Description AIR CONDI TI ONI NG SYSTEM AND METHOD FOR MANAG NG SERVER ROOM
Field [0001] Enbodi nents described herein relate generally relate to an air
conditioning systemand an air conditioning nethod for managi ng a server
room Background [0002] Recent increases in introduction of information
technol ogies to various fields have been escal ating the need for

dat acenter. The datacenter provides connection to network, nmaintenance and
operation service, and the |ike forpegetipe®hs. [0003] CGenerally, a server
room such as a datacenter includes a Slurality of servers, therefore a
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of supply air conditions. [0004]

Field

[0001]

Embodiments described herein relate generally relate to an air conditioning system and an air

conditioning method for managing a server room.

Background

[0002]

Recent increases in introduction of information technologies to various fields have been
escalating the need for datacenter. The datacenter provides connection to network,
maintenance and operation service, and the like for customers.

[0003]

Generally, a server room such as a datacenter includes a plurality of servers, therefore a large
amount of heat load is generated in the room. Accordingly, in order to allow the servers to
normally operate, the server room needs to be properly air-conditioned and to be maintained
within predetermined ranges of supply air conditions.

[0004]

As one of the conventional technologies to cool the inside of server rooms, or rooms in which a
plurality of computers are placed, there is an air conditioning system. The system sucks air
from lower space of the room and blows the sucked air to the upper space so that the air flows
into the tops of server racks.

[0005]

Use of such a conventional technology can reduce the gradient of temperature within the room
and furthermore can reduce variations in temperature of supply air, thus implementing efficient

air-conditioning control.
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As one of the conventional technologies to cool the inside of server roons,
or roons in which a plurality of conputers are placed, there is an air
conditioning system The system sucks air from|ower space of the room and
bl ows the sucked air to the upper space so that the air flows into the tops
of server racks. [0005] Use of such a conventional technol ogy can reduce
the gradient of tenperature within the roomand furthernore can reduce
variations i e of supply air, thus inplenenting efficient
air-conditigﬁrﬁgﬁ@%ﬁﬁﬁo . Citation List Patent Literature [0006] [PTL 1]
Japanese Pat/@6] Lai d- open Publication No. 2005-172309 (JP2005-172309A)
Summary of gﬁﬁfﬁtion [0007] A roomlike server roons, in which heat | oads
to be air-c i t'i oned are information devices, has different

charact eri styifagesf b PLGbRAPYbHRAoh MoDs 39300 ABodob i30St of the |oads are
sensi bl e heat | oads; the tenperature and humdity need to be within certain

target ranges; and the room does not necessarily require ventilation to
prevent increase in i%ﬂ concentration because the servers do not generate
C2. Howeve Sy 8 BveRfiPRnal technol ogy as described above does not

i npl ement  ajfgogogondi tioni ng control corresponding to these characteristics

and waste energy in sone cases.
A room like server rooms, in which heat loads to be air-conditioned are information devices, has

different characteristics from ordinary buildings such as that: most of the loads are sensible heat
loads; the temperature and humidity need to be within certain target ranges; and the room does
not necessarily require ventilation to prevent increase in CO, concentration because the servers
do not generate CO,. However, the conventional technology as described above does not
implement air-conditioning control corresponding to these characteristics and waste energy in
some cases.

[0008]

The present invention has been made in the light of the aforementioned circumstances, and an
object of the present invention is to provide an air-conditioning system and an air-conditioning
control method for managing a server room in which efficient air-conditioning control with a
high energy saving effect can be implemented.

[0009]

In order to achieve the aforementioned object, an air-conditioning system according to one
embodiment is for managing a server room, the server room having first and second spaces
separated, in which a server is placed between the first and second spaces and supply air flown
into the first space is heated by heat generation of the server and is flown out as return air
through the second space. The air-conditioning system includes: an outside air introduction
unit for introducing outside air and controlling an amount of the outside air introduced; a return
air introduction unit for introducing the return air flown from the second space of the server
room and controlling an amount of the return air introduced; a humidifier for humidifying at
least one of the outside air and the return air; a cooler for cooing at least one of the outside air

and the return air; a fan for causing the return air and outside air from the humidifier and the



[ 0008] The present invention has been made in the light of the
af orenenti oned circunstances, and an object of the present invention is to
provi de an air-conditioning systemand an air-conditioning control nethod
for managing a server roomin which efficient air-conditioning control with
a high energy saving effect can be inplenmented. [0009] In order to achieve
the af orenenti oned object, an air-conditioning systemaccording to one
enbodi ment  ir§ufQfr HBRAGIE Yir FroRhY 86oldr A8 Mow! 8 (RLfidCEpadeRMRNAVPINGIfdl St and
second spaces separated, in which a server is placed between the first and
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air introduced; a return air introduction unit for introducing the return
air flown frefng gl eentritssion@eneging [eppbe Bl o¥ithino gieviawy &% rited| 120888 %An
amount of the return air .introduced:. a hum dif] 0 1 di £\l | east
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outside air fromthe humdifier and the return air and outside air from
the cool er eeAusitionsdcrieny andeontrol sectiapfercentgdling g dlow g phfhegptrodused obtsidetihg t he
return air 1.;a?lof Ira 9 onI!llet in&gdg%gdg'e m§i?,%8g|gxtssm&1%ollﬂggxe ﬂurﬁlgi[PiEIr a% lthgléoolé;,%d.
controll er includes: an outside al’r state nmeasurenent val ue acquisition
section for aRsieNEhichd W tHEERS bdseddithe doakdl eantadts strdppecaitol @namdetingdectiony of t he
outside air; a control content setting section for setting control contents
for generating supply air within previously set target ranges of

t enperature . 4l relative humdity, based on the

nmeasur enent B&%??%%““%’?‘“F‘r?mé%%vg’%gre and humdity of the outside air

acqui red by{aohe outside air state neasurenent val ue acquisition section;
and a control section for controlling. . a flowrate of the inptroduced outside
air, a flowlatd HE { dean satie giseliustaing s copfipurationqf ip SIFPIEEHIEcYIPRg t he
hum difier andtR% EEecoxﬂ'lﬁxbé’d?m%itJ. volume of the fan, based on the
control contents set by the control content setting section. Brief

Descri pti on[ig. 2ThEGDRaisi mddock OBdgddm [iFsgating] a Febiiguthtiors o emmtrpllee ofi they
illustrating a configuration of an %i r-condi%i ni ng system according to
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according to the first and second enbodinents. [Fig. 5] FIG 3 is a graph

i |l ustrati ngatetraiges Yetuggdssifidd yuhs tahgolir of tw ag-cpsijtehing vestani eccotiag ttq the he
state range? bei ng c({ assified by the controller of the air-conditioning
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psychronmetric chart in the case where an air-conditioning system according
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embodiment performs air-conditioning control.
[Fig. 5] FIG. 5 is an explanatory view illustrating changes of the state of air on the
psychrometric chart in the case where an air-conditioning system according to still another

embodiment performs air-conditioning control.

Detailed Description
[0011]

Hereinafter, a description is given of embodiments with reference to the drawings.



[Fig. 5] FIG 5 is an explanatory view illustrating changes of the state of
air on the psychronetric chart in the case where an air-conditioning system
according to still another enbodi nent perforns air-conditioning control.

Det ai | ed Description [0011] Hereinafter, a description is given of

enbodi nents wth reference to the drawings. [0012] (First Enbodi nment)
<Configuration of Server Room Managenent System of First Enbodi nent> A
descri ptionp@2pi ven of a configuration of a server room managenment system
according to the first enbodinment referring to Fig. 1. [0013] A server room
managenment <kist Bmbddiregstor di ng to the first enbodi ment includes a server MOM

10 SN 25 2ok BRI 53R BRAPbRO SRR BUBLARED perTorm no i
A description is given of a configuration of a server room management system according to the
first embodiment referring to Fig. 1.

[0013]

A server room management system 1 according to the first embodiment includes a server room
10 such as a datacenter and an air-conditioning system 20 performing air conditioning of the
server room 10.

[0014]

In the server room 10, a double floor 11 including a plurality of openings 11a is installed. On
the double floor 11, a plurality of server racks 12-1 to 12-4 accommodating a plurality of servers
(not illustrated) are installed. In the server room 10, with operation of fans of the installed
servers or fans provided for the server racks 12-1 to 12-4, as indicated by arrows of FIG. 1, cold
air flown into a section under the double floor 11 is sucked through the openings 1la in the
double floor 11 into a section above the double floor 11. The configuration creates an airflow
in the server room 10 so that the sucked cold air is heated by heat generated from the servers
and is then flown out as return air. Due to the airflow, in the upper section above the double
floor 11, cold areas 13 as a first space and a hot area 14 as a second space are formed. The
cold areas 13 contain cold air which is sucked by the server racks 12-1 to 12-4, and the hot area
14 contains warm air which is blown out from the server racks 12-1 to 12-4. With this
configuration, the heat generated by the servers is cooled by the cold air, so that the servers can
normally operate.

[0015]

The air-conditioning system 20 includes a return air duct 21, a return air temperature sensor 22,
an exhaust dumber 23, an air handling unit 24, an outdoor unit 25, a supply air duct 26, an
outside air temperature sensor 27, an outside air humidity sensor 28, and a controller 29.

[0016]

The return air duct 21 is a tube through which air flows. The return air duct 21 connects the hot

area 14 of the server room 10 and the air handling unit 24 of the air-conditioning system 20.



In the server room 10, a double floor 11 including a plurality of openings
llaisinstalled. On the double floor 11, a plurality of server racks 12-1
to 12-4 accommodating a plurality of servers (not illustrated) are
installed. In the server room 10, with operation of fans of the installed
servers or fans provided for the server racks 12-1 to 12-4, as indicated by
arrows of FIG 1, cold air flown into a section under the double floor 11 is
sucked throF@hn]t he openings Ila in the double floor 11 into a section above
the double tloor 11. The configuration creates an airflow in the server
room 10 so tThateturver tsmpskatde sodod 2ainpasires thwperasete biretymar ftyen domttechof aream t he
servers andljlsdth%n f | own outt S trgr'iurxril ﬁi r, Due to the airflow, in the
upper sect i Oh SV MESHEEET ST B A °¥3Pd areas 13 as a first space and
a hot area fghi®)s a second space are forned. The cold areas 13 contain cold
air which is sucked by the server racks 12-1 to 12-4, and the hot area 14
cont ai ns waths axheustguimber 3gegylagsathediow rite ofmetupneaisdischasged frpmithe e aix dnet] 2- 4,
Wth this cgp{oit&uoru%tdiegnangQﬁnheat generated by the servers is cooled by the
cold air, sb that the s8rPer®¥ can nornmal Iy operate. [0015] The

air-conditi moig)g system 20 includes a return air duct 21, a return air
tenperature sensor 22, an exhaust dunber 23, an air handling unit 24, an
out door uni Thesir kandliggyini 24 incladseta wGm ah ipliedsrtpa dimber dhlp ap uiside densor

27, an outsj j [ 1.0, Ly r 28..an (o raol. 29. 016] . The
return air ﬁlg'g?u%ééo %ﬂ}éﬂ%‘i{; %jﬁetﬁttgﬁqzr%guag%um\}\%ﬁ%r%@iarcggfng\%gl.k %'ﬂshae?a?lé?‘%%ra r?uéfl]yr duct
21 connect sait Rephiathreaérer 284, Ml a bipplys@rhuidity 0eisdrA8. anthe dhen air intbarddd ng uni t
24 of the air-conditioning system?20. [0017] The return air tenperature
sensor 22 nudgt &Y senisiiFh iy pEodrtioneynit aeuddtss the oW r4t¢ ehictfedihBfrodicedh 14 and
sends the ngas I . o [0 T u dunmber
23 regul ates tngﬁg‘l? é(g&vf/n ?égtdg&(%? Q%t%?lgraﬁgg}%dﬁlg%{ng{:ﬁé? léheld1 %%Tg%ﬁ't Ege ?ﬁé %’ra{ﬁllI air
duct 21 to inheluotidnshuber2y2 &ran opeitd FigintrddlCtio Junit felgdlatad the Mantitel ofl gutsldd dir 24
includes a return air introduction dunber 241, an outside air introduction
dunmber 242, ingodupqdiigdp the 2iz handling it it an opeaing.o Thsdilten?g3 regiovessinss from thean 246,
a supply ai 5utsti&,f£i}%ﬂ>g&tfe§wﬁ&r{géaé %ﬁélir Aifr%%@ucﬂor?&l%leyﬂg'ig o[p%g'aﬁﬁt IrefflGOr 248.

