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FIELD
[0002] Embodiment of the invention relates to an air conditioning system
and an air conditioning control method for a server room.
BACKGROUND
[0003] Generally, there is a large amount of heat generated in a data
center since many servers are placed in the data center. Normal operation
of the servers requires that air conditioning be properly controlled to keep
environmental conditions for a server room in a predetermined range.
[0004] Technology for cooling air in a room in which many computers are
ingtalled ag in the data center has been known from JP, P2005-172309A. JP,
P2005-172309A discloses an air conditioning system configured such that air
sucked 1n from a space in the lower portion of the room is blown out from a
gpace in the upper portion of the rcom and thereby the air 15 sucked into
upper portions of server racks.
[0005] This technology enables efficient air conditioning control by
reducing temperature gradients throughout the entire area in the room and
also reducing variations in supply air temperature.
[0006] The data center in which load on an object to be air conditioned 1s
information equipment has different features from those of typical buildings.

For example, the features are that:



center since many servers are placed in the data center. Normal operation of
the servers requires that air conditioning be properly controlled to keep
environnmental conditions for a server roomin a predeterm ned range.

[ 0004] Technol ogy for cooling air in a roomin which nmany conputers are

installed as in the the e wn fromJP, P2005-172309A. JP,
P2005- 172309A di sc g%gﬁ%ﬁ)gdﬁgg %51‘)1?%3 %%éystem configured such that air
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[0007] An object of the present invention is to provide an air conditioning

gsystem and an air conditioning control method for a server room, capable of

performing air conditioning control having a great energy-saving effect with

efficiency and reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

fo008] Fig. 1 is a general drawing showing a configuration of an air

conditioning system according to one embodiment;

Fig. 2 is a block diagram showing a configuration of an air
conditioning controller of the air conditioning system according to one
embodiment;

Fig. 318 a psychrometric chart showing ranges into which the state of
outside air is classified by the air conditioning controller of the air
conditioning system according to one embodiment;

Fig. 4 iz a flowchart showing operation of the air conditioning
controller of the air conditioning system according to one embodiment; and

Fig. 5 15 a block diagram showing a configuration of an air
conditioning control setting unit of the air conditioning controller according
to one embodiment.

DETAILED DESCRPTION

[0009] An amir conditioning system for a server room, according to the



- ventilation for preventing an increase in CO2 concentration i S unnecessary
since the | oad does not generate CQ2. However, the conventional data
center wastes energy because of not performng air conditioning control
adapted for these features. [0007] An object of the present invention is to
provi de an eai o .ond%t.ianig system and an air conditioning control nethod for
a server rogﬁlig 6@83‘ I8 %erform’ ng air conditioning control having a great
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within a target state and falls under a preset first specific enthalpy in order
to generate the supply air in the target state from at least any one of the
admitted return air and outside air, the target state being a state falling
within a preset tarpget range of supply air temperature, within a preset
target range of supply air absolute humidity, and within a preset target
range of supply air relative humidity; and confipured to make air
conditioning control settings for generating supply air in a state which lies
within the target state and falls under a second specific enthalpy higher than
the first specific enthalpy, when absolute humidity of the outside air 15 equal
to or lower than an upper limit value of the target range of supply air
absolute humidity, relative humidity of the outside air 1s higher than an
upper limit value of the target range of supply air relative humidity, specific
enthalpy of the outside air is equal to or higher than the first specific
enthalpy, and specific enthalpy of the return air is equal to or higher than
the first specific enthalpy, or when relative humidity of supply air obtained
by mixing together the outside air and the return air is higher than the
upper limit value of the target range of supply air relative humidity; and

an equipment controller configured to generate control signals for

controlling the amount of admission of the outside air and the amount of

admission of the return air, based on the air conditioning control settings



Fig_ 5 is a block diagram showi ng a configuration of an air conditioning
control setting unit of the air conditioning controller according to one
enbodi nent . DETAI LED DESCRPTI ON [ 0009] An air

condi tioning systemfor a server room according to the enbodinment, includes!
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air, the target State being a state ltng within a preset target range of
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humdity, and wthin a preset target range of supply air relative humdity;

and confi gus@drdife1BkRe ahdbo@RRELL W RIMN e LOMEA HitS edibidIR8 tf Pig. generating supply
air in a state which lies within the target state and falls under a second

speci fic enfguahpy @R cohBRbERE sfdtbst 26aRatdl: aireddhialding WeeRRgo! ut e
hum dity of the outside air is equal to or |lower than an upper |imt val ue of

the target rnge0 ol asluppkynm@l br dshkait e hum dity, relative humdity of the
outside air is higher than an upper limt value of the target range of supply

air rel ativeohah diFiystlspee séiver entrhalopyillofe dderibud Si Tke adrver So@gual to or
hi gher than the first specific enthal py, and specific enthal py of the return
air i s equals ph@votedhwithes dohéle floer 11 hswvuspphirkl opemniballiy, and plhhed rel ati ve
hum dity of supply air obtained by m xing together the outside air and the
return air sgven ghdes 12dntot hz4uppeplakédrion thel deikdé fidee Tlar Jerhrdnhe of supply
air relative humdity; and an equi prent controller configured to
generat e copiural ssivgnatasks ok2-totot 1814 rengairve phmal rrerofrs admildsitortedt. t he
outside air _and the amount of admi ssion of the return air, based on the air
condi ti oni nfabnt thel segeensiondans installed in the server racks 12-1 to 12-4 produce

an air flow shown by arrows of Fig. 1 in the server room 10. Specifically,

cold air flowing into a lower portion of the double floor 11 is sucked into an

upper portion of the double floor 11 through the openings 11a of the double

floor 11, and the cold air is heated by heat of the servers. Then, the heated

air, or hot arr, flows out as return air to the air conditioming system 20.

Such an air flow forms a cold area 13 containing the cold air sucked into the

gerver racks 12-1 "to 12-4 and a hot area 14 containing the hot air blown out

of the server racks 12-1 to 12-4, in the upper portion of the double floor 11.

Then, the éervers are cooled by the cold air thereby to operate normally.

