1 {DESCRIPTION} Title of Invention} APPARATUS FOR OPERATING COOLING SYSTEM N
ABNORMAL STATE 5 {Technical Field} The present invention relates to an apparatus for operating a
cooling system in an abnormal state, particularly to an apparatus for operating a cooling system in an
abnormal state that carries out natural circulation of refrigerant through evaporators and 10condensers
for locally cooling electronic equipment such as coanuters and severs installed in an equipment room
such as a server room. {Background Art} Recently, amount of information required to be processed
has been significantly 15increased in accordance with development of information processing
technologies and progress of the Internet erdifariiént.|Odta processing centers for processing
tremendous amount of a variety of information attract people's attentions as a business target. Such
data processing centers have server rooms where a large number of electronic equipment such as
servers is intéBF%ﬂl?‘fng‘[%lPl'é‘Eﬁ}and these servers 20continuously operate night and day. Since
precise operatenm sAEYG RO SEIRersaCse VO L INONS WheraViTe saswerr aielinstalies should be
maintainjed in a thermal environment having a temperature in compliance with serviceability standards
for the servers. An entire server room is usually cooled by air conditioners so as to cool heat emitted
from the senidishseragdiol@bmaintain the preferable thermal environment for the servers.

Unfortunately, rapid-pogress, PfREAGERSINSREeH ARchREQCESSIPYREAIOIMANER: system in
an abnormal state, particularly to an apparatus for operating a cooling system in an
abnormal state that carries out natural circulation of refrigerant thr@ugh evaporators and

10 condensers for locally cooling electronic equipment such as computers and severs

installed in an equipment room such as a server room.

{Background Art}
Recently, amount of information required to be processed has been significantly
15 increased in accordance with development of information processing technologies and
progress of the Internet environment.  Data processing centers for processing
tremendous amount of a variety of information attract people's attentions as a business
target. Such data processing centers have server rooms where a large number of
electronic equipment such as servers is integrally installed, and these servers
20 continucusly operate night and day.

Since precise operation is required in servers, a server room where the servers
are installed should be maintained in a thermal environment having a temperature in
compliance with serviceability standards for the servers.  An entire server room is
usually cooled by air conditioners so as to cool heat emitted from the servers, so as to

25 maintain the preferable thermal environment for the servers.

Unfortunately, rapid progress of processing speed and processing performance
of current servers encourage more increase in calorific values of the servers, so that
sufficient cooling of the servers cannot be secured by a cooling system that cools the
entire server room only with air conditioners.

30 From the above background, such cooling systems have been employed that
circulate a refrigerant between evaporators and condensers so as to locally cool servers

by the evaporators.  Specifically, each server has a suction port on its front face and an



of current servers encourage more increase in calorific values of the servers, so that sufficient cooling
of the servers cannot be secured by a cooling system that cools the entire server room only with air
conditioners. 30From the above background, such cooling systems have been employed that circulate
a refrigerant between evaporators and condensers so as to locally cool servers by the evaporators.
Specifically, each server has a suction port on its frpnt face and an 2 exhaust port on its back face,
and the servers are stacked up in each server rack in the server room, and each of the plural
evaporator is disposed between server racks. The intake ports of the evaporators that take in warm air

and the exhayst,parts,of the.sqryers faceianidentical space side spasHefQIm A warm space, and

outlet ports of the 5evaporators that supply cool air and the suction ports of the servers face another
space side sEPESTERIPTAIESIINY S8R T REOSHON Ny syten fsr16eaRy Eeotintsin Which the server

racks and thenexapraioriay eapaagedindthe abovemannead thewanms: aik:ef shensesvess exhausted

from the plur{all racks,into the warm space is fsucked into the intake ?rts of th(% lurality 100f
’ng an identic S%B&? stde S? s t? OIT a4 Warm SP&%F ait ?Et et Bﬁlf? OT the
evaporators and is cooled, and thereatfter, the alir is supptied from the otitlet ports of the evaporators

into the Gooliexpppatesdsatoupply. droihe abdie sodlivgmyttedthi smecof fhe evetboraters has
deteriorated gaoling CAPRGHY, Hgwarm,alr in the warm space sucked into this evaporator is

insufficiently cooled, and is suppliedintg the cooling space. Consequently, heat of the warm space is
15 recirculated in thé"cd6Ifg EsabEerhis sty rldte i iubich Betie i ‘@ohthionRty environment
due to increaseapjorieshpataitie iodhetboatingespace; thierefone, dhe Serers syekhuastadair from their

sucton ports, whigh causes altyneion of e Servels . 1 PR 1 aadests patiion pnels
stretchable in the verica irection of racks, So as to prevent heat of a warm space from flowing into a
server ridom afwl reeiprteratimg iirackotcolinbespdice. eittisrsunstifP dtent thirerdler2dfPTL 1} Japanese

Patent Appligation, LRt nan MR- 20kAz2p4elas cool air.

In the above cooling system, if one of the evaporators has deteriorated cooling
capactiy, the warm air i the warm space sucked into this evaporator is insufficiently
cooled, and 1s supplied info the cooling space. Conseguently, heat of the warm space is

15 recirculated in the cooling space. This results in deterioration of the air conditioning
environment due to increase in temperature in the cooling space; therefore, the servers
suck warm air from their suction ports, which causes malfunction of the servers.

PTL 1 suggests partition panels stretchable in the vertical direction of racks, so
as to prevent heat of a warm space from flowing into a server room and recirculating in a

20 cooling space.

{Citation List}
{Patent Literature}
JPTL 1} Japanese Patent Application Laid-Open No. 2010-25451
25
{Summary of Invention}
{Technical Problem}
As suggested by PTL 1, there are provided the partition panels in the vertical
direction of the racks so as to prevent the heat of the warm space from flowing into the
30 server room and circulating in the cooling space.
Unfortanately, the above suggestion cannot prevent recirculation of the warm air

insufficiently cooled that is supplied from the evaporator at the time of an abnormal



25 {Summary of Invention} {Technical Problem} As suggested by PTL 1, there are provided the
partition panels in the vertical direction of the racks so as to prevent the heat of the warm space from
flowing into the 30server room and circulating in the cooling space. Unfortunately, the above
suggestion cannot prevent recirculation of the warm air insufficiently cooled that is supplied from the
evaporator at the time of an abnormal 3 operation3which deteriorates the cooling capacity of the
evaporators. Consequently, the other normal evaporators are subjected to increase in cooling load,
and the thermal environment of the entire equipment room deteriorates with time. An object of the

present invention; whigh hag-Reer.mage inarderdo.spiverthe sprablams accaiding.tashe conventional

art, is to provide an apparatus for operatilﬁn_gﬂa cooling system in an abnormal state capable of securely
determining&f SUEpETARE RAVNG AB RGN e (e KEBRRd LIRS Aoty SISrafE7 8t evaporators,

and preventingivsarmarais xbausiedfuormelecironik:eguiptaent diombeing recirculated in an equipment

room, thereby reducjng cooling,load of tpe other eva parators .oReraHn%logQr{nall , gq preventing
deterioration of the %ﬁ%@%&ﬁﬁfﬁ?ﬁ& gﬁ%?r&%‘rﬁ%%ﬁhﬁﬁebén%s(e %equlﬁl)??n%nt ?chr{ﬁ.o{gg%ﬁtloﬁ to Problem} In
order toSachievelime alsovEnsbiethetrsvecisiprehitlets Ehrappdecatsoriape iting T84 Edoling system in

an abnormal staie, whesein hacesling system dneludinsaiplusalivialRvaparaiers shat suck warm air
exhausted from a pjurality of electronic.equipment installed | ,%nog%?ipment room with fans, cool the
ool

warm air thriigREHE AL BN HE AN RN TR G BTN SRR TR grResatmdipply cool air into the
equipment rpavenaing aacondeasendisp oad st positignpnighefithabding plonalitytof evaporators, the
condenser equipment room, thereby reducing cooling load of the other evaporators operating

10 normally, and preventing deterioration of the air conditioning environment in the entire

equipment room.

{Solution to Problem}
In order to achieve the above object, there 1s provided an apparatus for operating
15 acooling system in an abnormal state, wherein the cooling system including: a plurality
of evaporators that suck warm air exhausted from a plurality of electronic equipment
installed in an equipment room with fans, cool the warm air through heat exchange with
a refrigerant flowing in a cooling coil, and supply cool air into the equipment room; and
a condenser disposed at a position higher than the plurality of evaporators, the condenser
20 which cools the refrigerant circulated naturally between the condenser and each
evaporator, the cooling system which adjusts a supplied air temperature of air supplied
from each evaporator by adjusting an opening degree of each flow regulating valve that
regulates a flow rate of the refrigerant flowing in the cooling coil,
wherein the apparatus comprising: deviation information detecting means for
25 sequentialiy detecting deviation information between an maximum cooling capacity and
a current cooling capacity in operation for each of the plurality of evaporators; and fan
controlling means for reducing or stopping a rotational frequency of a fan for an
evaporator which has deviation information exceeding a predefined abnormal
determining threshold value among the plurality of evaporators,
30 According to the present invention, 1t s configured to sequentially detect
deviation information between the maximum cooling capacity and the current cooling

capacity in operation of each of the ploral evaporator, and to reduce or stop a rotational



20which cools the refrigerant circulated naturally between the condenser and each evaporator, the
cooling system which adjusts a supplied air temperature of air supplied from each evaporator by
adjusting an opening degree of each flow regulating valve that regulates a flow rate of the refrigerant
flowing in the cooling coil, wherein the apparatus comprising: deviation information detecting means
for 25sequentially detecting deviation information between an maximum cooling capacity and a current
cooling capacity in operation for each of the plurality of evaporators; and fan controlling means for
reducing or stopping a rotational frequency of a fan for an evaporator which has deviation information
exceeding alpredefined abnarhaldeteramningithreshiblddealaecamangrthe pleratityiof evaporators.

