekPwith reference to FIG. 3. As 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 21a and the upper horizontal pipe
21b and esdetudrlicaltpipe @tzpeoranfigurzt using ad€scoiedbiatttansfer pipel Tiemrefrigerant liquid
pipe 23 is connected to the lower horizontal pipe 21a and the refrigerant gas pipe 24 is connected to
the upper hdwzorgal pipe 2ibthdiquefied gefrigetant Which isromtaided hytbdirg 38 condensed in the
condenser 22 flows downward through the refrigerant liquid pipe 23, is supplied to the lower horizontal
pipe 21a, fldves rotieredfigerafeyaopipe’24 frodigrosigd 24t andogoestipmandi Airtheated by the
server 10 is cooled through heat exchange with the 20 refrigerant which goes upward through the
vertical pipes2 bd when peksingtthedughfthe dvapbratér 2hanbetight of the coiled

5 vertical pipe.
It is desirable that the remperature sensor 27 is

disposed lower than an upper end part of the evaporator 21
and it is 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 temperature
sensor 27 1is 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

15 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 gensor 27 as mentioned above. That is, since

20 the temperature sensor 27 is disposed on an upper part of
the evaporator 21 and a part of the evaporator
corresponding tc the sensor disposed position is a place
where the liquefied 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



liquefied 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 17 to the condéfser 22. As described above, in the embodiment 1,
the server (electronic equipment) 10 is cooled by a refrigerant natural circulation system. For example,
R-134a (HFC-134a) may be used as the s refrigerant to be naturally circulated. Although the state of
the refrigetzanie thetverticalqyp e 1o vepeads sarthe operting status on the side of electronic
equipment used, for example, 80 % of the refrigerant is in a liquefied state and 20 96 of the refrigerant
is in a 10 gaseousAstaterores |datpart of theearaédalyside 296 ramnks ey ap theriediigdrant is in a
liquefied state and 95 % of the refrigerant is in a gaseous state on an upper part of the vertical pipe
21c. The gasgeaseaffgaemt Witorehas beef hetupvab i @ondénderl2s isteduied by 15 the
refrigerating machine 30 and is again condensed. Incidentally, the gaseous refrigerant which has been
returned tFiFe.condéhsér prydrscoulbg withidlisideararseeital Ed6lingwatésas described

above. The refrigerant which has been condensed to a liquefied
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 21c¢ is configured using a

10 coiled heat-transfer pipe. The refrigerant ligquid pipe 23
is connected to the lower horizontal pipe 2la and the
refrigerant gas pipe 24 is connected to the upper
horizontal pipe 21b.

A liguefied refrigerant which is obtained by being

15  condensed in the condenser 22 flows downward through the
refrigerant liquid pipe 23, is supplied to the lower
horizontal pipe 2la, flows into the refrigerant gas pipe
24 from the pipe 21a and goes upward. Ailr heated by the
gserver 10 is cooled through heat exchange with the

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

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



20 refrigerant in the condenser 22 again flows out toward the refrigerant liquid pipe 23. Next, a
flow of control performed by the controller 28 in the embodiment 1 of the present invention will be
described with reference to a flowchart in FIG. 4.85When 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
(operationtie stareed)oth@e38penidg of the cdmaolihlied 28%svet tolits ikltkal state (Step SOS) and the
process returns to Step SO1. When the controlling operation is not started in Step SO2, the
process priteeds teSteg S0BhEoSeRafple | @bRAhebAtreIER25 Y3 uAderiPID control, the 10
process proceeds to Step S06 and a manipulated variable (the opening or the like) of the control valve
25 is calcutaedssh e Basie SrtHeeg@astcmvalte T 6ftheblatd-off divehfferature which has been
acquired in Step 501. Next, whether manipulation of the control valve 25 15 is desirable is determined
in Step S08. WheF ffarfFdiitiditis ot tekirabiEl thel phtesgfetuR’s SEPSEE Whfe, when

manipulation is desirable, desirable manipulation such as change of the opening of the control valve or
the 5 refrigerant to be naturally circulated. Although the

state of the refrigerant in the vertical pipe 21lc depends
on the operating status on the side of electronic
equipment used, for example, 80 % of the refrigerant is in
a liquefied state and 20 % of the refrigerant is in a