[0013] Next, the air conditioning system 20 will be described. The air

conditioning system 20 includes a return aiwr duct 21, a return air

temperature sensor 22, an exhaust damper 23, an indoor unit 24, an outdoor

unit 25, an air supply duct 26, an outside air temperature sensor 27, an



made by the air conditioning control setting unit, thereby to control the
means for adjusting the anmbunt of adm ssion of the return air and the neans
for adjusting the anount of admi ssion of the outside air. (Configuration of
Air Conditioning Systemfor Server Room [0010] A configuration of an air
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and the cold air is heated by heat of the servers. Then, the heated air, or
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air flowforms a cold area 13 containing the cold air sucked into the server
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server racks 12-1 to 12-4, in the upper portion of the double floor 11. Then,

the server sdﬁelemcg@altedh@yuﬁsnﬁe tebdslatke tdharelit it 2REBRLE openirgl | V.
[ 0013] Next, the air conditioning system 20 will be described. The air

condi ti oni nEAYst enTRO indwelrudes 2 iedudsy airetduchir?ibletads@bper P4a] ant enper at ure
sensor 22, an exhaust danper 23, an indoor unit 24, an outdoor unit 25, an air
suppl y duct o@Bideanr oitcis@pear 242, enfplesn? 48, @ lnanslifie?F44, arcooling coil 245,

an air supply fan 246, a supply air temperature sensor 247, and a supply air

humidity sensor 248,

[0018] The return air inlet damper 241 adjusts the amount of return air

led into the indoor unit 24 through the return air duet 21, by its opening.

The return air inlet damper 241 is means for adjusting the amount of return

atr admigsion.

[0019] The outside air inlet damper 242 adjusts the amount of outside air

led into the indoor unit 24, by its opening. The outside air inlet damper 242

1s means for adjusting the amount of outside air admission.

[0020] The filter 243 removes dust from the outside air and return air led

into the indoor unit 24.

[0021] The humidifier 244 humidifies the outside air and return air

passed through the filter 243, as needed.

[0022] The cooling coil 245 generates cold air by cooling the outside air

and return air passed through the filter 243, as needed.



outside air humdity sensor 28, and an air conditioning controller 29.
[0014] The return air duct 21 is a pipe for passage of air therethrough, and
provi des a connection between the hot area 14 of the server room 10 and the
i ndoor unit 24 of the air conditioning system20. 100151The return air

temper at ur egegsor 27, MRASNEER Hhe JRTRRRALNLG ol if e Aelund ALk {1 ow ng in

fromthe hot "area 14, and the neas val u e alr conditioning

cont ol et ShakaClancoRuiaust, damergd adl HShaale IOl Jfpturn Bt

di scharged to t utside through the feturn air t's openi ng.
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air inlet danper a hum I er ol1ng coil 245, an

ai r supply fiamzg0¢ tie SHPRE Yoot 0! HIPEILAEHL 818608013247, and a supply air
hum dity sensor 248. [00181The return air inlet danmper 241 adjusts the anmpunt

of return ajgh24]  The supply air temperature sensor 247 measures the temperature
of the supply air flowing into the server room 10, and transmits the
measured value to the air conditioning controller 29.
[0025] The supply air humidity sensor 248 measures the humidity of the
supply air flowing into the server room 10, and transmits the measured
value to the air conditioning controller 29,
[0026]  The outdoor unit 25 is connected to the cooling coil 245. For the
cooling coil 245 to generate the cold air, the outdoor unit 25 supplies a
refrigerant to the cooling coil 245. The cooling coil 245 and the outdoor unit
25 form a cold air generator.
[0027] The air supply duct 26 is a pipe for passage of air therethrough,
and provides a connection between the indoor unit 24 and a portion of the
gerver room 10 under the floor thereof, leading to the cold area 13 thereof.
[0028] The outside air temperature sensor 27 measures the outside air
temperature, and transmits the measured value to the air conditioning
controller 29. The outside air humidity sensor 28 measures the outside air
humidity, and transmits the measured value to the air conditioning
controller 29.
[0029] The z-;tir conditioning controller 29 controls the overall air
conditioning system. As shown in Fig, 2, the air conditioning controller 29
includes a supply air target range information storing unit 291, an outside

air temperature and humidity measured values acquiring unit 292, an air



led into the indoor unit 24 through the return air duct 21, by its opening.
The return air inlet danper 241 is neans for adjusting the anmount of return
air adm ssion. [0019] The outside air inlet danper 242 adjusts the anount of
outside air led into the indoor unit 24, by its opening. The outside air inlet

outsi de air led into the indoor un ~opening.” The outsi de :
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‘ humidity for the supply air fed to the server room 10.

[0031] The outside air temperature and humidity measured values
acquiring unit 292 acquires the measured value of the ouiside air
temperature obtained by the outside air temperature sensor 27, and the

 measured value of the outside air humidity obtained by the outside air
humidity sensor 28.
[0032] The amr conditioning control setting unit 293 receives the target
range of supply air temperature and the target range of supply air humidity
stored in the supply air target range information storing unit 291, the
measgsured value of the outside air temperature and the measured value of
the outside air humidity acquired by the outside air temperature and
humidity measured values acquiring unit 292, the measured value of the
return air temperature obtained by the return air temperature sensor 22,
the measured value of the supply air temperature obtained by the supply air
temperature sensor 247, and the measured value of the supply air humidity
obtained by the supply air humidity sensor 248. The air conditioning
control setting wmi 293 makes air conditioning control settings for
generating supply air which falls within both a preset target range of supply
air temperature and a preset target range of supply air humidity, based on
the received data.
[0033] The equipment controller 294 controls operation of each

individual piece of equipment in the air conditioning system 20, based on the

air conditioning control settings made by the air conditioning control setting



[ 0023] The air supply fan 246 feeds supply air to the cold area 13.
Specifically, the outside air and return air humdified as needed and
optionally al so cool ed as needed pass through the air supply duct 26, under
the floor of the server room 10, and into the cold area 13. [0024] The supply
air tenperaglneggensor 247 measures the tenperature of the supply air flow ng
into the server room 10, and transmts the neasured value to the air

condi ti oni n@%@?Q%i Rk &t di{:igggﬁlogﬁ@erﬁ.‘wpgé/rv@} RoBHYI dity sensor 248 neasures

the humdity e supply air Wi ng into the server room 10, and transmts

the measur efhoga) ue Wox REeAlorCoNdid AN RLiGMhE bR 28- fol R2@kFhe out door

unit 25 is connected to the cooling coil 245. For "the cooling coil 245 to

generate t hg,o6pheodling thRe @HbEARKe N KOdsUPREASS a refrigerant to the _
cooling coil 245. The cooling coil 245 and the outdoor unit 25 forma cold air

generator. [)@@8FV1ThenaiHe SHPRBHMMEMCIthdballR Ak PRrESS rPRssS 38RrRhtidh!
t heret hrough, and provi des a connection between the indoor unit 24 and a