30According o e, BresenL VRPN, I Inonfiaues o ApaRnvill. dates deviation iformation

between the'maximum cooling capacity and the current cooling capacity in operation of each of the
plural evaporator, afd #osrediitaististop’ anoeitibnalvuifsqhetyrsrar fdn Gramevdperas? which has

the deviationipfarmationexeeeding Repiedefined.abnasmality-seting valveasaangths alurality of
evaporajors. In this nfiqygﬁéion, if one %f thf glig#ralit of evaparators is determierlgd to have

abnorm Iity,ffﬁee Tothtiona f’r%nquenc?f%ﬂﬁg fAnofthis e()\?}af)d?rg{%crtrlsnrléchﬁggjd} 6F's I(%’pted, 5for example.

Even if the wampamexivau stedcromitiec el eetionidcegaipmentdntditie dguipmaght. room is sucked into
the evaporatgr determined fehave ahnemalidsnsuiicienily-qaaladall IS prevened figm being

supplied from this evaporator into the equipment room. Accordingly, the warm air exhausted from the
electronic eAPRTERLCARTbe PreRshiRahrn Beife Rt BIRARC RN EIBBRIED that
abnormality efrl8one eveqokatebisrexentdatfboim aifeqlipgntheconljrg ihadpidhegtherrevaporators

operatip(g normally, therebg revepmg det iriO{atic%Q of tﬁet er a% nvirpnment of the entire
. One ev aporaforh revented 1rom a? £C mlgi e coouny ioad of e ?t et evat;rmflators
equipment room. n the present invention, Itis preferable that the fan controlling means reduces

the rotationatfregjireneyrottivetharehy acoordaicéewithraticnslfribechpavityclowenmgané e 15the
evaporator hased Onifhe.devigtion information, and stops the fan if the cooling capacity lowering rate

exceeds a threshold value. By reducing the roa?tio?gl frequency of the fan of the evaporator in
accordance with the® @GSN AP IoWehiRgrata B ¢ fé%}ﬁg%ﬂgﬂfw tHEBVBFEHIESR be adjusted
to take in (suleK isthamechicheddbecwafthafnin mocandancewiith ite digenbeoiofingeapacitye 20for cooling

the wagm airy Accordinglyy QY§ .4 HLe Y aRMAIL AR BRNAMAIY dli%in if the cooling
capacity lowering rate exceeds a threshold value.

By reducing the rotational frequency of the fan of the evaporator in accordance
with the cooling capacity lowering rate of this evaporator, the evaporator can be adjusted
to take in (suck in) and cool the warm air in accordance with its current cooling capacity

20 for cooling the warm air.  Accordingly, even if the evaporator has abnormality, this
evaporator can supply the cool air into the cooling space at the same supplied air
temperature as that before the abnormality occurs.  If the cooling capacity lowering rate
is too decreased and exceeds the threshold value, the fan of this evaporator is stopped.
Accordingly, the warm air exhaunsted from the electronic equipment can be prevented

25 from being recirculated in the equipment room. At this time, the threshold value may
be set (defined) based on the relation with the reserved cooling capacity of the other
evaporators operating normally.

In the present invention, it is preferred that the deviation information detecting
means inchides: supplied air temperature detecting means for detecting the supplied air

30 temperature; and valve opeming degree detecting means for detecting the opening degree
of each flow regulating valve, and the fan controlling means reduces or stops the

rotational frequency of the fan if the supplied air temperature is equal to or higher than



evaporator can supply the cool air into the cooling space at the same supplied air temperature as that
before the abnormality occurs. If the cooling capacity lowering rate is too decreased and exceeds the
threshold value, the fan of this evaporator is stopped. Accordingly, the warm air exhausted from the
electronic equipment can be prevented 25from being recirculated in the equipment room. At this time,
the threshold value may be set (defined) based on ¢he relation with the reserved cooling capacity of
the other evaporators operating normally. In the present invention, it is preferred that the
deviation information detecting means includes: supplied air temperature detecting means for

detecting the SHppiSa.alr Jaeperane: and.valve, spenipadegres delerling, means [pydetecting the
opening degiee ot edch flow regulating vaﬂ}_g, an tFIQ fan contro fing means reduces or stops the
rotational fretjere negubt e vidreif tharsepplistaic tempetuTRos EolREres or higher than 5 an upper limit

of a specification tempgrafidra,range At theglestiopic sauipsments andifthe flawiregulating valve has

an approximate maximum opening degree. . Here, the approximate maximum opening degree of

p
the flow regURIHHE Falol HERTIEE Seg5v e gpBERTHG RS GPERST U PEY e SR0HMG TS HEdmum cooling
capacitys of Sthe-emaparatandahd thie v apsaiopeningedediie af Moo oanveré:ayl betdefined as the
approximate maximum opening degree, and more; fgr QX gg \{ﬁlév\g QRey i egree 0f 80% or
more. i crgxlﬁgagon?lxglﬂnre %8%%8%%%‘?%% t%gegrro atfoﬁaﬁrequgncy E)B th%%fan“’s it tée supplied
air temperatBf&sfesmerRe evaporator is equal to or higher than an upper limit of 10the specification

temperature range afithe eleciomic.eauwpment anddp e fawiseaulatinenvalyerhasheapproximate
maximum opening degree, it is ESOFSSSibl to prevent the nor’mal oEeratio of the evanratog from being

misrecogniz&H REHh & SEHBANS SERHER SSePREL SIS 1ie? SF Le A PARNGRS] FrEGUEncy of the
fans bdsed dm:thischfisrecogmitieratéiecengingflyhitdspgossibtetgpmetiselyidétetothe lowering of the

15cooling capagily,of }HR;@MM@&&@;&&%@%&@i%{%&?&wghg QueneyLeide s dnagcordance

with its cooling capacity.  Specifically, the cooling system of the present invention adjusts the
opening dedfsereFagltP sireUltiFG RV THOrs GIRE MY s msifshis Brirrerr)erant of each

evaporator, whiehiflows i8 gach cerling aejl, ithatmbyoadjusiingdhedempaiatyse-afc2Qitie supplied air
supplied frognnitsmgcgggi ;%L"f‘to&c%g%ﬂ?é@; }p E;rgoisssi%ireet%p;g‘gagell%gie@ethlg%wcring of the
15 cooling capacity of the evaporator, and control the rotational frequency of the fans in
accordance with its cooling capacity.

Specifically, the cooling system of the present invention adjusts the opening
degree of each flow regulating vaive for regulating the flow rate of the refrigerant of
each evaporator, which flows in each cooling coil, thereby adjusting the temperature of

20 the supplied air supplied from the evaporator, and thus, there is a response lag (time lag)
from the adjustment of the valve opening degree until the temperature of the supplied air
starts to change. For example, although the cooling capacity of the evaporator is
normal, if cooling load of the evaporator due to disturbance (the case of a temporal
increase in temperature of the warm air exhausted from the server, for example) becomes

25  increased, the temperature of the supplied air of the evaporator sometimes exceeds the
upper limit of the specification temperature range due to the response lag. I the
rotational frequency of the fans is controlled only based on the abnormality in the
supplied air temperature before the evaporator achieves the maximum cooling capacity,
the normal operation of the evaporator may be misrecognized as the abnormal operation,

30 and the rotational frequency of the fans is controlled based on this misrecognition, which

hinders a precise detection of the cooling capacity lowering of the evaporator.



from the adjustment of the valve opening degree until the temperature of the supplied air starts to
change. For example, although the cooling capacity of the evaporator is normal, if cooling Load of the
evaporator due to disturbance (the case of a temporal increase in temperature of the warm air
exhausted from the server, for example) becomes 25increased, the temperature of the supplied air of
the evaporator sometimes exceeds the upper limit gf the specification temperature range due to the
response lag. If the rotational frequency of the fans is controlled only based on the abnormality in the
supplied air temperature before the evaporator achieves the maximum cooling capacity, the noimal

operation of the evapQrIQramAY hecimiskeragpizsdas e sknaumal sReralio.idand shg rotational

frequency of the fans is controlled based on this misrecognition, which hinders a precise detection of
the cooling CEFHEIHFTOWEITPEF theBlgUrgrPBature defaHénsrasai ivheieioats preferred that the
deviation infesmation-de@atingimeans dshapeomprisas celiigerasit, tamperaty e.detecting means for

detecting a tempeyature of the refrigerant to be supplied.to the coolj oil,. and that the fan controlling
eans roqu LR TP T T B £ TR it S L PR R Sfhie s equal 16
or highe¥ thannthergippers aitobthehsgesifioatiba tenwpéiaiued fargeofithiecs | bommicieguipment, and if

the flow regylating valveihias theARpraximata tradmum.epaning Jeges:sand b ihe [gltlgerant

temperature is equal to or lower than a design temperature for securing the maximum cooling
capacity. SirfeEtHEIR & TaREIeBro iRt IR Aefigsrant rRprAia e ot g IWa83A 20addition to
the supplieddairi temperatsie:deicetindnmbansaanchihe vaive opaoing degree detecting means, it is

possible to more precisely. m nit&%gde erioration pf th G oling capacity of the evaporator.
Cpecificaly. althouah I Lo L B R B R o higher thar

the uppér linafidbfiendosive citiealtRshateripareaiie darganamene ulvecopbisingcdagrdegisthe

approximategmeimum-aReningdnsagieendherandanserisdesmed-fo.nsrate houpaly for securing
the maximum coqling caepacitgy if the r%frig?aa temperature is equal to or_lower than the design
| &l é’c %&

temperatureSTHEHER 1 IBVIBAREEF t AR R ERTEIBIRRS RS ERRIGRAE as a temporal
variation duértendisturhanceooitiguike; thusghtmbanrathepalseiaofviong eofitraldhthe rotational

equency of s A [ egiced 8 SiapER . e3eonse gy such dstuhanes AL ANNG e before the

&
evaporator achieves the ngammum cooling capacity. mperature of the refrigefant is an index
to indidate wis€tReribe FAAHB oo HsERSAte AP SRR YN ToR cLiHIBE Bprupsiatepbimally, and the

refrigerant tempenstura deigpiingnmneapsranabiesqnonierng.ef thenapti® soplngpsystam of the natural
circulation t}igeﬁc%SégetE% prese jnvention, it is preferred that the deviatio irégormation de}ecting

means further Sorhiriesy FaRtEral St e L F P Rt g RS HSF Hetditiy Srasa e
variation due o disturbance or the like; thus, it may rather cause a wrong control if the
rotational frequency of the fans is reduced or stopped in response to such disturbance or

20 the like before the evaporator achieves the maximum cooling capacity.