. t :
The return air introduction mber 241 as a return aifr introduction unit
regul at es tihgodubcvitanathe revfrn hiethutt A1 svhen therterumdaic axttoduttiaudyhbeértd] isadpered. ai r

duct 21 into the air_handling unit 24 with an.optef}ni ng. The outside air

i nt roduct i ofPedFsEer Ziugdig s arsidga apdrepmar gt oA B Pelliir Ates the
flow rate_ of nQutsshdenaichollndtch@IMCR ddpleP cdoteth@biitsiRANAhda ettt widdauyf th an
opening. The filtéer 243 renoves dust fromthe outside air introduced when

t he out si derempved ibpttireofiitec 430ifi nehesshrgrto 2ehidratescobipen e Thafaa 28 eauses tther aoldadin
introduced fromthe return ajr duct 2 en_the return air jntroduction
dunber 241 W‘gcfblﬁéﬁléffedfﬁéelﬂ%hwwvﬁfw@?y %ﬁ%ﬂ@ﬁ?f%ia&@m%ﬁamdshe&é °e?'¥d and
return air yyddeodiistcol Qmpéé%ﬁ r@;){—ia%eh@_ﬂéﬁdv LARF thé Adoriok 1L RS RRMYL0 tlB&RGRO! | NY
coil 245 as a cool er cools %e outside air and return air wth dust renoved
by the fil tsepplR4i8 didt 20ewte slwarold 4rers J@nertatseppdohid teaiperatuiehrensond 2d&Gswesuses t he
cold air which is gﬁnerat d.b% b?'li nlg.hur}rli dified bgot e humidifier 244 as
appr opr i at ¢°BRERHEPhGC SEB Bye {RRT BEuIF (GVE ST Fagdge ég’]ﬁrf?fﬁ?“ff“&teét to flow
under the fJ,00n, fe LRRIREHY EFTHE Q%ﬂylgr th@rﬁ@l-t'ﬂ@en‘é&@ﬁ%&ﬁ‘esq{ufniﬂty% b 1 nto
the cold areas 13. The supply air tenperature sensor 247 neasures

t enper at ur eupfly ¢ihe sdjoph yo the serteordom 10]apdwendsthomedyeremert vare todgrpodttblland sends
t he neasurgzgent value to the controller 29. The supply air humdity sensor
248 measur€s hum dity of the supply air to be flown to the server room 10
and sends thgopeasurenent value to the controller 29.

The outdoor unit 25 is connected to the cooling coil 245 and supplies a refrigerant used to
generate cold air at the cooling coil 245.

[0021]



[ 0020] The outdoor unit 25 is connected to the cooling coil 245 and
supplies a refrigerant used to generate cold air at the cooling coil 245.
[0021] The supply air duct 26 is a tube through which air flows and
connects the air handling unit 24 and the part under the floor which
comuni cates with the cold areas 13 of the server room 10. [0022] The
outside air tenperature sensor 27 neasures the outside air tenperature and

sends the nmeasuERIRMdWMAIUEa 1Be TGk ARk G HSWs 29 coli@Q2BL i ASaBM Siida ai r
hum dity sensor 28 neasures the outside air humdity and sends the

measur ement aphthagart nderike floonwhig jogmupQates vt 2] cofigreas | aftheatme roam FL G 2,
t he controllgg 9 includes a storage section 291, an outside air state

[ 2? ST : .
measur enent ‘'value acqui sition section 292, a control content setting

section 293, Thangiside GRNEdftans€ Glns@M 2R basurd e DuRIIBAE 18:8FdrdtRE arP dendd BCS
target ranges of tenperature and humdity of supply air for the server room

10. The out dpeguregiept valug todhegegiellee?ent val ue acqui sition section 292

acqui res th%(ﬁg surenment val ue of outside air tenperature nmeasured by the
outside air Qengerature sensor 27 and the measurenent val ue of outside air
hum dity nmeaseraediddyait Remduy Sefb6r @B rméusiiitsdint YousfddS 8iF hidity NAdCRRds" Bk
content setting section 293 sets control contents for generating supply air
wi thin the [Freasresgstvplugiorthe conipdlen?%r e and hunidity ranges based on the

t ar get rang?&nQ{ tenperature and hum dity of supply air which are stored in
t he storage section 291. The control section 294 controls the operation of

each devi ce Asfillish&edinrFIGON) diiet donfidl1iRE 25 Sk a2bripd Seddio 91, e o6eiat kipkagONt ent s
set by the control content setting section 293. [0025] <Operation of Server
Room Manage mgﬁs(uresygtt@hlp AFIursitipr fectprdi a1§9Rtrel content setting section 293, and a control

section 294. The storage section 291 stores target ranges of temperature and humidity of
supply air for the server room 10. The outside air state measurement value acquisition section
292 acquires the measurement value of outside air temperature measured by the outside air
temperature sensor 27 and the measurement value of outside air humidity measured by the
outside air humidity sensor 28. The control content setting section 293 sets control contents
for generating supply air within the previously set temperature and humidity ranges based on
the target ranges of temperature and humidity of supply air which are stored in the storage
section 291. The control section 294 controls the operation of each device of the
air-conditioning system 20 based on the control contents set by the control content setting
section 293.

[0025]

<Operation of Server Room Management System of First Embodiment>

Next, a description is given of an operation of the server room management system 1 according
to the first embodiment.

[0026]

In the first embodiment, the storage section 291 of the controller 29 of the server management
system 1 stores the target ranges of temperature and humidity of supply air to the server room
10.

[0027]



Next, a description is given of an operation of the server room managenent
system 1l according to the first enbodinent. [0026] In the first enbodi nent,
the storage section 291 of the controller 29 of the server nanagenent
system 1l stores the target ranges of tenperature and hum dity of supply air
to the server room 10. [0027] In the first enbodinent, as the target
ranges of tenperature and humdity of supply air to the server room 10, the

storage secty o R ImSIRh&S ok MeQipR LR df Al peidiufiOand nhdlag@ bt SupplY 8ir &f the
tenperature of 18 to 27 C, a target range of absolute hum dity of 0.0056 to

0. 0107 kg/ kg¢a) roomntd, dhet storgee sqctiory @9loftoreg | ipfpimagioth inviuding \a Bfgehotngert e t han

60% accor di g Lo, he. Breseicl pLIon (ASHEIAEZ000) of AL} e Socehel

Heat i ng. Ref ¥} ger and t'roni ng eers

descri pti on ah® a @irdke Ran@f of RBHAPRINALILOST Rf moREMSEE09E hecdbRMR tHRRAGETHIon SYSt €M
1 when each device is controlled by the controller 29 with the target
ranges of t éAPERAEIVPD ofAdherganSelicty ofdieatingplprfijecsiting andayigeondisionipgEnginserage uni t
291. [0029](5%ﬁ§gE)the measur enent val ues of tenperature and hum dity of
outside air ich™are acquired by the outside air state neasurenent val ue
acqui sitionjfeegti on 292 are acquired by the control content setting section
293. [0030] Next, in the control content setting section 293, the control
contents fofhgdueirden Kgivsyphibg opgrationpf the perch ECOPy TBAFRESINSIYAYSER | tpmheachit ur e

ﬁnd. h.um dit }ﬂevri&rlggo%trgﬁeg\}\)i %e clgg'(?o?lgr r]wi¥h ffe {a Ié%%gse% gfntgxgéeré?&re 51%%%(81%%%6 and
umdity of supply arr ich are stored in e orage section . The
process of s@plylaitGtotdden mosbmgdunagt ents, which is executed by the control
content setting section 293, is described in detail.

[OOZgJ

First, the measurement values of temperature and humidity of outside air which are acquired by

the outside air state measurement value acquisition section 292 are acquired by the control

content setting section 293.

[0030]

Next, in the control content setting section 293, the control contents for generating supply air

within the previously set temperature and humidity ranges are set based on the target ranges of

temperature and humidity of supply air which are stored in the storage section 291. The

process of setting the control contents, which is executed by the control content setting section

293, is described in detail.

[0031]

First, it is determined, based on the measurement values of the acquired temperature and

humidity of outside air, which zone on a psychrometric chart, which are sectioned as illustrated

in FIG. 3, the current state of outside air corresponds to. Herein, the psychrometric chart is a

diagram giving the state of humid air based on the temperature, absolute humidity, relative

humidity, enthalpy, and the like.

[0032]

In the psychrometric chart of FIG. 3, the state of air having a relative humidity of not more than

100% (saturation) indicated by a saturation line X100 is categorized into zones I to V

representing five air state ranges described below, based on the values indicated in the



[0031] First, it is determ ned, based on the neasurenent val ues of the
acquired tenperature and humdity of outside air, which zone on a
psychronetric chart, which are sectioned as illustrated in FIG 3, the
current state of outside air corresponds to. Herein, the psychronetric
chart is a diagramgiving the state of humd air based on the tenperature,
absolute humdity, relative humdity, enthal py, and the like. [0032] In the
psychronet ri gokRetfibned tarkdt @nged ofttdipetid SdUumith ahdWle NPped ahEloel MGitopm di ty
of not nore than 100%(saturat| on) indicated by a saturation line X100 is
cat egori zed dnfialpy phOthesr gtate @n%mwrgésélmtarg‘rgraﬂgevef fampermraa@ hupirdfes Iddrsscrl bed

bel ow, based.on es |nd| te af ore ranges
of terrperatut;‘et eénnadeﬁe"q F'ﬂ‘ﬁsp‘gl §ﬁ18y f%{/\ép 3@ %?re@ 1ﬂ?sﬁdpy of
the air statgpaem ?@Sﬁ&ﬂ@érﬁ‘tﬂreta@d ﬁdﬂﬁm&yafeg@&me&meso &d 35&%@&@15&13@1 nd

hum dity. In the first enbodi nent, the upper and lower |1mts of enthal py
cor r espondi r[@03t3b the af orementi oned target ranges of tenperature and
hum dity ar e 50 d35 respe 3
(First air g(’é’ glgsg e)smgfﬁ[égek A2 e e éefsgtbt o aé) r%h&eéieb&y fe ne%f§5 g'fsh

ranges of t aspRiaAle raesolu&bﬁlﬁlhd@,&nm EBMeiok finidiBield EBikads iheoliowin gtodmblAM Hin
satisfies the following fornula (1) in the psychronetric chart of FIG 3.