portion of itagingenni@ragioamitedndehet fie dbhabioriheenirollbeadi ¢fotHeoairhe col d
area 13 thereof. [0028] The outside air tenperature sensor 27 neasures the
out si de ai rconditioning system 20 for the server room, stores in advance the target
range of supply air temperature and the target range of supply air humidity
for the supply air supplied to the server room 10.
[0036] In the embodiment, it is assumed that the supply air target range
information storing unit 291 stores range information given below, as the
target range of supply air temperature and the target range of supply air
humidity as target conditions for the supply air supplied to the server room
10, according to standards specified in ASHRAE (American Society of
Heating, Refrigerating and Air-Conditioning Engineers). Temperatures:
18°C to 27°C; Absolute humidity: 0.0056 to 0.0107 kg/kg; and Relative
humidity: 60% or lower. Incidentally, hereinafter, a target range of absolute
humidity will be referred to as a target range of supply air absolute humidity,
and a target range of relative humidity will be referred to as a target range of
supply air relative humidity. Also, the target range of supply air absolute
humidity and the target range of supply air relative humidity will be
collectively called a target range of supply air humidity.
[0037] As described above, the supply air target range information
storing unit 291 stores the target range of supply air temperature and the

target range of supply air humidity. Under this condition, operation of the

air conditioning controller 29 will be described.



tenperature, and transmts the neasured value to the air conditioning
controller 29. The outside air humdity sensor 28 neasures the outside air
hum dity, and transmts the nmeasured value to the air conditioning controller
29. [0029] The air conditioning controller 29 controls the overall air

condi ti oni ”ﬂ)o%‘éft €MeiréS tigoei’i@ ckﬂdiﬁo%ix%%mﬁﬁ& A ekingO 'Etﬂ%!’é (G0l | er 29

includes a supply alir target range 1 nfornation stéring unit 1, an outside

air tenper awaeudeﬁumo@!thx mm@g@;&gﬁ%ﬁu&cm &h@%mme@%ﬁue% air

conditioning control setting unit an equl pnent controller 294.

100301The supployii@s 4i2MPehidifNIRqLREE BRIhAN&Rle! A8 ¥ihber@dresSbakes a target

range of supply air tenperature and a tdrget range of supply air humdity for

the supply glimidR¢ nt@shhel SALNeE2ARE Mt 28#031] The outside air tenperature
and hum dity neasured values acquiring unit 292 acquires the neasured val ue of

the outsi de[@ign] t enpré@t theeai@RbaRRRMIBY _cbﬂ&opb'étfﬁix@euﬁitrz%eﬂ&gﬁﬁs% sensor 27,

and the neasured value of the outside air hum dity obtained by the outside air

hum dity sens@bt 28age of supply air temperature and the target range of supply air
humidity stored in the supply air target range information storing unit 291.
Detailed description will be given below with regard to a process for making
air conditioning control settings for gemeration of supply air which falls
within both the target range of supply air temperature and the target range
of supply air humidity.
[0040] Fig. 3 shows a psychrometric chart. The state of air is divided
into plural regions on the psychrometric chart in Fig. 3. First, the air
conditioning control setting wunit 293 determines a region on the
psychrometric chart in Fig. 3, under which the present state of the outside
air falls, based on the measured value of the outside air temperature and the
measured value of the outside air humidity. The psychrometric chart is the
plot from which the state of humid air can be seen, and the temperature, the
absolute humidity, the relative humidity, specific enthalpy and others are
plotted on the plot.
[0041] On the psychrometric chart in Fig. 3, the state of air in which the
relative humidity is equal to or lower than 100% (or a saturated state) is
divided into regions I to IV given below. Specifically, the state of air is
divided into the regions I to IV, baged on upper and lower limit values of the
target range of supply air temperature, upper and lower limit values of the

target range of supply air humidity, and upper and lower limit values of the



100321The air conditioning control setting unit 293 receives the target range
of supply air tenperature and the target range of supply air humdity stored
in the supply air target range information storing unit 291, the neasured

val ue of 'the outside air tenperature and the neasured value of the outside air
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controller 294 controls operation of each individual piece of equipnent in the
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made by the air conditioni ng control setting uni . (Operation of Air
Condi ti oni ngD8Y 868 B5f 1N/ kSEDUE re REvely0 0 3dddNex s, 2:@08HATHAR affoptiSudl 1

condi tioning system 20 for the server roomaccording to the enbodinent will be
descri bed. value of the specific enthalpy is 42 kJ/kg (DA).
(Regarding Regions I to IV)
[0042]  Region I (First Range of State of Air)

The region [ 18 a range which satisfies all the following: the target
range of supply air temperature, the target range of supply air absolute
humidity, and the target range of supply air relative humidity. In other
words, the region I is the range on the psychrometric chart, which satisfies
Equation (1). Air in the region I is the air in a target state suitable for
supply air for the server room 10.

(Temperatures: 18°C to 27°C inclusive)

N (Absolute humidity: 0.0056 to 0.0107 kg/kg (DA) inclusive)
N (Relative humidity: 60% or lower) (1

[0043] Region IT (Second Range of State of Air)

The region II is a range formed by a combination of a range 1 and a
range 2 given below.

Range 1: The range 1 is the range which is both below the lower limit
value of the target range of supply air absolute humidity and below the lower

limit value of the specific enthalpy corresponding to the state of air in the

range which falls both under the target range of supply atr temperature and

10



[ 003511 n the enbodi ment, the supply air target range information storing unit
291, included in the air conditioning controller 29 of the air conditioning
system 20 for the server room stores in advance the target range of supply
air tenperature and the target range of supply air humdity for the supply air
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Rel ative humdity: 60%or lower. Incidentally, hereinafter, a target range of
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Wil be col keedH veless Ghbhethedowar dRhitaNGe oPfths URINeY r@hEe M Bugblyyair[ 0037] As
descri bed above, the supply air target range information storing unit 291

stores the tahpatatidngeisaiotIuppthanaile Wgpanaitiw:Auant thdenrzat gaiger@nge of
supply air humdity Under this condition, operation of the air conditioning
control |l er 2@ppiilalir bdatdeshimbéidy. IhAORB&Ikbrdst theladgailris clonekiigeami thg cont r ol
setting unit 293 acquires the neasured value of the outside air tenperature
and the neapsyohtlomatmeckedfrt,twkichuhtisfles Bynationidli ty acquired by the outside air
tenperature and hum dity neasured val ues acquiring unit 292. [0039] Then, the
air conditi OWhgudutedntmiditys 810O0FAgo AXITD7 2B dyl imeBisivee

N {(Temperatures: Lower than 18°C) U (Relative humidity: 60% or higher)}

, (3)

[0044]  Region III (Third Range of State of Air)

The region III is a range which satisfies both a range which lies

within a range of the specific enthalpy corresponding to the state of air in the

range which falls both under the target range of supply air temperature and

under the target range of supply air humidity, and a range which is below

the lower limit value of the target range of supply air absolute humidity or is

above the upper limit value of the target range of supply air temperature.