The temperature of the refrigerant is an index to indicate whether or not the
cooling system of the natural circulation type operates normally, and the refrigerant
temperature detecting means enables monitoring of the entire cooling system of the
natural circulation type.

25 In the present invention, it is preferred that the deviation information detecting
means further comprises refrigerant pressure detecting means for detecting pressure of
the refrigerant to be supplied to the cooling coil, and that the fan controlling means
reduces or stops the rotational frequency of the fan if the supplied air temperature is
equal to or higher than the upper limit of the specification temperature range of the

30 electronic equipment, and if the flow regulating valve has the approximate maximum
opening degree, and if the refrigerant pressure is equal to or higher than a design pressure

for securing the maximum cooling capacity.



the refrigerant to be supplied to the cooling coil, and that the fan controlling means reduces or stops
the rotational frequency of the fan if the supplied air temperature is equal to or higher than the upper
limit of the specification temperature range of the 30 electronic equipment, and if the flow regulating
valve has the approximate maximum opening degree, and if the refrigerant pressure is equal to or
higher than a design pressure for securing the maximum cooling capacity. 7 In this configuration,
the refrigerant temperature detecting means is replaced with the refrigerant pressure detecting means,
and they have the same effect. In the present invention, it is preferred that the deviation

information detectin&q@g@%@ﬁpﬁg&gmpq@gé%k@ﬁﬁgmq%@@%%@g xrgftgg,g@for detecting an
e a

intake 5air temperature of the warm air sucked into the evaporators and that the fan controlling means
reduces or stos e SBtatiBRBPFEG e AR OB TaRs itiHe i phgd s tsH s8R ture is equal to or higher
than the upper limit gf ﬂﬂgﬁg@ﬁi{iﬁ&ﬁ@ﬁd@m perativecmngerpt theieleetinnicaguiptaentikthe flow

regulating valve haﬁl%tﬂe %B%roxmat um o enlga tgﬁg{ﬁe%C%Ir{léjfgr%%mpn%%}%% aqclyerence

axi
between the Thtake aif temperatire and 10the supphed air temperature is equa r larger than a

design témperaitume citiererfod doragecuripirkheé nfaximarmpsosling wepheitpe fan dpptridlieenfiguration,
since the intgke Al &é&@@@&%%ﬁ&ﬁ&e&wg}mxeﬁ@?@@m@ir%dﬁiﬁ aqaltion ip.the supplied @ik temperature

detecting means and the valve opening degree detecting means, it is possible to mgre precisely
monitor the detaRYr g HaLBEIHY Caatigf W&éﬁ%ﬁﬁﬁ’r%ﬁ%&ﬁ@éﬁﬁﬂ?@%ossible to
confirm howgnuehrihe eaptingcahacifi of readhtegapdvatorsishachjevednby: menitaring the temperature
difference between the intake, temperature a supplied air,te rature of evaporator.
Hence, even Whert %ﬁp%‘ﬁ%ﬁ 3i%1% eﬁ%&r‘éﬁﬁé%%ga%a lét‘%ggp é?geég%%?}# tﬁf%%%%%ee? ??r?ﬂt of the
specifiddtionthersiraisnd eer ramgstaidetife et tregjuiragay hetveds g iets proxenddieraiarifium opening
degree, the g@&{m%qgg%%ﬁ@gggﬂ%t(jgﬁmgemperature difference between the intake temperature
and the supplied air temperatyre is equal to gr smaller.than the design temperature difference for

securing the maximihi o SRR TP ARy KT d WL TR EHHG RIRE LD TS C&FAH 1S considered as a
temporal 25 panaticdndukitoodi stutianpel Clons egquentiyritduaytnatheracause hawdrng control if the

rotational Ireguiaicy 10 JasaJ IRE L SI0RBRAPRIGNE IS QYARAIAIG ARNIENER Mg maximum

cooling capacity. present invention, it is preferred that the electronic equipment is housed in

racks irl & statkegcepites srrrEECAT SREHE HRRERAS SWREHH PGS RPSDAta $raht Tabe™

much the cooling capacity of each evaporator is achieved by monitoring the temperature
difference between the intake temperature and the supplied air temperature of each
gvaporator,
Hence, even when the supplied air temperatare is equal to or higher than the
20 upper hmit of the specification temperature range and the flow regulating valve has the
approximate maximum opening degree, the cooling capacity is sufficient if the
temperature difference between the intake temperature and the supplied air temperature
is equal to or smaller than the design temperature difference for securing the maximum
cooling capacity, and this lowering of the cooling capacity is considered as a temporal
25 variation due to disturbance. Consequently, it may rather cause a wrong control if the
rotational frequency of the fans is reduced or stopped before the evaporator achieves the
maximum cooling capacity.
In the present invention, it 1s preferred that the electronic equipment is housed in
racks in a stacked state, and cach of the racks has suction ports formed at a front face
30 thereof, and exhaust ports formed at a rear face thereof, and the evaporator is disposed

between the racks, and the intake ports of the evaporators and the exhaust ports of the



30thereof, and exhaust ports formed at a rear face thereof, and the evaporator is disposed between
the racks, and the intake ports of the evaporators and the exhaust ports of the 8 racks face an
identical space to form a warm space, and outlet ports of the evaporators and suction ports of the
racks face another identical space to form a cooling space. In this arrangement of the racks and
the evaporators, if one of the evaporators has detegorated cooling capacity, the warm air in the warm
space is recirculated in the 5cooling space, and thus the apparatus for an operation in an abnormal
state of the present invention is effective particularly in such a situation. {Advantageous Effects of

invention} Asdesered aave. e, anparatis [r epsralng, eaelng. AYste.in ah.aggarmal 10state
can securely deternine an evaporator having a nerﬁaﬁ?y in the cooling capacffy among plurality of
evaporators,safdisteveririvainthaielhags g frondine aleuatrenic Euipnmentifoimebaing recirculated in

the equipment roomptheteby reducing caeling:loat %é'&@aﬁ@?@(a@é{@&@@%@@%@&%@o&orma'|y, and
preventing deterioration of the air conditioning environment in the entire equipment room. 1S {Brief

Description JEDISHHGESYEIGURS TR8fBre " MR e RC HRED riAT RO HITdRE G 8hidval
configuration:oflihe gooting$ystenkoifibapoesenirinyentiom. in affRigunend} figued Bdpaperspective

view explaining.an o%“f?@ﬁ?ﬂ?%?rfti%ﬁ%’% {1?95&“8@& 21legijsing servers in a stacked manner and an
{ igur \

arrangement of evaporators. {Figure 3 e 3 is a plan view of Figure 2. {Figure 4} Figure 4 is an
explanatory diagram explaining a structure of an evaporator and an apparatus for operation in an

abnormal state Rhthe:fsst emadineitention}
As described above, the apparatus for operating a cooling system in an abnormal
10 state can securely determine an evaporator having abnormality in the cooling capacity
among plurality of evaporators, and prevent warm air exhausted from the electronic
equipment from being recirculated in the equipment room, thereby reducing cooling load
of the other evaporators operating normally, and preventing deterioration of the air

conditioning environment in the entire equipment room.

{Brief Description of Drawings}

{Figure 1} Figure 1 is a schematic diagram explaining a general configuration of the

cooling system of the present invention.

{Figure 2} Figure 2 is a perspective view explaining an arrangement of server racks for
20 housing servers in a stacked manner and an arrangement of evaporators.

{Figure 3} Figure 3 is a plan view of Figure 2.

{Figure 4} Figure 4 is an explanatory diagram explaining a structare of an evaporator

and an apparatus for operation in an abnormal state of the first embodiment.

{Figure 5} Figure 5 is an explanatory diagram explaining an apparatus for operation in
25  an abnormal state of the second embodiment.

{Figure 6} Figure 6 is an explanatory diagram explaining an apparatus for operation in

an abnormal state the third embodiment.

{Description of Embodiments}
30 Hereinafter, detailed description will be provided on the embodiment of the
apparatus for operating a cooling system in an abnormal stiate according to the present

invention, with reference to the drawings.



{Figure 5} Figure 5 is an explanatory diagram explaining an apparatus for operation in an abnormal
state of the second embodiment. {Figure 61 Figure 6 is an explanatory diagram explaining an
apparatus for operation in an abnormal state the third embodiment. {Description of Embodiments}
30Hereinafter, detailed description will be provided on the embodiment of the apparatus for operating
a cooling system in an abnormal state according t®the present invention, with reference to the
drawings. 9 In the present embodiment, severs installed in a server room will he described as an
example of electronic equipment. Figure 1 is schematic diagram showing a general configuration

of a cooling system }QiefReBattEa!imcsationtynea inmbich refigeranbis Ratwallyscisuwated. 5The
cooling system 10 show%gn the same drawing includes the following components as a system for

locally coolifl§ FATRR At SXHATLHS S HBRTSBYvers 14 installed in a server room 12 having two stories of
an upper floor and &lgwel flosrhdmihie dollpwng descriptiorra refeienceichafactesiXgndicates a

component of 16, Q910 SYSIE,BGIHINGIL 18 . SENUE, 0O ALIE.IaVaf gy and a reference

character Y IOindicates a component of the cooling system pertinent to & server room 12Y of the upper
floor. 5 DescriptioswtBEproviead Brbart atrahe srsrariasracisipolisifyf theservers 14 in a

stacked magpghanche\RRARRIERS b5 1ASIBNAWNHR Fighreirls:figitedandsigete) 3 isegkigure 2 and
Figure 3, 15rEart|cuIarIl)(/))g Pglw'%l server racks 13 each of which h uses th serves &14 in a vertically

stacked mafihdr’ ?fﬁ‘?(rae rés’™ d?%x\g?n%?é)egPe %H%%eﬁtaﬁﬁraa}?aﬁggmﬁ 2’ 7ow on & floor 11 of each

server roomfaRo@23¢, 42¢)ipenod. plucddinnof vapoeatdnedismeadisppsecibefwleewserger racks 13.
Through thig configuration..a LG imahichthe servebragks 13 2R thegyapgrators 15 are

arranged is formed, and plural unit rows 16 are arranged in parallel to each other at predetermined
intervald. THEGIT&ENAGORBIHE 8lHSHeRbRE 15 e mBETIRREdYE PGSRBS RS ERRST racks 13,

and some ofithe.plurality of evaporators 15 may be disposed at right and left ends of each unit row 16.