(Terrperaturéhelpsycil@H@m@ﬁthfH@? C n (Absolute Humdity X: 0.0056 kg/ kg(DA)
<= X <= 0.0107 kghkeglgera@u)eTnls(Jgei ative HI)JITI dity R R <= 60%(1)

M (Absolute Humidity X: 0.0056 kg/kg(DA) <= X <= 0.0107 kg/kg(DA))
M (Relative Humidity R: R <= 60%) )

tar get

[0034]
Zone II (Second air state range): The zone II refers to a range below the lower limit of the target
range of absolute humidity and below the lower limit of the target range of enthalpy and
satisfies the following formula (2) in the psychrometric chart of FIG. 3.
(Absolute Humidity X: X < 0.0056 kg/kg(DA))
M (Specific Enthalpy H: H < 35 kJ/kg) @)
[0035]
Zone I1I (third air state range): The zone III refers to a range within the target range of absolute
humidity and below the lower limit of the target range of temperature or above the upper limit
of the target range of relative humidity and satisfies the following formula (3) in the
psychrometric chart of FIG. 3.
[Formula 3]
(Absolute Humidity X: 0.0056 kg/kg(DA) <= X <= 0.0107 kg/kg(DA))
M {(Temperature T: T < 18 °C) U (Relative Humidity R: R >= 60%)} 3)
[0036]
Zone IV (Fourth air state range). The zone IV refers to a range within the target range of
enthalpy and below the lower limit of the target range of absolute humidity or above the upper
limit of the target range of temperature and satisfies the following formula (4) in the

psychrometric chart of FIG. 3.



[ 0034] Zone

the lower Iimt of the target

formula (2)

Il (Second air state range): The zone Il refers to a range
below the lower |imt of the target range of absolute humdity and bel ow

in the psychronetric chart of FIG 3. (Absolute Humdity

range of enthal py and satisfies the foll ow ng

X: X<

0. 0056 kg/kg(DA)) n (Specific Enthalpy H H < 35 kJ/kg)(2) [0035] Zone II
(third air state range): The zone Ill refers to a range within the target

range of absol ut edpedmictidnapgrdsbr@w=tthe- doaump) | imt of the target range of

tenperature

or above the upper limt of the target range of relative

hum dity and sat i sPi{@dselife Baplditp¥i ¥ g 0087 hheka(B) Vildempreatys Jchy 8D i ¢ chart
of FIG 3. [Fornulﬁ%3] (Absolute Humdity X: 0.0056 kg/kg(DA) <= X <=

kg/ kg(DA)) n {(Te

60% } (3) [0Q@B)) Zone IV (Fourth air state range): The zone |V refers
range wthin the target range of enthal py and below the lower limt of the
target rang&onf V4&F&bpistate mngs)dTheyzorsy V dtrorpeeetother thppde aforemientioged fopes Iitar get

range of te
psychronetr

erature and satisfies the following formula (4) in the
ic chart of FIG 3.
[0038]

If it is determined which one of these zones I to V the current state of outside air corresponds to,
the control contents are determined for the determined zone as follows by the control content
setting section 293 using the measurement values of temperature and humidity of outside air
which are acquired by the outside air state measurement value acquisition section 292, the
measurement value of temperature of return air which is measured by the return air temperature
sensor 22, the measurement value of temperature of supply air which is measured by the supply
air temperature sensor 247, and the measurement value of humidity of supply air which is
measured by the supply air humidity sensor 248. Herein, it is assumed that the object to be
controlled is sensible heat load due to heat generated from the servers in the server room 10 and
no latent heat load due to human breathing or the like is generated. Accordingly, it is assumed
that the humidity of return air is equal to the measurement value of humidity of supply air which
is measured by the supply air humidity sensor 248.

[0039]

Control Contents for Zone I: When the current state of outside air is within the zone I, the
outside air can be directly used as supply air. Accordingly, the control contents are determined
so that the outside air introduction ratio o is set to 1 by fully opening the exhaust dumper 23,
closing the return air introduction dumper 241, and fully opening the outside air introduction
dumper 242. At this time, the humidification process by the humidifier 244 and the process of
cooling the air mixture by the cooling coil 245 are not performed.

[0040]

Control Contents for Zone II: When the current state of outside air is within the zone II, the
control contents are determined so that the return air is mixed with outside air to be heated and

humidified. To be specific, the control contents are determined so that the openings of the

0. 0107

erature T:. T <18 O ?,z (Relative Humdity R R >=

to a



(Specific Enthal py H 35 kJ/kg <= H <= 50 kJ/kg) n [(Absolute Humdity X
X < 0.0056 kg/kg(DA)) x.) ((Tenperature T: T> 27 C} (4) [0037] Zone V
(Fifth air state range): The zone V is a range other than the

af orenenti oned zones | to IV. [0038] If it is determ ned which one of these
zones Ito V the current state of outside air corresponds to, the control
contents are determ ned for the determ ned zone as follows by the control

Conf[ e_nt set tejdﬁgst %@ﬁﬁér%@, g:g?’etﬁ{*ﬁ iaﬂgntyola&ti_gx?@ £ Iﬁ"ﬂtana/ me%ﬁéidggirtimg&@ﬂ ure and
hum dity of outside air which are acquired by the outside air state

measur enent dviapen @4224r¢) adjssitddi botwese® $n1d 072 @2ordirzgo Measuide ae mtroduatianeraind o
tenperature of return air which is neasured by the return air tenperature
sensor 22, ta?thh‘?@%m“éerféﬁ’cbjeﬁtﬁ‘il 9@ npfessE APAT P B cationdy| the hélF‘r“d‘%ﬁigE i's
measur ed by[dome_l supply air tenperature sensor 247, and the neasurenent
value of humdity of supply air which is nmeasured by the supply air

hum dity sedsthis tRat3the blatsidé i; iniréduct®n s wiedijtsted basethen hbmestrement bgusefit r ol | ed

is sensible heat | oad dye .to heat generated. fromihe servers in.the server
r oom 10 and‘eﬁtlj’e’la%ﬁeé’%f’“tﬂg% Ir 410 ST PAGES ¥ THYHAR S%&*éféﬁwa@ﬂ%w EMug of s
generat ed. ARGRLHkRAaY suphll alr s REIBRAL Sot BUHAL Blgkedraes b@EHTRe@Lr 1S

eﬁ?@vﬁou&l ¢

equal to the neasurenent value of humdity of supply air which is neasured
by the supphnd laimidity wirct iateystosg irstbe st@dgd.sedtiod3B] Control Contents for Zone |:

When the cu ({0? t state of outside air is within the zone 1, the outside air
can be dire é] used as supply air. Accordingly, the control contents are

determ ned $Re dbbdtite hitRIABHK 3F @€ aiRinbudiR thO FHGEd Hhnkl AnirP aifmixSd S&ke ddfistta PY
fully opening the exhaust dunper 23, closing the return air introduction

dunper 241, ouiside dinihtradugive riting it dxpressed winga nzdasurdnrent @b Koiodebselutpamid@y 2. At

this tine, t hum di.fication process the humdifier 244 and the process
of cool g PhEe S PAerfing SRy HOo o PG ORI 8 s Bhmbte Bt siie

[ 0040] Cont giplntrbRBhHtR d Rihe£ORKinglformigHs). t he current state of outside air
is within the zone Il, the control contents are determ ned so that the

return air is nmi XEemwatsh outside air to be heated and hunidified. To be
specific, the cor&;g&oxcaopklephs_a)are determ neqs)so that the openings of the

[0043]

At this time, in order to use the air mixture as supply air having a temperature and a humidity
within the target ranges, the air mixture needs to be humidified by a difference (Xs0 - X)
between a target value Xs0 of absolute humidity of the supply air and the absolute humidity X
of the air mixture. The amount of humidification necessary to increase the humidity by the
above difference is Fs x (Xs0 - X) where Fs is a flow rate of supply air. The control contents
for a valve (not illustrated) controlling the flow rate of water of the humidifier are determined so
that the above amount of humidification is provided. At this time, the process of cooling the
air mixture by the cooling coil 245 is not performed.

[0044]

Although the amount of humidity added at humidification after the outside air and return air are
mixed is determined as described above, the return air may be previously humidified so that the
absolute humidity thereof is {Xr + (X - Xs0) / (1 - &)}. The absolute humidity of supply air
after mixing is therefore set to Xs0. In this case, the need for humidification of supply air after

mixing can be eliminated.

10



exhaust dunper 23, the return air introduction dunper 241, and the outside
air introduction dunper 242 are adjusted between 0 and 100% according to
the outside air introduction ratio a and the air mxture is subjected to a
necessary amount of hum dification by the humdifier 244. [0041] At this
time, the outside air introduction ratio a is adjusted based on the

nmeasur enent val ues of tenperature of outside air and tenperature of return
air so that 55}@ tenperature and humdity of the air mxture as supply air
is wthin a range previously set as the target ranges of tenperature and
hum di ty whithe arsgle sfroinedtiuktiont fago st r igecase &t éxprss2d bs FpGOA2]6) TWiereathsol ut e
humdity X of the air |ncI uding the outside aif apd return air mxed at the

adj ust ed out™sAHEmEPT valyet A Jerarerq %5?1 of g¥t5ide &l i T°e>&3 S EBEP 8% PR 8% enent
val ue Xo of n%?iﬁ?ls%ﬁ(’h%tﬂgtgréetQ]:ﬂuémen%;aﬁlr%o%fymr%ﬁ@aéur ement val ue Xr of

absol ute hum di he return air, and an Side air introduction ratio
a as the follow ng*f(@ﬂrrms(a/(ma To) Fornmul &)5] X Xo x a + Xr x (1 -a)(5)

[ 0043] At tfzgq%} in order to use the air mxture as supply air having a
tenperature § a hum dity within the target ranges, the air mxture needs

to be hum ditht edhabdcomterld fof 2518 MEWHAM currefd stRELMBRNC Bir IsHifiRlinewBhd i, K5O Of
absolute hum dity of the supply air and the absolute humdity X of the air

m xt ure. Theoxrpbeantents fire ldeferimdiief s thati torputsile eis §ami§oedtvcithir¢teme'a§ebetﬂqetedqufﬁ> di ty by

th b diff i F Xs0.- X
e Ao ot PR SR pmiert s dpmed Bt e petiingt e B Sybr B PPy

flow rate ol hirirotil@oramrped J4i Qhd ﬁl'é%ut@i@é £ i d¥aelioh Quih R b4t AASadplRY ©
anount of humidification is provi ded. At this time, the process of cooling

the air m xtberweenWOﬂWWﬂma@tmwﬂd@-ﬂ@mﬂsdmmnmcﬁ ornmed. [0044] Although
t he anmount g um dity added at humdification after the outside air and
return air e mxed is determ ned as descri bed above, the return air my

be previ oushye Butsdlhif idd®Qod Rab o iﬂ&hiabagahyta@réawmwi thy/ fdrfiEls @Df whefe the Xr +
(X- Xs0) / (1 - a)). The absolute hum dity of sup(ﬁ y air after mxing is
t her ef ore se&teasugpmyriQvalyenof Fempergttse of Pﬁé‘dméédlsfﬁr utke angapwremanb yalag o uppl y

air after m )r(r{pgxgtuge%? su%le)lyealrllsn}rme IS g the target value of temperature of supply air is Ts0 °C.
a = (Tr - Ts0) / (Tr - To) ) |

[0048]
At this time, the process of humidification by the humidifier 244 and the process of cooling the
air mixture by the cooling coil 245 are not performed.
[0049]
Control Contents for Zone IV: When the current state of outside air is within the zone IV, the
control contents are determined so that the outside air is humidified. To be specific, the control
contents are determined so that the outside air introduction ratio o is set to 1 by fully opening
the exhaust dumper 23, closing the return air introduction dumber 241, and fully opening the
outside introduction dumper 242 and that the necessary amount of humidification is performed
by the humidifier 244.
[0050]
In this case, the necessary amount of humidity is Xs0 - Xo where Xo is the measurement value

of absolute humidity of outside air and Xs0 is the target value of absolute humidity of supply air.