In other words, the region IIT is the range on the psychrometric chart, which

satisfies Equation (4).

(Specific enthalpy: 35 to 50 kJ/kg (DA) inclusive)

M {(Absolute humidity: Lower than 0.0056 kg/kg (DA)) U (Temperatures:

Higher than 27°C)} (4)

[0045]  Region IV (Fourth Range' of State of Air)
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target range of supply air tenperature and the target range of supply air

hum dity stored in the supply air target range information storing unit 291.
Det ai |l ed description will be given belowwith regard to a process for mnaking
air conditioning control settings for generation of supply air which falls

Wi thin both the t . igp [ r d the target range of
supply air hum dlﬁg&%b%ﬁgﬁé 58_;3 s(ﬁ%)l\é/{v%mad’npésh%cr%%)%ﬁrt?éﬁghart . The state of
air is divigetel Nt CaPLilalnaelRs Rl kBB RIGRRLTBALLE SRR  wli® 0. 3.
First, the air conditioning control setting unit etermnes a region on

t he psychroa@éeh&lgn&h@rr&gibﬁ ey v@hicHQﬂ@&nr ixﬁ;hstﬁ 0 &S&R%in%tﬁ%%, the

e
outside air fal based on the neasured val ue o#b the outside air tenperature

and the neagdhetha/@ttthsaftolilve QUbAl AR Ak bolibbodide/conth sPRYSIAABIORI C chart is
the plot fromwhich the state of humd air can be seen, and the tenperature,

the absol ut g fyugiseh &dhdiﬁ@ﬁn%]%ﬁ%ﬂoygeﬁaﬁi@s%&% hEIBRC tdvl acRVERAL RYoiBRY Ot hers are
plotted on the plot. [00411 the psychrometric chart in Fig. 3, the state of

air in whiclisihpentahédduyed RRietiftthe cht a6 Ahr fQn@rat@Weind AaNmQOKHOr a
saturated state) is divided into regions | to I'V given below Specifically,

the state otalakrofi thedintkidethii Huenidhy 4@@i@AShy tho olidbiddagedngierifper and | over
limt values of the target range of supply air tenperature, upper and | ower
limt val uesndhubligity aigeurddngaeobcfimgpk indd 29 whe dichyurednchltppvheand | ower
limt values of the specific enthal py corresponding to the state of air in a
range whi chrdtakh aubodpemndere dtinainal getthe angenodir Seppleyataire seappe?it ure and
under the target range of supply air humdity. In the enbodinent, it is
assuned t hathe ineasppdrvatundof theenpplyniit terapeesucf olithmesdecitel mpehyt izl py
corresponding to the state of air in the range which falls both under the

t ar get rang@noferstnpel agnadnr 246 mpdrthieuneasamed wableroftthe shaplystir hamgditgf suppl y
air humdity are 50 kJ/kg {DA) and 35 kJ/ kg (DA), respectively. Also, it is
assuned t hathtamesihy theraupaliualr dluntideyspeeirfi4d. edidral ipys assuaedddiakgn( DA) .
(Regarding Regions | to IV) [0042] Region | (First Range of State of Air)

The regi on ?hipe t hegivhieohie el coaditamies centirolipsepabledwiandoad ¢rarspdbyet range of
supply air tenperature, the target range of suppli/ air,absolute humdity, and
the target Repigeensraledoby vheyservers @ ithe seaer dpese. 19, pmst kéenwbeafsloadhe region |
is the range on_the psychro ri.c chart, which satisfies Equation (1). Air in
the region fa4s§dtke hyppap nexgeaﬁ%ﬁl@btﬂrs% é‘\i\‘guﬁ apt eepsratedppsoai ¥ For t he

server room 10. . - . i :
assumed that a return air humidity value is identical with the measured

value of the supply air humidity obtained by the supply air humidity sensor
248. Next, description will be given with regard to air conditioning control
settings which are made when the state of the outside air falls under each of
the regions I to IV.
(Regarding Air Conditioning Control Settings)

[0047] Air conditioning control settings which are made when the outside
air falls under the region [

When the present state of the outside air lies within the region I, the
outside air is in the target state suitable for an environment in the server

room 10. The outside air can be used as supply air, as it 1s. Thus, the air

12



(Tenperatures: 18C to 27C inclusive) 11 (Absolute humdity: 0.0056 to 0.0107
kg/ kg (DA) inclusive) 11 (Relative humdity: 60% or |ower)(1) [0043] Region ||
(Second Range of State of Air) The region Il is a range forned by a

conmbi nati on of a range 1 and a range 2 given bel ow Range 1: The range

of supply arPOeNRE: Wi Bret At o Phe R Ptk BT To10°
specifi'c enthalay .60 eﬁgtpgﬂ%g ab 8t BEuSRALELAL B0k eopange i ch fal s

bot h under range tenperature an e target

range of Sum%{h@'dﬁﬂﬂé ‘J%' 1tsyfu11#'%]pghhﬁ%q%§¥1?xgﬁnl(Q‘?e{%g 11’1211f1 E‘l%s inge on the

psychronmetric chart sat I s ut e ty Lower

than 0.0056;kg4kKd oﬁ%&’“ﬂe) ahJ 1nﬁe§p@ﬂlf)é102§{:rléﬂ'ﬁllﬂy &P%gi@cnth:}étfﬁ% "tﬂeV\A))(z)

Range 2: The range range whi sat1 s Pes bot range which lies
W thin the fafnggkef %H@%Io@é ngﬁjﬁ&lfé/rrﬁ"arhlﬁﬁﬁﬁﬁ}iﬁg phoHELdidng t1aNdofing@pge Which is

less than the lower limt value of the target range of supply arr tenperature
or is not |essdbdafod B@rfmmr cdohﬂgtprv,@és@e Phe %ﬁ%lﬂ@ragﬁﬁdﬁl%% pitquppl y air

relative humdity. In other words, the range 2 is the range on

psychr onet rjdpredtafitd adihe BmSaht sf b€ ARl 5B / {the amount of 0u1:s1de
air admission + the amount of return air admission) (%).
[0048] Air conditioning control settings which are made when the outside
atr falls under the region II

When the present state of the outside air lies within the region II, the

air conditioning control setting unit 293 determines air conditioning control
settingas such that air in the target state (in the state of the region I} is
generated by mixing the return air with the outside air to thereby increase
the temperature of the outside air, and optionally also by humidifying the
mixed air as needed. Specifically, the openings of the exhaust damper 23,
the return air inlet damper 241 and the outside air inlet damper 242 are
each adjusted between 0% and 100% according to the outside air admission
rate. Also, the humidifier 244 performs humidifying as needed.
[0049] At this time, a target value a of the cutside air admission rate is
adjusted according to the measured value of the outside air temperature and
the measured value of the return air temperature so that the temperature of
the air after mixing reaches a preset target value of supply air temperature
within the target range of supply air temperature.