Description will be provided on an arrangement of racks 13 housing the servers
14 in a stacked manner and evaporators 15.

As shown in Figure 1, Figure 2 and Figure 3 (see Figure 2 and Figure 3,

15 particularly), plural server racks 13 each of which houses the servers 14 in a vertically
stacked manner (three stories, for example) are horizontally arranged m a row on a floor
11 of each server room 12 (12X, 12Y), and plurality of evaporators 15 are disposed
between server racks 13, Through this configuration, a unit row 16 in which the server
racks 13 and the evaporators 15 are arranged 1s formed, and plural unit rows 16 are

20 arranged in parallel to each other at predetermined intervals. The installation of the
evaporators 15 is not limited to a position between server racks 13, and some of the
plurality of evaporators 15 may be disposed at right and left ends of each unit row 16.

Two unit rows 16 are shown in Figure 2 and Figure 3, but a large number of the
unit rows 16 are arranged in an actual server room 12.  Any number of the server racks

25 13 and the evaporators 15 may be used.

Each of the servers 14 stacked in each server rack 13 includes a suction port
14A and an exhaust port 14B, and also includes a fan 14C thereinside. This fan 14C is
driven so as to take in cool air of the server room 12 from the suction port 14A, and
warm air along with waste heat of the server 14 is exhausted from the exhaust port 14B.

30 The intake ports 15A of the evaporators 15 for taking in the warm air and the
exhaust ports 14B of the servers 14 in the same unit row 16 face an identical space so as

to form a warm space 21, and the outlet ports 15B of the evaporators 15 for supplying the



Two unit rows 16 are shown in Figure 2 and Figure 3, but a large number of the unit rows 16 are
arranged in an actual server room 12. Any number of the server racks 2513 and the evaporators 15
may be used. Each of the servers 14 stacked in each server rack 13 includes a suction port 14A
and an exhaust port 14B, and also includes a fan 14C thereinside. This fan 14C is driven so as to take
in cool air of the server room 12 from the suction pagrt 14A, and warm air along with waste heat of the
server 14 is exhausted from the exhaust port 14B. 30The intake ports 15A of the evaporators 15 for
taking in the warm air and the exhaust ports 14B of the servers 14 in the same unit row 16 face an

identical spage, so; a5, MR A WAL SRACE 2k, 04108 PHIlRLRAHS 1RB 0LIhG SyaRRralors 15 for

supplying the 10 cool air and the suction ports 14A of the servers 14 in the same unit row 16 face
another identi¢a&paEaETuE 1S f6FM ACOHREFRISACE 23 A BB BhivhitaoarPoRicHaitiste air flows of
the evaporat@ssor aRd-hipckarrowsandicate Moﬂ.@\ﬂ&ﬁi@ﬁté@iﬁ&m@ﬂﬂwB@&@fﬁoti@n will now l_)e
provided on the evaporators 15 apd th conde%%sers 2 Sthat are main components of lee cooling

criptiqn Wl now be provi Gn ing evapora CONYEnSETS . .
system. As shown in Ie—‘slguFecl, each evap(?rator IS Connected to acondenser (ﬁﬁrough a fluid pipe

24 that i§ a fibw passeigeoffieuintyefriferaiEntyiiough a gas pipe 26 that is a flow passage of gas

refrigerant. This configugation.forgs aickeylatiappassags thupvah-which-thadeftigerant flows between
each evaporator 15 and the 1Qcondenser 22. In the present embodiment, a cooling tower 22 is

described a<TSRUERATHIE BPfa BHdE AL DA BaELCE IR EROREI ARt duruel 45 XReat
exchanger mayibe iapplicablesigstetehs Thki emaporaliiddidigudaviee fantakingdhei svarm air

exhausted from the servers 14 g’lntr(ﬁ the seryey ko %%; and for cooling, the warm, air in the evaporator,
agg {f 3 o g g 3 3 h
and then 15§55p3pﬁ'gs CooT air Into the sefver room 1 , 1 %E?eby acﬁb?t?rﬁg the tél%pereature to be

acceptéble feralgpetiticativrite mpertardodithenscrgapsaylower 22 is described as an

example of the condenser 22, but a combination of a refrigerator and a heat exchanger
may be applicable, instead.

The evaporator 15 is a device for taking the warm air exhausted from the servers
14 into the server room 12, and for cooling the warm air in the evaporator, and then

i5  supplies cool air into the server room 12, thereby adjusting the temperature to be
acceptable for a specification temperature of the servers 14.

As shown in Figare 4, the intake ports 15A are formed on one side face, and the
outlet ports 15B equipped with fans 15C are formed on the other side face of opposed
side faces of a casing 17 of each evaporator 15. A plurality (three in the present

20 embodiment) of the intake ports 15A and of the outlet ports 15B are disposed in the
vertical direction of the casing 7.

As shown in Figure 4, a cooling coil 18 is disposed within the casing 17. One
end of the cooling coil 18 is connected to branched fluid pipes 24X, 24Y that is branched
from the above described fluid pipe 24 for respective floors, and the other end thereof

25 is connected to br'aﬂch.ed gas pipes 26X, 26Y that is branched from the above described
gas pipe 26 for respective floors.

As shown in Figure 1, an upper end of the gas pipe 26 is connected to an entry
of a heat exchange coil 28 in the cooling tower 22, and an upper end of the fluid pipe 24
is connected to an exit of the heat exchange coil 23 in the cooling tower 22.

30 Further, as shown in Figure 4, supplied air temperature detecting means 25 is
disposed in vicinity of each outlet port 15B of each evaporator 15 so that the supplied air

temperature detecting means 25 detects a temperature of the supplied air supplied from



As shown in Figure 4, the intake ports 15A are formed on one side face, and the outlet ports 15B
equipped with fans 15C are formed on the other side face of opposed side faces of a casing 17 of
each evaporator 15. A plurality (three in the present 20embodiment) of the intake ports 15A and of the
outlet ports 15B are disposed in the vertical direction of the casing 17. As shown in Figure 4, a
cooling coil 18 is disposed within the casing 17. Orié end of the cooling coil 18 is connected to
branched fluid pipes 24X, 24Y that is branched from the above described fluid pipe 24 for respective
floors, and the other end thereof 25 is connected to branched gas pipes 26X, 26Y that is branched

from the abayr esetinre: 938 nineREerfashectiveriaQrplicd sifgahwi inufigyest I saniypper end of
the gas pipe 26 is C.%?nected to an entry of a h%?t e?ﬁange czil 28 in the cooling tower 22, and an
i exi

upper end of B BiF8 B A CIRHEE S8 e HM BNy ol B8Pt cooling tower
22. 30Furtheheadoshaverciitteitjynel 45 Sigeplie dsgirdeniperaturardetetting mepmst261is dishosed in

vicinity of eaﬁﬁi&?gﬁfé PzPFBJ§%ﬁéﬁﬁ%ﬂ§fgﬂg8@@{g&ﬁ%'@% s 15HPRIIEgealr {GMPSIANYIE fetecting

means 25 detectS a temperaturé plied air supplied from "11 each outlet port I5B, and the
temperatureBFRESUMBREaY flEhi Bdch SULRPPOHIS BB Setfuarbidlinpit e e rtvitg means 27.

A flow regulatingevake 20-faa ragwatipgdhedlaw ratgahihe liquid sefriperant is pravidegiat an entry of

each evaporator 15 on the fluid pipe 24 for supplying th quu(if refrigerant to the cooling coil 18. The
controlling niB&REL DOREIHIES 2 PN a8 Ave s Bt oy due Sarpbied i sanp e Fi ' e 20 at

every one sesohdutitepat baSed bn thmtehperaupersfithdsuppliethairomtahis Tihedjthe controlling

means 27 Usgs 30 FYLLageiamPataiHieiof figseRpled Ritsupplied Sromeash oulletagd 158 as the
supplied air temperature for use in the control. The time interval for_controllln(ﬁthe opening degree of

the flovitegdfatifigXae sond mominkiay e ruibodds satimirdsr, Grd tHe @ftlol method is not
limited to the PID comigatwhile, iMteaniihigesthe T06lingdanelfo? 2ds i gevoadecoayinig:and condensing
the refrigerant.gas vaporized by the eyaporator 15, and is.located. at a position higher than the
evaporators T8 EoTiTL oo st B A pan e e B R o the
cooling toweth@2yapetuiivig fowesh arein body 25ecasidg)E30 bhwstrormaly S#ranged, and an inlet port

