Al R CONDI TI ONER AND Al R CONDI TI ONI NG SYSTEM FI ELD The enbodi nment s

di scussed herein are directed to an air conditioner and an air conditioning
system BACKGROUND In data centers, information technology (IT) racks
have been installed in which information processors such as servers are
nount ed. The information processors nmounted in the IT racks consune

el ectric power andAge&n€OHDE TAOHERCANPedpBNEPNGITOCHRBGCOKETUREd el ectric
power. Such heat causes abnornal operation of the information processors if
it isleft wthout any treatnent. In the data centers, thus, the

i nformation processors are cool ed down by air conditioners. In an
exanpl e of ofhgpdata centers, the information processors nounted in the IT
racks are cool ed down by sucking, froma space under the floor, cold air

supplied by a base ahbocondhtoRete.lled ALOETRL Log i pcessar soexhaust the

air warmed by heat take romthe intormati on processors. The base air
condi ti oner ,sucks t ai_r exhaust%d fromthe_ ipnformation processors,

.he war med
cool s down 2the SSTERed OREF, 28fd 2Bupplti S SG& R rRE E88F&d air to the
i nformation processors through the space under the fl oor.
BACKGROUND
In data centers, information technology (IT) racks
have been installed in which information processors such as
servers are mounted. The information processors mounted in
the IT racks consume electric power and generate heat
correspending to the consumed electric power. Such heat
causes abnormal operation of the information processors if
it is left without any treatment. In the data centers,
thus, the information processors are cooled deown by air
conditicners.
In an example of the data centers, the information

processors mounted in the IT racks are cooled down by

sucking, from a space under the flocr, cold air supplied by

the air warmed by heat taken from the information
processors. The base alr conditioner sucks the warmed air
exhausted from the information processcrs, cools down the
sucked air, and supplies again the cooled air to the

information processors through the space under the floor.
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Recently, in the data centers, an increasing nunber of |IT racks have been
installed in which a plurality of blade servers having enhanced processing
capability are mounted, for exanple. The amobunt of heat generated by the

bl ade servers increases as the bl ade servers enhance the processing
capability. Therefore, it may be difficult for the base air conditioner

al one to sufficReathylgpolindonn tiheabtadeeservensindreaasangemmpery sof

di sclosed in which task air conditioners are provided near the upper part
or the siderpartkef havel Fekacknknshudingnsuehchl adelseavetg andbbider

equi pnment so that information processors generating | arge anmounts of heat
are cool ed i [ | i hgn €350y Sa Py MohAsKapl I
conditione?ggwgggsg??%ggbﬁbPﬁgfggePgﬁggg?%hglEgﬁgg FIG? 9is a scheﬁatic
illustrati a_structure. of ' ndit LonRj e rdi to related
art. The tggﬁ ﬁ?mggﬁdithﬁeg%ggé&sggiggékhghgggg¥§§oﬁysﬁgglgigggk and
cools down the sucked air. The task_air, _conditioner.su gl' s again the

cool ed air SEEVERE F?CFEéEeén&Sf5$ﬁsb apggFSHVFﬁsmﬁPEﬁng I%cglly circul ating
air flowis generated. In_this way, the task air conditioner supplies

cool ed airPIQﬁGSééégscé@ﬂﬁlﬂﬁéyhnfEhﬁﬁ?¢8ﬁepr6Ee§§5r?eggﬁ§ﬁéFPﬁg faFge
~amounts of heat, in addition to cooled air supplied by the base air

condi t i onetheEkaspl es roconidd tiehatredlante &resgif§éradsatdlincgapafieyd Nati onal
Publ i cation of International Patent Application No. 2006-526205, Japanese
Nat i onal Pulbki gatiden sefrviertser nat idanal cBatent iAppliscabised MNo. wR068- 502082,
and Japanese Lai d-open Patent Publication No. 2006- 114669. In the rel ated

art, howeversit he i RE@MRLIPRrs are provided near the upper part or
the side part of an IT rack including such blade servers
and other equipment so that information processors
generating large amounts of heat are cooled down.

Cooling of information processors by a task air

conditioner is described with reference to FIG. 9. FIG. 9
is a schematic illustrating a structure of an air
conditioning system according to related art. The task air
conditioner sucks air exhausted from the IT rack and cools
down the sucked air. The task air conditioner supplies

again the cooled zir to the IT rack and forms a region in

way, the task air conditioner supplies cooled air, and
cools down the information processors generating large
amounts of heat, in addition to cooled air supplied by the
base air conditioner. Examples of the related art are

disclosed in Japanese National Publication of International

o locallycz_rculatlngalr flow is generated. = Tn this



processors cannot be efficiently cooled down. Specifically, the task air
conditioner is operated at a fixed air volune such that a tenperature

di fference between suction air and exhaust air (ATlac) is from10 to 15C
When the thermal | oad of suction air is high, the thernmal |oad nay exceed
the cooling capacity of the task air conditioner. For exanple, the

t enper at ur eadehterpptécbetweeNosugbDénSabE0andIerhnast Hatiofiathe I T rack
(ATit) housing the information processors is designed to be from7 to 15C.

However, Api;b1etathen! $fr askehausibgalnbatenti apppbiogessorsodestgned so as
to achi eve | ow noi ses and | ow power consunption may exceed 15C. In such a

case wherecsAlhkol Sand Japanese Taid-open Patent Publication No. 2006-

114669.

In the related art, however, the information
processors cannot be efficiently cooled down. Specifically,
the task air conditicner is operated at a fixed air volume
such that a temperature difference between suction air and
exhaust air (ATlac) is from 10 toc 15°C. When the thermal
load of suction air is high, the thermal load may exceed
the cooling capacity of the task air conditioner.

For example, the temperature difference between
suction air and exhaust air of the IT rack (ATit) housing
the information processors is designed to be from 7 to 15°C.

However, ATit of the IT rack housing information processors
designed sc as to achieve low noises and low power

consumption may exceed 15°C. In such a case where ATit is

larger than ATlac, the thermal load sucked by the task air

conditioner. As a result, the task alr conditioner cannot
sufficiently cool down the sucked air, and causes a hot
spot at which exhaust heat is locally accumulated. The hot
spot results in air having a temperature higher than that

of typical air being sucked in the IT rack. As a result,

.conditioner. exceeds. the cooling. .capacity of the task.air . .. ...



| arger than ATlac, the thermal |oad sucked by the task air conditioner
exceeds the cooling capacity of the taskair conditioner. As a result, the
task air conditioner cannot sufficiently cool down the sucked air, and
causes a hot spot at which exhaust heat is |locally accunul ated. The hot
spot results in air having a tenperature higher than that of typical air
bei ng suckettei AntfbembTivackrcAssaorespbnpott he enfoiahendhyproeesdors
cannot be sufficiently cool ed down. Al ternatively, the occurrence of
the hot spegbwmcan be prevented by increasing the nunber of installed task
air conditioners so as to cool down the IT track generating | arge anounts

of heat. This W%ﬂ&%‘ilna*ﬂ@\o/%\ﬁyr thewetsuarkoad bactae abtt Bpobaseani be
condi ti oner when the base air conditioner has a reserved cooling capacity.

ps a resul by dhale ity GAAILLINING KB LiaieBCy l spbouatied. chkyd 8;diflicult

to say t hat” i On processors can efficiently cool ed down.

conditioners so as to cool down the IT track generating
large amounts of heat. This method, however, lowers a lcad
factor of the base air conditioner when the base air
conditioner has a reserved cooling capacity. As a result,
total air conditioning efficiency is lowered. It is
difficult to say that the information processors can be
efficiently cocled down.

Accordingly, it is an object in one aspect of an
embodiment of the invention to provide an air conditicner
and an air conditioning system that can efficiently coocl

down information processors.

SUMMARY
According to an aspect of an embodiment of the

invention, an air conditioner includes a suctiocn unit that

sucks air exhausted from an information processor, a =
cooling unit that cools down the air sucked by the suction
unit, an exhaust unit that exhausts the air cooled down by
the cooling unit, a determination unit that acgquires a
cocling state of the cooling unit, and determines whether a

cooling capacity of the cooling unit exceeds an upper limit



Accordingly, it is an object in one aspect of an enbodi nent of the
invention to provide an air conditioner and an air conditioning systemthat
can efficiently cool down information processors. SUMVARY Accordi ng
to an aspect of an enbodi ment of the invention, an air conditioner includes
a suction unit that sucks air exhausted froman informati on processor, a
cool i ng univhltihabaeedl sndoma &beuaredsackeinpysthee suatd on cmitrobheexhaust
unit that exhausts the air cooled down by the cooling unit, a determ nation

unit that aggui Fesudes08l y8gustabe eirtbghanstéagoynthe axdadet enmives
whet her a cooling capacity of the cooling unit exceeds an upper limt

val ue basegdrop the a&gekﬁQHaEQQBIﬁﬁlﬁtaéﬁerﬁmﬂea eRatrohbecsbhakgreduces a
vol ume of air exhausted he exhaust unit when the determ nation unit
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BRIEF DESCRIFTICN OF DRAWINGS

FIG. 1 is a schematic illustrating a structure of an
air conditioning system according to a first embodiment;

FIG. 2 is a block diagram illustrating a structure of
a task air conditioner according to the first embodiment;

FIG. 3 is a flowchart illustrating a procedure of
processing performed by the task air conditioner according
to the first embodiment;

FIG. 4 is a schematic illustrating a structure of an
air conditioning system according to a second embocdiment;

FIG. 5 is a block diagram illustrating a structure of
a task air conditioner according to the second embodiment;

FIG. 6 is a flowchart illustrating a procedure of

processing performed by the task air conditioner according

Eo The Second emBodimants ~
FIG. 7 is a schematic i1llustrating a structure cof an

air conditioning system according to a third embodiment;
FIG. 8 is a schematic illustrating a computer system

executing an air conditioning control program; and

FIG. 9 1s a schematic iliustrating a structure of an



FIG 1 is a schematic illustrating a structure of an air conditioning

system according to a first enbodi ment; FIG 2 is a block diagram
illustrating a structure of a task air conditioner according to the first
enbodi nent ; FIG 3 is a flowhart illustrating a procedure of

processing performed by the task air conditioner according to the first
enbodi nent air condiEi@idgi syatsshepatiding| usttheipglatedracture of an air

condi tioning systemaccording to a second enbodi ment; FIG 5is a
bl ock diagramillustrating a structure of a task air conditioner according
to the second enbodi nent; FIG 6 is a flowhart illustrating a

procedure pfsproeessikngrpertopmeen®dyst he task air conditioner according to
t he second enbodi nent;

Preferred embodiments of the present inventicn will be
explained with reference to accompanying drawings. It is
noted that the embodiments do not limit the present
invention.

[a] First Embodiment

Structure of air conditioning system

A structure of an air conditioning system according to
a first embodiment is described below with reference to FIG.
1. FIG. 1 is a schematic illustrating the structure of the
air conditiening system according to the first embodiment.
As illustrated in FIG. 1, an air conditioning system 1
includes a space 2 under the floor, a space 3 above the
flcor, and a space 4 above the ceiling.

On the floor between the space 2 under the floor and

the space 3 above the floor, & floor opening Z2a is disposed

that is a vent communicating with the space 2 under the

between the space 3 above the floor and the space 4 above
the ceiling, ceiling openings 4a and 4b are disposed that
are vents communicating with the space 3 above the flocr
and the space 4 above the ceiling. 1In the space 3 above

the floor, an information technology (IT) rack 5, a high-

Floor and the space 3 above the El&6¥. On tHe Geilifg ~— ~



FIG 7 is a schematic illustrating a structure of an air conditioning

system according to a third enbodi ment; FIG 8 is a schematic
illustrating a conputer system executing an air conditioning control
program and FIG 9 is a schematic illustrating a structure of an air

conditioning systemaccording to the related art. DESCRI PTI ON OF
EMBODI MENTG8ht-generating type IT rack 6, a base alr conditioner 7,

and a task air conditioner 10 are disposed.

The IT rack 5 is a device in which a plurality cof
servers 5a to 5e are mounted. The server 5a sucks cold air
A supplied by the base air conditiocner 7 so as to ccol down
electronic circuits provided inside the server b5a. The
server 5a exhausts air B warmed by heat taken from the
server 5a. The servers 5b to 5e suck and exhaust air in
the same manner as the server 5a. Thus, description
thereof is omitted.

The high-heat-generating type IT rack 6 is a device in
which a plurality of blade servers 6a to 6c are mounted.
The blade server 6a includes a plurality of low-profile
servers arranged inside a chassis with high density. The
blade server 6a has higher processing performance than
those of the servers 5a to 5e, and generates high heat.

The blade server 6a is cocled down by both the base air
conditioner 7 and the task air conditioner 10.