[0050] An absolute humidity value X of the mixed air of the outside air

and the return air is expressed by Equation (5), using a2 measured value Xo of
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(Absolute humdity: 0.0056 to 0.0107 kg/ kg (DA) inclusive) fl {(Tenperatures:
Lower than 18C) U (Relative hum dity: 60%or higher)} (3) [0044] Region I
(Third Range of State of Air) The region |1l is a range which satisfies
both a range which lies within a range of the specific enthal py correspondi ng

to the st atcﬁlt&fdeadlf' a'bgolhpee hiy Sﬁy, 'n?ghstl%d %aﬁf%t ﬂr % qg{urhh&ﬁrta%r te Fange of
n t

supply air terrperature and under e target range of supply arr humdity, and

a range whi tyPEh@ Y 1 OV dlqthe\ﬁﬁjcéf@e 8 J8eLighggle.range of supply air

absol ute hum IS a ve the upper imt value o e target range of
supply air X‘E—W@L%Q(l bn ot her wqprds, the region |1l is the range on the
psychronetric chart, which satisfies Equation (4). (Specific enthal py: 35 to

50 kJ/ kg (DB)5INC! uShuednd AbebllHRlmie: iv%'[ﬁhéjhfo!’_thé-ﬁn\i‘f‘éd 4ihade 01056y ka/ kg (DA))
U (Tenperatures: H gher than 27C)}(4) 10045] Region IV (Fourth Range of State

of Air) Thesd 8P hd Yo BofifRGRicONEH: 1128t LR BOLAMSlY! ait Gibkblute 100461As

descri bed above, the air conditioning control setting unit 293
humidity, the mixed air needs to be humidified by Xs0-X as a difference from
a target value XsO of supply air absolute humidity. The amount of
humidification necessary to increase the humidity value by the difference is
Fsx(Xs0-X) when expressed using a supply air flow rate Fs. Control
settings for a valve (unillustrated) for controlling the amount of water in the
humidifier 244 are determined so as to supply the necessary amount of
humidification. At this time, the cooling coil 245 does not cool the mixed air.
[0052] Incidentally, the amount of humidification necessary to humidify
the mixed air of the outside air and the return air is determined as described
above; however, the return air may also be humidified in advance to
eliminate the need for humidification after the mixing. In this case, the
absolute humidity value of the return air is preset to {Xr + (X-Xs0)/(1-a)}.
[0053] In this case, the target value a of the outside air admission rate 13
expressed by Equation (G)

= (Tr2-Ts0)/(Tr2-To) x 100 (%) | (6)

where To denotes the measured value of the outside air temperature; Tr2,
the return air temperatﬁre value after the humidification; and Ts0, the
target value of the supply air temperature.
[0054] Air conditioning control settings which are made when the outside
air falls under the region III

When the present state of the outside air lies within the region I1I,
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determ nes a region under which the present state of the outside air falls,
fromthe regions Ito IV. Then, the air conditioning control setting unit 293
makes air conditioning control settings given below, for each of the regions,
usi ng the neasured value of the outside air tenperature and the neasured val ue
of the outsjde._al Q#miya ir y t. ugside.air te rat ure and
hum dity me‘t’a]:{s‘jeu?1 i3‘d£‘:{/ma ﬁe‘gm ct l?ﬁ%qnsf%ﬁﬂ?tmﬂg%g%t ﬂ%leﬁ%ngge r 84 (\’L:Jéjl ﬁ%‘g%fl Et he return
ai r tenperat.ur i ne Vil . L r.t . f r he measured
éolﬁtfolgﬁggt?lg g.%cl?) tHa %PE %Wsrlg% Al jg dﬁ%ﬁlﬁ&&' tﬁel;el% Stgigre%gratg

val ue of the sup r tenperature obtaine e sup tenperature

247, ; f By di ined by th
Supply air B apt v EER SR SRl LB or i QHARY) e PR e

subj ect to @mﬁ&pﬁgiig QN Bgergocmer@hﬂﬁ&%ﬂﬁ&m@%g@@d Rad,&aused Ry heat

generated by the servers in the server room 10, ‘and | atent heat |oad caused by

human exhal @iikQR QF i{1Beddhfer 282 ROLIYIPERAL BHe o S@ afrladnfis@8R YRR hat a
return air humdity value 1s identical wth the nmeasured value of the supply

ai r hum di t yo®ht 2hd'@kob¥hd REnS#HRY 2431 fertttThiMiGER$Q6Nn 248 nde¥darydescri pti on
will be given with regard to air conditioning control settings which are nade
when the staheu@f the outside air falls under each of the regions | to IV
(Regarding Air Conditioning Control Settings) [0047]Air conditioning control
settings whigpbshr e Inmeids Waed fHReneisbsdideabliinf af heiniddasationeisr €g)-80

When the present state of the outside air lies within the region I, the

out si de ai rwhenigkptdiged alsgyet thé¢ ahensavéd able Korofatheetitisidenagnibdohutbhe server
room 10. The outside air can be used as supply air, as it is. Thus, the air
condi t i oni ngumddity ahd skt tanegt walie RAB ofitheesupple airanisobwiedhumniiyng Atont r ol
settings such that an outside air adm ssion rate is 100% Specifically, the
exhaust dangies @e, stfal hymopBmtidrhecanstar a demensd en dhrpent2ded ais cl osed,
and the outside air inlet danper 242 18 fully open. Also, at this tine, the
humi di fi er t2gapegobgenfpomp®r ftorPn aVhemitdiefiprgey prloe b, ofathk sheplyoolki ng coi |
245 does not performa cooling process. The outside air adm ssion rate is

r epr esent edteasperparamsulowesf thage i dbe gioplingods2dn i¢ contrelladoignas b out si de
air adm ssion + the amount of return_air _adm ssion) (0/%. [ 0048] Ai r

condi t i oni Nepré@m rtoF eelipEnpEocods eh hee hademimaatisechihegdsiderairal | s under
the region |1 When the present_ state of the outside air lies within the
regi on |1, Yedehes thedangnttviadeg vifheshepll aig depaturf-t 293 deternines air
conditioning.contro], settings such that air in the target state (in the state
of the regi @Hfrgf i s“{‘ﬁéﬁ% lgeewww%ﬂiﬁﬁﬁ%awhl b arhde WHaHRERSE ST do ai r to

t hereby incre t he tenperat of the outside air, and optionally al so by
humi di fyi ngalFﬁ%ﬁ%ﬂ‘?‘i‘?f T%rerreﬁ’é’“#&gded. Specifically, the openings of the exhaust