At this time, the temperature of outside air decreases from To °C to T °C due to humidification.
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[ 0045] The outside air introduction ratio a in this case is expressed as
Formul a (6) where the neasurenent val ue of tenperature of outside air is To
C, the return air tenperature after mxing is Tr2 C, and the target val ue
of tenperature of supply air is TsO C = (Tr2 - Ts0) / (Tr2 - To)(6) [0046]
The control contents for Zone I11: Wen the current state of outside air is
within the zone I1l, the control contents are determ ned so that the

outside air jrge mgseﬂlwﬁmodﬁwﬁ raa;nroftsgppkgem@@wldhaﬁpocbale%&%gEioeess fshe
control contents are determ ned so that the openings of the exhaust dunper

23, the ret werforaied by tht raptugtoil@AS shuthgsdire tperatagmef optyide s teaihdethajarget value

i ntroduction _.du er ? e. adj usted between 0 to 100% according to the
outsi de air % HEP @U?t Sﬁayéflo a. [0047] The outside air introduction ratio
ainthis cagsijs expressed by the formula (7) where the neasurenent val ue
of tenperature of outside air is To C, the neasurenent val ue of tenperature
of supply aiGonirg Cpptexds ffmﬁdnet\héwteaﬂg@tlrrmabtete06¢ut3@4§rﬂ§é9rla@alﬂdéﬂ@PZ@@ﬁfsﬂy air is

R G 1 Pcat B ST e RS bitihe il S boslel S1o b bl P lRESSS O

m xture by tcbxﬁerﬁ@ﬁla dtemfERl Iso AAPMa LA hir RRbhREGEMio [A04R}o £BPLIGhg GRNt ent's
for Zone IV: Wien the current state of outside air is within the zone 1V,

t he control eslonstetimpera?lde flbyt enihg g 1stvmt fip intrpdpstionudusibae 24, and slogingrihgi fi ed.

To be specifi t he.cont t ent.s n o that t tS|de air
|ntroduct|oﬁu?g Pgn%mfgléé¥m?2ﬁ %%lfgffgjgggﬁmmuﬁgﬁgpmcS%ﬁ% gﬁﬁ%%e? 23,

cl osi ng t he eedodliny @k1r245.Nt A1QHkW Gitrle Ofhe UbiiadTcatdf procadd by ftktd humidipeniags héte
out side introduction dunper 242 and that the necessary anount of

humi di fi cat ipeweringd-per f ormed by the hunidifier 244,
[0052]

Even when the current state of outside air is within the zone V, if there is an operator in the
server room 10 and ventilation is necessary, the lower limit of the outside air introduction ratio
may be previously set so that a certain flow rate of outside air is introduced.

[0053]

When the control contents are set in the control content setting section 293 by the
aforementioned process, based on the set control contents, the control section 294 generates a
control signal to control the opening of the exhaust dumper 23, the opening of the return air
introduction dumper 241, the opening of the outside air introduction dumper 242, control
amounts of the humidifier 244 and cooling coil 245, and the air volume of the fan 246 and sends
the same to each device. With this configuration, the air-conditioning system 20 is controlled
to generate supply air with a temperature and a humidity within the target ranges.

[0054]

As described above, according to the first embodiment, the control contents of the
air-conditioning system 20 are changed according to the state of outside air so that the outside
air is utilized as much as possible and the control suitable to server management is performed.
It is therefore possible to perform air-conditioning control for server management with a high
energy saving effect.

[0055]
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[0050] In this case, the necessary amount of humdity is XsO - Xo where Xo
is the neasurenent val ue of absolute humdity of outside air and XsO is the
target value of absolute humdity of supply air. At this tine, the
tenperature of outside air decreases fromTo Cto T C due to

hum dification. |If the target value TsO C of tenperature of supply air is
|l ower than T C, the cooling process is perforned by the cooling coil 245 so
that the temesathsimiput side air reaches the target value of tenperature
of supply air. [0051] Control Contents for Zone V: Wen the current state
of outside afenfigegraficelterkriRnom NMenazement Systerrhd Sewwnd Enbodogntent s ar e

determ ned 21(1) t hat t.heatreturn air is cooled. ' To b‘ﬁ stgecifidc, bté}e control
contents ar CPHEPRPHIARY &AEVEHAI™ PABSEUTE N HE i F T ME BAGELICHOPYPFE % i s set
to 0 by cl o Qfhd &3ehaLHNRURLveHHER Slanagdnent Wsle¥s 20RRIMNE tHe Hst EQbIAIREnR fid

i ntroduction dunber 241, and closing the outside introduction dunper 242
and that theddolod desgiptiethis therdfokgdmitiedor ocess is perfornmed by the cooling coil
245. At thi %cjgma, the hum dification process by the humdifier 244 is not
per f or med. ?)8 2] Even when the current state of outside air is within the
zone V, if kbgifioh Sf RAveORANRagdniint Iyete:s 6F YRbnd E¥bdUiEntANd ventilation is
necessary, the lower limt of the outside air introduction ratio may be
previ ousl y kehe apgrationedfl thy sermerirednmménagymentiyetern £ aengrdiigdethg pacondsenibpdimeriuced.
e 0 Bl PR RR 0S8R S 80 50 o B B ' 7
contents, t§RefRAOIndS0GIdIPOf sdfifly GERE EAduRTedavitthd @getShrGOdS tdnpead r ol t he
openi ng of the exhaust dunper 23, the opening of the return air

i ntroduct i omddumséy stored in the stogressttiog 281 aphthe sontio] eppten prejsefrandhpsetaresh dunper
242, control ,ampunts of.the hum dif.ie A4 and cooling coil 245, and the
air vol une ‘(’)a%ue oeas%o ﬁovi%gmg%'c?n% nsé‘ém%%]fge%téarre to each device. Wth this
configuratios7jthe air-conditioning system?20 is controlled to generate

supply air with a tenperature and a humdity within the target ranges.
[0054] As dédlescriptiog iatgixea of dhccprogrsh gf cdculayiag fther @izt ¥abse i ohdsTPerafFre 2%%bnt r ol

content s ofy L al Lif Il R U1 YA LA BRI IS, AREAI dialdah. T he

state of out%us at t out si de s utilize

possi bl e and tdnfperat@dnt bhmiditg dfatigpsy dirdn the kaced embadigestent is perfornmed. It is
therefore possible to performair-conditioning control for server
managenent P38 a hi gh energy saving effect.

First, energy consumption E by the devices controlled by the controller 29 can be expressed by

the following formula (8).
E = geol(Fs x (o HO + (1 - o) Hr - Hs))

+ gfan(Fs)

+ghum(Fw) (8)
Herein, Fs is the flow rate of supply air; Fw is the flow rate of water for humidification; o is the
outside air introduction ratio; Ho is specific enthalpy of outside air; Hr is specific enthalpy of
return air; Hs is specific enthalpy of supply air; geol is a function indicating the relation
between the cooling amount by the cooling coil and energy consumption thereof; gfan is a
function indicating the relation between the flow rate of supply air and the energy consumption
of the fan; and ghum is a function indicating the relation between the flow rate of water for
humidification and the energy consumption of the humidifier.

[0059]
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[ 0055] (Second Enbodi nent) <Configuration of Server Room Managenent
of Second Enbodi nent > The configuration of a server room nmanagenent s

2 according
managenment
descri ption

to a second enbodi nent is the sane as that of the server
system according to the first enbodi nent, and a detail ed
Is therefore omtted. [0056] <Operation of Server Room

System
ystem
room

Managenent System of Second Enbodiment> In the operation of the server room
nmanagenent  Ssyshehe? vaAR6OmMe IR radrstoh Qips§ 62 ek RRDGE FVEIR tvatetor RBLdilAGLOT t he

control con

tents by the control content setting section 293, optina

t ar get

val ues of t érpatsdt ar etadigtidnumiici.ttye spéciugniiklpy &oof eytgdecal (caldudteddassiiohi n t he

target rang
291, and th

f t t d hunmidjty stared.in the. st Ct i
BREVETOoE SRSl SR e APl Uy Rl i ik W ik

on

provi de a hicgtBalBNer @ Yetsd ir (G1c8k{86dsed bPAS AbastreMB GhlLdlE RfhpbSi o eturRf t he

process of

calculating the target values of tenperature and humdity

of

supply air whiaedabselte hmidity ofesupricainmed ghe spesificuemiielpp s af supple aipftaicpialed t ar get

val ues of t
[0058] Firs
controll er

B % B el RHE B i o G580 Sy R
ARas8RE 0PRn BXQIARES Gadey orf HEmERhrb Q¥ BPuds OT MR it(i8dssumed that the
object of the air conditioning control is sensible load due to heat generated from the servers
within the server room 10 and no latent heat load due to human breathing and the like is
generated. Accordingly, the absolute humidity of return air is equal to the measurement value
of the humidity of supply air measured by the supply air humidity sensor 248.

[0060]

The function geol indicating the relation between the amount of cooling by the cooling coil and
the energy consumption thereof, the function gfan indicating the relation between the flow rate
of supply air and the energy consumption of the fan, and the function ghum indicating the
relation between the flow rate of water for humidification and the energy consumption of the
humidifier are the functions representing the characteristics of the devices constituting the
controller 29 and are known. Accordingly, the energy consumption E by the controller 29 can
be calculated based on these values.

[0061]

The controller 29 according to the second embodiment controls the temperature and humidity of
supply air through one or some of the processes including: the process of controlling the outside
air introduction ratio a by adjusting the openings of the exhaust dumper 23, the return air
introduction dumper 241, and the outside air introduction dumper 242; the process of
controlling the amount of cooling supply air by the cooling coil 245; and the process of
controlling the amount of humidification by the humidifier 244. The necessary amounts of
controlling the exhaust dumper 23, the return air introduction dumper 241, the outside air
introduction dumper 242, the cooling coil 245, and the humidifier 244 are therefore determined
by setting the target values of temperature and absolute humidity of supply air.