Specifically, the blade server 6a sucks cool air C supplied

by the base air conditioner 7, and cool air D from a regien

in which locally circulating air flow is generated formed
by the task air conditioner 10 so as to cool down

electronic circuits preovided in the blade server 6a. The
blade server 6a exhausts air E warmed by heat taken from

the blade server 6a. The blade servers 6b to 6c-suck and



Preferred enbodi nents of the present invention will be explained with
reference to acconpanying drawings. It is noted that the enbodi nents do not
limt the present invention. [a] First Enbodi ment Structure of air
condi ti oni ng system A structure of an air conditioning system
according to a first enbodinent is described below wth reference to FIG

1. FIG 1 kshausthetmtino thkustmatinagnéheast thetlntadefsehesni aconditioning

system according to the first enbodinent. As illustrated in FIG 1, an air
condi tioni pgusysterrtipacbddesecacspace dmunded.the floor, a space 3 above
the floor, and a space 4 above the ceiling. On the floor between the

space 2 under thgefhoor and bhaqspacec3 abeuertheifl posngaafloer opening 2a
is disposed that is a vent conmunicating with the space 2 under the fl oor

B e e PREGuInBPRuechlosLRa0r 4 BRoVDC e LLAY: RS VEsE1 kEoFRACR: S AROVE

the fl oor an ace-4°8B6ve e ceiling, ceilfhg openings 4a and 4b are

di sposed that are t t t.th th b he fl d
the space 2 5567etRe 68 F%%'lﬁ%sl Riothica s Hao05S. ARl Rbeet 20 o "

i nformation technolo%{ (I'T) rack 5, a_high-
under the oor.” For example, the base air conditioner 7

is normally operated with a thermal load that is equal to
or smaller than an upper limit value of the cooling
capacity of the base air conditioner 7. The base air
conditioner 7 cools down sucked air until the thermal load
reaches the upper limit value of the ccoling capacity in
response to an increase in the thermal load. Air H
supplied by the base air conditioner 7 blows into the space
3 above the floor through the floor opening 2a, and further
into the IT rack 5 and the high-heat-generating type IT
rack 6. RAir exhausted from the IT rack 5 and the high-
heat-generating type IT rack 6 is sucked intoc the base air
conditioner 7 through the ceiling openings 4a and 4b so as

to be cooled down. In this way, the base air conditioner 7

“ools down the servers 5a to Se mounted in the IT rack 5
and the blade servers 6a to 6c¢ mounted in the high-heat-
generating type IT rack 6. The base air conditioner 7 is

an example of a second air conditioner provided to a
plurality of IT racks as a common air conditioner in claim

7.



heat - generating type I T rack 6, a base air conditioner 7, and a task air
condi tioner 10 are di sposed. The IT rack 5is a device in which a
plurality of servers 5a to 5e are nounted. The server 5a sucks cold air A
supplied by the base air conditioner 7 so as to cool down el ectronic
circuits provided inside the server 5a. The server 5a exhausts air B warned
by heat taken flbm thekseivecobditTheesetlesgchd tle Seisutkeamalebdrhust air
in the sane manner as the server 5a. Thus, description thereof is omtted.
The hi gh- heabmgener Bt thghtypegéderackng tgpa Uevieeki 6, Wwmehcaopsural ity of
bl ade servers 6a to 6¢c are nmounted. The bl ade server 6a includes a

plurality ghbyhownpr @hibkegsgryer sTaer aRgRdak RSt at CHASS1 B0 WehiBp TH g
density. The bl ade server 6a has hi gher processing performance than those

of the Ser\fﬁgjcggtl%at 2¢r 8nd.oener At en-hLab Beal-ThagbLode serygt.ta, i s

cool ed down e base air conditioner -7 an alr conditioner

10. Specificall t he. bl ade.server_ 6a sucks ol _air uppl L ed t he base
air conditFBﬁeF%¥?SaﬁBe058918PrlB Vgﬁﬁgaipgagg ?ﬁrﬁﬁgé 1$§c%ffypyow
circulating air flowis generated formed by the task ?ir conditioner 10 so
as to coolléoﬂﬁ“@FéE??onighEiﬁeﬁﬁﬁépr6§FHiatFﬁgtﬂérb 408 LBrUBf 6a. The

bl ade server 6a exhausts air E warnmed by heat taken fromthe bl ade server
6a. The bl aggisar Vergeebbyotbe sack aapyg conditioner 10 cools down the

blade servers 6a to 6cC.

In the air conditioning system 1 thus structured, the
task air conditicner 1C sucks air exhausted from the blade
servers 6a to 6c, cools down the sucked air, and exhausts
the cooled air. The task air conditicner 10 acquires a
cooling state, and determines whether the cocling capacity
exceeds the upper limit value based on the acgquired coocling
state. The case where the cooling capacity exceeds the
upper limit value means a case where an amount of heat
taken from air sucked by the task air conditicner 10
exceeds the cooling capacity. In other words, the thermal

load exceeds the ccooling capacity. When determining that

Che thermal load excecds the Gosling capacity, the task air =~
conditioner 10 reduces the volume of the exhaust air D so

as to suppress the occurrence of the hot spots, thereby
efficiently cooling down the information processors such as
servers and blade servers.

Specifically, when the volume of air exhausted by the



exhaust air in the same manner as the bl ade server 6a. Thus, description
thereof is omtted. The base air conditioner 7 sucks air F and air G
blowi ng in the space 4 above the ceiling, cools down the sucked air, and
supplies cooled air Hinto the space 2 under the floor. For exanple, the
base air conditioner 7 is normally operated with a thermal load that is
equal to otashkaklier cobhdntanneppéf Lenreduakde dhet hempeovéinye capachty of
the base air conditioner 7. The base air conditioner 7 cools down sucked
air until the thensmkd bgdtheaphes hhe uppaithbnet Valnereisthe cDoding
capacity in response to an increase in the thermal | oad. Air H supplied by

the base aikse0ndit iRk +{oRLOVS, i phochhBaspaces3eaboyectbheihboor through
the fl oor opening 2a, and further into the IT rack 5 and the

hi gh- heat - geperq &ngcg$eg wa a6 EuékédeéE§U§t ? Eé@ﬁ%tbga'Eééé£¥e§ and

t he hi ghheat - gene ating type T rac I'S sucked into se air

condi ti oner t.hr ough th ceilLin eni_ngs,4a_an 0_as e_cool ed
down. In tﬁ|§ %ﬁ@cﬁgg kb goﬁ |t|§%th?r@8g|g 3 O% E se?@%rs 5a to
5e mounted in the IT rack 5 and the bl ade_servers 6a to nmounted in the
hi gh- heat gérhér &OPHg tPPETI T PREKS6SSThe BhSePEPP EoRdFPR hE%O?er an
exanmpl e of a second air conditioner provided to a pluralit | T racks as
a comon aierhewsdist itogecopneg] aiim ¥ so as tOTﬁePPé§k15|Focghalgﬁoﬁéﬁklo
sucks the air E exhausted fromthe high-heat-generating type IT rack 6, and
cool s down 5t leds wtlkee thigihr-hedhe geask aaiingc ayget iIiGnerck06suppbiigb the cool ed
air Dto the high-heat-generating type IT rack 6, and fornms the region in
whi ch | ocalfiyod @dndkigngazair flow is generated. The locally circulating
air flowin the region fornmed by the task air conditioner 10 cools down the

bl ade servers 6%%%Pbﬁ%de serveld %%et%l%cﬁﬁ@@h&b@nhﬁgtﬁEShQGhlthﬁS
structured, the task air conditioner 10 sucks air exhausted fromthe bl ade

servers 82486 6001810 gﬂfatf@%kslécﬁ%ka'tﬁle ang extaushscthgyceoed air.

The task air con cquires a cooling state &r M nes
whet her the cooli.,n ap eeds th upper imt - value based,on,the
acqui red co6i55H§ %féi Cﬁ%ﬁé%E§s§ a&&b|.ﬁ&P€&6§81§y gigegagkthe
upper limt value neans a case where an anount of heat t aken fron1a|r

sucked by tHe tIdiGionegndidti ofdre FETEeredethecdori Ag fespadtt ye n

ot her words, the thermal | oad exceeds the cooling capacity. Wen
det er i ni n@itthal stmkechénmaing baddex ceadenshéac 66l 6% aggpadveyFed he task
air conditioner 10 reduces the volunme of the exhaust air D so as to
suppr ess t henmgemad encevhedin tite ilkotdesjpotrsl netcharhedyy téfef itdicemielly loeol | ng down
the information processors such as servers and bl ade servers.

exceeds the cooling capacity because the volume of the air

D has been reduced. BAccordingly, the temperature of the
air E exhausted by the blade servers ba to 6¢ is also

lowered. As a result, the air E sucked by the task air

conditioner 10 can reduce the thermel load. The reduction
of the thermal lcad allows the task air conditioner 10 to
lower the temperature of exhaust air, and to suppress the
occurrence of the hot spots.

As described above, when the thermal load exceeds the

10

Conditicnsr 10 is ailso Towered. Tn this way, the task air



Specifically, when the volune of air exhausted by the task air conditioner
10 i s reduced, the tenperature of the air F sucked by the base air
conditioner 7 increases. The base air conditioner 7, which has a reserved
cool ing capacity, cools down the sucked air F by using the reserved cooling
capacity. That is, the thermal |oad of the base air conditioner 7

i ncreases. cthe@ibgseaphritgndht tbaetaFkexhausvediheonenl £, ai reH sthas to
supply it to the IT rack 5 and the high-heat-generating type IT rack 6

t hrough thenkkean openi Bgciads a cerfhénbtadesselsdgershéazio 6¢ nounted in

t he hi gh-heatgenerating type IT rack 6 suck the air C supplied by the base

air condi t Lgpgs tZon@H@ kherahr 1D23uBRLI eHebyatheat askonkit conditiones 10.
The tenperatures of the air C and the air D sucked by the bl ade servers 6a

to Bc are \@uered ramanedol 8080 LknhssdeheLbngd Loatothg.Lherpal | oad

exceeds the“cooling ca aC|ty ecause the volune o e ar as been

reduced. Accordin e te ature .o exhaust ¢ b the | ade
servers 6at?8p§53%§¥§lgg Féﬁe auﬁgeg LgsgﬁF t?ﬁe arr sgc ed By the task

air conditioner 10 is also lowered. In this wa bhe task air condltloner
10 can redfBé€eat FestéErmthel gk FhE F@BG&FFBHegfl h&3Eh&FRBFEFBat Gl | ows
the task air conditioner 10 to |lower the tenperature of exhaust air, and to
suppr ess t hecoccerncencs ohet hethepospet SnAASTdaseenbéy &BOVedoWReREhe
thermal | oad exceeds the

information processors such as the servers and blade

servers.

Structure of task ailr conditioner according to the
first embcdiment

A structure of the task air conditioner according to
the first embodiment is described with reference toc FIG. Z.
FIG. 2 is a block diagram illustrating the structure of the
task air conditioner 10 according to the first embodiment.
The task air conditioner 10 according to the first
embodiment includes a suction unit 11, a cooling unit 12,
an exhaust unit 13, a thermal load setting reception unit

14, a storage unit 20, and a controller 30.

pressure, and supplies the sucked air to the cooling unit
12. The coocoling unit 12 cools down the air supplied from
the suction unit 11, and supplies the cocled air to the
exhaust unit 13. The exhaust unit 13 exhausts the air

cooled down by the cooling unit 12 with a predetermined

11

The suction unit 11 sucks air with a prédetermined T



cooling capacity in the task air conditioner 10, i.e., the thermal | oad
exceeds a certain threshold, the air conditioning system1 allows the task
air conditioner 10 to reduce the volunme of the exhaust air D so as to | ower
the tenperature of air exhausted by the task air conditioner 10. As a
result, the task air conditioner 10 can suppress the occurrence of the hot
spots, andpetkistirent | ¥ocoekadower,t hbei pkbrmati onipr béessbegstacainsathe
servers and bl ade servers. Structure of task air conditioner

accordi ng ve.the’fiist erbedigpeatst unit AlBtincludes of tdepdwsiasd r
conditioner according to the first enbodinent is described with reference

to FIG 2. BhGor2hgy anbhoekdicagr-amibhilbuskrat hBg theustiyetyre ohethe task
air conditioner 10 according to thé first enbodinment. The task air

Cond'tlonere%%e§%%%r% g%ng%rt%%ashE%% € OQEHF@EaEﬂFEug?sa§rSUCt'On uni t
g u |t

11, a coolin exhaust unit 1 hermal | oad setting reception
unit 14, a s 0, and a, controller he suctio nit 11
sucks air i 5 Epe giéﬁﬁ FEGNrEs SrS, dnd %QSpFPS%O eegugﬁeaug?g to the
cooling unit 12. The cooling unit 12 cools_down the air su glled fron1the
suction unite1FolaRe SdppriteSHRESEGE! &Y &PF F&hﬁﬁéte%ﬁéﬁsﬁ uRFE 1B81tThe
exhaust unit 13 exhausts the air cooled down by the cooling unit 12 with a
predet er mi réahe -pr éddigmd seort hex smpite ont Waiéx Rdudncduices1s g%ﬁ&@§?§u§?r at
25.7 nB/mn. The exhaust unit 13 includes a tenperature sensor and an
anenonet er senscet) ahd chotraddurstsr athed £ eTipe reénper atfure rsensdednbasthes t he
tenperature of air exhausted by the exhaust unit 13. The anenoneter
nmeasur es t hgoalogmeraft aiwr. exhausted by the exhaust unit 13 per unit tine.
Li kew se, the suction unit 11 includes a tenperature sensor, which neasures

the tenperature @f, aifer30KeGRY dhe iSHL @R NI Lhit 14 receives
the start and end of the operation of the task air
conditicner 10. For example, when receiving the start of
the operation from a user, the thermal load setting
reception unit 14 notifies the controller 30 of the
reception, so that the controller 30 allows the task air
conditicner 10 to start the operation. Likewise, for
example, when receiving the end of the operation from a
user, the thermal lcad setting reception unit 14 notifies

the controller 30 of the reception, so that the controlier

The thermal lcad setting reception unit 14 receives a
setting of a value determining whether the thermal load
exceeds the cooling capacity of the task air conditioner 10.
For example, the thermal load setting reception unit 14

receives a setting of a given threshold determining a

12

50 allows the task air conditioner 10 to end the operation.