IS T AN, DHe R R
adm ssi on rgte ;AR QutibiiGe Wb deling 4thiP Hob s r b Y Ak Snig e ded:
control settings such that the return air is cooled thereby to generate air in
the target state (in the state of the region I). Specifically, the exhaust
damper 23 is closed, the return air inlet damper 241 is fully open, and the
outside air inlet damper 242 1s closed. The outside air admission rate 1s 0%,
and also, the cooling coil 245 performs cooling and dehumidification. At

this time, the humidifier 244 does not perform the humidifying process.

[0057] Incidentally, even when the present state of the outside air lies

15



[0049] At this tinme, a target value a of the outside air adm ssion rate is
adj usted according to the neasured value of the outside air tenperature and
t he neasured value of the return air tenperature so that the tenperature of
the air after mxing reaches a preset target value of supply air tenperature

w thin the {vgt; 9 thE 3@%&1 %;‘)ﬁ%}f 18hfe Ja‘?{;IP%E %Bé" hszlée g?toll APsolaLe hum di ty

val ue X of m xe & “out'si dé ai PRal T S expressed by

Equat i on (5}135“:% Pits8t BPHS ¥ ¢y gL Qi@ famd gllttsdf%%tsﬁgé aﬁﬁ%@lﬁé&@ g di ty, a

measured va return arr ute hum targét val ue a of

t he out si de Sl(&q’(?p‘/%%ltﬁgtl&@ a%permqnthg(ﬁél(\%r?gc(xﬁ)lﬂ[ 0051] V\hen t he absol ute

hum dity va the m xe alr I's equal to or [ess than the lower limt

val ue of thﬁ)ofsglgetxnr@meoquhesatmbmeeeﬂbe@béa%ytﬁlemimcghaﬁmniﬂgecdﬂtmd ai r needs
to be hunmidified by XsO-X as a difference froma target value XsO of supply

ai r absol ut setﬁugw it mamﬁg@n@m}mﬁfmwamdom{g bR NECRERALY T, hiicr ease the
hum dity value by the difference is Fsx(Xs0-X) when expressed using a supply

air flow raggdigenizeNbhaibl §@&fﬂg@gﬁcmé cBnMB] ¥@n il 1844 Ak-addivi@ialcontrol Iing
t he amount of water in the humdifier 244 are determned so as to supply the

necessary apRus offquihhikali. f lmtéxﬁﬁﬁ:lé\tthﬁe%ﬁt&l FEnmiahe ©00dd MglieRithe245 does
not cool the mxed air. [0052]Incidentally, the anmount of hum dification

necessary tepduing df fhe ddhaubi kadpad 23,ahe bpénigwtos tleraiufn atdntdielahgleyrn air is
determ ned as descri bed above; however, the return air may also be humdified

in advance 2491 ehtwpasing dfithe neaddd air ihlsviddinfiee at4i20 toratkdlbyd $heablexfong. In this
case, the absolute humdity value of the return air is preset to {Xr +
(X-Xs0)/ (1-8®) humidifier 244, controlled varables for the cooling col 245, and
revolution speed of the air supply fan 246. The equipment controller 294
generates control signals for controlling the opening of the exhaust damper
‘23, the opening of the return air inlet damper 241, the opening of the outside
air inlet damper 242, the controlled variables for the humidifier 244, the
controlled variables for the cooling coil 245, and the revolution speed of the
air supply fan 246, based on the air conditioning control settings, and
transmits the control signals to the individual pieces of equipment. The
individual pieces of equipment are controlled based on the control signals,
thereby to generate supply air having a supply air temperature value and a
supply air humidity value which fall within their respective target ranges.
(Regarding Setting of Air Conditioning Control Target Values)
[0059] Next, description will be given with regard to air conditioning
control target values, namely, a target value of supply air temperature and a
target value of supply air humadity. The target value of supply air

temperature is a specific value within the target range of supply air

temperature, and the target value of supply air humidity is a specific value
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[0053]In this case, the target value a of the outside air admssion rate is
expressed by Equation (6) ci = (Tr2-Ts0)/(Tr2-To) x 100 % (6) where To denotes
t he neasured value of the outside air tenperature; Tr2, the return air
tenperature value after the humdification; and TsO, the target value of the

Supply ai T LEERCER iger LOARAMALG PR hLARNNG PRbE oh, S8LLIDS MiNoch are made

when the outside air falls under the region en the present state of the

out si de ai ruhd@sany bid Bf tNErdBEHON tol IV, ealendiiduaPpetct iRy A reaRticol setting
unit 293 determ nes air conditioning control settings such that the outside

air is hum dintidRkdthenepiortthe g@nediGodng chftrbh@urbal ehest PB&cfibfiochhe state of
the region I). Specifically, the exhaust danper 23 is fully open, the return

air inlet daiipee @4dn ivitlelroged, t@BsttiReOtHS hitecaiditibmingl cod@rPaara42 is fully
open. The outside air adm ssion rate is 100% and also, the humdifier 244

perforns huvaldes.i cBdrithe seitig sfabe sdadonddidmunt coh@0bEEs s, 6aseyett he
necessary anmount of humdification is Xs0O-Xo

setting range Y is set on a line, in the region I, indicating a first specific
enthalpy as the optimum specific enthalpy (e.g. a specific enthalpy of 42
kJ/kg (DA)). A temperature value and an absolute humidity value which
fall under any position within the target setting range Y are set as the target
value Ts0 of the supply air temperature and the target value Xs0 of the
supply air absolute humidity, respectively.

[0060] Incidentally, when the outside air satisfies specific conditions to be
described later, the air conditioning control target values are switched from
one mode to another. Specifically, the target value TsQ of the supply air
temperature and the target value Xs0 of the supply air absolute humidity
are shifted to values within a target setting range Z which lies within the
region I and falls under a second specific enthalpy higher than the first
specific enthalpy. The target setting range Z is located on a line indicating a
relative humidity of 60%, for example.