10 gaseous state on a lower part of the vertical pipe 21¢,
and 5 % of the refrigerant is in a liquefied state and
95 % of the refrigerant is in a gaseous state on an upper
part of the vertical pipe 21lc. The gaseous refrigerant
which has been returned to the condenser 22 is cooled by

15 the refrigerating machine 30 and is again condensed.
Incidentally, the gaseocus refrigerant which has been
returned to the condenser may be cooled with cutside air
or external cooling water as described above. The
refrigerant which has been condensed to a liquefied

20 refrigerant in the condenser 22 again flows out toward the
refrigerant liquid pipe 23.

Next, a flow of control performed by the controller

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



like is performed and then the process returns to Step 501. 20Incidentally, the above mentioned PID
control is a kind of feedback control, that is, a controlling method by which an input value is controlled
on the basis of three elements of proportional (orjd%viation) 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 SO4. When the operation of the cooling
system is AGtReppddiihe Processrettirhsdo Stey BO1 b@ile nalhevr thesBoperatioh is stopped, the
control valve 25 is shut down (Step 507) and the operation of the cooling system is stopped.
[EmbodiméeftH i BtbodiffeiE 2 oflife praxens fhuerics allbbé Q0% ribéad witirefarence to FIG.
5 and FIG. 6. FIG. 5 is a schematic diagram of a configuration of essential parts, illustrating the
embodimeft 2ULEE SN SReamToralcefonftcedinpmaenesans pfdsentTféhtion. FIG. 6 is a

flowchart iIIustratin? a flow of control which is 15 performed by a controller in the embodiment 2 of the
mesenﬂnﬁﬁﬁ%ﬁ? valve 25 is started (operation is started), the

5 opening of the contrel valve 25 is set to its initial

state (Step S05) and the process returns to Step S01.
When the controlling operation is not started in

Step 502, the process proceeds to Step S03. For example,
when the contrel wvalve 25 is under PID control, the

10 process proceeds to Step S06 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-off air temperature which has been acgquired in Step
S01. Next, whether manipulation of the control valve 25

15 1is desirable is determined in Step S08. When manipulation
is not desirable, the process returns Step 801. While,
when manipulation is desirable, desirable manipulation
such ag change of the opening of the control valve or the
like is performed and then the process returns to Step S01.

20 Incidentally, the above mentioned PID control is a
kind of feedback control, that is, a controlling method by
which an input value is controlled on the basis of three
elements of proportional (or deviation) between an cutput
value and a target value, integral thereof and

25 differential thereof.



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 plurality3two in this embodiment) of evaporators are
connected to one cooling system will be described. 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. 6, the
same 20 numeral8kenhds® P rbio RS rblebighae thesdmaneccorrespdnaity parts. As
illustrated in FIG. 5, in the embodiment 2, two evaporators 21A and 213 are vertically disposed and 5
temperatures&esors ¢ok e x&ffite, Bown BHEaAPEEIEEERALREXERSES) RIASARP2 29 4re disposed on
airoutlet-side upper parts of the respective evaporators 21A and 213. Three blowers 26A (26Au,
267km an#2endtadepeatiénersIcB I26BEOI6BE &3SEE3N) bFe VeficalyPRb&fsposed on the
outlet sides of the evaporators 21A and 21B. The temperature sensors 277k and 2713 are connected
to the contE&iferPSORE EBNHEILIIVE afi@ tFE eBntfSller 28R ickhfighiRItotdshtrol the opening or the

like of the refrigerant flow rate control valve 25 on the basis of .
5 operation is stopped, the control valve 25 i1s shut down

(Step S07) and the operation of the cooling system is
stopped.
[Embodiment 2]
An embodiment 2 of the present invention will be

10 described with reference to FIG. 5 and FIG. 6. FIG. 5 is
a schematic diagram of a configuration of essential parts,
illustrating the embodiment 2 of the cooling system for
electronic equipment of the present invention. FIG. & is
a flowchart illustrating a flow of contrcl which is