[0062]
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E = gcol (Fs x (cc HO+ (1 - a) H - Hs)) + gfan(Fs) +ghun{Fw)(8) Herein, Fs
is the flowrate of supply air; Fwis the flowrate of water for

hum di fication; a is the outside air introduction ratio; Ho is specific

ent hal py of outside air; Hr is specific enthal py of return air; Hs is
specific enthal py of supply air; gcol is a function indicating the relation
bet ween the cooling anmount by the cooling coil and energy consunption

t her eof ; gf ahe fow aatd BN tsigply dimid cal@tated By tikrefoll@tiad fopiib@) VR hhaurédaw rat e

of supply air and the energty consunption of the fan; and ghumis a function
i ndi cati ng HBe Pl 4TMRsHBethiedn AhemeasyameratductsOwhteaperitaie ohsrppliaft €at i on
and t he energy: ] f . dj f 0 Anong t hese val ues,
the flow ra!t’S %&Egg% égﬁ%}p?@ aglmrnmlt‘!.a Rghggflg%ﬁ%r%deby[ﬁ% S%'S'Lr\?\iat er for

hum dification, the@uCé(TWeTd@)r introductionatio a, the specific enthal py
Ho of outside air (cal cul ated based on the neasurenent val ues of

t enperat ure WAY absol ute humi di ty of outside air), the specific enthal py Hr
of return ai I I rature of
T & i i R SRR R L e A L it
Hs of suppl ybsalute Hugddity udfastigdy biasad tinflév eaterFa Sl seppntir, e teesssa§ che@gyper at ur e
and absol ute hun‘i,diéy of supply air) can be neasured or can be cal cul ated
based on t hEERIa} ﬁaé‘rh“?}éﬂl‘ﬁ%’)é’.sm gloppmeptionpdforula (£ t hat the obj ect of
the air conggdjoning control is sensible |oad due to heat generated from
the servers within the server room 10 and no | atent heat |oad due to human
br eat hi ng amdothdnevdrdsk eircandgienieg atredl wiltic aiedsengt ygont hé usilps the wberollerndadi ty of
return air is g.(lglual to tl&enﬁgﬁ;uremnt v.gll ue of, t&e humdity of supply air
measur ed by*¥HEE [Pt Foadr Bt RPrales e hepeticlysppimumsaerEy s B gcol

i ndi cating §MeomBinaion QPR &neRird REni@RPAALAR rafe @85pPY af Wh}cﬂganﬁgﬂlrﬁi%g coi |
and the energy consunption thereof, the function gfpan I ndi cating the

rel ati on bethowensrey consuthptionErcalicdated byshepioyla@):. and t he energy consunption of
t he fan, an@ogsge function ghumindicating the relation between the flow
rate of water for humdification and the energy consunption of the

humi di fier gécerdn®, henakd GaBe mpsfetsﬁg@ritmfa of REppENAF a6t B det Cukst be
devices constituting the controller 29 and are known. Accordingly, the

ener gy consabeghite bumigithof supply crwhidhl dap migigiize dhe ererey aonuinpticachrbpredoushn t hese
val ues. [Oocgc%la{gglgor%opotugglld r 2 (2CCO di ng to.dt he s%\c(%nd epbodi [re t
control s the tannar AP e eEomHinPey s ans fEpiaP af 9928 38h 0Re 8! ©some of
the process@gted fCbudi @ cbliRioRkQpESEr 6dndeion tréiftioni tifle IR sQUAS i Geliidn
introduction ratio a by adjusting the openings of the exhaust dunper 23,

t he ret urn thireamonpg. r Jéie eresteshtable ipileen stpepd in thp donfrakcopigntsetties wétion 2P r Addct i on

dunper 242;,1h rocess of controllin he ampunt. of cooling supply air by
the’ cool | ng SHTBUAER e SR F Sonly ¥ sihf AP e FRE SSuRRIBEr"

humi di fi catbe@slcidted tagedla BeGchdurd c@fiftionsldtouisiae assande savguss of controlling
t he exhaust dunper 23, the return air introduction dunper 241, the outside
air introdd€bn dunper 242, the cooling coil 245, and the hunmidifier 244

are Lher of Qe fBLeLILIed PXe SRLUANG NG ATESL GRLHSR Sl STRET 81 and
be calculated using the following formula (10). At calculation using the following formula
(10), the control content setting section 293 is configured to execute the process of calculating
the server load Q before the process of calculating the conditions of supply air based on the
outside air condition/supply air condition relation table.
Q=FsxCx(Tr-Ts) (10)

Herein, Q is the load of an object to be air-conditioned; Fs is the flow rate of supply air; C is the

specific heat of air; Tr is the measurement value of temperature of return air; and Ts is the
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The flow rate Fs of supply air is calculated by the follow ng fornmula (9)
using a neasurenent value Tr of tenperature of return air, a neasurenent
val ue TsO of tenperature of supply air, a specific heat C of air, and an
anount Q of heat generated by the servers. F's = Q/ C/ (Tr - Ts0)(9)
[0063] In such a way, given the target value TsO of tenperature of supply
air, the target value XsO of absolute hum dity of supply air, and the flow
rate Fs of sudppleyetivilue dffienpatesEaipplyaier gy consunpti on E can be cal cul at ed
using the aforementioned formula (8). [0064] In other words,

ai r-condi ti 88Hg control within the server room 10 using the controller 29
according t di H;F t s i - I m_ni mum
energy in tﬁléé %gg(z%g@&gs %gian% na ?338%?&?%?&%“%%;@%@2& ﬁ%lrlﬁqrg% %’%,targgﬁd flow
rate of suppdye B0 bf whpeiiue ansupplp biraddthé hgerevake 30 6D4BIRP humiditFofeappiy| at ed
by the fornmula (8). [0065] Accordingly, the target value TsO of tenperature
of supply afif VhiRyare rlculalfdge fesqrified aboxe 0 14f tagsbwiluGt el plupmersratiye offsuprlbp®l y ai r

uhi ch 28N Ml 0 e e SRS B STSUIR B ol RIS SR 6 HE G, T o

vari ous con of tenperature a tside air an erver

| oad t o cr eaf the atateOolt Sk dats@ke rairCfon dighlyoefficenp pirytomiitionmgn@hirdl.oNWiielsadhi on t abl e
representing the relation thereanong. The created table is then stored in
the cont r ol “RHBTHEIRE: a¥esprditinging setiobyitinafigh qppreysaving eifecheanibg implameaiid: ¢ he

condi ti ons @fmqupply air which can mnimze the energy consunption can be
cal cul ated baséd on the neasured conditions of outside air and the server

| oad. [ 0066{OtkdeEmbanliméng server | oad Q nay be cal cul ated using the power
consunption qof the servers or may he cal cul ated using the fqgllowi ng fornula
(10). At caﬁgﬁfﬁ%ﬁt’%ﬁ &SR Ainethe ef%?fiﬂawt Hghe Bramttiess aByrentstite ot YHF9ecH Tt ont ent
setting seciughmedoheirS configured to execute the process of calculating the
server |l oad Q before the process of calculating the conditions of supply
air based ol0§%e outside air condition/supply air condition relation table.

Q=Fs xC fg t{n;r I;ieséril;{i%)kl (o% lee aforementioned first and second embodiments, when the state of
outside air is within the zone I, the humidification process by the humidifier 244 and the cooling
process by the cooling coil 245 are not performed. However, the outside air may be cooled by
the cooling coil 245 to allow the measurement values of temperature of supply air to fall in the
zone I when the temperature of the introduced outside air rises because of heat generation due to
the operating fan 246 of the air handling unit 24 or the like.

[0070]

Next, a description is given of another embodiment in the case where the current state of outside
air is within the zone IL

[0071]

As illustrated in FIG. 4, it is assumed that the measurement values of outside air correspond to
the state indicated by a point P, within the zone II and the measurement values of return air
correspond to the state mdicated by a point Q;. In this case, the return air is mixed with the
outside air to increase in temperature. The state of the air mixture corresponds to any position
on the line connecting the points P, and Q, in the psychrometric chart of FIG. 4, and the point is
determined by the outside air introduction ratio .

[0072]
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Herein, Qis the load of an object to be air-conditioned; Fs is the flow
rate of supply air; Cis the specific heat of air; Tr is the neasurenent
val ue of tenperature of return air; and Ts is the neasurenent val ue of
tenperature of supply air. [0067] The control contents are determ ned as
described in the first enbodi ment by using the target value TsO of
tenperature of supply air and the target value XsO of absolute humdity of

supply air VWic6ingh, e fonlt GE ek Reliod DetdlBSHGhd hRtorlons. thd hnd &) gatQ,%alh ue TsO of
tenperature of supply air and the target val ue Xs0 of hunldlty of supply

air are pr op@nﬂhgﬂple B eqhecaé Cemoti T i FOthe ok danflaliss linetes areatheipoéqueltie
outside air hI ent ai di ti.oni ng, contro t
configuratio na? o pr(’%c (‘)"ﬁe o il eﬁencec% ﬁ%soglf) q’“mfdn @r qhfhtaréﬁtevra lue X\s/g?/traﬁ’ Ejol]l‘g? fect

can be i npl edmritgdf suplP6iBls x{uﬂnh@ﬁ =12y lﬁ@@tea)by&eokeﬁ@raa@binp‘rb”hrsm;. ¥en of
anot her enbodi ment in the case where the current state of outside air is

(19}

wi thin the Zdpeutside pipdBoudtipn r45e ofessiesroptingote bt p@qﬁ@naﬁfdheemémﬂ iadrrether j r st
and second : t t t alr n.the zone |

t he hunldlf?ggglon g%§cg§2§@$m?ﬁtpﬁﬁﬁgl %ng %2 H?ﬁe %%%‘?%8“%9%cess by
t he cool i ng nfisimize®45 are not perfornmed. However, the outside air may be
cooled by the cooling coil 245 to all ow t he neasurenent val ues of
tenper at ur e [@3lsupply air to fall in the zone | when the tenperature of the

i ntroduced L %14%§%¢f| e[é(ﬁlrcﬁlﬁlﬁé ﬁ (? soQ]fxat H)@ ﬁ%ﬁ&ﬁ@@& de(?iﬂ' ag&ltﬁf %Bl?b irare

operating fan ng unit or the Irke
mixed at the thus-calculated ratio. The air mixture is then subjected to the humidification

process by the humidifier 244 so as to have a state corresponding to the position of the point “b”
in the zone I.  With this configuration, it is possible to generate supply air having a temperature
and a humidity in the target ranges at the minimum energy consumption.

[0074]

Similarly, it is assumed that the measurement values of outside air correspond to the state
indicated by the point P, within the zone II and the measurement values of return air correspond
to the state indicated by the point Q,. In this case, first, the return air is subjected to the
humidification process by the humidifier 244 so that the state thereof at the point Q, changes to
the state at a point Q,. Then, the opening of each dumper is controlled so that the return air in
the state indicated by the point Q; and the outside air in the state indicated by the point P, are
then mixed at the ratio calculated as described above. With this configuration, supply air
having a temperature and a humidity within the target ranges can be generated more efficiently.
This is because air in the state indicated by the point Q,, which has a higher temperature than air
at the point “a”, is more likely to absorb moisture and can be humidified more efficiently than
the air in the state indicated by the point “a”

[0075]

In a similar manner, it is assumed the measurement values of outside air correspond to the state
indicated by a point P,’ within the zone II and the measurement values of return air correspond
to the state indicated by the point Q;. Also in this case, a point of intersection between the line

connecting the points P,’ and Q; and the aforementioned isenthalpic line is selected (the point
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Next, a description is given of another enbodinent in the case where the

current state of outside air is within the zone Il1. [0071] As illustrated
in FIG4, it is assuned that the neasurenent val ues of outside air
correspond to the state indicated by a point P2 within the zone Il and the