30A for taking in outgidg,aifdsHispasad at:pnsendolhe coolingdevkatmaimbadydP. and an exhaust
port 30B is disposed at the other end of the cooling,%ower main lﬁ?dy 30. A heat exchange coil 28 is

disposéd withitF the cOTRG TR Maitssdy 86 A uRRP Bt KastasEARAYE do#58 s connected to
the gas piped2pinadhicinthe:delfiferaniigasoetumng Hram Ihesvaporator 204d fidwis as described
above, and Lo, o X6 e 50l RIS EPRIRFIRS 0 1e L8 P20 iyl e i
refrigerant to be supplied to the evaporator 15 flows. In addition, a sprinkler-34 is disposed on a
side of the irlsppEid 3OMIBAIREHOAL SXTREMGE d6if 28 efitcatBlowBrefar 86 1 igpssBd Bt a side of the
inlet port 30Axahthe-sRsitdensdipd N6 RUiside aik RkeRfranibetnlatRoradhothsaaeling tower
main 20 15 flows as described above, and an exit of the heat exchange coil 28 is connected to the
fluid pipe 24 in which the fluid refrigerant to be supplied to the evaporator 15 flows.
In addition, a sprinkler 34 1s disposed on a side of the inlet port 30A of the heat
exchange coil 28, and a blower fan 36 is disposed on a side of the inlet port 30A of the
sprinkler 34.  The outside air taken from the inlet port 30A of the cooling tower main
25 body 30 through the blower fan 36 is sent to the heat exchange coil 28, and water is
sprinkled from the sprinkler 34 to the heat exchange coil 28.  Accordingly, the
refrigerant gas flowing in the heat exchange coil 28 is cooled and condensed with the
outside air and the sprinkled water, so as to be liquefied into the liquid refrigerant.
Meanwhile, the outside air sucked into the cooling tower main body 30 picks up heat
30 from the refrigerant gas flowing in the heat exchange coil 28, so that the temperature of
this air is increased, and thereafter this air is exhausted from the exhaust port 30B as the

exhaust air,



25body 30 through the blower fan 36 is sent to the heat exchange coil 28, and water is sprinkled from
the sprinkler 34 to the heat exchange coil 28. Accordingly, the refrigerant gas flowing in the heat
exchange coil 28 is cooled and condensed with the outside air and the sprinkled water, so as to be
liquefied into the liquid refrigerant. Meanwhile, the outside air sucked into the cooling tower main body
30 picks up heat 30 from the refrigerant gas flowingzin the heat exchange coil 28, so that the
temperature of this air is increased, and thereafter this air is exhausted from the exhaust port 30B as
the exhaust air. 12 The cooling tower 22 is provided with cooling tower controlling means 42 for

constantly maintainiﬁﬂé*asoﬁ%gr erature et ihe liapic iefdgerant atiherxinefthe hraiexghange coil 28
to be a predetermined value. The cooling tower controlling means 42 includes a liquid refrigerant

temperature SSEHEYY 2p1EREER RPRTRMS S Atbr S the tignaretigeraht at (el of the heat
exchange caoik2@may flonzsabubee adjdstingmeéans36A for adjusting the air flow supplied from the

blower fan 36 to the.hheat exchange coil 28.b vacré/ing he rola gqal f.rfaequai cY Qf!5 Q‘l yer fan 36,
and controlling mearﬂ] %%%&%33%5“%38%@%% ov{/mv_o%tj%ceuaa%]ustll 18 n%ez:l#_g%%& E}‘}segtor% the
measured tesaperatiroon wietiog iveliyarnel e hpeddairegenser the o tHelsresEnt embodiment,

it is configured thabthe iempsratyie ithe liamdirefigerantal the.axitofdhe: haataxchange coil 28 is
maintained at a pred terminﬁf value only bg)rgain the cooling }:%é/ve_r 22 1t it %ecotmes difficult to
maintain the SEIARET A0 BF eI rstiy AHTEARE 57 BEAPERERAHE ST to be a
predeterminédgmln@w sinpthe todihgrtdowen2ialpnedeciube nthm@ﬂjidgdrelzﬁt.eﬁnpeta.tu re
pecomes NI IS, BUINEhesAML [DLeramBlax2,t5alexchanart (o shpwd-sradditipnaly

provided in para e cooling tower 22, and primary cooling water to be supplied to the heat
exchanler nigsesessiE By AtrefiyEratdesaideatodiment it irpepligr ¢l abbyddusenbed
configuration,pihtha£eolior: system #, dhe Qvaparaierdireadiios otihealhexchange between the

warm air exha_u;ted from the 20s ryers 14 tnd thﬁﬂiﬂ?i% reEriger i{[glé)cwziggs icrﬂ guﬁt%gling coil 18,
thereby vapd¥iz ﬁbc?ﬁénf%dﬁf effigerant e vaporized reefrrlge'rarﬁ gas flows Th e gas pipe 26
upward, andnsingturdilytconveyed td thelgealingrigwent2e tanckihel tbfrigetantiyaséscvdpdrized in
to be a predetermined value by using the cooling tower 22 alone because the outdoor
15 temperature becomes high in the summer season, for example, a heat exchanger (not
shown) is additionally provided in parallel to the cooling tower 22, and primary cooling
water to be supplied to the heat exchanger may be cooled by a refrigerator (not shown),
Through the above described configuration of the cooling system 10, the
evaporator 15 carries out heat-exchange between the warm air exhausted from the
20 servers 14 and the liquid refrigerant flowing in the cooling coil 18, thereby vaporizing
the liquid refrigerant. The vaporized refrigerant gas flows in the gas pipe 26 upward,
and is naturally conveyed to the cooling tower 22, and the refrigerant gas is vaporized in
the cooling tower 22, and thereafter, liquefied refrigerant flows in the fluid pipe 24
downward, and is naturally conveyed to each evaporator 15 again.  In this manner, the
25  npatural circulation of the refrigerant is carried out.
In this natural circulation of the refrigerant, the controlling means 27 controls
the opening degree of each flow regulating valve 20 provided on the fluid pipe 24 at the
entry of each evaporator 15 based on the supplied air temperature detected on each
supplied air temperature detecting means 25, so as fo regulate the flow rate of the
30 refrigerant to be supplied to the cooling coil 18 of each evaporator 15,  In this
configuration, the warm air at a high temperature (40°C, for example) exhausted into the

warm space 21 from the servers 14 is sucked into each evaporator 15, and is cooled to



the cooling tower 22, and thereafter, liquefied refrigerant flows in the fluid pipe 24 downward, and is
naturally conveyed to each evaporator 15 again. In this manner, the 25natural circulation of the
refrigerant is carried out. In this natural circulation of the refrigerant, the controlling means 27
controls the opening degree of each flow regulating valve 20 provided on the fluid pipe 24 at the entry
of each evaporator 15 based on the supplied air telAperature detected on each supplied air
temperature detecting means 25, so as to regulate the flow rate of the 30refrigerant to be supplied to
the cooling coil 18 of each evaporator 15. In this configuration, the warm air at a high temperature
(40C, for example)expausied:ii theMessr space pdkondtheservaradd, insuckagiyyteraach
evaporator 185,eg%gzggO%Ot%i%detgmlgrgavtg .?Ot%n%gg&%;eee ugllego ort!gvgg[v g@grﬂ an upper limit (25C at
most, for exa pie) of A spe ification temperature range to 35852, or examrﬁe or the servers 14,
and is blownbbur st piiaw) g the tbo olipipepase: 23. Adcerdihngy.the thermdleerwironament of the server

room 12 Cantl‘i@s@aqrjél%ﬂ:actﬁm{?%?ﬁ%‘{& Rreferaplesdarths qpgEation epyianment of the servers 14.
As an example of the refrigerant used in the natural %irculation chlorofluorocarbon, HFC

(hydrofldoroCATHSATHTALIS M sRtEFRdfive 'OF ERIGTSRE BE BT BHAS IS mRFBeprEterably used.
Particularly inithéatagsechf@afhying-avlodaf Cobjihg sing tHeowahn spacs@ihand dfe cooling space 23

formed by the ppitFow, 8,108 L0 RN, of exapqraprs 1015 has abnormality i the cooling
_ Rl AL r

capacity (deterioration of the cooling capacity), the warm air in the warm space 21 sucked into the
evaporator 15 havinfEkdarivaintyheapor besumgiaHty ebsrsdngnding sipphed ieseid cooling space

23. This resultg iRresiadating: the naisa airak the WaimespRGe: 21 IQ thaIROQINY $136823.
Conseiéent%y 1tlhe emperature thhe éooling s{pa%g1 23.is increa*sgd, ar(ld the thermal 15environment
8 ; % rorm

becomes deferBrAtE THEETHE WS TRPEnEA IRRE Th HFEUAAN B P O B LE CARH POk 244, which
causes malfunctionrof the servessatd 2! suckksl sivowire ievEFigurerd] indhepebsentdinbadiment, the

controlling meansR7.i% Provided.ndth a.fnetianehibe ARRarails for anpRerafipn;in an abnormal state

including, in each evaporator, deviation information detecting means 50 that sequentially detects
70deviation TRFSHALIBR BetiEEh¥R e ISARTRTRS Mg Baphsity A fhacéi?ent cooling

Consequently, the temperature of the cooling space 23 is increased, and the thermal
15 enviromment becomes deteriorated; thus the servers 14 take in the warm air from the
suction ports 14A, which causes malfunction of the servers 14
As shown mn Figure 4, in the present embodiment, the controlling means 27 is
provided with a function of the apparatus for an operation in an abnormal state including,
in each evaporator, deviation information detecting means 50 that sequentially detects )
20 deviation information between the maximum cooling capacity and the current cooling
capacity in operation for each of the plurality of evaporators 15, and fan controlling
means 52 that reduces or stops the rotational frequency of the fans 15C of an evaporator
15 among the plurality of evaporators 15, which has a value more than an abnormality
setting value that is predefined in the deviation information.  The fan controlling means
25 52 1s configured to reduce the rotational frequency of the fans 15C depending on the
cooling capacity lowering rate of the evaporator 15 detected to have abnormality on the
deviation information detecting means 50, or stops these fans 15C if the cooling capacity
lowering rate exceeds a threshold value.
In this configuration, if one of the plurality of evaporators 15 is detected to have
30 abnormality in the cooling capacity, the rotational frequency of the fans 15C of the
evaporator 15 detected to have abnormality s reduced or stops, so as to prevent the warm

air, which is exhausted from the servers 14 and sucked into the evaporator 15 detected to



capacity in operation for each of the plurality of evaporators 15, and fan controlling means 52 that
reduces or stops the rotational frequency of the fans 15C of an evaporator 15 among the plurality of
evaporators 15, which has a value more than an abnormality setting value that is predefined in the
deviation information. The fan controlling means 2552 is configured to reduce the rotational frequency
of the fans 15C depending on the cooling capacity4owering rate of the evaporator 15 detected to have
abnormality on the deviation information detecting means 50, or stops these fans 15C if the cooling
capacity lowering rate exceeds a threshold value. In this configuration, if one of the plurality of
evaporatorsphbdsidetecied ta-haveiaabnormaality i the ceoling-capagiyodbsetaiational frequency of
the fans 15C of the Tva&g\r tor 15 detec edﬂgo have abncgmatlit&/tjs reg uced or %%Jsﬂ B0 as to prevent
the warm air WHiEH1E EXHE st oM e SEarE i A SRS TS eVaporator 15 detected to
14 have abnoemzalitd, ffrombbieing:supplied fmo the coolingaspade23 ivithowidzsipgsdfficiently cooled.
AccordlngIyﬂﬁg%g/yq.ggﬂl ay %em%tgg ér%@@t}&?%%ﬂa%}%?sb@p Breveed M haing recirculated