15 performed by a controller in the embodiment 2 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 (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 two evaporators are connected to one refrigerant

25 c¢irculation cycle. In FIG. 5 and FIG. 6, the same



15 detection values obtained 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 277k and 273 will B8 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 valve 25 is controlled on the basis of the mean value. That is, 25 when the mean value
of temperaturestddtected Hhthee 2inemperatliretsedSdis 2Z2AdRRIZTRIshifher thame predetermined
value, the opening of the refrigerant flow rate control valve 25 is increased to increase the flow rate of
a refrigerat WHsh PG Hite Respestive 5 evaporators 21A and 213 through the refrigerant liquid
pipe 23, thereby increasing the cooling capacities of the evaporators 21A and 213. While, when the
mean value of terdperathtes HEretst By tHelfemSerafdte EBRsGRITALESE P73 is lo¥fer than the
predetermined value, the opening of 10 the refrigerant flow rate control valve 25 is decreased to
decrease HEFRMY FREDT thd Peffifrant WMCEAGRS te el e speEhREedassidtors 21A and 213
through the refrigerant liquid pipe 23, thereby decreasing the cooling capacities of the evaporators 21A
and 213. ISHTBEERbRE @O BF cAAPS] cﬁ%@éﬁtro%\ﬂeﬁ\?@??%? tRé Eontroller 28 for control valve,
the control valve 25 is controlled on the basis of a maximum detection value of values detected by the
plurality of tBFpRFatHE Se SIS PR arfd 2737 Fh 78, Whén thesmarmsletedtion

outlet-side upper parts of the respective evaporators 21A
and 21B. Three blowers 26A (26Au, 26Am and 26Ad) and
three blowers 26B {(26Bu, 26Bm and 26Bd) are vertically

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

15 detection valueg obtained by the temperature sgensors 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 27A and 27B will be described.

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

25 when the mean value of temperatures detected by the



20 value of detection values detected by the temperature sensors 27A and 273 is higher than a
predetermined value, the opening of the refrigerant flow rate control valve 25 is increased, thereby
increasing the cooling capacities of the evaporatots 21A and 218. While, when the maximum 25
detection value of the detection values detected by the 22 temperature sensors 27A and 278 is lower
than the predetermined value, the opening of the refrigerant flow rate control valve 25 is decreased,
thereby deteausing thir oslinrscapachitd ¢ibe eVBpdraitdrs Zlarakda218a5In the embodiment 2, it is
desirable that each of the temperature sensors 27A and 27B be disposed at a height-wise position
which is wRERIEFeFwhaadaasuted delmvere iriond an fppbe eiig Paittsedeh of He& evaporators
21A and 218. By disposing the sensors as mentioned above, 10 control may be readily performed
such that thas€ twervEperatdhE 2 120arid 21 B &re dpedatt® wWithii g zapasiie(thdoy a 90 % capacity
of a maximum cooling capacity) which is lower by 10 % than the maximum cooling capacity obtained
by combin¥rjttegethet the Eapacies bf teliw 15 evaporaiers PEA aiREPES: 4AdRIdition, since control
may be readily performed so as to almost complete evaporation of the liquefied refrigerant on an upper
part of eachVARPEPABF, Thé Heat Bc AR c-bfieienty bR therariiré vapbiatdrimay Be increased.
20Next, a flow of control performed by the controller 28 in the embodiment 2 of the present invention

will be desefiB&d dth refsEREY td BFESRPARIN FIS. 6°PHd BEmeanifdialesrePdsdidited to parts

which operate in the same manner as those in FIG. 4 and detailed description
evaporators 21A and 21B. While, when the mean value of

temperatures detected by the temperature sensors 27A and
27B 1s lower than the predetermined value, the opening of

10 the refrigerant flow rate control valve 25 1s decreased to
decrease the flow rate of the refrigerant which flows into
the respective evaporators 21A and 21B through the
refrigerant liguid pipe 23, thereby decreasing the cooling
capacities of the evaporators 21A and 21B.