measur enent values of return air correspond to the state indicated by a
point Q In this case, the return air is mxed with the outside air to
i ncrease i n ‘tenpEs d), andthe Eheerstratel odfolithRunddity dfistite@o€BpdneBp WS any
position on the |ine connecti ngrthe points P2 and Q in the psychronetric
chart of FIGS #° Sgrfd hen@eporelie ¢ oliisras R ed SHpht Heand ths fagget walye Xs0 of
I nt rOQUCtI ONbdofiitd Qun?idit}[ gp;%ly ﬁ\c(}%g%'c%',yfor P Q(;ndf?lt) ﬂlém&xrtrgfm’flh%ncaget ween
the |ine connecting the points P2 nd and an isentha pic line’is
sel ect ed (a ippemdnt praferable cériti@. 4) . The i senthal pic |ine has an enthal py equal
to that at Z()&g%nt where the difference in absolute humdity fromthe
target valu of absolute hum dity of supply air is mnimzed in a range
i ndi cat ed bythegQ i I A ' '
i ntroduction rat ih(%) g@gcylocroé%g%génﬂc}%oﬁsg&tt gﬁa?%{évg%ogi)d%ei%ggggu‘% ﬁgg%gg)e&h%rawg'pfi s then
cal cul at ed. sipplysirgahthe tadeevabretXsp pidberhad henidignif saiplyvdittare sette teatporifute
hum di fication m.ni '.zeg %‘%)07%] The openi ng of each dunper is controlled
so that the?PREFSETIEEY oBhe LeengipPdinedo ppyeorten ariheding copnecting the goiats Py he
t hus- cal cul gied, " atioReved %C@Hiﬁ%% thd afordnRnfidi6d) pPdtlisC GleCBrgtO vEIRE 50 of
hum di fication process by the humdifier 244 so as to have a state
correspondi mgpperatutehd sprpdsi 4if and the tatghievaheiXs0 of bbsolute Hulmlity @fieupply 4l dah bk hi s
configuration, it is possible to generate supply air having a tenperature
and a hum dfEym§osly ﬁ]éd%?"éir’ é‘fhaﬁpﬁﬁae?’e’éi"'ﬁ?’h@e ﬁ?ﬁioﬁﬂ\‘ﬁg‘%ﬁ FreCBHOUHIRESN.
[0074] Sim bawéey, thet stdt§ rBShFeRurtiliatatibh EnEEAS UERITRBE éﬁﬁiﬁﬁ?%ﬂﬁdi@éﬁ& de air
correspond to the state indicated by the point P2 wthin The zone and
t he measur efeterdingy, the sonfiguraticniberenaidyantzey efésplonehtinpstativecostrat € i ndi cat ed by
the point Q ﬂ]n this case, first, the return air is subjected to the
hum di ficatron'process by the humdifier 244 so that the state thereof at
the point Q\Je)&,madbg@g)ﬁ&xoistgh@n 5t @fi@néther amB&diMent $Pthe TS Whek AR QRERAY pf €ach
dunper is controlled so that the return air in the state indicated by the
poi nt Qz anePttidfairgyividhighe gone Il.n t he state indicated by the point P2 are
t hen m xed @Bmt]he rati o cal cul ated as descri bed above. Wth this
configuration, "supply air having a tenperature and a humdity within the
target rangssiliaanteden BENENiBk 8eudEl Bat @ef héb@abdny vallth bSoutsideR8 GBS oRI | N the
state indicated by the point Ql, which has a higher tenperature than air at
t he point "#e stafesatppppeint P within tthy zans dH bandrshe mersereamet adugs oé theunsiudhi fired nor e
efficiently n aLr in the state indicated by the point "a". [0075]
In a siml acfogng rol?lcgrg?hel 5 %tq}g SRy TRESER lsjlpglﬁ%yhg PO ?fé’éterf)elm%&feg'l’eg‘é air
correspond the likdeonsiéctih® the Pdin€ 8f &d tBY pEntdQ] &d th2 aforirehtioned R HAPALIe! ;s and t he
measur enent val ues of return air correspond to the state indicated by the
point Q. Aekeed 2 tPRint “Gade FIGQ Poi khe emperguer sk ebsohitebkumidionof te {uitne
connect hn(gt{ggrssggﬁ@% o PosiPAbr Re B0 1P Gre HeRLETERE LORPILSENE NG RIS, L 1 e 1S
of supply air and the target value Xs0 of absolute humidity of supply air, respectively, for the air

conditioning control. This can implement preferable control.

[06079]

Herein, the energy consumption does not change if the target value TsO of temperature of supply
air and the target value Xs0 of absolute humidity of supply air are set to the temperature and
absolute humidity of the state corresponding to any position on the line connecting the points Ps

and Q;. However, according the aforementioned process, the target value TsO of temperature
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"C in FIG4), and the tenperature and absolute hum dity of the state
corresponding to the point are set as the target value TsO of
tenperature of supply air and the target value XsO of absolute hum dity of
supply air, respectively, for the air conditioning control. This can

i npl enent preferable control. [0076] Herein, the energy consunption does
not change even if the target value TsO of tenperature of supply air and
the target %@L%sly&odn@fmeagg&!vmgeexmaqgowe Rni SRR YopRi dir Bh 8 S&kinddasly
tenperature and absolute hum dity of the state corresponding to any
posi ti on on chdnged isenchalpialirecten mijert the sp@i aftogtsiB ‘air awrdesgively Homgs detweacor di ng

to the af orenenti gone rocess, the target val ue TsQ. of . tenperature. of
Supply ai r S OB EoAM et SO b HRre INORITAHE) GRRaBy el r can
be cont i nuoyslagu.ehiangesh disanbha iRpeatdiie SR toten the state of outside air

successi vel y changes between the state requiring humdification and the
state not r¢8Plri ng hum dification. Accordingly, the configuration has an

advant age of_ i nmplenenting.stahle control.. .[0077] Next, a description is
Given of st NEK LAGEHEP™ Bt ohask ot Fiboigl o e ie et A o Sebare of
out si de air o|;SidWMitiDiRattNGiiEPREzht v, [0078] As illustrated in FIG 5, it is
assuned that the neasurenent val ues of outside air correspond to the state
at a point E®8Wi thin the zone Il and the neasurenent values of the return

air correspond to the state at the i-N In this .case, simlarly, a
poi nt of in?’bﬂ’fedgfcf]%o ﬁ%éﬁmt"ﬁ%“ﬂn?‘ggméo%nseeé?r}dnegmbt‘)%lép *Boi eng,ée gﬁﬁt % he
poi nt Q andudibe aafioremmnti OBRATV, S8Rt hiddidel &r i MBoduSedS @ldest@Bledt@ ROMot "d"

in FIG 5). The tenperature and absolute humdity of the state
cor r espondi hemididicatior proerss for aincopditioniug. pAf this timg; thefeet viglip Te)eof tegperathes of ar get

val ue TsO of t erature aof su ir..and t.he target.val ue XsQ of .absol ute
o i 1y of "SHRAR R el R i Ol ERopil? of STk MRediSl B F T

Thi s can i nphpeRite a8 absohHugidi® BF iRl state] BRLEPIndilRrte b Point A1 6vhA @KTAbsolute
consunption does not change if the target value TsO of tenperature of

suppl y air Bweidithes themyjeimupdiffeenye fiorp thabefdiest tereet vRluerKefl efybsorutesypydity ofi r are
set to the {coper Al A0Mk BRIAL %ﬁtﬁal@‘&.ﬂh@ Ldnle 281 %J}%]%E ‘?sti&_%!;{ SRRAGRMI ng to
any position gﬁ the Tine connecting the points bRt %ﬂ Wever,
accor di ng t e ednGnpeRea peredleps@oess, the target value TsO of tenperature
[0082]
For example, it is assumed that the measurement values of outside air correspond to the state at
a point P, in the zone IV as illustrated in FIG. 5. In this case, a point on the isenthalpic line
passing through the point P, in the zone I is selected so as to minimize the difference between
the absolute humidity at the point and the target value Xs0 of absolute humidity of supply air (a
point “e” in FIG. 5). The temperature and absolute humidity of the state corresponding to the
point “e” are set as the target value Ts0 of temperature of supply air and the target value Xs0 of
absolute humidity of supply air for air-conditioning control. Accordingly, supply air with a
temperature and a humidity within the target ranges can be generated at the minimum energy
consumption.
[0083]
Next, a description is given of still another embodiment in the case where the current state of

outside air is within the zone V.

[0084]
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of supply air and the target value XsO of absolute humdity of supply air
can be continuously changed isenthal pically even when the state of outside
air successively changes between the state requiring hum dification and the
state not requiring humdification. Accordingly, the configuration has an
advant age of inplenmenting stable control. [0080] Next, a description is
given of still another embodinent in the case where the current state of
out si de air yj shel ReALESh i t,blaftr&]ttﬁnotqeat%rst Ynd L&&%lamuo@‘mt«,tt@ WRAGK Rk Qp of the
af orementioned rust and second enbodi ments, when the state of outside air
i's within thetsidoneis| Ibbatadntlghxrom gind &V, anly retamiantis otfodeet! andds B®Jestadbjtoetht: ed to

the humdific t|on cess for .air candjtio t t , target
value TS0 of Dk ParS i & sogapps oot Waen Bhave af et it Tssbf: Shsal ut o
hum dity of geURRLY aBboluteAufidi§ DB &felouldRb Yir $Ehot hidrd GAPRE BigdF EmARHmARS QL Ut €

hum dity of the state corresponding to a point at which the absol ute

hum dity hasenghef stiselitebmmity & supply epirf ﬁl@rwmtmatclbsglﬁltetﬂu@lctltam@@te qmidqenr)(so of

absol ute hum dity qf su in t and t ent h s the
Sane. st hatigien e i Snbe Gl tebioh i aine i, pid o e e b
preferabl e epnt fake ofl RS ZkurEOF sugaq@aptseseleutd assthaasgénﬁ%etﬂa@bf ttemserma%w ement
val ues of outside air correspon to the state at a point P4 in the zone |V

as illustraswdlyi pirFl Geeddinglyy privferable agieconditipgpgitconsrel t dap  bes émplbmdngidc by i ne
passi ng through the nt 1 t he ted so as to MIIi M Ze
Phe a1t or o e REE R PHe L BP YR R e PP RIS RETBOMS and the tar get
val ue XsO ofoos: gsolute huntdlty of supply air (a point "e" in FIG 5). The
tenperature_and absolute hunmdity of the state corresponding to the point
"e" are set Ferexeppde,titds gsetmedahat:élemasmenwnp’é?satf quigidedir comrppbyd taithe starecht t he

target Vala\gg 801&9%81% thg'l%gn% T)s 1llus%{'a‘ceéj tﬁfG%f ?nutgp 5 ¢ steae{ }gomt o thealu]h) ¢ n&i f)% tl.hom ng

contr ol supply Wth t enperatu y Wthin
the target fa@gagﬁﬁgecﬁﬁexbﬁbrﬁtﬁaaf atpgg adlis tsé]@temdalamm&rths&yt a)@a&ummdw
[0083] Next, a description is given of still another enbodiment in the case

where the cpassiamithrosghnthe pejst Py (a pointi & dnt FIG) 9. wiheriprperaise anggbsolte f[umu]of hi the
descri pti on of Lonedofir n the
P %hg st Eeagm%pondmﬁ Lt gcant £ PSR §e§ Fatﬂg tareet \Qa@)g lg(g?fﬁgr%};g? ture of squq

state of ou e ar

introduced aindnd the $a#jt @6heNsd 6f Ab8ELE BBMidRY op EUPPH Sehir foﬂalr-acbnlamaﬁmgi tdntroni NQ
control. Wen the state of outside air is in the zone V, if the current
absol ut e huﬁP‘i?F"t“}g%ﬁ“RPHealbm% iacfemperature @nch a hugits Withribe FegeliFpess e BFt of

the target Ex@?éd?tth ?8§‘%‘M§‘E gg F“n’ig)(wr?f supply air, the current absol ute

hum dity of e outside air 1 ed as the target val ue Xs0 of absol ute
hum dity of [(mstppl y air, and the upper limt of the target range of
terrperature of supply alr is selected as the target value TsO of

t enper at ur elnghe §‘t§fﬂﬂ“§7n af the af&?éﬁ?*éﬂn?@?‘?md‘&eé‘tséﬁ%tﬁrgét wlye TsbabemparrBgicont r ol
can be inpl g@@g%ﬁ%?& LT \%Ué%{sﬂgf Q¥ Qb RIS by APHe LS AP TREmEDE

cooling pro or th
the energy consumptlon. However, the air-conditioning control may be performed according

to a combination of the supply air temperature, supply air absolute humidity, and flow rate of
supply air which can minimize a cost Cost corresponding to the energy consumption which is
calculated by using the following formula (11) instead of the above formuia (8).
Cost =al x geol(Fs x (o HO + (1 -~ o) Hr - Hs))
+ a2 x gfan(Fs)
+ a3 x ghum(Fw)
+ a4 x Fw an