The thermal |oad setting reception unit 14 receives the start and end of
the operation of the task air conditioner 10. For exanple, when receiving
the start of the operation froma user, the thermal | oad setting reception
unit 14 notifies the controller 30 of the reception, so that the controller
30 allows the task air conditioner 10 to start the operation. Likew se, for
exanpl e, whbrrmeteilvedgftrhe endset &hetbpevaliencéterninimeryhehe=¥ her nal

| oad setting reception unit 14 notifies the controller 30 of the reception,
so that theneonheember 138dakkewedshehtaskoai ngcoadativneof 10héotemd t he
operation. The thermal |oad setting reception unit 14 receives a

setting of ;a,vabugidebgem Nong whethek theel henavtnkomdl exegedsetbengool i ng
capacity of the task air conditioner 10. For exanple, the thernmal | oad

setiing regeRLLedounihlt1hengiesed SRl LBAPh12-0! Y8NENEAaNOLE:
determning a thermal Toad froma user as the val ue determ ni ng whet her
the thermal_ | oad, exceeds the _cooling capacity,of .t task ai Ltioner
100 It hi §he8eche: R RRPEr FOROSuEl Rl reRanti BasuRE T REE PP e T he
controller 30 of the fact that the sethin of the given threg@o%d has been
received, $6 that the cortrerter 38 aLi6Ws the St8rage dnitt 8 store the
recei ved val ue therein. The thermal |oad setting reception unit 14 also
notifies asteag dbeerscraviesn vadve 3hesriphe ThEt thRalathécget EFRGLBE t he
given threshold determning a thermal | oad has been received. The therma

| oad setti mgceptdpti aniunilt 4 sceceitidses maxioadndetetrhénsdobingnébpacity
(kW as the threshold determning the thermal |oad of the task air

condi tionen1l@fr the robhetsber age weitt i2Q o ahet giage daviesaoddch as a
sem conductor nmenory el enment, and a hard disk drive. The storage unit 20
stores thergitd 4§16 1 MRX -"WNLh Al he eeOiaRY veapaGkbr 1 (kW. ashkhengirwan
threshold determning the thermal | oad of the task air conditioner 10. For
exanpl e, ttf%a Qe Q%nénl%c%%tﬁk%r stthanein cof R KW rasithe tLhreshol d. The
threshol d c¢an bé changed to any value by a user. For exanple, the storage
unit 20 nmay set, a val ue .of 8Q%.0of th i_mum gool i ng _capacit S the
threshold.CoailngTﬁ@P?Fﬁgébéqﬁ%if“§6%§¥§§'gsﬁﬁggeﬁﬁt%ﬁ &B%é@i%ﬁ%relating to
the vol une of air exhausted in the air condjtioning %ysten11. For exanpl e,
t he storagghﬁﬁmplzdoad of the task air conditicner” 10U.

The storage unit 20 is a storage device such as a
semiconductor memory element, and a hard disk drive. The
storage unit 20 stores therein the maximum of the cooling
capacity (kW) as the given threshold determining the
thermal load of the task air conditioner 10. For example,

the storage unit 20 stores therein "7.5 kW" as the

user. For example, the stcorage unit 20 may set a value of
80% of the maximum cooling capacity as the threshold.

The storage unit 20 stores therein information
relating to the volume of air exhausted in the air

conditioning system 1. For example, the storage unit 20
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stores therein the thermal |oad (kW and the maxi mum cooling capacity (kW
of the base air conditioner 7. Specifically, the storage unit 20 stores
therein that the thermal load is "12.5 kW, and the naxi num cool i ng
capacity is "15 kW as the information of the base air conditioner 7.

The controller 30 includes an internal nenory that stores therein a control
program pstgrass typeecifiyithg vaeroad prededsihgapdocbdumesimand necessary
data. The controller 30 includes the | oad determnation unit 31 and an
exhaust ai coedlitae capptiall ekwd2ofFaheekanpl eirt hendontivoklke?.30 is an
integrated circuit such as an application specific integrated circuit

(ASIQ), an@ﬁ@cfiif@c@lll 0gEaRMRRLe sgat enatr ay 6EBEAk, tBErafinekBetr enkC
circuit such as a cenfral processing unit (CPU), and a mcro processing

unit (MY crhermar 1081 620 dol ef mal . WAL! ndkiRGAULEES iAgCeabbag gtat e

of the cooling unit 12, and determ nes whether the thermal [oad exceeds the

cool i ng capaci, +t he oli,ng unit .12 b on_the_acquired.coqglin
state. For '€xa I%& t RE ﬁggdlﬁgféFﬁiﬁgFigﬁsﬁﬁftgﬁfecgﬁgu a g&Flgge%hg'
cooling state, the thernmal | oad by using the volume of air exhggzted by the

exhaust unit 13 T&fd CENEPLeEENSE b St RE tBhHEPEt ulE G YaitFeEx haust ed

by the exhaust unit 13 and the tenperature of air sucked by the suction
unit 11. ThREAread theredm Racioan 1ol PrIPrdsy e PFCAESTEhE&PSCRE YEREr mal | oad

various processing procedures, and necessary data. The
controller 30 includes the lcad determination unit 31 and
an exhaust air volume controller 32. For example, the
controller 30 is an integrated circuit such as an
application specific integrated circuit (ASIC), and a field
programmable gate array (FPGA), or an electronic circuit
such as a central processing unit (CPU), and a micro
processing unit (MPU).

The load determination unit 31 acquires a cooling
state of thé cooling unit 12, and determines whether the
thermal load exceeds the cooling capacity cof the cooling
unit 12 basedron the acquired cocling state. For example,

'mtﬁe"IOad'detéfminétion'dnit”31'caléulétés; as the cooling
state, the thermal lcad by using the volume of air
exhausted by the exhaust unit 13 and a difference between
the temperature of air exhausted by the exhaust unit 13 and
the temperature of air sucked by the suction unit 11. The

load determination unit 31 determines that the thermal load

14



exceeds the cooling capacity of the cooling unit 12 when the cal cul ated
thermal | oad exceeds a given threshold. The cal culation of the thermal | oad
performed by the load determination unit 31 (1), and the determ nation

whet her the thermal |oad calculated by the |oad determi nation unit 31
exceeds a given threshold (2), are described belowin this order. (1)
Cal cul at i oexoketisertimel cboadnbyctheclivadodetbencpaling unit 32 when For
exanple, the load determination unit 31 calculates a thermal |oad (Pl ac
(W) by usithg tche choklew ngefrantullaad( tkcekes theivber thkekbatdset Thag
reception unit 14 notifies the |oad determnation unit 31 of the fact that

the setting,af1aa8ii¥en ohigehokd -Agt enahai BartBentheryatnkoadabas been
received. Plac = pfsCp. Qlace(Tlac_in - Tlac_out) (1) ere Qac (nB/s) is

(he Yona SRR L e ek coBO A 0 Abgnagut (9 1
the thermal lcad calculated by the load determination unit
31 exceeds a given threshold {2), are described belcw in
this order.

(1) Calculation of thermal lcad by the load
determination unit 31

For example, the lcad determination unit 31 calculates
a thermal lcad (Plac (W)) by using the following formula
(1) when the thermal load setting reception unit 14
notifies the load determination unit 31 of the fact that
the setting of a given threshold determining the thermal
lcad has been received..

Plac = peCpeQlace (Tlac in — Tlac_ out) (1)
where Qlac (n@/s) is the wvolume of air exhausted by the

task air conditioner 10, Tliac_out (°C) is the temperature

of air exhausted by the task air conditioner 10, Tlac_in

(°C) is the temperature of air sucked by the task air
conditioner 10, p (kg/m®) is the density of air, and Cp

(J/kge°C) is the constant pressure specific heat of air.

In formula (1), p and Cp are constants. Thus, the

task air conditioner 10 can calculate a thermal load by
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(C is the tenmperature of air sucked by the task air conditioner 10, p
(kg/nB) is the density of air, and Cp (J/kgC is the constant pressure
specific heat of air. In formula (1), p and Cp are constants. Thus,
the task air conditioner 10 can calculate a thermal |oad by neasuring
Qac, Tlac out, and Tlac_in. That is, the task air conditioner 10

cal cul at esmaasherinmgl Clead Byaneastri agdt fidavoliome Bhatxbhausthaitaskhe
tenperature of exhaust air, and the tenperature of suction air. Mor e

speci fical kyr thedioadndet epncaatiuoatepi & 8hermasul esdThacmenasurihgt he
tenperature sensor included in the suction unit 11, and Tlac_out with the

t enper at ur engeRsenmenelruded 0ttt Berexhaust elpbt-atdreThe Leadudet gipination
unit 31 neasures the volunme of exhaust air wth the anenoneter included in

t he exhaus ni 1 t inatiqQn . unit 31 cal culates a therm

| oad by us%ﬁg %%Pn%ﬁgggﬁfkgggeg%oﬁh?hggheggﬁfed val ues. (2) The

det erm nati on et her the _thernal Igad caIcHI%ted.bg t he Ioag gfternination
the load = tienn uni

unit 31 exceeds 87§ VB thr&shold. ermin

measures Tlac in with the temperature sensor included in
the suction unit 11, and Tlac cut with the temperature
sensor included in the exhaust unit 13. The load
determination unit 31 measures the volume of exhaust air
with the anemometer included in the exhaust unit 13. The
icad determination unit 31 calculates a thermal load by
using formula (1) based on the measured values.

(2) The determination whether the thermal lcad
calculated by the load determination unit 31 exceeds &
given threshold.

Subsequently, the load determinaticn unit 31
determines whether the calculated thermal lcad exceeds a
given threshold. For example, the load determination unit
31 reads a given threshold stored in the storage unit 20,

"”éﬁd'édmparéé”thé”giVéﬁ'thfeSHOld"with”thé'Céléplatedm'”"”"””
thermal load. The load determination unit 31 determines
that the thermal load exceeds the cooling capacity when the
calculated thermal load is larger than the given threshold,
and notifies the exhaust air volume controller 32 of the

result. On the other hand, the load determination unit 31

16



Subsequently, the |oad determ nation unit 31 determ nes whether the
cal cul ated thermal | oad exceeds a given threshold. For exanple, the | oad
determ nation unit 31 reads a given threshold stored in the storage unit
20, and conpares the given threshold with the cal culated thermal |oad. The
| oad determ nation unit 31 determnes that the thermal | oad exceeds the
cool i ng capacktyinkenthhe chkctuhatedlt heednicépadot sekaegeértidan the gi ven
threshold, and notifies the exhaust air volume controller 32 of the result.
On the othebchand, chkpackegdweehetntnakionluoetl Sherflelelobaesst hat the
thermal | oad does not exceed the cooling capacity when the cal cul ated

t her mal 'Oéﬁah§e§”%hhﬁrthaagi%eﬁ ghveanbhreshahdeoandngest Eauesi el eyl ation
of the thernmal | oad. urthernore, the |oad determ nation unit 31

det erm nes e red r;m ned period of tinme el apses, when the exhaust
air voluneoggﬁﬁgoﬁpgfggg ﬁégdfeduced t he vol une of exhaust air. Wen
determ ning that _th redet erm ned_per,iod of tine_el apse t.he | oad

det er mi nati on uﬁpftngBQFFOrﬁggpﬁ88§599ﬁ8r8éP8FﬁPHiHagﬁhgghg?§?ﬁ%l?%%rnal

| oad exceeds the given threshold. On the other hand, when deternining that
the predet @Pgithed pePredesrrringddbesingt €l 5pBe, SLRESESad a8PefrAfnati on
unit 31 waits until the predeterm ned period of tinme el apses. The
exhaust ai exhelusie adontvediirer c3Rtreddess 3Ehbavokrgreces she &xhalisted by the
exhaust unit 13 when the |oad determnation unit 31 determ nes that the

t her mal | oagkhexceedd rt.he litenl idegecajadingy thbtt hbecpoakdegeunined?2. For
exanpl e, the exhaust air volune controller 32 reduces the air volune by a

vol ume cor espeRUICTY thaet ke apeser,vedCcookicndetapadnby ibcal saiteBerred to as
an excess thermal |[oad) of the base air conditioner 7. Specifically, when

the base a?%fﬁyﬁﬂéiﬁ?&@és@i@@?d@%e%%ﬁﬁﬁ%gtQ%%%ﬁ%rlQ%@ @heZmaikWbakhe

exhaust air volune controller 32 reduces "the exhaust air volune by a vol une

Correspondie@(%ete%sz't%ek\é[iven threshold. ©On the other hand, when
determining that the predetermined period of time does not
elapse, the load determination unit 31 waits until the
predetermined period of time elapses.