15 In 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 a maximum detection
value of values detected by the plurality of temperature
sensors 274 and 27B. That is, when the maximum detection

20 value of detection values detected by the temperature
sensors 27A and 27B is higher 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. While, when the maximum

25 detection value of the detection values detected by the



25 thereof will be omitted. 23 In the control flow in the embodiment 2, detection temperatures
TOit0 and Toutl are acquired from the temperature sensors 27A and 27B (step 501) and then the
process proceeds to Step S10. In Step 510, in wHiéh s control mode the controller 28 controls the flow
rate control valve 25, that is, whether the controller 28 controls the control valve 25 on the basis of a
mean value of detection values of the plurality of temperature sensors or a maximum value of the
detection vetogsisatOitietesmiriert's 2 Whendheé ¢Bntiellel 28esontivigithieheontrol valve 25 on the
basis of a mean value of detection values of the temperature sensors 27A and 27B, T = (TmftO +
T0=1)/2 agisedeStepbag) valumhentthe capgalag2® Eorithsis Hed cdmealamailef25¥n the basis of a
maximum value of the detection values of the temperature sensors 27A and 27B, whether ToutToutl
20 is deterrditied ¢Srproll v Nen Yosis daumm@sfisetthereby decreasing the
cooling capacities of the evaporators 21A and 21B.
5 In the embodiment 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 of the evaporators
21A and 21B. By disposing the sensors as mentioned above,
10 control may be readily performed such that these two
evaporations 21A 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 capacity
obtained by combining together the capacities of the two
15 evaporators 21A and 21B. In addition, since control may
be readily performed so as to almost complete evaporation
of the liquefied refrigerant on an upper part of each
evaporator, the heat exchange efficiency of the entire
evaporator may be increased.
20 Next, a flow of control performed by the controliler
28 in the embodiment 2 of the present invention will be
described with reference to a flowchart in FIG. 6. The
same numerals are assigned to parts which operate in the

same manner as those in FIG. 4 and detailed description

25 thereof will be omitted.



(Step S13). When No, "T = Toutl" is set (Step S14). In the succeeding operation, controlling
operations which are the same as those in Step SO2 to Step S09 which have been described in FIG. 4
are performed. 25Although an example in which éléctronic equipment is 24 cooled by a refrigerant
natural circulation system has been described in each of the above mentioned embodiments, the
present invention is not limited to the above. For example, the condenser 22 may be configured as a
condenser 5 included inteerafigénatihg hashine ahbeherbagomaeor2 2magdieecoriigured as an
evaporator included in the refrigerating machine such that a gaseous refrigerant which is sent through
the refrigetzgmpas pipe 24 S coMprestethyla sompressot fudacin thieefrigerating lo machine
and is sent to the condenser 22 to condense the refrigerant so compressed through heat exchange
with outsidecsiPeréliantal SoBRRy Waldh: Iike 206Ve (MbatorldastduEhercomfiguration is also
allowable that a liquefied refrigerant obtained by being condensed 15 by the condenser 22 is sent to
the refrigeiaFPfigaia pipeo8at the réhffer&itflow FateSdorirob Vllve 5 whithlis configured using an
electronic control valve or the like is installed in the refrigerant liquid pipe so as to expand the
refrigerant Sftercohtfolitey (RBSI0VPFRE2D1RErebt byIRE FeTigeldnt fl6kAtediftrol valve 25 to

make the refrigerant flow into the evaporator 21.
control valve 25, that isg, whether the controller 28

controls the control valve 25 on the basis of a mean value
of detection values of the plurality of temperature
sensors or a maximum value of the detection values is

10 determined.

When the controller 28 contreols the control valve 25
on the basis of a mean value of detection values of the
temperature sensors 27A and 27B,

T = (TousO + Tourl)/2

15 1is set (8tep S§12}).

When the controller 28 controlsg the control valve 25
on the basis of a maximum value of the detection values of
the temperature sensors 27A and 27B, whether

Tout0 2 Tourl

20 is determined (Step S11). When Yes, “T = Tg:0” is set
(Step 813). When No, “T = Tgl” is set (Step S14).