Herein, al is a relation between the energy consumption of the cooling coil and the cost thereof;
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[ 0085] For exanple, it is assunmed that the neasurenent val ues of outside
air correspond to the state at a point P5 in the zone V as illustrated in
FIG 5. In this case, a point of the upper limt of the target range of
tenperature of supply air is selected on a |ine of constant absolute

hum dity passing through the point P5 (a point "V in FIG 5). The
tenperature and absolute humdity of the state corresponding to the point
"f' are set aas 4 RRtEEEGREn Haleh@gyT@Rs@iptibLHMEY Bh WEhOEosSMERIrY a3k kelaiogl t he
target value XsO of absolute humdity of supply air for air-conditioning
control . Ac®eaimys gersy aptuppEgns copgertngah fen and dheaget therpaindndiattys @ t hi n
the target r nerated. at. the.m ni mum,energy., cons ti.on.
10086 P« FOAE Lefi At BE rBGARE DY Sl hor Il A B GO R o e

val ue Ts of systoperahesate@s thodppthy fanilagd)d THRe d1as gehaMaleliger ¥68hcahtsabsol ut e
hum dity of supply air are set so as to mninize the energy consunption.
However, th&n5iiqns BusieR assuamer frpesirtal sharasigyistiseofsest Coprgregnapeenadit A godline a

conbi nati on - al . at ur ) j I mdity,
and 1 ow rafa) B iGepRb b, bEHRGEA! e, SHERICH Shleu BRRR oL RIS 1V o
t he ener gy esh®sthater oshswdipitiol | s cal cul ated by using the follow ng formula
(11) instead of the above fornmula (8). Cost = al x gcol(Fs x (a HO + (1 -
a) H - Hs)fOOﬂ]aZ x gfan(Fs) + a3 x ghun(Fw) + a4 x Fw(11l) Herein, al is a
relation bek‘é‘@@s@nﬁebg}i 06408 &ﬁgéﬁﬁ%t ho Qutgfie &;P&n&ﬁ&béﬁgg?y giphénflﬁligtﬂretla?gn cost
thereof; a2 is a relation between the energy consu 1on of the tan and

t he cost t habkefeyioady hedd yehadontel chreéntetingtsévgiore?8 mgy ichids thepdeovahedsT er ni ng
hum di fication and tg{e cost. thereof; and_a4 is a relation between the flow

rate of wat 8 TRFAHE AT BPPY SREIbTe BT Yas %50 ot Sbepue SEmiditne syRatetr ¥hifbol s are
the same ascgnhlgx'i"iﬁlizgfthe_tcgﬁ férgﬁé}gj &nguﬁ%tion-r(ﬁgﬁgaﬁlexﬂegse%r B Yarfd6s &)'n(ﬁxﬁ&{s of .
coefficients or functions and are assuned to be general characteristics of
cost - ener gyowadesiiripipemtnrg butsideochumidjtycad kerenthbad freezer, cost - ener gy
consunpti on g% a fan, cost-energy consunption of a humdifier, and
cost-wat er EX &.J,urrpti on. [0087]

By performing air conditioning control using the target value Ts0 of temperature of supply air

and the target value Xs0 of absolute humidity of supply air which can minimize the cost, the
expense for operating the server room management system can be reduced.

[0089]

In the aforementioned embodiments, the target ranges of temperature and humidity of supply air
are the target ranges according to the prescription of ASHRAE but are not limited to the same.
The target ranges of temperature and humidity may be other target ranges according to the state
of an object to be controlled. Moreover, some or ali of the zones separated as illustrated in FIG.
3 may overlap each other.

[0090]

While certain embodiments have been described, these embodiments have been presented by
way of example only, and are not intended to limit the scope of the inventions. Indeed, the
novel embodiments described herein may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of the embodiments described herein
may be made without departing from the spirit of the inventions. The accompanying claims

and their equivalents are intended to cover such forms or modifications as would fall within the
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As described in the second enbodi nent, the outside air condition/supply air
condition relation table previously held by the control content setting
section 293 may include the target value TsO of tenperature of supply air
and the target value XsO of absolute humidity of supply air which can

m nimze the cost for energy consunption (necessary expense) for the
various conditions of outside air tenperature, outside air humdity, and
server | oad.scdpdQ8BYiryf theinfeatiedisng ai r condi tioning control using the target
val ue TsO of tenperature of supply air and the target value XsO of absolute
hum dity of supply air which can mnimze the cost, the expense for
operating the server room nmanagenent system can be reduced. [0089] In the
af orenenti oned enbodi nents, the target ranges of tenperature and humdity
of supply air are the target ranges according to the prescription of ASHRAE
but are not limted to the sane. The target ranges of tenperature and

hum dity nay be other target ranges according to the state of an object to
be controlled. Mreover, sone or all of the zones separated as illustrated
in FIG 3 may overl ap each other. [0090] Wile certain enbodi nents have been
descri bed, these enbodi mrents have been presented by way of exanple only,
and are not intended to limt the scope of the inventions. I|Indeed, the
novel enbodi nents descri bed herein nay be enbodied in a variety of other
forms; furthernore, various om ssions, substitutions and changes in the
form of the enbodi ments described herein may be nmade w thout departing from
the spirit of the inventions. The acconpanying clainms and their equival ents
are intended to cover such forns or nodifications as would fall within the
scope and spirit of the inventions. Clains 1. An air-conditioning system
for managi ng a server room the server roomhaving first and second spaces
separated, in which a server is placed between the first and second spaces
and supply air flown into the first space is heated by heat generation of
the server and is flown out as return air through the second space, the
air-conditioning system conprising:
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an outside air introduction unit for introducing outside air and
controlling an anount of the outside air introduced; areturn air
i ntroduction unit for introducing the return air flown fromthe second
space of the server roomand controlling an anount of the return air
introduced; a humdifier for humdifying at | east one of the outside air
and the return air; a cooler for cooing at | east one of the outside air and
the return air; a fan for causgpgmishe return air and outside air
fromthe humdifier and the return air and outside air fromthe cooler to
flowinto the first space as the supply air and causing the return air to
flow Ouj[ fr?,m m%r—ls,&lﬁ{‘?lBQn § forAh: né:Q EEHa?LJo [th%%gmgrlr%rygévin first and .

an outside alr state measurenment valtue acquisitron section oF acquiring
measur enment secahdipsced bephreteflan ahidk @ sand ihpladed ibbtyedf thé Lt Hidtssdofk® spatds;and

a control content setting section for setting control contents for

gener ati ng StRBRIAF flqrp nfg Pedint sprceibstied By hedtgerermtigne! thespyaands fownpeeat ur e,
absol ute hupg.gi §; [ o [T YA e measur enent val ues
of the tenperat %%?og%&h%%n&gisyage’%% q%r%léﬁd}gfﬁl g‘?g}ggénﬁéramg%%l&i red by the outside
air state measur eawsntside air irerodicgoen wiitt foointredecibg outside #nihd controlling an amount a
control sectjon for controlling a flowrate of the introduced outside air,
a flow rate® e?WtFé‘IeiaHf’}trﬁa‘ffE‘Ed return air, anounts of controlling the

hum difier and t r'!1e‘rel‘c\l191c%1|ir(?1litlrodtfi’c'ﬁgn'\‘3"1ﬁ't f@xl iﬁtro\ﬁgéi e Qturr; mm%ongﬁess%gon@ %ﬁ%@ e

control contents set by the control content setting section.

ai r - condi t i ofthexgrveyrebme andaontodilangam dmounhefitig refurn air introduckdhe control cont ent
setting section deterpines which one of a plurality of air state ranges the
state of the out salﬁb'g“ i OgEB‘r"Plg‘g’ﬁ?ﬁﬂf‘dgaith‘e_%ﬁ?é’_&i‘s‘(‘}ﬁa‘?ﬂ‘éﬂﬁéﬁf&‘ﬂ%ﬁent val ues of
the tenperature andoBUm dbihyatMastloBSorh htsflie R bfd REQIMiA8d Dy the outside air
state neasurenent val ue acquisition section, the air state ranges being
cat egori zed accoradanfer cosing therevp @ir abhdi pwsideadisfodou the hhwidifei ang, theametirr €t at i ve

hum dity target. range atrﬁd an ent.hal. t et range correspandin 0 an air
state of a " n%E‘daé?ff%&h BEOYR & hg@%ﬁnp%{r ,Spaéﬁ%g‘ﬁts%pphuarﬁ %‘gtcﬁ‘,‘s"%ﬁée
rel ative hugiueh dito H18% g@lfroARRSond §1a€k; and

a controller comprising:

an outside air state measurement value acquisition section for acquiring
measurement values of temperature and humidity of the outside air;

a control content setting section for setting control contents for generating
supply air within previously set target ranges of temperature, absolute humidity, and relative
humidity, based on the measurement values of the temperature and humidity of the outside air
acquired by the outside air state measurement value acquisition section,; and

a control section for controlling a flow rate of the introduced outside air, a
flow rate of the introduced return air, amounts of controlling the humidifier and the cooler, and

an air volume of the fan, based on the control contents set by the control content setting section.

2. The air-conditioning system of claim 1, wherein
the control content setting section determines which one of a plurality of air state
ranges the state of the outside air corresponds to, based on the measurement values of the

temperature and humidity of the outside air acquired by the outside air state measurement value
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the control content setting section sets the control contents to use sone
or all of the outside air introduction unit, the return air introduction
unit, the cooler, and the hum difier according to the determned air state
range. 3. The air-conditioning systemof claim2, wherein t he
control contents setting section determ nes which one of air state ranges
the state of the outside air corresponds to and sets the control contents
accordi ng t oadjhisiticheseerion theedlr it rafe@béng ARPRizeREAEUNOD h \EmPERATH TR

val ues of the tenperature and humdity of the outside air acquired by the
outsi de air SR HIALRMERERICIY Sragkreadcy edsintenBHPYS eee Terge comspaiting ot &t e
ranges inclu ate of the
outside air imsmvi\f o g (:igﬁl%ef(ei Zﬁreatf% ra%%bgsg[u%pgl %a\g?rggwe E‘éfn ?'ILB[ @y e

hum dity targeges,rahges; a second air state range in which the state
of outside air is belowa lower Iimt of the absolute humdity target range
of supply air andH5SPRR! sontenhasttingsagtion gits the sonirak geatensy tq ¥se gerne @raaﬂgé ‘the
athird air F=Taly o [ t. de |r t he
absol ute hun?&?fte?"t ar ge(t:do?a%eﬁg %Mﬁs?ﬁbe og\‘/lvg{ Q’H'ftot\}/’\e/erco i anfis[h%/\i’ @He

t enper at ur e dcenrdjeg to thedgternonediad saetanpel ow t he upper linmt of the relative
hum dity target range; a fourth air state range in which the state
of outside air is within the enthalpy target range and is below the |ower

limt of the, alqrﬁé),llwogdlmg%g@;ngfacqagﬁ Vghgg:gle or is above the upper limt of

the tenperature target range; and fifth air state range in which

t he stat e of out sthdeormot cdngenitsétting sebtion déthmlrfes fwhich bofie Hf0iH stdfe @hdes ik 3R
ranges. ?gﬁ condi ti oni ng XSt emof claim3, wherein the control
contents set g- lgﬁf"ir §ipjresponds st the £prol.oniERty pecerdig dniths determinediafri ze t he

flow rate Ofstafehifhgb, Bhddhi Bn A mebduredRLSHRE A téxﬁb@Iattﬁ@ﬁd%Brﬁ%dﬁy 8f ind QR4 S! de

air corresponds to the first air state rang
acquired by the outside air state measurement value acqulsltlon section, the air state ranges

including:

a first air state range in which the state of the outside air is within the temperature,
absolute humidity, and relative humidity target ranges;

a second air state range in which the state of outside air is below a lower limit of the
absolute humidity target range of supply air and below a lower limit of the enthalpy target
range;

a third air state range in which the state of outside air is within the absolute humidity
target range and is below the lower limit of the temperature target range or is not below the
upper limit of the relative humidity target range;

a fourth air state range in which the state of outside air is within the enthalpy target
range and is below the lower limit of the absolute humidity target range or is above the upper
limit of the temperature target range; and

a fifth air state range in which the state of outside air is other than the first to fourth air

state ranges.