[

from the wallll space 21 into the Cooling space 23, thereby reducing cooling load of the other
evaporatorsPIs Bpsratrg HapRg ﬁ’r?cf‘ﬁ@\?é‘ﬁtﬁﬂj“&éﬁé‘f}ﬁ?%‘ﬁ’ﬁﬁté?gfﬁ@ A COIEEBHIAG dAvironment of
the entire server rogamud@tion, wWheadgitiomasem-tecniational fiaguendy efitheifensd b€ is reduced
pased on the, coig.capacily \wiend.ate e Sxaparalordo, fie evaparaigr s can be adjusted to
take in the WAHH &Y M atcordance With its current 800 Ing Capacity for coo ing the warm air.
Accordingly péuetedftthisleviapbearern Bihas:abndensaliyihiis cLowvaperhiercaBieln end the cool air into
the cooling $RRGR:2R-AL4NG SEMEssupRlied Ritiemparatvig aadhathaioss he.akpommality occurs. If the

cooling capacity lowering rate is too decreased and becomes lower than the threshold value, the fans
of the ¢8nceffBdatEdorstBrat e wahpettefs fLuRaiBRGEItR iy ﬁ’é”ﬁﬁBPB%h%\f‘éﬁy defined based
on the relatigmpsdthtiheaesarietcovlingeapadity afihe. otifahevapargtonsdib dperatingatSnormally.

rechog il e el Sy aRoIGIR LT SRR RINGIITAN RS ALamISea echeaging copacty, e

threshold value may be defined at a stage where the cooling capacity lowering rate o
15 detectedaopriveonbhareridiepdd. snia, treskobtnalievapobatarsros tidratrig sbimatyhave a small
reserved coglingicapacivh thetheeshold valbemanberdefingsatamiaga wrassthengooling capacity

lowering rate of ) " - .
1 normally.  Specifically, if the other evaporators 15 operating normally have a great

reserved cooling capacity, the threshold value may be defined at a stage where the
cooling capacity lowering rate of the evaporator 15 detected to have abnormality is small.
If the other evaporators 15 operating normally have a small reserved cooling capacity,

the threshold value may be defined at a stage where the cooling capacity lowering rate of

20 the evaporator 15 detected to have abnormality is great because the evaporator 15
detected to have abnormality is even necessary to be used as much as possible.

In the cooling system which includes a compressor and employs forced
circulation of the refrigerant, if the rotational frequency of the fans of the concerned
evaporator 15 is varied, the compressor should also be adjusted at the same time,

25 otherwise dews may be generated in the concerned evaporator 15; therefore the
adjustment of the compressor in accordance with the abnormal detection of the
evaporator 15 makes the control system complicated. To the contrary, in the system
employing the natural circulation of the refrigerant, since no dews are generated even if
the rotation frequency of the fans 15C of the concerned evaporator 15 is varied, it is

30 possible to design a simple control system for an abnormal state only utilizing the fan

rotational frequency control.



20the evaporator 15 detected to have abnormality is great because the evaporator 15 detected to
have abnormality is even necessary to be used as much as possible. In the cooling system which
includes a compressor and employs forced circulation of the refrigerant, if the rotational frequency of
the fans of the concerned evaporator 15 is varied, the compressor should also be adjusted at the
same time, 250therwise dews may be generated Wthe concerned evaporator 15; therefore the
adjustment of the compressor in accordance with the abnormal detection of the evaporator 15 makes
the control system complicated. To the contrary, in the system employing the natural circulation of the
refrigerant, since noﬁ,dewseﬁwe!:ges;m’afedeewdimﬂne%ﬁmiwﬁe'quem&ymtﬁhe damstib of the

concerned exanoralar 19 aried. s S0passible, (o desianAsmile coriral systeq foran abnormal

state only ut ilizing the fan rotational frequency control. a preferable specific embodiment of
the dev.at.oﬁn@Wmﬁbﬁaﬁé@&whﬁésﬁ‘seé@saﬁa%@fg"w&@ﬁ*ﬁwHg%@ﬁﬁg@wrﬁ&ﬂ&dgd)ﬁw the
apparatus foi:anipRERBHMNIRAN abnormal state having the above described configurations, three

embodimen ,Witll‘b d scrlbe herelnafter 5 I(:)lrsta Bnbg%m%r}% ftth? pparatus for operation in
abnormal st g)g cmbOREEREWNA |n zi'P%L}Fleui SHEViation Rtormation etecting means 50 includes the

above described théxpbhramyaof@lqapﬂedladwgmpeﬁaﬁgr@dete@tm@cmeam@%ﬁndomlve bpening
degree detegling means pdiqndaiacting.harening.dedies Ak ibaifloweguating valve 20. The fan

controlling means 52 is configured to reduce or stop the | Orotational requenc&ﬁ{' the fans 15C if the
supplied air B8 draresidesstiaeB srnigh & dEretig Qg orers shahsiiestion temperature
range of thersarvgis 14ivand.if mgefk@wa@gwatﬁggqmweszoqhmﬁgumﬁmu Agidegree«f approximate

maxim An enco er ma e e vaIv eni d ee detecti ns 54, for
example Sﬁ%t(‘:ﬂi %‘5? : eV veﬁ@%t?gngﬁ?seéh&er?‘é{; %eeé% ??ﬁg\/cre%uﬁaﬁﬁ uair}ve 2%1’?5 &etected IS by
the encoderthandhth@ggeinmgQﬁé@?éeeeffw@pﬁa%mm&}(rmmQﬁﬁlf prrfoisnid adad ba the valve

rotational freguency, angy bsw&tﬁgp%mﬂﬁg&%rw Hagrva xea@nﬁmgﬁxegr%@w&% or more may

be defined as the opening degree of approximate maximum, and maore preferab y valve opening
degree of SEWdERORIOYET B in By I RARIFSIEEHRD ineid rﬂ?f‘”é%(g‘?néj e S e case where the
speC|f|cat|orsﬁéli&“nm@mtmrearwgﬂambm sepuercidizdd ho30E gifl supplidd abttenigecatdire exceeds

30C and th%V%Veer%’?n'n ST, ﬁaggé% qr Mg, %%M%%%%{%%%H&&boasgmthe

rotatlonal frequency o vapor tor 1
the valve rotational frequency and the valve opcnmg degree, and the valve opening

degree of 70% or more may be defined as the opening degree of approximate maximunn,
and more preferably valve opening degree of 80% or more, for example.
In the first embodiment, for example, in the case where the specification
20 temperature range of the server 14 1s 10 to 30°C, if supplied air temperature exceeds
30°C and the valve opening degree is 70% or more, it may be configured to reduce or
stop the rotational frequency of the fans 15C of the evaporator 15,
In this way, when the deviation mformation detecting means 50 includes not
only the plurality of supplied air temperature detecting means 25 but also the valve
25 opening degree detecting means 54, it 1s possible to prevent the normal operation of the
evaporator 15 of interest from being misrecognized as the abnormal operation, so as not
to reduce or stop the fans 15C of this evaporator 15.  Accordingly, it is possible to
precisely detect the lowering of the cooling capacity of the evaporator 15, and control the
rotational frequency of the fans 15C in accordance with its cooling capacity.
30 Specifically, the cooling system 10, in which the refrigerant is naturally
circulated as described above, controls the opening degree of the flow regulating valve

20 based on the temperature of the air supplied from the evaporator 15, so as to control



In this way, when the deviation information detecting means 50 includes not only the plurality of
supplied air temperature detecting means 25 but also the valve 250pening degree detecting means
54, it is possible to prevent the normal operation of the evaporator 15 of interest from being
misrecognized as the abnormal operation, so as not to reduce or stop the fans I5C of this evaporator
I5. Accordingly, it is possible to precisely detect the fowering of the cooling capacity of the evaporator
15, and control the rotational frequency of the fans 15C in accordance with its cooling capacity.
30Specifically, the cooling system 10, in which the refrigerant is naturally circulated as described

above, contrels thevapeninthdegreeahthe W realdlatingyalve 20 hased amdhetemperature of the air

supplied from the evaporator 15, so as to contro} 16 the flow rate of the refrigerant flowing in the
cooling coil 1§™EPERS Aditfstiy e 18 MTEAGrE°8t the YaBRIRe 4 @u%pﬁé«%fr@rﬁeﬁ’?én«@ porator 15
to be 25C, foHexaurples Henesctimerkdg e sporssddbe (s tag) fronkd¢heladpstmend afrtee valve

opening degige: iptll the. lemperatyre. of INeSHPRISd AL SIRLS t%P@Q&%{JE%%G}mRLe’ even if the

5cooling capacity of the evaporator 15 1S normal, a temporal increase in temperature of the warm air
exhaustéd fr6ftiHe Sedry P B GEeRTHEE A3 &SRBy TEY Bt the evapbfstsrsmaitinperature of

the supplied aifof thisavapedatonkbdemperasily RRCorRsinaieask and exaredagbadspper limit of
the specificat{gn temperature range due, to,the re

the temperatage upplied air o SEESOQ%B l?gthrQSQ‘lflgh %g}iﬁaﬂg&rgetshe rotational
frequency of e]?ans BB Ris 10 é)\‘/)apo'ra of 1 iS Yaduced or sf{)pre e hormial operation of this

evaporator 1&nayadeamisracednizedrastherabichmatcopeaiioncsw thrttherngtadional frequency of the
fans is controlieqd, fo.he.redyced, (Secandcmbadimantaf $ie ARPaAR RLopsralion;in abnormal

state) As shown in Figure 5, the deviation information detecting means 50 further 15includes
refrigerafit teFPRALEGFe tEERdHTIRE SIBIsE HC dETERR Y L tOrADBYAGIFP BTARE FeffigePint to be
supplied to the cealipgzeoild dnaadditionfethep)ysalint Hksupplied  aitiespersture fdetecting means