In the succeeding operation, controlling operations
which are the same as those in Step S02 toc Step S09 which
have been described in FIG. 4 are performed.

25 Although an example in which electronic equipment is



According to each of the above mentioned embodiments, since a refrigerant liquid pipe for guiding a
liquefied refrigerant from a condenser to a lower part of an 25 evaporator, a refrigerant gas pipe for
guiding the 25 refrigerant which has evaporated B cooling electronic equipment from an upper part of
the evaporator to the condenser, a refrigerant flow rate control valve (a refrigerant flow rate control
unit) which is disposed in 5 the refrigerant liquid pipe to control a flow rate of the refrigerant flowing into
the evaporator} edeimperatued segsordot detectimg & temperdtaisioiaisybtagmedrafter passing through
the evaporator, and a controller for control valve for controlling the refrigerant flow rate 10 control valve
on the basieeta detettibhadluaokihehtembetdtareborvsor age fHictudat, edasiiceethiestemperature
sensor is disposed on the side of an air outlet of the evaporator and on an upper part of the
evaporatot; fitéis pitewet to tpproprisealy beljust the fowtew dfahels hgeaant ®pich flows within the
evaporator, coping with the operating status of the electronic equipment and hence it is allowed to
obtain a caufingrsieieniter dleadenie € uiimartbyoRhicatdlds coftrabisataedE s phrticular,
according to the embodiments of the 20 present invention, even when the cooling system is configured

as a coolingsysisindorisodingediséweia ebjuth i@mtby & reffige e n§ARICEIR bR oA lsystem,

stability of control may be improved.
may be configured as an evaporator included in the

refrigerating machine such that a gaseous refrigerant
which is sent 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 so compressed through heat exchange with
outside air or external cooling water. In the above
mentioned case, such a configuration is also allowable
that a liquefied refrigerant obtained by being condensed

15 by the condenser 22 is sent to the refrigerant 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 ligquid pipe so as to
expand the refrigerant while controlling the flow rate

2¢ thereof by the refrigerant flow rate control valve 25 to
make the refrigerant flow into the evaporator 21.

According to each of the above mentioned embodiments,

since a refrigerant liquid pipe for guiding a liquefied
refrigerant from a condenser to a lower part of an

25 evaporator, a refrigerant gas pipe for guiding the



26 What is claimed is: 1. A cooling system for electronic equipment of the type comprising an
evaporator which evaporates a 5 refrigerant with heat generated from electronic equipment, a blower
which makes air which is heated with the heat gefiérated from the electronic equipment flow into the
evaporator, and a condenser which is disposed higher than the evaporator and cools and condenses
the refrigerant to lo be supplied to the evaporator to a liquefied refrigerant, comprising: a refrigerant
liquid pipexsefich gritkstthwhifobfidd sefayararit #oadtirycormiehsaotoed fowerqsirt of the evaporator;
15a refrigerant gas pipe which guides the refrigerant from an upper part of the evaporator to the
condense€dquirmesttigdraaniiewe rarbeshtrst thitedhish o stvels arffdvwp ¥atb@f the refrigerant in
accordance with a temperature of air obtained after the air has passed 20 through the evaporator; and
a temperagfadenssrwhiehifddedigenatdmpeéruufeadithe afttobrdingd Hfer {i%e air has passed

through the evaporator,
refrigerant flow rate control unit) which is disposed in

5 the refrigerant liguid pipe to control a flow rate of the
refrigerant flowing into the evaporator, a temperature
sensor for detecting a temperature of air obtained after
passing through the evaporator, and a contrceller for
control valve for controlling the refrigerant flow rate

it control valve on the basis of a detection value of the
temperature sensor are included, and since the temperature
sengor 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 adiust the flow rate of the

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

In particular, according to the embodiments of the

26 present invention, even when the cooling system is
configured as a cooling system for cooling electronic
equipment by a refrigerant natural circulation system,

stability of control may be improved.



wherein the temperature sensor is disposed on the 25 side of an air outlet of the evaporator and higher
than a 27 half of the height of the evaporator. 2. The cooling system for electronic equipment
according to Claim 1, 5wherein the evaporator inéRides 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. 103. The cooling system for electronic equipment according to Claim
1, whiteit tHestepdgamtite Sensor is disposed lower than an upper end of the evaporator. 154.
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.