[0061] At this time, for example, a point of intersection of a line
connecting a position indicating the state of the outside air and a position
indicating the state of the return air, and a line indicating a relative
humidity of 60% as the upper limit value of the target range of supply air
relative humidity in the region I, on the psychrometric chart in Fig. 3, is set

as the target value Ts0 of the supply air temperature and the target value

Xs0 of the supply air absolute humidity.
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when expressed using the neasured value Xo of the outside air absolute

hum dity and the target value XsO of the supply air absolute humdity. At this
time, the humdification causes a decrease in the outside air tenperature from
"Ib to T. When the target value TsO of the supply air tenperature is |ower
than T, the @oaling: GFl SwAtRinsS OpePidl k§dASO @R dii9oRaET O8N 600! | NG
process so that the tenperature of the outside air reaches the target val ue of
the supply @rebenperature. [00561Air conditioning control settings which are
made when the outside air falls under the region IV When the present
state of thmoey] si dwhakr tHd et drhihR §itQideedirOfed Withinetldl fegORdIt honi ng
control setting unit 293 determnes air conditioning control settings such
that the repricsssafol sbfig®ohedit iedeidnihg cgsfel aligefivhlicd it Reehat@ek state (in
the state of the region I). Specifically, the exhaust danmper 23 is closed, the
return air §hivei imdafipech2dbfilgfal |y open, and the outside air inlet danper
242 is closed. The outside air adm ssion rate is 0% and al so, the cooling

coi | 245 pelid6Bhs CFhkhnhe andedebiavi df fhecaitbolR. aiAliet hiithihithe regibe Thuni di fi er
244 does not performthe hum difying process. [00571lncidentally, even when

t he presentfistiat éeropetaierouilak dedain abdodste mirhhiity tdlee vatghiartheWargetl ower |imt
val ue of the outside air adm ssion rate may be preset so as to take in a
certai n anosmitingfrange ¥ixe sat ag the targetr ealirzg Tal o€ femsfidy awemnigeativon f or an
operator in the server room 10. [0058] 1 n each of the above-described cases,
the air conehd thnitinget oatueoKs@ of thaguppivt aiz gdselaite Siugiifliter saspedivelyondi ti oni ng
control settings. The air conditioning control settings include control
command val lleen.fibe quigideiadyand phe cesirsfaisque prsnad .togactgereahﬁph@p sugh cont r ol
command val ues include the opening of the exhaust danper 23, the opening of
the return Hiat dihlsetengaatsdrinzay stateewibanthataoeet sitogrende YavhichiFet danper
242, controlled variables for the humdifier 244, controlled variables for the
cool i ng coi M 3he doficd tigg ordirbrestwedret Sﬂ%’éﬁcaieflﬂsﬂdﬂﬁl(ﬁlzf%k@i@. he

equi prent coptrol |l er 294 generates contrql signals for control|ing the opening
of the exhatdfr gg%e‘ihez‘?} %%é‘roﬁe?filﬁﬂd’@@at%‘i ABCapiedaiy eVRAPRELigEnPEr 241, the
opening of th utsjide.air inlet, danper ,242, . the _controlled variahles for the
o i 71 or SPAed; hEhEShEy Bid B ATaET adiid thGIEgRId AR EGTHICO 48 and ¢ he
revol uti on speed.of the aif s I an 2 based on the air, conditioning
control setlfli?cﬁ3 A Xﬂguﬁi ?%Ptoﬁéﬁ%gﬁps% an %ﬂﬁ?%af‘i}‘% ?f?ed it]ﬁ%li%@’fg? al pieces
of equi pne T iadi vid i equyi.pment. e.controlled based on the
control "ot oS e ERA Gy oB EEEReE By T MhindhR 5Pt S re

tenperatureyval ue and a supply air humidity value which fall within their
respective target ranges. (Regarding Setting of Air Conditioning Control

Tar get Va! '“[%5&4][ OOMMMH%%BBHRHHQP&%EES QFc&itY&%p‘@rﬁﬁoﬁse@@srcgibEQ air

condi tioni ng
above 1is efficiently executed by feedback control so as to eliminate a

difference between the temperature value of the air after adjustment and the
target value Ts0 of the supply air temperature, and a difference between the
abeolute humidity value of the air after the adjustment and the target value
Xs0 of the supply air absolute humidity (at step S1).

[0065] However, when any one of conditions 1 and 2 given below is
gatisfied in the region II, even the mixed air of the outside air and the return

air cannot be adjusted to air having a specific enthalpy of 42 kJ/kg (DA) as

18



control target values, nanely, a target value of supply air tenperature and a
target value of supply air humdity. The target value of supply air
tenperature is a specific value within the target range of supply air
tenperature, and the target value of supply air humdity is a specific val ue
wi thin the Al A.diity. When the outside air falls
under any o%@%ﬁg?ﬁgg%é%n%%ﬁﬁipgﬁﬁlt%Qgg‘éﬁ Ii ndi vi dual piece of equipnent is

control I ed ai n ngufpfiibig: e GaNAbE ANLRGRORRTBLs LARIET, XaldieshicRescr i pti on

will be given with regard to setting o e alr conditioning control target

val ues. For tig; 3t iqithof7) LR fld sifeRniel H1BRIRGCoRNEAL AFgeboyaldes, a

target setting range Y is set on a’line, 1nthe region |, 1ndicating a first

speci fic enphalipye,@$hhherHP - BUELSRAET {difaBR hal iy tafed. wRicBPe&iiifiz ent hal py
of 42 kJ/ kg (DA)). A tenperature value and an absolute hum dity val ue which

fall under aRyaROSi(Y) RNaWrbRKutbhel Lad06h tBefdyPlrondneie Madf & ¥8 @S the
target value TsO of the supply air tenperature and the target value XsO of the

supply air ghsalicHlR, Bt dideywhicBsReRlibY BlYatibRODOL thE raesd B Whichwhien t he
outside air satisfies specific conditions to be described later, the air

condi ti oni ngh&Mider Bhmiditget evahlles oarlewsmithenatle hier dnaitnvil@ctdd ot her.
Specifically, the target ;value TsO of the supply air tenperature and the
target val uear¥sOrafgetdieupppily adksluadiohidiey, ttsirdiative dnenislivyfit @édgliee val ues
within a target setting range Z which lies within the region | and falls under
a second spegcid ile wntehdinpy vAlwghditht haget hendel afsuipslyeadr telotieahbaligity, The tar get
setting range Z is located on a line indicating a relative humdity of 60%

f or exanpl eandl G@6deaific drithalpyne pqfialrtoex dutglhee, than pbé Arstofpecifineetlsdpyi on of a

I ine connecting a position indicating the state of the outside air and a

posi tion i nthleatitadumidityt 60309k Dietarrlowai)r, and a line indicating a
relative humdity of 60% as the upper limt value of the target range of
supply air PdRatative huniddtst $Oprtiighe®gi on 1, on the psychronmetric chart in
Fig. 3, is set as the target value TsO of the supply air_tenperature and the
Larget val ud (eeri6e eure eupta ko ke (DABsohigberhum di ty. . (Ul owchart of
Switching Operation for Air_ Conditioning Control Target Values) [0062] Wien the
state of the out sslidpn 2 (Ths rglatiienhwridlitegi Hipply aiobtained by mixing

together the outside air and the return air is higher than 60% as the upper
limit value of the target range of supply air relative humidity.