25 and the vg‘ljv% openin de%rgeddetecting means 54 of the first embodiment The fan controlling

means 52 is connﬂgureé’ {0 reduce or stop the rotational frequency of the fans I5C if the supplied air
temperature i8esqudktobodimghier! the apparatus for operation in abnormal state)

As shown in Figure 5, the deviation information detecting means 50 further
15 includes refrigerant temperature detecting means 56 for detecting the temperature of the
refrigerant to be supplied to the cooling coil 18 n addition to the plurality of supplied air
temperature detecting means 25 and the valve opening degree detecting means 54 of the
first embodiment.  The fan controlling means 52 is configured to reduce or stop the
rotational frequency of the fans [5C if the supplied air temperature 15 equal to or higher
20 than the specification temperature range of the servers 14, the flow regulating valve 20
has the approximate maximum opening degree, and the refrigerant temperature is equal
to or lower than the design temperature for securing the maximum cooling capacity.
The liquid refrigerant temperature sensor 44 for detecting the temperature of the liquid
refrigerant is disposed at the exit of the heat exchange coil 28 of the cooling tower 22, as
25 described above, and the refrigerant temperature detecting means 56 is preferably
disposed at the entry of each evaporator 15 because some variation (change} in the
refrigerant temperature occurs in the fluid pipe 24 between the cooling tower 22 to the
evaporator 15.
In the second embodiment of the apparatus for an operation in an abnormal state,
30 since there is further provided the refrigerant temperature detecting means 56 in addition
to the plurality of supplied air temperature detecting means 25 and the valve opening

degree detecting means 54, it 1s possible to more precisely monitor the deterioration of



20than the specification temperature range of the servers 14, the flow regulating valve 20 has the
approximate maximum opening degree, and the refrigerant temperature is equal to or lower than the
design temperature for securing the maximum cooling capacity. The liquid refrigerant temperature
sensor 44 for detecting the temperature of the liquid refrigerant is disposed at the exit of the heat
exchange coil 28 of the cooling tower 22, as 25ded¢ribed above, and the refrigerant temperature
detecting means 56 is preferably disposed at the entry of each evaporator 15 because some variation
(change) in the refrigerant temperature occurs in the fluid pipe 24 between the cooling tower 22 to the

evaporator 1f. I the sesonrd.embedimapt afdheappgyatss foy amprarationdmshAkraimal state,

30since there is further provided the refrigerant temp?ratur%‘ _etectin% means 56 in %ddition to the
plurality of stppiE A RSPl & ARIEE IR THRERE 78 S e VR4 S8 ‘B PEetecting
means 54, itsgepidcsible tenipate:precige)widomnitdn the:dettengration 2F Hb? dheappoimgaapacity of each

evaporator 1%, SREclically, plioauonyibe empsralye ol e sUBRIRA o f1p0 he sygporator 1 i

equal to or h%%er %hant per limit of the Specification temperature range, and the flow regulating
valve 20 haseneapipreximatel Maxiues Byerhsg eragiéenpsetyblirystswer P operatedhormally if the

refrigerant Steimpgs alyieils, aquakioardowen thandhaidesign demperatie far.seaukingthe maximum
cooling capacity, and this Iﬁwer:g\%of th%ﬁ‘-{«f ling ca acitg iﬁ cotn:sideret as a tem&oral variation due to
disturbance SF ARG CIEEYTENH it &?ath PESHEE A oRE contrortite" rotattnal frequency of
the fans 15Gimretlifobd otstoppédinarespdnbe fmshe distoeberrdeosttivpdiker whenntiret@vaporator 15

achieves the,maximum,cooling FRCARAGH cvapol NS eMRRIRIUGANIS FlHEIaM Supplied to the

evaporator 15 is an index to indicate whether or not the cooling system 10 of the natural circulation
type opérate@pitially, and the refrigerant temperature detecting means 56 is provided so as to
monitor whether or nokthesgeistanyoakirormaliin dhepastire dealingsysiens Iafitidexlbnatural

circulation type, ... Th fefrigerant temperaluie dgtecing means 56 may be replaged with a
refrigerant presStire Getecting Means (hotshown). he re figerant pressure tteéting teans may be
disposed at apypdsitiod Betwéeretie exipofaticeiisiwreglintng valver R0 and thesexit of the evaporator

15. 20(Third &b eAMEH-PHINR ARPRRS 05 RPREAHO Mith8RAGHNALHU&Y stem 10 of the
15 natural circulation type.

The refrigerant temperature detecting means 56 may be replaced with a
refrigerant pressure detecting means (not shown).  The refrigerant pressure detecting
means may be disposed at any position between the exit of the flow regulating valve 20
and the exit of the evaporator 15.

20 (Third embodiment of the apparatus for operation in abnormal state)

As shown in Figure 6, the deviation information detecting means 50 further
includes a plurality of intake air temperature detecting means 58 for detecting the intake
air temperature of the warm air sucked into the intake ports 15A of each evaporator 15 in
addition to the plurality of supplied air temperature detecting means 25 and the valve

25  opening degree detecting means 54 of the first embodiment. The fan controlling means
52 is configured to reduce or stop the rotational frequency of the fans 15C if the supplied
air temperature is equal to or higher than the specification temperature range of the
servers 14, the flow regulating valve 20 has the approximate maximum opening degree,
and the temperature difference between the intake air temperature and the supplied air

30 temperature of the evaporator 15 is equal to or larger than the design temperature

difference for securing the maximum cooling capacity.



As shown in Figure 6, the deviation information detecting means 50 further includes a plurality of
intake air temperature detecting means 58 for detecting the intake air temperature of the warm air
sucked into the intake ports 15A of each evaporator 15 in addition to the plurality of supplied air
temperature detecting means 25 and the valve 2590pening degree detecting means 54 of the first
embodiment. The fan controlling means 52 is configured to reduce or stop the rotational frequency of
the fans 15C if the supplied air temperature is equal to or higher than the specification temperature
range of the servers 14, the flow regulating valve 20 has the approximate maximum opening degree,
and the temperaturef diffarairde. bethieancthethitakepair temhp evatices sind thel suppiietngirtBtemperature
of the evapogalar,leds Gahal IRAU-IAL98! 1han the designlempsiaie differancs fofsesuring the

maximum cooling capacity, 18 For example, in the case of the evaporator 15 of interest normally
operating, tH& BieSigRiidin pEIRYIRS diffsrareB e 15t iFtHidGapsraltyr 25 has 96 B8oling capacity to
cool the intakepaifeHaving fa teimpseaiuie oh 4@ 4o 1a tetperaturg afe2bGifordhe-suppliedrair. In this
case, it is configure reduce or.stop the rotational frequency of 5the fans 15C if the supplied air
tempera?urel_ %%%nr%zéeehﬁ%? %8]_3 rhﬁ(lg er than t uemu%p&ﬁgﬁ?rsn?tqg%fhoeogr?é%%ﬁ%é%ggq%ﬁfﬁ’é?ature range of
the servers 1ugrd thestleviiegumtimeporivec2onia e thkeapprositatediiedivnint opetiag degree, and

when the degigh: tempetatus cilfprencalRehnser theinirke-aibtamperatidrg.and the supplied air
temperature becomes equal to o Iar%er an 15C. 10Specifically, it is possible to confirm how much

the cooling EPASRAEF BHERBGS BEPATSP 1 JUARSAS BYRIGHISTIG the Smibetatlre difference between
the intake temppesature andithe syppliedrdar gemjpardtin@ of each evaporator 15. Hence, even when the

supplieghair temperaie 3 g3l 10 QLANANET ARG NPRECATIL eldhe.saplication (gmperature
range and the valve opening d’egreg IS the approximate maximum operiing 15degree, the cooling
capacity is stfiRIEHPT thadase ratienttfare et varresH Wbl hstserdhoreriaka the supplied air

temperaturetisngarialio-at shealigp eanithenlasign-tanpaiabup difierence fonsecudng.ig maximum
cooling capa%ty aqge is lowering of the ¢ oIingﬁgéﬁac%&g}? onsideqed.as temporal variation due to
rotatior

B R e Py B S D B b Tt EEPSTafih A1 AR S HEY ¥ e YRFE SR Before the 20

disturbance.
evaporator 1sngshiewes thee mrakihtural coolirgreaparity inthy sathericatsmawrengpontrol. According to

the emP?dirﬁ@g&%@ft‘iﬁleq%%ﬁgQEH}%EWQ&M%BP&M%QF%?&HF@W?&@HQ%@%@L%@Mﬁﬁ’i?éator 15 has

abnormality in'the cooling capacity among the plurality of evaporators 15, and prevent the warm air

exhausted frEPPHESEARL <P AYPRNE B SIR G RRGFEUREEIIAhE B SITHY Sfhee hmdFels reducing the
cooling loadiehthesathatfiAeaviapdsaterd gpier aiingnnoroadiascwellias pievertingdhesdsaterioration of
the thermal gnvironment AL 16 SIS RBIYEL 100821 variation due to disturbance.
Consequently, reduction or stop of the rotational frequency of the fans 15C before the
20 evaporator 15 achieves the maximum cooling capacity may rather cause a wrong control.
According to the embodiment of the present invention, it is possible to securely
determine which evaporator 15 has abnormality in the cooling capacity among the
plurality of evaporators 15, and prevent the warm air exhausted from the servers 14 from
being recirculated in the cooling space, thereby reducing the cooling load of the other
25 evaporator 15 operating normally as well as preventing the deterioration of the thermal
environment of the entire server room 12,
In the present embodiment, the servers 14 have been described as an example of
clectronic equipment. However, the present invention is also applicable to a general
cooling system for electronic equipment, for example, such as a semiconductor

30  manufacturing apparatus, which requires precise temperature control and which

generates from its own large amount of heat.