1. A cooling system for electronic egquipment of the

type comprising an evaporator which evaporates a

5 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
evaporator, and a condenser which is disposed higher than
the evaporator and cools and condenses the refrigerant to

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

a refrigerant liquid pipe which guides the liquefied
refrigerant from the condenser to a lower part of the
evapcorator;

15 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
temperature of air obtained after the air has passed

20 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 senscr is disposed on the

25 @ide of an air outlet of the evaporator and higher than a



205. A cooling system for electronic equipment of the type comprising 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 equipfrfent 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: a refrigerant liquid pipe which
guides thetiiuefiedl S-tefrigeraghfromitheloongeaperttaiower 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 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 within the evaporator;

a temperature sensor \{ieh detetisia t@YipERMUiHT it Blsthirridiafte?dka Rireids passed through the

according to Claim 1,

5 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

of the height of the coiled vertical pipe.

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

than an upper end of the evaporator.

15 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.

20 5. A cooling system for electronic equipment of the
type comprising 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 into the

25 evaporator, and a condenser which is disposed higher than



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 evapbrator and on an upper part of the evaporator.

6. The cooling system for electronic equipment according to Claim 5, 25wherein when a temperature
value which is detected 29 by the temperature sensor is higher than a predetermined value, the
controller foheortrelprated increastsahe Iopenitt obthdaefigerditdonerfre gemaoltvdive to increase
the flow rate of the liquefied refrigerant to be 5 supplied to the evaporator, and when a temperature
value whichds sletcted dytthe téraperapersansor ilowet ilgrrd pestatedmihgd vanie, the controller
for control valve decreases the opening of the refrigerant flow rate control valve to decrease the flow
rate of the diguiere$rigerant 10 to be supplied to the evaporator. 7. The cooling system for

electronic equipment according to Claim 1,
a refrigerant liquid pipe which guideg the liquefied

5 refrigerant from 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
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 within the evaporator;
a temperature sensor which detects a temperature of
air obtained after the air has pagsed 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 ocutlet of the evaporator and on an upper

part of the evaporator.

6. The cooling system for electronic equipment
according to Claim 5,

25 wherein when a temperature value which is detected



wherein the refrigerant is conveyed between the 15 evaporator and the condenser by a refrigerant
natural circulation system. 8. The cooling system for electronic equipment according to Claim 1,
20wherein the blower is disposed downstream of4Be evaporator and the temperature sensor is
disposed between the evaporator and the blower. 9. The cooling system for electronic
equipment 25 according to Claim 8, 30 wherein a plurality of the blowers is vertically disposed on
the evapoiagortdrel therempearatuze sensaris tispjosghdn theheininity of ed#awemivhash is disposed at
an upper stage in the plurality of blowers. 10. The cooling system for electronic equipment
according t&aClaem T hehemirt theldendehser comdenskesvagdaseouscrefigerahewhich flows into it
through the refrigerant 10 gas pipe by being cooled by a refrigerating machine. 11. The cooling
system forcatectionic efjuipneentesftcd g ta: Claipwl rwhereirothecphdeaseecdilenses a gaseous

increase the flow rate of the ligquefied refrigerant to be

5 suppliied 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 liquid refrigerant

190 to be supplied to the evaporator.

7. The cooling system for electronic eguipment

according to Claim 1,
wherein the refrigerant is conveyed between the
15 evaporator and the condenser by a refrigerant natural

circulation system.

8. The cooling system for electronic equipment
according to Claim 1,
20 wherein the blower 1ls disposed downstream of the
evaporator and the temperature sensor is disposed between

the evaporator and the blower.