The exhazust air volume controller 32 reduces the
volume of air exhausted by the exhaust unit 13 when the
load determination unit 31 determines that the thermal load
exceeds the cocoling capacity of the cooling unit 12. For
example, the exhaust air volume controller 32 reduces the

air volume by a volume corresponding to the reserved
cooling capacity (also referred to as an excess thermal
lcad) of the base air conditioner 7. Specifically, when
the base air conditioner 7 has an excess thermal load of

2.5 kW, the exhaust air volume controller 32 reduces the

exhaust air volume by a volume corresponding to 2.5 kW.
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Procedure of processing performed by the air conditioner according to the
first enbodi ment The procedure of processing perforned by the task
air conditioner according to the first enbodi nent is described with
reference to FIG 3. FIG 3 is a flowhart illustrating the procedure of
processing perfornmed by the task air conditioner 10 according to the first
enbodi nent . pPrbtedacei viEngrbhesepegapeohosnadt by YEScagist ep S101), the
thermal | oad setting reception unit 14 determ nes whether a setting of a

t hreshol d dehermiBheg actbBesmbl keadhiesfiesei ¥edodsnept S102). If the
thermal | oad setting reception unit 14 determ nes that the setting of the

threshol d detefﬁhe'BgoeaeukaebﬁaFrbeégshﬁ rgee&&eﬂanﬁ§ ahesStgpkSd02), the
| oad determ nation unit 31 calculates a t ermal |l oad (step S103).

Spect 11 cal Ly, Jtheo1aad detenahaat o Unit .31 ERASHERSLNest agRerabuges of

suction ai FoA aust arr, d the volunme o aust alr, and cal cul ates
a thernal Ioa by usi for (). %ﬁ t he ot her _han the thermal |oad
setting redpti SRIGARE P%f4 8g¥g%n1 es THEt shé Ssét £1Ryc oﬁrghe t hr eshol d
determ ning the thermal |oad is not received g NO at st% 132% % e therma
| oad setti AdNEEEPEILHE GhEt PIACREINES Qht PFOFESPebEi PESIPRBSSetYi hgSof the
threshol d determning the thermal |oad. Subsequently, the |oad
det er ni nat itersskugiitr 3bnddstiensirndd wikerheinphéocaheulfared enePfarPerbad
exceeds the given threshold (step S104). The | oad determ nation unit 31
constantly cal cufatesetike nighehealopecad iaht etatrtie (FE8Et kiig séept BéOflhy eshol d
determning the thermal load is received. |f the load determ nation unit 31
determ ned drhat- Hehal load setting reception unit 14 determines

whether a setting of a threshold determining a thermal load

is received (step S102). If the thermal load setting

reception unit 14 determines that the setting of the

threshold determining the thermal load is received (YES at

step $102), the load determination unit 31 calculates a

thermal load (step S103). Specifically, the load

determination unit 31 measures the temperatures of suction

air and exhaust air, and the volume of exhaust air, and

calculates a thermal load by using formula (1). ©Cn the

other hand, if the thermal load setting reception unit 14

“determines that the setting of the threshold determining =~

the thermal load is not received (NO at step S102), the

thermal load setting reception unit 14 waits until it

receives the setting of the threshold determining the

thermal load.

Subsequently, the load determination unit 31
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thermal | oad exceeds the given threshold (YES at step S104), the exhaust
air volunme controller 32 reduces the volune of exhaust air to a certain
vol une (step S105). Then, the | oad determ nation unit 31 determ nes
whet her a predeterm ned period of tine elapses (step S106). If determ ning
that the predeterm ned period of tine el apses (YES at step S106), the | oad
det er m nat idereuniine3l whetthens the sképu$a@sdt sheamell abedt hucehesnbhel oad.
On the other hand, if determining that the predeternm ned period of tine

does not elgarse ENOeahostieps8E@6B10uhe | gad deter denatrimonatmbh Bhiwaits
until the predeterm ned period of tine el apses. | f determ ning that

the thermalzjl Qagdees 1R0l-a%xc86d ckhe ngi veR ridanesbahdafiOrathst ept&104), the
| oad determ nation unitf 31 determ nes whether the operation end is received

(step 8107)fb§feg%%%%%kghﬁgd%Q%EmH%%f%ﬁ%&%t%ﬁ%rﬁ@q h%aﬁe§§i¥§ge%¥g§.ﬁt step

S107), the detérm nati on unit processi ng. On the other

e, 11 Ssheouia d et e neratanend a0t fegeLisd (M At otep

proceSSingt%%&%%l?&%%dS%%%éeE;f%%L?g%%e%h%h&g%%%l%ﬁq%%%ng%tstep 5104),
the exhaust air volume controller 32 reduces the volume of
exhaust air to a certain volume (step S105).

Then, the load determination unit 31 determines

whether a predetermined pericd cf time elapseé {step S106).
If determining that the predetermined period of time
elapses (YES at step S106), the load determination unit 31
returns to step 5103 to calculate the thermal load. On the
other hand, if determining that the predetermined period of
time does not elapse (NO at step 5106}, the load
determination unit 31 waits until the predetermined period
of time elapses.

If determining that the thermal load does not exceed

the given threshcold (NO at step S104), the load

" determination unit 31 determines whether the operation end ~—

is received (step 8107). If determining that the operation
end is received (YES at step S107), the load determination
unit 31 ends the processing. On the other hand, if
determining that the operation end is not received (NO at

step 8107}, the load determination unit 31 moves to step
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As descri bed above, in the air conditioning system1 of the first

enbodi nent, the task air conditioner 10 reduces the exhaust air vol une
based on the reserved cooling capacity of the base air conditioner 7 when
the thermal | oad exceeds the cooling capacity of the task air conditioner
10. As a result, the task air conditioner 10 can reduce the thermal | oad of
the task aisnoGondi ctoanenhudOprocessifhealiase aiepcbmh@idti oner 7 nakes up for
the thermal | oad reduced by the task air conditioner 10. That is, the

cool i ng capacit g ratcthe o&i FheordirkicoBBgdsSyshem 1 remai ns unchanged even
t hough the task air conditioner 10 reduces the thernmal |oad. As a result,

the task air condi .QpeLpL0 caBveeducechie therarl;toadiwyt Boytehoyering
the air conditioning efficiency of the air conditioning system [b] Second

Erbodi Ment o e 181,00 st epodigent o he,base gi s gondi yponer 7 can

process the thermal ['oad unti rmmal” 1 oad reaches e upper lim't
val ue of the cooling capacity, i..e., .the thermal |o0ad of the gase air
condi t i oneFSRYCE Sy el@ﬁ%@€6¥t&l§ XQFPQFn%9§FEEPHTﬁ§ec58??558 apacity of
t he base air conditioner, however, may be limted so as_not exceed an upper
limt val u€ofldnde fargyidaviodg then Pske P iko F@8 St RENEXhAUYECRI FRGol une of
the base air conditioner may be |imted so that the base air conditioner
does not haverarledeess exicees®l theadooling sependtenbddihentass gase is
described in which the thermal | oad of the task air conditioner exceeds a
gi ven t hr esholdd tiher it NO .exhaust raistleql ume akskheilbasenditiocardi tloner is
limted so that the base air conditioner does not have an excess thernal
| oad. can reduce the thermal load of the task air conditioner 10.
The base air conditioner 7 makes up for the thermal
load reduced by the task air conditioner 10. That is, the
cooling capacity of the air conditioning system 1 remains
unchanged even though the task air conditioner 10 reduces
the thermal lcad. As a result, the task air conditioner 10
can reduce the thermal load without lowering the air
conditioning efficiency of the air conditicning system.
ibl Second Embodiment
In the first embodiment, the base air conditioner 7
can process the thermal load until the thermal load reaches
~ the upper limit value of the cooling capacity, i.e., the
thermal load of the base air conditioner 7 is not limited
to a certain value. The cooling capacity of the base air
conditioner, however, may be iimited sc¢ as not exceed an

upper limit value, for energy saving. In other words, the

exhaust air volume of the base air conditiconer may be
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Structure of an air conditioning systemaccording to the second enbodi nent
The structure of an air conditioning systemaccording to the second

enbodi nent is described with reference to FIG 4. FIG 4 is a schematic
illustrating the structure of an air conditioning system40 according to

t he second enbodinent. As illustrated in FIG 4, the air conditioning
syst em 40 ildslitees sthéhgpatbée2banderirhechddsionehedspacecB hdvewearhe

fl oor, and the space 4 above the ceiling. The functional elenments playing

t he sane rekessas theemalleneatls ofinFEGsetoateehabeliadnw,t A theesase
nuneral s, and detail ed description thereof is omtted. In the space 3

above the Heaerivkhe ihlwhack 2net RBchihgh- heak- generat tRgkt ¥pe | T rack 6, a
base air conditioner 47, and a task air conditioner 50 are di sposed. The

base air condifiqRer 4L aadgkh gﬁ%ﬁnakhrégﬁghBiQH%h pHcaLengQup! gd W th

each other through a network 4 uch that they can conmuni cate with each

other. The nelaork 49 IS, fLor examl g, g bacal ;anen, petwork (LAN
The base ai'r~conditi oner I nClrudes "an exhaust dair volume controller 47a

in addition to the functigons of the base air conditioner 7 aciording to the
first enbodPPEnPLIWFERYELENFTnGC5SnBOM PEYEi 6R FRGAPENENEAER ol Pad -

condi tioner 50, the exhaust air volume controller 47a cancels the
limtation of tR&ETfIEEYRE Ofoad, 2dmd CPREE-E4983POhEYEI-EMY BFEREALBIDEC
exhausted. The base air conditioner 47 is an exanple of the second air

condi ti onerthgr eeicded rtobadimendl ity of | T racks as a common air conditioner
inclaim?7. The task air conditioner 50 has a function notifying the
base air conditiThrerst4tcafurdenbdr gat hor wehatitigntiagasyedusedcexhanst air
volume, in addition to the functions of the task air conditioner 10

according to &he ddshermeddmeht The dwretiens wak it herbashkcal ko FIg.
conditioner 50 are described in the structure of the task air conditioner,
whi ch is dﬁﬁcrEﬁ%ﬂ Maﬁ%ra schematic illustrating the structure of an
air conditioning system 40 according to the second
embodiment. As illustrated in FIG. 4, the air conditioning
system 40 includes the space 2 under the floor, the space 3
above the floor, and the space 4 above the ceiling. The
functional elements playing the same roles as the elements
of FIG. 1 are labeled with the same numerals, and detailed
description thereof is cmitted.
In the space 3 above the flcor, the IT rack 5, the
- high-heat~generating type IT rack 6, a base air conditioner
47, and a task air conditioner 50 are disposed. The base
alr conditioner 47 and the task air conditioner 50 are
coupled with each other through a network 49 such that they

can communicate with each other. The netwerk 49 is, for

example, a local area network (LAN).
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In the air conditioning system40 thus structured, the task air conditioner
50 sucks air exhausted fromthe bl ade servers 6a to 6¢, cools down the
sucked air, and exhausts the cooled air. The task air conditioner 50°
acquires a cooling state, and determ nes whether the thermal |oad exceeds
the cooling capacity based on the acquired cooling state. Wen determ ning
that the ther mallhkeohdsexeeedsonhetéookirngd7capadiitlys sheerhskshi air
condi ti oner 50 reduces the volunme of the exhaust air D. The task air

condi t i onerrc3@meottichites 1tlke @vhadst additvehure capt fohkedodgacof thhe fact
that the task air conditioner 50 has reduced the volune of exhaust air D,
and al | ows he exhausthqaikh onelrume seert-tehlhet o4 ¥act @ igaRcehpbiembhdit ation
of the thermal load. In this way, the task air conditioner 50 suppresses

the Occurr%ﬂ%%.%%C%Q%imgtgﬁ%g&ifi%QQi%%nf?%kjEE%P%'%kCQQE dewnithgner

i nformation processors the servers an e servers.