4. The air-conditioning system of claim 3, wherein

the control contents setting section
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sets the control contents to mx the return air and the outside air at a
predetermned ratio by adjusting flow rates of the introduced return air
and the outside air and performa necessary anount of hum dification by the
hum difier for the supply air if determning that the state of the outside
air corresponds to the second air state range; sets the control
contents to mx the return air and the outside air at a predetermned ratio
by adjusting the fdow éRkQSontd theidiRizE 0 WeRGats B HE Rudi dir il G QM Si de
air if determining that the state of the outside air corresponds to the
third air stthastetedthyeutside air correspgrss & thhigrsiagtateghngeont ents to nini mi ze the
flowrate of the return air an erforma necessar unt of .

um di 11 cati on £ oy Hecbsefo Pogy Herelm SRR o PRI nat ¢ he
state of theatRUSySidIRLIR flove Riids F BRNBTodu&d trt@rmTRUnt RheAbisidet At MdRAGE: 2 and
sets the control contents to mnimze the flowrate of the introduced

out si de ai r nasserayerbwit of pusatifieagior By the hemidifiprfpythe pupplly wir tifrdetepiing thay the

det erm ni ng s%ag%rfth% Qu si gaal‘;[cengsfotdh%tl%l'lstécsoimggrs%trragorresponds to the fifth air
state range, ased ORLhe Measur enent var ues of the t enperature and
hum dity of the ostsshd@ntbircomeditol@d tRyrefiMeniroial SetRitsie hir &t abRdARARYL €MeNt
val ue acquisition section. 5. The air-conditioning systemof claim 4,

wher ei n ratio byagjastiag fherflow ratehefehr @H@déeqdir?rgm%@pg 8 oylside aif Helelemrnipg|
content to S| i r.an retur jr.after the return air is
subj ect ed tgﬂat ‘Légﬁeeg%fées‘g‘%?egfrrrﬁﬁr?\ef‘%ﬁsqﬁﬁ‘?nﬁ‘gﬂﬁfa?étgetefac‘)‘ i’by the humidifier if
determ ni ng that deRahstoatrsl dhtehith® Qinintizdlte Aoty ra1© of @RPOMASI Mdtipaormegond ai r
state range, based on the neasurenent val ues of the,terjrtperat_u.re and

humi di ty of PEREayameyyaf ymyidificatien fortie pYpplyiE by (iechumddifigr if dstemmpipingihasthe enent
val ue acqui shh Pl SRE Ao Bponkl6 (i Hak kAL Gy System of claim 4,
wherein the control %ontents setting séction sets the control
contents to furt het tpedohiod Romtam to gnifnie theBovs tappdf\thaintroddyedtdugide @i lagd | f
determning that the state of the outside air corresponds to the fourth air
state rangePerfoRe &epligs far the sHRps oiF Bhibm poales if determpiping that @@%%P&Eha Psidgr

hum dity of fhe,QulShdfnRhif +26AYLS ed by the outside air state nmeasurenent
val ue acquisition section. 7. e air-conditioning systemof claim4,

wher ei n t hesed @nttiicoheasoatantgues of the ngnpeetitd o howoidity of te bineidd diow r at e
of the introdu.ceg outside air to the lower limt of the previously set

out si de ai r 259WF9SY Herrsiie pnAte M UHRL VAR ACHES Y NATPhe state of the outside
air corresponds to the fifth air state range, based on the nmeasurenent

val ues of the tenperature and humdity of the outside air acquired by the
out si de ai rS.stTht eir-pedgionienestemwétisie Gebreisi ti on section.

the control contents setting section sets the control content to mix the outside air and
the return air after the return air is subjected to the necessary amount of humidification by the
humidifier if determining that the state of the outside air corresponds to the second air state
range, based on the measurement values of the temperature and humidity of the outside air

acquired by the outside air state measurement value acquisition section.

6. The air-conditioning system of claim 4, wherein

the control contents setting section sets the control contents to further perform cooling
for the supply air by the cooler if determining that the state of the outside air corresponds to the
fourth air state range, based on the measurement values of the temperature and humidity of the

outside air acquired by the outside air state measurement value acquisition section.
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8. The air-conditioning systemof claim1, wherein t he control
contents setting section calculates a target tenperature and a target

hum dity of the supply air which mnimze energy consunption, based on the
measur enent val ues of the tenperature and hum dity of the outside air
acquired by the outside air state neasurenent val ue acquisition section,
and sets the control contents based on the cal cul ated target tenperature
and hum dity of the supply air. 9. The air-conditioning systemof claim1,
wherein the control contents setting section calculates a target

t enper at ur e 7antheairtcandjigininiguystei dfyglaod 4,twheremuppl y air which minim ze
necessary cost for ener consunpti on, based on the peasurenent val ues of
the tenperature aﬁac ﬁ? pie SSﬁnﬁﬁ@mﬁﬁﬁ§Fﬂéﬂﬁﬁ@wé€ﬁﬂfW%H“ﬁ?w¥%€“6ﬁﬁglde air

state measUneieRveyahiv6r BREGVicslylsQuSRE ﬁa{}odum r§tﬁ)t §a&é§ﬁ¥1&g Bt Bk sﬁgnt ent s

based on the cal cul ated target fenperature and |ty 0 he supp y air.
10. The ai r -otthnditsidecin cogespyrls withedfifthairaiatarge, \Ma@rl en the theuconitvabesoftieent s
setting section viously holds a table representing a

cor r espondeff e‘ia"é‘FeaaL“ii Bﬁg‘ﬁit’b‘)fﬁ]éet ‘%)ldé*éiﬁ air aeAy LY theoutily aH e e T - out si de
air and theatQlgeh sdgsmperature and humdity of the supply air which
mnimze the energy consunption; cal cul ates, fromthe table, the
target tenperature and hunldlty of the supply air which mnimze the energy
consunption iyresgo dln to e Jreas rement val ues of the tenperature and
hum dity of St heeglfraidens ﬁ“ﬁ Pyt H@mFﬂe outside air state measurenent

val ue acqui siti Onge $6&fol @Bnter@ Getting sectlons‘?aioﬁlaklg'ea fé%{ 'Eempeﬁﬁfbt gl 3 tQ@éed on
the cal cul ated target tenperature and hum dity of the supply air. “11. The

air-conditi b\mud@' sf/the ewppbf aic Whicininimizk @nesgynconsumption, based on the measurement

values of the temperature and humidity of the outside air acquired by the outside air state
measurement value acquisition section, and sets the control contents based on the calculated

target temperature and humidity of the supply air.

9. The air-conditioning system of claim 1, wherein

the control contents setting section calculates a target temperature and a target
humidity of the supply air which minimize necessary cost for energy consumption, based on the
measurement values of the temperature and humidity of the outside air acquired by the outside
air state measurement value acquisition section, and sets the control contents based on the

calculated target temperature and humidity of the supply air.

10. The air-conditioning system of claim 8, wherein

the control contents setting section

previously holds a table representing a correspondence relationship between
temperature and humidity of the outside air and the target temperature and humidity of the
supply air which minimize the energy consumption;

calculates, from the table, the target temperature and humidity of the supply air which
minimize the energy consumption, corresponding to the measurement values of the temperature

and humidity of the outside air acquired by the outside air state measurement value acquisition

26



the control contents setting section previously holds a table
representing a correspondence rel ationship between tenperature and humdity
of the outside air and the target tenperature and hum dity of the supply
air which mnimze the necessary cost for energy consunption;

calculates, fromthe table, the target tenperature and humdity of the
supply air which mnimze the necessary cost, corresponding to the
measur ement s¥aibst@sd of the tenperature and humidity of the outside air
acquired by the outside air state neasurenent val ue acquisition section;
and set s t bres thaenirad contantstbesetl on thasrdatlated targee teppéretuie ab Brhntiity géthe
tenperaturesﬁﬂg Qynidity of the supply air. 12. A nethod of controlling an
air-conditio |Hb System for managing air conditioning of a server room the
server room connected by a return air duct and a supply air duct to a
server storage container, the server storage container including first and
second spacdt sksar-gendiiosipgisysiem ofirititid: Whageim pl ural ity of servers placed

bet ween t he firstmga%%ﬁ%%qggs% aces. an airflow forned in the server
storage container In ich cold aiT ¥ own into the first space i s heated

due to heat genergtii@BlybYolihe: Ribler adpkdsdntifd =S @b¥Epsndadel leBtidnigp debvdi out as
return air through the second space, the nethod conprising: acquiring
measur enent "SFRFRRE H humidits of ther eutsids criranditi engetotmparatre ded himiditseft the ng
control cont el i.n lveair within previously set

t enper at ur e,lﬁg{@glvﬁ%cgg‘ﬁﬂrgn&gheﬁgm%%g%?%foéfrlle\rﬁg° um’ |°t“y target ranges based

on the acquired naksktks femtthe ablelis tarfet taippRiuad 448 Quaiafly Srund Sbily aipkhikihe
outside air;  and controlliqg@g flowrate of the introduced outside
air, a flow iHpize §r negeesanyfostotprepandingt ip the meayurement telues of they igmperatennant e

second spac ﬁurﬂigit}I thhg Shikhd Fi@!{a&cgﬂytf’ By thg rbuégg lﬂﬂ't sta?e;c mgéggr%rl;xgnlt 551}5]% F%Plhrsll 1cr)Tr11 difier

hum di fying at |'east one o I ntToduced outside arr an alr, an
anount of eotidngadd i ng a cooler cooling at | east one of the introduced
outside air and return air, and a flowrate of a fan causing the air

huni di fied by theCHifificentiol wnteats heseden thy Galcplaisd Bepekigmparaure ansl hamidity of theyw

t hr ough themébla§upply duct to the first space as the supply air, based on
the set control contents.

12. A method of controlling an air-conditioning system for managing air conditioning of a
server room, the server room connected by a return air duct and a supply air duct to a server
storage container, the server storage container including first and second spaces separated and
accommodating a plurality of servers placed between the first and second spaces, an airflow
formed in the server storage container in which cold air flown into the first space is heated due
to heat generation by the plurality of servers and is then flown out as return air through the
second space, the method comprising:

acquiring measurement values of temperature and humidity of outside air;

setting control contents for generating supply air within previously set temperature,
absolute humidity, and relative humidity target ranges based on the acquired measurement
values of temperature and humidity of the outside air; and

controlling a flow rate of the introduced outside air, a flow rate of the introduced
return air which is flown from the second space to the return air duct, an amount of controlling a

humidifier humidifying at least one of the introduced outside air and retumn air, an amount of
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controlling a cooler cooling at least one of the introduced outside air and return air, and a flow
rate of a fan causing the air humidified by the humidifier and the air cooled by the cooler to
flow through the air supply duct to the first space as the supply air, based on the set control

contents.
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