In the present embodiment, the servers 14 have been described as an example of electronic
equipment. However, the present invention is also applicable to a general cooling system for electronic
equipment, for example, such as a semiconductor 30 manufacturing apparatus, which requires precise
temperature control and which generates from its own large amount of heat. 19 {Reference Signs List}
10: Cooling system, 1 1. Floor, 12: Server room, 18? Rack, 14: Server, 14A: Suction port, 14B: Exhaust
port, 14C: Fan, 15: Evaporator, 15A: Intake port, I5B: Outlet port, 15C: Fan, 16: Unit row, 18: Cooling
coil, 20: Flow regulating valve, 21: Warm 5space, 22: Cooling tower (condenser), 23: Cooling space,
24: Fluid piper 2@xn2dYisBranahed pipe, 25: Supplied air temperature detecting means, 26: Gas pipe,
26X, 26Y: Branched, pipe, 28: Heat exchange cail, 30: Cooling tower main pody, 34: Sprinkler, 36:
Blower fan, 36A: Airi'ﬁopv(\i/ao\?iﬁjﬂgﬁggé%?usﬁ?haéq%%’afr)\‘)‘ls,%5‘?6660&%IIilr?;c\jﬂéﬁ(é@ﬁ;ms%‘fgﬁi%ﬁduid refrigerant
temperature Setison #6: i@Bnkrslimgt meard(50aDdvidtiowiniérmbiibnitGdetecting adarns;:52: Fan
controling MeEansse4YRlYe: eREIRA degrer dRIEHNMRa0S Ak lrIaRTan tampgrature detecting

means, 58: Intake air temperature detecting means 20 (CL An apparatus for operating a
cooling SystéRiif &f ARORAAT €S MsaEih the codiffgseistent indiidimes. 24X e2pilirality of
evaporators thaicsughiaros aupxhasteddiom:arpiralithgfreiectronicrgyipseskinstalled in an
equipment room with fans | the warm air through heat exchange with a refrigerant flowing in a
Cooling coil, TSRS e e e B o o B e
position highgotrarfame plurdliinflofedporatdnstitremnosontriserwHios veolenhenrdifigerant circulated
naturally betwee thgiceRdenssrand-each&vaporainr, HigGaeling systemwhich adivsisa supplied air

temperature of air supplied from . } . _
16 detecting means, 52: Fan controlling means, 54: Valve opening degree detecting means,

56: Refrigerant temperature detecting means, 58: Intake air temperature detecting means



each evaporator by adjusting an opening degree of each flow regulating valve that regulates a flow
rate of the refrigerant flowing in the cooling coil, 15wherein the apparatus comprising: deviation
information detecting means for sequentially detecting deviation information between an maximum
cooling capacity and a current cooling capacity in operation for each of the plurality of evaporators;
and 20fan controlling means for reducing or stoppid@ a rotational frequency of a fan for an evaporator
which has deviation information exceeding a predefined abnormal determining threshold value among
the plurality of evaporators. 2. The apparatus for operating a cooling system in an abnormal state
according to 25claimnst, wherein the fan controlling means reduces the rotational frequency of the
fan in accordance with a cooling capacity lowering rate of the evaporator based on the deviation
information, and stops the fan if the cooling capacity lowering rate exceeds a threshold value. 30 21
the deviationlinformatiosppstecting nreansgchodbsg sugplec air tenyperdtuze debectinghmeans for
detecting thecggﬁggig)ds@{! tempgrature; and valve opening degree detecting means for detecting the
opening degree of each flow regulating valve, and the fan controlling means reduces or stops the
rotational frequency%?lfﬁélﬁ‘é’rPF?eBaﬂﬁ’éaé‘Uﬁﬁﬁgé%# teriparatiEisted ffara ohrRerthan an upper limit -

of a specificafian-tempeigitierangaied tha:elociranis: eopip RN Raand dbihr:floxregulating valve has
an approximate mﬁofimum %penirl‘%tﬂegrr%e. 4.Th(?1 apparatus for.oper a cooling system in an

tin
2 AECording fo L6EI1aim 3. Wheren Oﬁi%laeavﬁfgﬁ%n iﬁ?(?rlrﬁlg‘iligwaqé'@%? 'means further

abnormal state accor
comprises refrigérangiarmsatangre; detecting means for detecting a temperature of the refrigerant to be

supplied to the coolipg-cQil, andiihe fancansalingmeanasadHesh.LisioRs thetatational frequency of
the fan if ISthe supplied air temperature is equal to or higher than the upper limit of the specification
10 condenser which cools the refrigerant circulated patarally between the condenser and

each evaporator,
the cooling system which adjusts a supplied air temperature of air supplied from
each evaporator by adjusting an opening degree of each flow regulating valve that
regulates a flow rate of the refrigerant flowing in the cooling coil,
15 wherein
the apparatus comprising:
deviation information detecting means for sequentially detecting deviation
information between an maximum cooling capacity and a current cooling capacity in
operation for each of the plurality of evaporators; and
20 fan controlling means for reducing or stopping a rotational frequency of a fan
for an evaporator which has deviation information exceeding a predefined abnormal

determining threshold value among the plurality of evaporators.

2. The apparatus for operating a cooling system in an abnormal state according to
25 claim I, wherein
the fan controlling means reduces the rotational frequency of the fan in
accordance with a cooling capacity lowering rate of the evaporator based on the
deviation information, and stops the fan if the cooling capacity lowering rate exceeds a
threshold value.
30
3. The apparatus for operating a cooling system in an abnormal state according to

claim I or claim 2, wherein



temperature range of the electronic equipment, and if the flow regulating valve has the approximate
maximum opening degree, and if the refrigerant temperature is equal to or lower than a design
temperature for securing the maximum cooling capacity. 205.The apparatus for operating a cooling
system in an abnormal state according to claim 3, wherein the deviation information detecting
means further comprises refrigerant pressure deteéfing means for detecting pressure of the refrigerant
to be supplied to the cooling coil, and 25the fan controlling means reduces or stops the rotational
frequency of the fan if the supplied air temperature is equal to or higher than the upper limit of the
specification temperaisiervange iafiha-alactrasicaompment land itthel flawiregulalingéalve has the
approximate maximum opeping degree, and if the refrigerant pressure is equal to .or higher than a
cosign proseu B e e e e E R U e S et i ation detecting
means furtheletsthrivesnintakéetirtieaipecitere g degting mehrib foradatectingdreintake air

temperature of the Wﬂé%ﬁﬁoﬁ%‘fﬁ%i%ﬁﬁ?&ﬁ@&%%ﬁfé% addhe dan eeqiraling fmgaps feduces or

stops the rotational frequency of the fan if 5the supplied air temperature is equal to or higher than the
upper limit of & SpLetRafORAEATE SEEAARGE YPhe BIAPSHBERIMEACRFTHEHSW regulating
valve has thecapprexifaaiegnakinuRopaningdpgeee, aaditla tmpermaiure diffétvehae between the

intake air tem eraturetgnd the sup lied aﬁret,(?gélperature is equal to or larger than a design temperature

difference for ergﬁ!rlllﬁ% the maximum coolin capacity. 10 7.The apparatus for operating a cooling

system in an abnormal state according to any one of claim 1 to claim 6, wherein the electronic

equipment iyhousedip @gkﬁ%&s%ta}s&%q atea g epchhofihe seskshassuclionsrgsformed at a

front facg thereof, and exhaust ports formed at a rear 15face thereof and the evaporator is disposed
betweeh the FA8Rs  AHH 12
the deviation information detecting means further comprises refrigerant

temperature detecting means for detecting a temperatare of the refrigerant to be supplied
to the cooling coil, and
the fan controlling means reduces or stops the rotational frequency of the fan if
15 the supplied air temperature is equal to or higher than the upper limit of the specification
temperature range of the electronic equipment, and if the flow regulating vaive has the
approximate maximum opening degree, and if the refrigerant temperature is equal to or

lower than a design temperature for securing the maximum cooling capacity.

20 5. The apparatus for operating a cooling system in an abnormal state according to

claim 3, wherein
the deviation information detecting means further comprises refrigerant pressure

detecting means for detecting pressure of the refrigerant to be supplied to the cooling coil,
and

25 the fan controlling means reduces or stops the rotational frequency of the fan if
the supplied air temperature is equal to or higher than the upper limit of the specification
temperature range of the electronic equipment, and if the flow regulating valve has the
approximate maximum opening degree, and if the refrigerant pressure is equal to or

higher than a design pressure for securing the maximum cooling capacity.

6. The apparatus for operating a cooling system in an abnormal state according to

claim 3, wherein



the intake ports of the evaporators and the exhaust ports of the racks face an identical space to form a
wami space, and outlet ports of the evaporators and suction ports of the racks face another identical
space to form a cooling space.

22

the deviation information detecting means further comprises intake air
temperature detecting means for detecting an intake air temperature of the warm air
sucked into the evaporators, and
the fan controlling means reduces or stops the rotational frequency of the fan if
5  the supplied air temperature is equal to or higher than the upper limit of the specification
temperature range of the electronic equipment, if the flow regulating valve has the
approximate maximum opening degree, and if a temperature difference between the
intake air temperature and the supplied air temperature is equal to or larger than a design
temperature difference for securing the maximum cooling capacity.
10
7. The apparatus for operating a cooling system in an abnormal state according to
any one of claim 1 to claim 6, wherein
the electronic equipment is housed in racks in a stacked state, and each of the
racks has suction ports formed at a front face thereof, and exhaust ports formed at a rear
15 face thereof, and the evaporator is disposed between the racks, and
the intake ports of the evaporators and the exhaust ports of the racks face an
identical space to form a warm space, and outlet ports of the evaporators and suction

ports of the racks face another identical space to form a cooling space.