Speci fically, the reduction.of the volu of .t he ,ai.r D _exhau d by the
task air c&ﬁhiﬁﬁﬁhgﬁ séa&&&év'qgﬁgrfga IS 1Ehe “dfr SFOCaS %h%the air
conditioning system 40, resulting in_the occurrence of the hot spots at
anot her pl dd&<BFdP™r Edeiiengd: ok ﬂﬁédva§@daﬁpcéﬁﬁéﬁﬁi5E§ra%6, t he
notification that the exhaust air vol une has been reduced to a certain
vol ume, thedBase aor beosdinausied 47 Thee begse s ithecadhadseai ¢ 'vePuAE unti
the thermal | oad reaches the upper limt value of the cooling capacity
based on t hexamgduced dihe waamel adir ehell tiords:, e ildeske tai @ condi ti oner
47 exhausts the air volune corresponding to the excess thernmal |oad. The

base air ceudiddiangr &7 m@xhaitsts eoel ednaicn Hiso casidio isuepl Wn clbdnt he | T
rack 5 and the high-heat-generating type IT rack 6 through the fl oor
openi ng 2a.7 The bl ade servers 6a to 6¢c nounted in the high-heat-

The task air conditioner 30 has a function notifying
the base air conditioner 47 of information relating to a
reduced exhaust air volume, in addition to the functions of
the task air conditioner 10 according to the first
embodiment. The functicns of the task air conditioner 30
are described in the structure of the task air conditioner,
which is described later.

In the air conditioning system 40 thus structured, the
task air conditioner 50 sucks air exhausted from the blade

""servers 6a to 6c, cools down the sucked air, and exhausts

the cooled air. The task air conditioner 50 acguires a
cooling state, and determines whether the thermal load
exceeds the cooling capacity based on the acgquired cooling
state. When determining that the thermal load exceeds the

cooling capacity, the task air conditiocner 50 reduces the
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generating type IT rack 6 sucks the air C supplied by the base air
conditioner 47, and the air D supplied by the task air conditioner 50. The
tenperatures of the air C and the air D sucked by the bl ade servers 6a to
6¢c are |owered conpared to when it is determ ned that the thernmal | oad
exceeds the cooling capacity because the volune of the air D has been
reduced. Ay umssyift thchexthemser atiur & .of Thise taisk Eiexlcaustiedobgrt h€ bl ade
servers 6a to 6¢c is also lowered. As a result, the air E sucked by the task
air condit irgndrfizd ithealestdwmerad. violuma somayoltike ©“ask odi theodditi oner
50 can reduce the thermal |oad. The reduction of the thermal |oad allows

the task aighzc0ndid iteRer 8¢ t>dOWaLRIrSGot ke st eERRRluLd 0k ce@xhaust air D
and to suppress the occurrence of the hot spots. As descri bed above,

when the thenimled Qad of Lhe: LASK.Al foreondintd08en,50 121 GRRIS e ogh Ken

threshold, the air condi'tioning system40 allows the task air conditioner
50 to reduce t he volu f the_exhaust ai so.as _tq l.ower the erature
of air exhaﬁlﬁ]sat gt(? bcf CL% 1?%15 t.ialimrl)%(‘f%nlé)lnt iogl;]écg%%he&nag rlé)\ééﬁjl't , titnhteC%ggsk air
condi tioner 50 can suppress the occurren of the hot spots, and
efficientl Wacyaolt?‘tfo %@Jirnfctﬂ%tiweﬁr §§e§§@p§e§§@|§ & RESEEFEFS and
bl ade servers. Structure of task air conditioner A structure of the task
ai r condi t inéhead¢dr dRRg St-o antheade Edrid Cdepddivneme li slog@sdhicbed with
reference to FIG 5. FIG 5 is a block diagramillustrating the structure
of the taskirdigrmgandirt ipomere 5@ rac corad rg tthet Bersegendrentiddideent . The task
air conditioner 50 according to the second enbodi nent includes the suction
unit 11, themaadd.ng unit 12, the exhaust unit 13, a thernal |oad setting
reception unit 54, a comrunications control interface (I1/F) unit 55,
Specifically, the reduction of the volume o¢f the air D

exhausted by the. task air conditioner 50 causes a shortage

of the air velume in the air conditioning system 40,

resulting in the occurrence of the hot spots at another

place. Upon receiving, from the task air conditicner 50,

the notification that the exhaust air volume has been

reduced to a certain volume, the base air conditioner 47

increases the exhaust air volume untii the thermal lcad

reaches the upper limit value of the cooling capacity based

cn the reduced air volume. In other words, the base air

conditiocner 47 exhausts the air volume corresponding to the

excess thermal locad. The base air conditiocner 47 exhausts

cooled air H sc as to supply it to the IT rack 5 and the

high-heat~generating type IT rack 6 thrcocugh the floor

opening 2a.

The blade servers ba to 6c mounted in the high-heat-
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a storage unit 60, and a controller 70. The functional elements playing the
sanme roles as the elenents of FIG 2 are |abeled with the same nuneral s,
and detail ed description thereof is omtted. The thermal |oad setting
reception unit 54 has the following functions in addition to the functions
of the thermal |oad setting reception unit 14 described in the first

enbodi nent geflee sthepmalpkoad setk Bg stnekepthenatini € 54ppédedves, theom a
user, a setting of a tenperature threshold determ ning whet her the thernal

| oad exceeds skhe igoebihad téapaei 4y ,obntthe hkask rabr sappdi EHOBEr £HO. thRn
receiving the setting of the tenperature threshold fromthe user, the
thermal 'Oéqu%towd&ai%%fg%ftﬁoqn YRt t%ﬁp@gtalttl'r%ﬁ. bhecgantrol kennd0tpt the

fact that the setting o e tenperature threshold has been received, and

al l ows the_con ller ;70 t tore the r iV I Lot r.age unit
0. "The 1t hEal PSSToSeby Nr BRESEl oF e 8 Kot P 88%a Taasch

determnation unit. 71 of the fact that the  setting of the tenperature
Chr oshol o FEGPREEH FocaPsBILT 15 detRaTiderubheht FoRe CEBATFY TPRE uni ¢ 55

is an interface that includes at |east one communications port, and
control s i BESEREE Ghce CORAAGED COPPRASY DREUSSK ThPr VOSHERt PénéResB1and t he
base air conditioner 47. For exanple, the comrunications control |/F unit
55 recei ved, HMacoipean exldagsd.ai Asvel yesuddnt okl semperathgenetti theat i on

t hat the exhaust air volume has been reduced, and transmts the
notificati eirt @ thx@zhasedaiby corditliagrersederaupked owstch itshaltsask air
condi ti oner 50 through the network 49. The storage unit 60 is a

storage devigRredch as a SREAeNdUGOrn iFemD:cRleamet tard ta shakd rdi sk _
drive. The storage unit 60 stores therein the tenperature threshold that is

a setting Y:%In'ﬂ)ﬁtﬁ%tnhe%s 5toh%su%r1%ro '@etre@' ug O nike henpenat yugoh @i r
exhausted by the exhaust unit 13. For
conditioner 50 can reduce the thermal lcad. The reduction
of the thermal load allows the task air conditioner 50 to
lower also the temperature of exhaust air D, and to
suppress the occurrence of the hot spots.
As described above, when the thermel load of the task
air conditioner 50 exceeds the given threshold, the air
conditioning system 40 allows the task air conditioner 50

to reduce the volume c¢f the exhaust air D so as to lower

the temperature of air exhausted by the task air

can suppress the cccurrence of the hot spots, and
efficiently cocol down the information processors such as
the servers and blade servers.

Structure of task air conditioner

A structure of the task air conditioner acccrding to
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exanple, the storage unit 60 stores therein "33C' as the tenperature
threshol d. The tenperature threshold can be changed to any val ue by a user.
The storage unit 60 stores therein information relating to the vol une of
air exhausted in the air conditioning system40. For exanple, the storage
unit 60 stores therein the thermal |oad (kW, the maximum cooling capacity
(kW, and the exbaudt eabpdynkoheiénBérin)ibefi whehbaséentnceondi ¥F16nedb. 47.
Specifically, the storage unit 60 stores therein that the thermal load is
"12.5 kW, rtthe saxsnunbeeeki agagapacilyubsritbnkWhe astirtibeuexhafisthai r
volume is "29.9 nB/mn" as the information of the base air conditioner 47.

The controkbek #0Qri pehHdesoaBri BheLRabrABABI Yot BAE Stekes EhBEEiAeatcoONtr ol
program prograns specifying various processing procedures, and necessary

data. The gt talheti10bnghudgs theol gadodat gmpat hansupbh 7L and the

exhaust aif volunme contr For exanp the controller 70 is an
Nt egr ated giraull Such 33430 ARLCA0Y:8R BRSL 197 PRoCLESIERY! Gaghrcult

such as a
12, the exhaust unit 13, a thermal load setting reception
unit 54, a communications control interface (I/F) unit 55,
a storage unit 60, and a controller 70. The functional
elements playing the same roles as the elements of FIG. 2
are labeled with the same numerals, and detailed
description therecf is omitted.

The thermal load setting reception unit 54 has the
following functions in addition tec the functions of the
thermal load setting reception unit 14 described in the
first embodiment. The thermal load setting reception unit
54 receives, from a user, a setting of a temperature
threshold determining whether the thermal locad exceeds the
cooling capacity of the task air conditioner 50. Upon
receiving the setting of the temperature threshold from the

“'user, the thermal load setting reception unit 54 notifies
the controller 70 of the fact that the setting of the
temperature threshold has been received, and allows the
controller 70 to store the received value in the storage
unit 60. The thermal load setting reception unit 54

notifies a leoad determination unit 71 of the fact that the
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The | oad determnation unit 71 acquires a cooling state of the cooling unit
12, and determ nes whether the thermal | oad exceeds the cooling capacity of
the cooling unit 12 based on the acquired cooling state. For exanple, in
the first enmbodiment, the |load determination unit 31 calculates a therma

| oad as the cooling state, and determ nes whether the cal cul ated val ue
exceeds a gevennghpéshbkdiemhenatheet hbreaholldabasfbete raskiwgd.

condi tioner exceeds the given threshold, the tenperature of air sucked by
the task air comdet conguntpateasescuptiolt hé¢rt enper abute exceertdénfatde
cooling capacity. As a result, the task air conditioner exhausts air having
a higher temperahunedthantalsgktt eABERakkhaibeEaUEE bBet|agkdair

condi tioner cannot cool down air to the set tenperature. Therefore, the
task air capdiltihomes .¢aprdel ghnloenuhebhehechiencent Bgsplate exceeds the
upper limt value by determning ether the tenperature of exhaust air is

hi gher than the set tenperatur i thout cal cul.ating_the therpal | oad.
i SR it A

Mor e speciFP@ Fﬁ?nFﬁe 0a#% atfon anit™ reasar es t e t enperature

of air exhausted by the exhaust unit 13 as the_cqolin éate, and
deternineseﬁﬁﬁpl@hetpﬁeFﬁﬁmupééété98§e8§nFﬁ8lcééFiHﬁlgas cFEyeoFeEhe

cooling unit 12 when the neasured tenperature exceeds the set tenperature.
For exanpl éroghén e&daugitnglith&oasief ceatirerleromit hehehepialiFahdosetting
reception unit 54, the |oad determ nation unit 71 constantly measures the
t enper at ur ehafc &he exhaustedilby vbhemexhassbeeni refiBcad; hatdettrenpBiasure
sensor included in the exhaust unit 13, and determ nes whether the

t enper at ur e nef niche fexhaush a@or téxceeds aiteapedatubestrhaeshobdlstiored in

the storage unit 60. Specifically, the |oad determ nation unit 71
with the task air conditioner 50 through the network 49.

The storage unit 60 is a storage device such as a
semlconductor memory element and a hard disk drive. The
storage unit 60 stores therein the temperature threshold

that is a setting value set as the upper limit value of the
temperature of air exhausted by the exhaust unit 13. For
example, the storage unit 60 stores therein "33°C" as the
temperature threshold. The temperature threshold can be
changed to any value by a user.

The storage unit 60 stores therein information
‘relating to the volume of air exhausted in the air
conditioning system 40. For example, the storage unit 60
stores therein the thermal load (kW), the maximum cooling
capacity {(kW), and the exhaust air volume (m*/min} of the
base air conditioner 47.

Specifically, the storage unit 60 stores therein that
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determ nes that the thermal | oad exceeds the cooling capacity if the val ue
of the tenperature neasured by the tenperature sensor is larger than the
tenperature threshold 03300" stored in the storage unit 60. The | oad
determnation unit 71 notifies the exhaust air volunme controller 72 of the
fact that the thermal |oad has exceeded the cooling capacity. On the other
hand, if thke vhkuwadflohé tenPe?abukB" meakarbaxbyur heoe bipereaariel Bensor
is smaller than the tenperature threshold "33C' stored in the storage unit
60, the |oad Hebekw’'pathdnthai exHiudet et m nesunbatst h29t henhmid"oad does
not exceed the cooling capacity, and continues the determ nation of whether

the measur edet eRPBLALYEEnEXECEHE bhRGeSEirvabb@itioner Ihe exhaust air
vol une controller 72 has the following functions in addition to the

functions of &heexBaHstcahtrVobUTRCERALEOLLCE 82 HesChiRedy! tnkhe Tirst

enbodi nent. VWhen the [oa etermnation unit 71 determ nes that the

nmeasur ed tepperature _exceeds the set_ te ragur e exhaust
vol unme confggFFSr%5§rFé8u8e§°Pﬁ£°§o ﬁﬁ%ggﬁ’a##o§§%§%sgggkg§y%ﬁ exhaust A
unit 13 to a certain vol une. For exampl e, the exhaust air. vol une
control | er V2Z1P¥SdBTRCFESEPTeB 066PFRGScaphti PFCEFSEhE gaﬁa'aiih%onditioner

47 stored in the storage unit 60. The reserved cooling capacity is
det er mi nedcagtazoldey] 7 Dofinchades the locad determinaticn unit 71 and

the exhaust air volume controller 72. For example, the
contreller 70 is an integrated circuit such as an ASIC and
an FPGA, or an electronic circuit such as a CPU and an MPU.
The lecad determination unit 71 acquires a ccoling
state of the cooling unit 12, and determines whether the
thermal load exceeds the cooling capacity of the cooling
unit 12 based on the acquired cooling state. For example,
in the first embodiment, the load determination unit 31
calculates a thermal load as the cocling state, and
determines whether the calculated value exceeds a given
threshold. When the thermal load of the task air
conditioner exceeds the given threshold, the temperature of
"air sucked by the task air conditionér increases up to the
temperature exceeding the cooling capacity. As a result,
the task air conditioner exhausts air having a higher
temperature than a set temperature because the task air
conditioner cannot cool dewn air to the set temperature.