9. The cooling system for electronic eguipment

25 according to Claim 8,



is refrigerant which flows into it through the refrigerant gas pipe by being cooled with outside air or
external cooling water. 12. The cooling system for electronic equipment 20 according to Claim
1, wherein the condenser is a condenser whiéR is included in a refrigerating machine, the
evaporator is an evaporator which is included in the refrigerating machine, a gaseous refrigerant which
is sent through the 25 refrigerant gas pipe is compressed by a compressor 31 included in the
refrigerating machiies isssentaoghe cahdenserfandhis dohdersesl tosa trguefieckareigerant through heat
exchange with outside air or external cooling water, and the liquefied refrigerant so condensed by the
5 condensét Erserredo the tefEgeraap bopaid pipe add Bhefrigenaenfiovv rate sengolkvalee which is
configured using an electronic expansion valve is disposed in the refrigerant liquid pipe as the
refrigerantdibsiprese dontroltinsit ¥4 asnd expaxid theciafrigeramiwvhite oscotitrmlireetheaffow rate of the
refrigerant by the refrigerant flow rate control valve, thereby making the refrigerant flow into the
evaporatogn uppei3 sHggeodling-dystahvisedlétironit deobiprast-15 according to Claim 5,

wherein a plurality of the evaporator are disposed, the refrigerant flow rate control valve is disposed in
the refrigerant liquid pipe, the refrigerant liquid pipe is branched into respective pipes on the

downstream side of
10. The cocoling 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 cooled by a refrigerating machine.

11. The cooling system for electronic equipment
according to Claim 1,
wherein the condenser condenses a gaseous
15 refrigerant which flows into it through the refrigerant
gas pipe by being cooled with outgide air or external

cooiing water.

12. The cooling system for electronic egquipment
20 according to Claim 1,
wherein 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 refrigerant which is sent through the

25 refrigerant gas pipe is compressed by a compressor



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 of refrigeraht gas pipes are 25 configured to be united
together so as to guide a gaseous 32 refrigerant to the condenser, a plurality of the temperature
sensors are respectively disposed on upper parts of the respective evaporators, and the refrigerant
flow rate camitdhvdd® iSrcorifiguredttoilore cantiolte dray: 5 timeecoriteolkpeicr comtrahgalve on the basis of
detection values of the respective temperature sensors. 14. The cooling system for electronic
equipmentaeededisgto &teimi 13 ctiwilsereatitheaefrigerantdibinerhteredmntirgieradveis controlled by the
controller for control valve such that a mean value of the detection values detected by the temperature
sensors disposzdain thearespectiveigeaporatoreistwithia apredeteramied teniperatiréngnge. 15
15. The cooling system for electronic equipment according to Claim 13,

water, and the liquefied refrigerant so condensed by the

5 condenser is sent to the refrigerant liquid pipe and a

refrigerant flow rate control valve which is configured

uging an electronic expansion valve is disposed in the

refrigerant ligquid pipe as the refrigerant flow rate

control unit so as to expand the refrigerant while

10 controlling the flow rate of the refrigerant by the

refrigerant flow rate control valve, thereby making the

refrigerant flow into the evaporator.

13. The cooling system for electronic egquipment
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 liquid 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 plurality of
evaporators, a plurality of refrigerant gas pipes are
respectively connected to upper parts of the plurality of
evaporators, the plurality of refrigerant gas pipes are

25 configured to be united together so as to guide a gaseous



wherein the refrigerant flow rate control valve is controlled by the controller for control valve such that
a 20 maximum detection value of the detection values detected by the temperature sensors disposed
on the respective evaporators is within a predeterffined temperature range.

refrigerant to the condenser, a plurality 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

5 the controller for control valve on the basis of detection

values of the respective temperature sensors.

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

10 wherein the refrigerant flow rate control wvalve is
controlled by the controller for control valve such that a
mean value of the detection wvalues detected by the
temperature sensors disposed on the respective evaporators
is within a predetermined temperature range.

15

15. The cooling system for electronic equipment
according to Claim 13,

wherein the refrigerant flow rate control valve is
controlled by the controller for control valve such that a

20 maximum detection value of the detection values detected
by the temperature sensors disposed on the respective

evaporators is within a predetermined temperature range.

25