Therefore, the task air conditioner can determine whether
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limtation of the cooling capacity of the base air conditioner 47. The
exhaust air volune controller 72 reduces the air volune corresponding to
the read reserved cooling capacity. Specifically, when the reserved cooling
capacity of the base air conditioner 47 is 2.5 kWas a result of the
limtation, the exhaust air volume controller 72 reduces the exhaust air

vol ume by aheokundicgr sespendkngetie 2n6 kiyer limit\ehukavyng reduced the
vol une of exhaust air, the exhaust air volune controller 72 notifies the
base air cepditrihoRengdhheoupkednyi tbmbbeatask afregbadsti aneris0 t hrough
the network 49 of the fact that the volune of the exhaust air has been

reduced. As:gnkeséhbn the baserahpecabditi opetnddtcancehsathegl thdtation so
that the basé air conditioner 47 does not have the reserved cooling

capacity, %ﬂgrﬁg ﬁggaess the thermal load until the thermal |oad reaches
the upper [ ue of the coollng capacity. Procedure of
processing perfornmed b ir conditi,one acco rd|n e second
enbodi nent OﬂepF8§EaEF8a yprB%@sg Ag 88? 5?%% ?azE air
conditioner 50 according to the second enbodjnment is descrlbed Wit

ref erence F§2EPEESELENR em9€F§t&rFIBﬁcﬁéFte?b?H?F?QtPﬁgtFﬁeeﬁPBEEHure of
the processing perfornmed by the task air conditioner 50 according to the
second enbodiifred. as the ppollhadopéraei oangt deternipegetiadl E¥ES at step
S201), the thermal |oad setting reception unit 54 determ nes whether a
setting of thetrempenatdr extkreshaohd cscilécgi vedatstegpoB20BE. cPhatings, the
thermal | oad setting reception unit 54 determ nes whether the tenperature
t hreshol d isireqei wedn Ithet heakhermaltchpadasetti sgceedepthensuani t 54

determ nes that the setting of the tenperature threshold is received (YES

at step S2Q2hpchhehead deterypahicon Maht rékeiving the notification

| from the thermal load setting reception unit 54, the load
determination unit 71 constantly measures the temperature
of air exhausted by the exhaust unit 13 with the
temperature sensor included in the exhaust unit 13, and
determines whether the temperature of the exhaust air
exceeds a temperature threshold stored in the storage unit
60.

Specifically, the lcad determination unit 71
determines that the thermal load exceeds the cooling
'méapaCity'if'thé'valﬁe'of thé'temperatﬁre measured by the

temperature sensor is larger than the temperature threshold
"33°C" stored in the storage unit ©0. The load
determination unit 71 notifies the exhaust air volume

controller 72 of the fact that the thermal load has

exceeded the cocling capacity. ©Cn the other hand, if the
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measures the tenperature of exhaust air (step S203). The | oad determ nation
unit 71 may neasure the tenperatures of suction air and exhaust air, and

t he vol une of exhaust air, and calculate a thermal |oad by using formula
(1), in the sanme manner as the first enbodi nent. On the ot her hand,

if determning that the setting of the tenperature threshold is not

recei ved (Nllak sttephB202ipetrhéutrhempabulreddbyethéngereeeptiion sainsos54
waits until the thermal | oad setting reception unit 54 receives the setting

of the tenperatinecihrashokde SuhpeddentkycntBenboadrdeter dowdoninit 71
det erm nes whet her the measured exhaust air tenperature exceeds the given

threshol d (3LeR 5208 AlLekof eRLVANG St e Belt hog. of Lhect oyperature

t hr eshol d, e l'oa eterm nati on "unil measur es the

tenperature of exhaust_air. |If the | det i nat | it det i
Lhat 1 e OSLGTENEEGHer hIP CBATERA dPEOcsERBARor B CRPHSRBRA (VES ot

step 5204), the exhaust air volunme controller 72 reduces the vol une of
exhaust ai EOCItHEF SEOSF1tYhe 288h&a8E 181 ESY§REnECEBRTLBREEPR72 N0t i fies the
base air conditioner 47 coupled with the task air conditioner 50 through

t he networ khéghefr the figesutrkdt tehpeasrhiagst caceeds| the has Beénereduced
(step S206). Then, the | oad determi nation unit 71 determ nes whet her
a predet erm ned Tper ecttagktt bie ebapses costtepli2B@7y2 has the following

functions in addition to the functions of the exhaust air
volume controller 32 described in the first embodiment.
When the load determination unit 71 determines that the
measured temperature exceeds the set temperature threshold,
the exhaust alr volume controller 72 reduces the volume of
alr exhausted by the exhaust unit 13 to a certain volume.
For example, the exhaust air volume controller 72
reads a reserved cocling capacity of the base air
conditioner 47 stored in the storage unit 60. The reserved
cooling capacity is determined as a result of the
limitation of the cooling capacity cf the kase air
conditicner 47. The exhaust air volume controller 72
 reduces the air volume Correspbﬁdihgnto the read reserved
cooling capacity. Specifically, when the reserved cooling
capacity of the base air conditioner 47 is 2.5 kW as a
result of the limitation, the exhaust air vclume contreoller
72 reduces the exhaust air volume by a volume corresponding

to 2.5 kW.
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If determning that the predeterm ned period of tine el apses (YES at step
S207), the load determnation unit 71 returns to step S203 to neasure the
tenperature of exhaust air. On the other hand, if determ ning that the
predeterm ned period of tinme does not elapse (NO at step S207), the |oad
determnation unit 71 waits until the predeterm ned period of tinme el apses.
| f deternining then hhsimgasedededxhagsvodiumet efiperhbust doecs Abe exceed
the threshold (NO at step S204), the |oad determ nation unit 71 determ nes
whet her t hexopersat iadr evduinge keaervédefstiepnS2@8)esl thdebessi aing that the
operation end is received (YES at step S208), the |oad determ nation unit

71 ends thepagessiRd 470 ube ot hernhand, thkkdater BbAbngibhatr the
operation end is not received (NO at step S207), the |oad determ nation

unit 71 ”D%%%ogﬁgggﬁ%eﬁ%Q%oE% %%QBEQQ%ePEQE%S%EQQ fhketoshAR 9¢08neEffects

of the secon scri bed above, 1n the air conditioning
system 40 according.to.the seconddenb%dinapta Egeu&%skt%grbcggdggioner 50
reduces t hEXEXHEIsEdi PAPOFETE $595SCs r&fue *tRE thefmal °F55d%When t he
thermal | oad exceeds the coolin% capacity. The task air cggdgtioner 50

al | ows t he RSE Hionedoddi GEGFEL 54 FIo LCaEEIT 10Re SPi Aekht f5fh81Exhaust

air volune so that the base air conditioner 47 does not _have the excess
t her mal | o&®ndditd ane mékle dgp sf iott Rgve the reserved cooling capacity,

and can process the thermal load until the thermal load
reaches the upper limit value of the cocling capacity.
Procedure of processing performed by the task air
conditioner according to the second embodiment
A procedure of processing performed by the task air
conditioner 50 according to the second embodiment is
described with reference to FIG. 6. FIG. 6 is a flowchart
illustrating the procedure of the processing performed by
the task air conditioner 50 according to the seccond
embodiment.
If the operaticn start is received (YES at step S201),
the thermal load setting reception unit 54 determines
“whether a setting of a'températUre threshold is received
(step $202). That is, the thermal load setting reception
unit 54 determines whether the temperature threshold is
received. If the thermal load setting reception unit 54
determines that the setting of the temperature threshold is

received (YES at step S5202), the load determination unit 71
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insufficient air volunme in the air conditioning system40. Consequently,
the task air conditioner 50 can process the thermal |oad exceeding the

cool ing capacity. The task air conditioner 50 can determ ne whet her
the thermal | oad exceeds the cooling capacity only by neasuring the
tenperature of exhaust air and determ ni ng whet her the neasured tenperature
exceeds a preedetresnichedtsepevaktusewethewhavakcaliatiiageph8Z@her maThdoad. [ c]
Third Enbodi nent In the first and the second enbodi ments, the base air
condi ti onercanddehertmasktaioh candi vioney seekudewnhthecspevetsrasuoted in
the IT rack and the bl ade servers nounted in the high-heat-generating type

I T rack. |Ruatdahazcentes «@Rk¥sthe:trasknal kheordibihener ERNa69€! adpn the
servers nounted in the I T rack and the bl ade servers nDunted in the

hi oh- heat - generaning kupe HhebAck 1bBapthicdneniodient 1} n the-data

center, ase air conditioner Is provi d only the air
condltloner coolsn%%wnath server H%Bnted |n the IT rack and the bl ade
servers nodnted Fh the ﬁ|§R ar’ generaglng type I T rack. Structure

of an air condltlonln S sten1accord|n to the third enbodi ne
egot%er hand, d%termlnﬁng that the sett&ng of

the temperature threshold is not received (NO at step 35202),
the thermal load setting reception unit 54 waits until the
thermal lcad setting reception unit 54 receives the setting
of the temperature threshold.

Subsequently, the load determination unit 71
determines whether the measured exhaust air temperature
exceeds the given thresheold (step S204). After receiving
the setting of the temperature threshold, the load
determination unit 71 constantly measures the temperature
of exhaust air. If the load determination unit 71
determines that the measured exhaust air temperature
exceeds the thresheld (YES at step 5204), the exhaust air
volume controller 72 reduces the volume of exhaust air

“{sfep S205). The exhaust air volume controller 72 notifies
the base air conditioner 47 coupled with the task air
conditioner 50 through the network 49 of the fact that the
exhaust air volume has been reduced (step 5206).

Then, the load determination unit 71 determines

whether a predetermined period of time elapses (step 5207).
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A structure of an air conditioning systemaccording to the third enbodi nent
is described with reference to FIG 7. FIG 7 is a schematic illustrating
the structure of an air conditioning system 80 according to the third
enbodi ment. The air conditioning system 80 according to the third

enbodi nent includes the IT rack 5, the high-heat-generating type IT rack 6,
a task air Ifongiteironedng0;chandthet pskdaiernondiit benépd100. tThe functi onal

el enents playing the sane roles as the elenments of FIG 1 are labeled with
t he sanme nerapaks, (FEd det aitkedsdeseri pheohotHeneakrinsnanibhednit 71  The
task air conditioner 90 sucks air A exhausted fromthe high-heat-generating

type I T ragktbrnandoceeky down themsueked ahe. tfhgetraskrai brcepdhtisener 90
supplies cooled air B to the high-heat-generating type IT rack 6 to forma

region in which ©PIQ%%IB¥ |r%g5@ g @bg %hgw g@ generated. The locally

circulating air ow int e reglo orne task air conditioner 90
cool s down thgﬁ%Iade servers a ask al conditigner 100

sucks air E%€ &gp&&e ERR l@ﬁ goe n&ocooﬁapa mﬁ Phgtsﬁcﬁgd air.

The task air condltioner 100 su plles cool ed Dto the LT rack 5 and
forms a regiéd lirn UG drag @@5&F&9“€Fﬂ@&l5ﬁﬂﬁg%&|WaFFSwppgl&eﬁB?ated The

locally circulating air flowIn the region fornmed by the task air
condi t i onePreg@tessliscdome riipe odr Fdre 5dap§eSe. The task air conditioner
100 is operated such that the cooling capacity of the task air conditioner
100 so as to havé aderteserivddor dadlaitngheapeeisty edTkaghpasér wéd cool i ng
capacity is determned as a result of
temperature does not exceed the threshold (NO at step 52043,
the lcad determination unit 71 determines whether the
operation end is received (step S208). If determining that
the operation end is received (YES at step 5208), the load
determination unit 71 ends the processing. On the other
hand, if determining that the operation end is not received
(NO at step S207), the load determination unit 71 moves to
step 5203 to continue processing after step 5203.
Effects of the second embodiment
As described above, in the air conditioning system 40
according to the second embodiment, the task air
" conditioner 50 reduces the exhaust air volume so as to
reduce the thermal load when the thermal load exceeds the
cooling capacity. The task air conditioner 50 allows the
base air conditioner 47 tc cancel the limitation of the

exhaust air volume so that the base air conditicner 47 does

not have the excess thermal load, and to make up for the
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the limtation of the cooling capacity of the task air conditioner 100.
When receiving a notification fromthe task air conditioner 90, the task
air conditioner 100 cancels the limtation to have the reserved cooling
capacity, and increases the exhaust air vol une. The task air
conditioner 90 and the task air conditioner 100 are coupled with each other
t hrough a detwdific8ensuehrt Waflumkeyncahecemmunpodtieinnihoeaghtenhéd:. The
network 89 is, for exanple, a |local area network (LAN). Each of the task
ai r condit iconeksuedtagyd t0e haskt hersapmditivetur 80asahhertasksathe
conditioner 50, and thus, description thereof is omtted. In the air

condi ti oni RYT¥RIEM-3Q %Q@%e@tlh%cﬁzﬁée@ootlﬁ%gt askaalitycondi ti oner 90
acquires a cooling state, and déterm nes whet her the thernal | oad exceeds

the cooling cap 'Uegtgeseqroeoh@et%%' ired caql 'degeehghe w‘ﬁ\é%ﬂeg%ﬁém hi ng

that the thernmal exceeds the cooling capacity, e task air
conditioner .90 r ces t he vqunE of t e exhaust B.to e certain_vol une.
‘e

The task aFP 53ﬁ 8HEFX§§eﬁgt the QF%%goﬁgﬁyloXePefﬁﬁrngthe

fact that the volune of the exhaust air, s been r.equced d al] ows the
task air cdhdi tieBREratoge: 05 F&hedsé eHé éﬁ' 9§Feﬁpﬁn&89uW§eﬁﬁ?Flt fe

thermal |oad reaches the upper Iimt value of the cooling capacity. In this
way, the tasksainedc GREPEIGHEE G XSEEPtess 8F vt caBd iefe86E FR1Re hot

spots, and can efficiently cool down the information processors such as the
servers andibilhade sedverlsting the thermal load.

[c] Third Embodiment
In the first and the second embodiments, the base air
conditioner and the task air conditioner cool down the
servers mounted in the IT rack and the blade servers
mounted in the high-heat-generating type IT rack. 1In a
data center, only the task air conditioner may cool down
the servere mounted in the IT rack and the blade servers
mounted in the high-heat-generating type IT rack. In a
third embodiment, in the data center, no base air
conditioner is provided, and only the task air conditioner
cools down the servers mounted in the IT rack and the klade
“eervere mounted in the high-heat-generating type IT rack.
Structure of an air conditioning system according to
the third embodiment
A structure of an air conditioning system according to
the third embodiment is described with reference to FIG. 7.

FIG. 7 is a schematic illustrating the structure of an air
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Specifically, the reduction of the volune of the exhaust air B by the task
air conditioner 90 causes a shortage of the air volune in the air
conditioning system 80, resulting in the occurrence of the hot spots at
anot her place. Upon receiving the notification that the exhaust air vol une
has been reduced to a certain volunme fromthe task air conditioner 90, the
task air copddticénerngO6ysinemnc88eatherdshausp ahe Yoludecuhefimene.- t her mal
| oad reaches the upper limt value of the cooling capacity based on the
reduced ai Theokumecohdiatibetinwoegstetnh80t askcadingondi thenehit80 exhausts
the air volunme corresponding to the excess thermal |oad. The task air

condi ti oneenb@Q;axhausheithesceakedrai-bck 9 86et BigHPRENt-beherbbengT rack
5 and the high-heat-generating type IT rack 6. The bl ade servers 6a

to bc mountedd ot bacl g Beataens:st LaadkyRsntT sackoRasuckatheadis B

supplied b e task air conditioner 90 and the air D supplied by the task

ai rcondi tigner 100 The f emgratiires . nalhsla@repos apd theqat . Despgked by

the bl ade S& ¢ aretl owered conpare erm ned
that the thermal | oad exceeds the coolln apa cau e vol unme of
the air B hR45edS téGuCeGMeRESaCleddfr, tﬁée iﬁbé#ﬁguWé%gf%Fﬁesﬁp? A

exhausted by the bl ade servers 6a to 6¢ is al so | owered. As a result, the
tenperatur@U@ﬁfﬁﬁéra@pdAd§G@RéGdb?eﬁﬁé1P§§@naFPeéSH§|ﬂﬁoﬁ@ﬁtgédls al so

| owered. In this way, the task air conditioner 90 can reduce the therma

| oad. The reductlihen tefskt ke rt lrenaialt ilcoad &0 swskishelitradk exhauserdi firemer 90
to lower also the tenperature of exhaust air B, and to suppress the
occurrence tofe thehholeaspofeherating rylke I8 racandit kodi ngodpstemn8Ohet he
task air conditioner 90 acquires a cooling state. Wen determ ning that the

thermal | oadgxcrads .t heheoelhishg sGapacnki thased o0 hepaceu wedledol i ng
state, the task air conditioner 90 reduces the volune of the exhaust air A

so as to I q Ogt%g tenpey; %%ur%a%f S it n@ usired Jom the rfagk zair

condi ti oner a result, the task air tioner 90 can suppress the
Pt ocessor s ST ad 1 T @erla”%nl ik tl'a“l oo s dor AR TR,
enbodi nent . . ; :
The locally circulating air flow in the region formed by
the task air conditicner 90 cools down the blade servers 6a
to 6c.
The task air conditioner 100 sucks air C exhausted
from the IT rack 5, and cools down the sucked air. The
task air conditioner 100 supplies cooled air D to the IT
rack 5 and forms a regicn in which a locally circulating
“'air flow is generated. The locally circulating air flow in =~
the region formed by the task air conditioner 100 cools
down the servers 5a to 5e. The task alr conditioner 100 is
cperated such that the cocoling capacity of the task air

conditicner 100 so as to have a reserved cooling capacity.

The reserved cooling capacity is determined as a result of
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As descri bed above, in the third enbodi nent, the task air conditioner

reduces the exhaust air volune when the thermal | oad exceeds

the cooling

capacity, and can reduce the thermal |oad. The task air conditioner allows
anot her task air conditioner to increase the thermal |oad, and can suppress
the occurrence of the hot spots even though the task air conditioner
reduces t héhexRaustagipnvolfuttbewnenltihe theemakyl oddthgceeds &he cool i ng
capacity. In this way, the task air conditioners can efficiently cool down
t he i nf or mebinal tppeees30Ns subknasetheviegver acahditheibhadeosetiuers

wi t hout providing a base air conditioner. [d] Fourth Enbodi nent The

air conditicQRer 20f thedaresert- boverhi:onBRY 2he enhadiednas vapi ous

enbodi nents in addition to the above-descri bed enbodi nents.

In the Fourth

enbodi ment - athes eAlOqiAERLS 8k £BenAve ¢ARTiELeRFE0tobREN]T esent

inventi on are descr

capacity, and increases the exhaust air volume.

The task air conditioner 90 and the task air

conditioner 100 are coupled with each other through a

network 89 such that they can communicate with each other.

The network 89 is, for example, a local area network (LAN).

Each of the task air conditioners 90 and 100 has the same

structure as the task air ceonditicner 50, and thus,

description thereof is omitted.

In the air conditioning system 80 thus structured, the

task air conditioner 90 acquires a cooling state,

and

determines whether the thermal lcad exceeds the cooling

capacity based on the acquired cooling state. When

determining that the thermal load exceeds the cooling

capacity, the task air conditioner 90 reduces the

volume of

the exhaust alir B to a certain volume. The task air

fact that the volume of the exhaust zir B has been reduced,
and allows the task air conditioner 100 to increase the

exhaust air volume until the thermal load reaches the upper
limit value of the cooling capacity. In this way, the task

alr conditioner 90 suppresses the occurrence of the hot
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System structure In the processes described in the above-descri bed
enbodi nents, all or a part of the processes described to be automatically
performed can al so be nmanual ly performed. Alternatively, all or a part of
the processes described to be nmanually perforned can al so be automatically
perfornmed by known nethods. In addition, the processing procedures, the
control prepetaresndandnt hkéfdpeentiy namtsddencrhbednfarnabliabove text and
drawi ngs can be arbitrarily nodified unless otherw se specified.

| nf or mat i opretesedrsnsube storagesunivessi khdsbiatiedsenvehe.drawings is only
an exanple. The information is not always required to be stored in the

descri bed ”anneBpehﬂ%@&@@@%?ﬂtﬁbokégubﬁibﬁeoﬁtQEQQQOMﬁhéSOﬂafh@e stored in
an internal nenory included in the controller. In the above-descri bed

embodi ment 5. pLig t ask %iBKéEB@dk EQ”SErr8958§§%Bﬂére?538§ﬁségraV0|U”E to a

certain volune when the thermal |oad exceeds the cooling capacity. The way

to reduce the volune, hovever. .Ls not:|i ghted;tothase Ln;thecabodiments.
For exanplg, th&9ask ai'r Eonditroner may be ae3|gnea and -stroctured so as

to reduce the exhaust air volune in a step-hy-st
when havi n§la F§§€ﬁ§é89068IFH§ ESFHETEYCHT 02 ENRWIOEhEPPEEK &I FRRBAGT t i oner
may repeat reducing the air volune corresponding to the cooling capacity of
0.5 kW i n®tese-of UpedueergivhadaitheyPrGie leaitiespshdrng§heoerhavédol i ng
capacity of 2.5 kWat one tine.

air volume has been reduced to a certain volume from the

3% manner . Sggcifically,
i

task air conditioner 90, the task air conditioner 100
increase the exhaust air volume until the thermal load
reaches the upper limit value of the cooling capacity based
on the reduced air volume. In cther words, the task air
conditioner 100 exhausts the air volume corresponding to
the excess thermal lcad. The task air conditioner 100
exhausts the cocled air D so as to supply it to the IT rack
5 and the high-heat-generating type IT rack 6.

The blade servers 6a to 6c mounted in the high-heat-
generating type IT rack € suck the air B supplied by the
task air conditioner 90 and the air D supplied by the task

“ailr conditioner 100. The temperatures of the air B and the
air D sucked by the blade servers 6a to 6c are lowered
compared to when it is determined that the thermal load
exceeds the cooling capacity because the volume of the air
B has been reduced. As a result, the temperature cf the

air A exhausted by the blade servers 6a to 6c is also
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The air conditioner may be designed and structured so as to increase the
exhaust air volune when the cooling capacity of the cooling unit falls to
bel ow the upper limt value after the exhaust unit has reduced the exhaust
air volume to a certain volume. For exanple, when having reduced the air

vol une corresponding to the cooling capacity of 2.5 kWand thereafter the

t her mal | oddwkakbs t 8saagiresmlihr ébhokdprehettnaskedi theoadit Aonerkeady
increase the air volunme by the volume corresponding to the cooling capacity
of 2.5 kW plhehkasksa aieondntionen=taypoi der aase Lbheecakd.volunehiat one
time, or in a step-by-step manner, up to the air volune that is equal to

the reducedq3ir tyel ¥aBkCarrespRAAditAGnke bheckaservadeCeRki BEcERRaci ty. The
constituent conponents illustrated in the draw ngs are functionally

concept ual 4 cand ane noLcalways Leauhed bonhe pRYSI cakbysstructued as

illustrated in the draw ngs. For exanple, etermnation unit 31

and t he exhaust ai e integggted ig Eggata k air
i

r..volune .controller 32 may.b
conditioneFlfOFORFﬁt&Pngrpgﬁttgfgfwgrp?éggsépﬁgtFﬁﬁg ngepgrforneas y the

air conditiqgners may be realized by a CPU and a pro%ranlanalgzed and
execut ed bfith& cPOS &P FEPPEESPedltz 84 Hy IRAFEWA e "hEsB8 ofPRIFPed | ogi c.

Program The various processing described in the above-described
enmbodi ment s can Ibe tachizdved oy is ioodpat evssgat 8fy $hehtaska2pérsona
conputer and a work station, executing a prelimnarily prepared program An
exanpl e of cohelicdmpetre © 0s psorrmrexe euciond iagpstgtam h@hengdehersameng
functions as the above-descri bed enbodi nents is descri bed bel ow.
that the thermal load exceeds the ceocling capacify based on
the acquired cooling state, the task air conditioner 80
reduces the volume of the exhaust air A so as to lower the
temperature of the air A exhausted from the task air
conditioner 90. As a result, the task air conditioner %0
can suppress the occurrence of the hot spots, and
efficiently cool down the information processors such as
the servers and blade servers.
Effects of the third embodiment
As described above, in the third embodiment, the task
air conditioner reduces the exhaust air volume when the
" thermal load exceeds the cooling capacity, and can reduce
the thermal load. The task air conditioner allows anocther
task air conditioner to increase the thermal load, and can
suppress the occurrence of the hot spots even though the

task air conditicner reduces the exhaust air volume when

the thermal load exceeds the cooling capacity. In this way,
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FIG 8 is a schematic illustrating a conputer system executing an air
conditioning control program As illustrated in FIG 8, a conputer system
200 i ncludes an RAM 210, a CPU 220, an HDD 230, and an i nput-out put
interface 240. In addition, they are coupled with each other through a bus
250. The input-output interface 240 corresponds to the thernmal |oad setting
recepti on thiet th4k biwstratedioneEsGea. efficieThéyHDDo238opnethfi narily
stores therein a program performng the same functions as the

above- descrinfedmatesbogdi-derissorsSpecichi eal ke aesrivkkusktndt edei h1EH& 8, the
HDD 230 prelimnarily stores therein a | oad determ nation program 231 and

an exhaust @idyawel WTRNGORt KPbvREeHAM 232e air cohBetEBWe220 reads the | oad
determ nati on program 231 and the éxhaust air volunme control program 232 so

as to load the prQqgr i 10. The CPU 220 executes the | oad
F{dg ety Eﬁnﬂ%d]@@%%

determ nati on program as a determ nati on process 221, and the

exhaust air vol control program 2 s an_exhaust _air .vol une nt r ol
process 222. Thﬁ%og&rdgtoélrdﬁitﬁgﬁegnO%rztggleesgrfffn%‘o%glgg%ﬁag 107t ﬁ% | oad
determnation unit 31 illustrated in FIG 2 while the exhaust air vol une
control pr GEESEIBSH 380 MREdHTd $TOE LA Nevh s E IS 108 GﬁetESn?EBVPér 32
illustrated in FIG 2. The | oad determ nation program 231 and the
exhaust ai rdessinife dc Gmbodiinsndgr-amIP3 £hgr Fongt haeRRypsipegtir 8476 be st ored
in the HDD 230. For exanple, they may be stored in a "portable physical
medi unt', suodvcabirerfdsexifbltdediesk (JeD)0itd coenmpadt tdiespreGentRONveation
magnet -optical (MD disk, a digital versatile disk (DvVD), a nagneto opti cal
di sk, and anrd rieegatedi.circuit (1C card, which is inserted into the
conput er system 200. They may be stored in a "fixed physical nmediun, such

as an HDD provi dedas, an@dgrRal device of the conputer system 200. They
may be stored in™another conputer systeni coupled with the conputer system

200 though publ i, lifes,, JN& U efdiglrid 962 nd BRI rived

embodiments, all or a part of the processes described to be
automatically performed can also be manually performed.
Alternatively, all or a part of the processes described to
be manually performed can also be automatically performed
by known methods. In addition, the processing procedures,
the control procedures, and the specific names described in
the above text and drawings can be arbitrarily modified
unless otherwise specified.

" Information stored in the storage units illustfated in
the drawings is only an example. The information is not
always required to be stored in the described manner.
Information stored in the storage units may be stored in an
internal memory included in the controller.

In the above-described embodiments, the task air
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(LAN), or a wide area network (WAN), for exanple. The conputer system 200
may read the prograns from above-descri bed nedia and systens, and execute
t hem That is, the prograns are stored in a recording nedium such as
the "portabl e physical nediuni, the "fixed physical nediunm, and the
"conmuni cati ons nmedi unt’ such that they can be read by a conputer. The
conput er systemti@@ereadsivcee phegexmm ustomitrhgcdener tong redicaan execut es
them and realizes the same functions as the above-descri bed enbodi nents.
The progr am®ldescrileed the tthe resbodicsentxakcedsothki rbbédrtochpaexegut ed by
t he conputer system 200. For exanple, the present invention can be applied

to a case, 9kChAS teherduke RHRIRIMHiIrAS, € heXeedtred iBY nanot hek reamput er
system or server, and the prograns are executed by cooperation of the

conputer sysiem ad e ¢ Sfftencs, T8 Yngond Lhaneraand the alr

~condi tioning systemcan e nf ormati on processors.

conditioner may be designed and structured sc as to reduce
the exhaust air volume in a step-by-step manner.
Specifically, when having a reserved cooling capacity of
2.5 kW, the task air conditioner may repeat reducing the
alr volume correspcnding tc the ccoling capacity of 0.5 kW,
instead of reducing the air volume corresponding to the
cooling capacity of 2.5 kW at one time.

The air conditioner may be designed and structured so
as to increase the exhaust air volume when the ccoling
capacity of the cooling unit falls to below the upper limit
value after the exhaust unit has reduced the exhaust air
volume to a certain volume. For example, when having
reduced the air volume corresponding to the cooling
capacity of 2.5 kW and thereafter the thermal load falls to
a given threshold, the task air conditiconer may increase

the air volume by the volume corresponding to the coccling
capacity of 2.5 kW. The task air conditioner may increase
the air volume, at one time, or in a step-by-step manner,
up to the air volume that is equal to the reduced air
volume corresponding to the reserved cocling capacity.

The constituent components illustrated in the drawings
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CLAIMS What is clainmed is: 1. An air conditioner, conprising: a
suction unit that sucks air exhausted froman information processor;
a cooling unit that cools down the air sucked by the suction unit;
exhaust unit that exhausts the air cooled down by the cooling unit;

are functionally conceptual, and are not always required to
be physically structured as illustrated in the drawings.
For example, the load determination unit 31 and the exhaust
air volume controller 32 may be integrated in the task air
conditioner 10. All or a part of the processing functions
performed by the air conditioners may be realized by a CPU
and a program analyzed and executed by the CPU, or may be
realized by hardware based on wired logic.

Program

The various processing described in the above-
described embodiments can be achieved by a computer system,
such as a personal computer and a work station, executing a
preliminarily prepared program. An example of the computer
system executing a program having the same functions as the
above-described embodiments is described below.

FIG. 8 is & schematic illustrating a computer system
executing an air conditioning control program. As
illustrated in FIG. 8, a computer system 200 includes an
RAM 210, a CPU 220, an HDD 230, and an input-output

interface 240. In addition, they are coupled with each
other through a bus 250. The input-output interface 240
corresponds to the thermal load setting reception unit 14
illustrated in FIG. 2.
The HDD 230 preliminarily stores therein a program

performing the same functions as the above-described
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a determnation unit that acquires a cooling state of the cooling unit, and
determ nes whet her a cooling capacity of the cooling unit exceeds an upper
limt val ue based on the acquired cooling state; and a controller that
reduces a volune of air exhausted by the exhaust unit when the
determnation unit determnes that the cooling capacity of the cooling unit
exceeds thempgpémenitgi.t Falege fizallye aisr idonditrirdadr iacEordi Ag tbeclaim 1,
wherein the determ nation unit calculates a thernmal |oad as the cooling
stat e by usiDmg 2Gle prellume nefridiyr sexhkagyst-édrbynt he lexHadsteunitatand a

di fference between a tenperature of air exhausted by the exhaust unit and a

t enper at ur ¢ @y rai 23uCked by theasuet bar woiltmeardndeber girBgsahhatat he
cool ing capacity of the cooling unit exceeds the upper Iimt value when

the cal cul ated ther gl hoad r_@é%l%e%ea1%!a\aetaﬁt§@&ﬁaﬂgltqoanIe@raw231

conditioner according to claim1, wherein

and the exhaust air velume control program 232 so as to
locad the programs in the RAM 210. The CPU 220 executes the
load determination program 231 as a load determination
process 221, and the exhaust air volume contrcl program 232
as an exhaust air volume control process 222. The load
determinatiocn process 221 corresponds to the load
determination unit 31 illustrated in FIG. 2 while the
exhaust air volume control process 222 corresponds to the
exhaust air volume ccntroller 32 illustrated in FIG. 2.

The load determination program 231 and the exhaust air
volume control preogram 232 are not always required te be
stored in the HDD 230. For example, they may be stored in
a "portable physical medium", such as a flexible disk (FD),
a compact disk (CD)-ROM, a magnet-optical {MO) disk, a
digital versatile disk (DVD), a magneto optical disk, and
an integrated circuit (IC) card, which is inserted into the
computer system 200. They may be stored in a "fixed
physical medium", such as an HDD provided as an external
device of the computer system 200. They may be stored in
"another computer system" coupled with the computer system

200 though public iines, the Internet, a loccal area network
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determ nation unit neasures a tenperature of air exhausted by the exhaust
unit as the cooling state, and determ nes that the cooling capacity of the
cooling unit exceeds the upper limt value when the neasured tenperature
exceeds a set value. 4.The air conditioner according to any one of clains 1
to 3, wherein the controller increases the volune of air exhausted by the
exhaust uni{LADY ,aceert ailney @ngde nettene riknd Wédol i Hgrcapaniily . of Thee cool i ng
unit falls to below the upper limt value after reducing the volume of air

exhaust ed pniche cex kgustenuRiol tava reert ahe yabgmems5 fTber aboveendi ti oner
according to any one of clainms 1 to 4, wherein the controller notifies

anot her ai Iqeeidd ORRIGiaf Ad eduGeehsdi hnwolw@Rusierneaduci ng the vol ume of
ai r exhausted by the exhaust unit. 6. The air conditioner according to claim
5, wherein Whe@hat is, the programs are stored in a recording medium,
such as the "portable physical medium", the "fixed physical
medium”, and the "communicaticns medium" such that they can
be read by a computer. The computer system 200 reads the
programs from the recording medium, executes them, and
realizes the same functions as the above-described
embodiments. The programs described in the embodiment are
not limited to be executed by the computer system 200. For
example, the present invention can be applied to a case,
such as when the programs are executed by another computer
system or server, and the programs are executed by
cooperaticon of the computer system and the server.

The air conditioner and the air conditioning system

can efficiently cool down information processors.
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receiving a notification that a volume of air exhausted from another air
condi ti oner has been reduced, the controller increases the volune of air
exhausted by the exhaust unit up to the upper Iimt value of the cooling
capacity based on a reduced air volune. 7.An air conditioning system
conpri sing: a plurality of information technology (IT) racks housing
an i nf or mateAMgr ocessor ; a first air conditioner that is provided
for each of the IT racks so as to suck air exhausted fromthe IT rack, cool
down the sutkedial ]aandsexbBaust the cooled air to the IT rack; and
1. An air conditioner, comprising:
a suction unit that sucks air exhausted from an
information processcr;
a cooling unit that cools down the air sucked by the
suction unit:
an exhaust unit that exhausts the air ccoled down by
the cooling unit;
a determination unit that acquires a cooling state of
the cooling unit, and determines whether a cooling capacity
of the cooling unit exceeds an upper limit value based on
the acguired cooling state; and
a controller that reduces a volume of air exhausted by
the exhaust unit when the determination unit determines

that the cooling capacity of the ccoling unit exceeds the

upper limit value.

2. The air conditioner according tc claim 1, wherein the
determination unit calculates a thermal load as the cocoling
state by using the volume of air exhausted by the exhaust

unit, and a difference between a temperature of air
exhausted by the exhaust unit and a temperature of air
sucked by the suction unit, and determines that the cooling

capacity of the cooling unit exceeds the upper limit value
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a second air conditioner that is provided to the IT racks as a common air
conditioner, wherein the first air conditioner includes: : -a
determi nation unit that acquires a cooling state, and determi nes whether a
cooling capacity of the first air conditioner exceeds an upper limt val ue
based on the acquired cooling state; and a first controller

t hat reducehea vhkunelofilatedexhaustédlbedt heckdFdragkgimen thréshdeder ni ned
that the cooling capacity exceeds the upper limt value, and the second air
conditioner includes a second controller that increases a volunme of exhaust

air when the volune of air exhausted fromthe first air conditioner is

reduced. 3 The air conditioner according to claim 1, wherein the

determination unit measures a temperature of air exhausted
by the exhaust unit as the cooling state, and determines
that the cooling capacity of the cooling unit exceeds the
upper limit value when the measured temperature exceeds a

set wvalue.

4. The air ccnditioner according to any one of claims 1
to 3, wherein the controller increases the volume of air
exhausted by the exhaust unit by a certain volume when the
cooling capacity of the cooling unit falls to below the
upper limit value after reducing the volume of air

exhausted by the exhaust unit to a certain volume.

5. The air conditioner according to any one of claims 1
to 4, wherein the controller notifies another air
conditioner of a reduced air volume when reducing the

"volume of air exhausted by the exhaust unit.

6. The air conditioner according to claim 5, wherein when
receiving a notification that a volume of air exhausted
from another air conditioner has been reduced, the

controller increases the volume of air exhausted by the
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exhaust unit up to the upper limit value of the cooling

capacity based on a reduced air veclume.

7. An air conditioning system, comprising:

a pluraelity of information technology (IT) racks
housing an informaticn processor;

a first air conditioner that is provided for each of
the IT racks soc as to suck air exhausted from the IT rack,
cool down the sucked air, and exhaust the cooled air to the
IT rack; and

a second alr conditioner that is provided to the IT
racks as a common air conditicner, wherein

the first air conditicner includes:

a determination unit that acguires a cooling
state, and determines whether a cooling capacity of the
first air conditioner exceeds an upper limit value based on
the acquired cooling state; and

a first controller that reduces a voliume of air
exhausted to the IT rack when it is determined that the
“'cocoling capacity exceeds the upper limit value, and

the seceond air conditioner includes a second
controller that increases a volume of exhaust air when the
volume of air exhausted from the first air conditicner is

reduced.
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