[0066] When the condition 1 is satisfied, even the mixed air of the outside
air and the return air cannot be adjusted to air having a specific enthalpy of
42 kJ/kg (DA).  Therefore, the air conditioning controller 29 stays in a state
in which the outside air alone is taken in.

[0067] Also, when the condition 2 is satisfied, the supply air obtained by
mixing together the outside air and the return air falls outside a range of
constraints of supply air conditions. Therefore, the air conditioning
controller 29 stays in the state in which the outside air alone is taken in.
[0068] When any one of the conditions 1 and 2 is satisfied, the air

conditioning controller 29 stays in the state in which the outside air alone is
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process for setting the air conditioning control target values is executed as
shown in a flowhart of Fig. 4. [00631Wen the present state of the outside
air lies within the region Il, first, a tenperature value and an absol ute
hum dity value within the target setting range Y are set as the target val ue

TsO of the supgly aiI"ileI‘e?S%,,e'i:IZ!% gfreciaﬁgﬁi&x{?ﬁ%%gétgﬁi 20 @Lﬁ&?oﬁ?rgn%oéirtiﬂechéulop' y air

absolute humdity, respectiv utside arr an e return air are

m xed 008t DabeAlooth 1A5AD UG bMRLBI foh hISNSLALRL, 1D @eataAtanp thin the

target setting range Y IS on t Ine Indicating t I rst
specific enltelé@grpm_mz kdJ/ kg (DA)). After that, the mxed air is humdified and
is cool ed by evaporation, as needed. Thereby, the mxed air is adjusted to air

in a state [gobgh falhsretRdewhthent@baelor akUSndfthif 11061 SURPL YRR
tenperature and the target value XsO of the supply air absolute humdity

within the ¢aEgetatsfbpisy, tRNAS: &cﬁﬂ_@ﬂ&ﬁiﬁg%nw attisO it PP HerRBrngr i €s of
control operations described above is efficiently executed by feedback control

so as to eldwitetahe dodithbergnee behweehtt Red esPer abpeafivaligetd idpe air after
adj ustment and the target value TsO of the supply air tenperature, and a

di f f er ence heldweaiinghkenabbaltting unindal shiftvahe €agkt VhRiedx0 diheEupdle adj ust ment
and the target value XsO of the supply air absolute humdity (at step Si).

[ 0065] Howevaik temperatany and ehofargondiltie 886 of tlenshpplghiretbsbriteoWuinsidaat i sfied in
the region Il, even the m xed air of the outside air and the return air cannot
be adj ust edtotvalaés withwn tigp targpesitfing rengdh@liclolied Zi#hih khe (42n &andt he opti num
specific enthalpy in the region I.

falls under the second specific enthalpy higher than the firet specific

enthalpy.

[0070] Thereby, the outside air and the return air are mixed together at a

ratio such that the temperature and absolute humidity of the air after the

mixing reach the target value TsO of the supply air temperature and the

target value Xs0 of the supply air absolute humidity, respectively, after shift,

so that the mixed air is adjusted to air in a degirable state in the region I.

[0071] At this time, for example, the point of intersection of the line

connecting the position indicating the state of the outside air and the

position indicating the state of the return air, and the line indicating a

relative humidity of 60% as the upper limit value of the target range of

supply air relative humidity in the region I, on the psychrometric chart in

Fig. 3, 15 set as the target value Ts0 of the supply air temperature and the

target value XsO of the supply air absolute humidity. This enables air

conditioning control with efficiency at low energy.

[0072] After that, when the conditions 1 and 2 are not satisfied ("NO" at

step 84), the air conditioning control setting unit 293 performs switching
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Condition 1. The state of the outside air lies within a range which satisfies

Equation (7), and the specific enthal py of the return air is equal to or

hi gher than the first specific enthal py. The range which satisfies Equation

(7) is a cross-hatched area on the psychronmetric chart in Fig. 3.

Speci fical | y,,:t,h : [ J.sfie EHH [ LS.t r i.n which the

absol ute hunFal t@ ?@@gg{ﬁ%&fg‘)@rﬁlbgﬂ r&?{ ana%ahg&uggp%? : ﬁ? nlébt?mvaglr}ggg%f the

target ranogyobs SUPRkYp aleh. APROLUNR Bl Lephiie lCLabl ¥e DHE @l il S i gher
the ta e Ive

than the upper imt value o get range of supply arr rela

hum dity, apthdilgnisReehidfcatakpy is equal to or higher than the first
specific enthal py. (Absolute humdity: 0.0107 kg/kg (DA) or lower) 11

(Rel ative huffeghtdine B0VCBRARBNES Toddol SPeGILMIgGiceNt hal py: 42 kJ/ kg (DA) or
hi gher) (7) Condition 2: e relative humdity of supply air obtained by

i xi ng t ogefduas] t heNew! slesi@ididn 00 bk hevditliihredhtd k6 ahloghetr {thans 0% as the

upper limt value of the target range of supply air relative humdity.

[ 0066] When ghicleigadift ianalk kdhdes@bninki @tradMaBzdithealibxedrigi 5 efowdgnout side air
and the return air cannot be adjusted to air %avi ng a specific enthal py of 42

kJ/ kg (DA) . inthaffsonetulehe tierai€ epeditioaMaghrEesidetlihun?9283 aythd fira state in
whi ch the outside air alone is taken in. [0067] Al so, when the condition 2 is

satisfied, theisappky cantrolibt agdetbrbyinpilechagit®geideshdvealegetibédleaiai r and t he
return air falls outside a range of constraints of supply air conditions.
Ther ef ore, tdvelidadmingepekieti.oni ng controller 29 stays in the state in which the
outside air alone is taken in. [0068] Wien any one of the conditions 1 and 2 is
satisfied, 1084hir dofedilbadnicogreloftnaidnennto28says he tivecsidatiening whi ch t he
outside air alone is _

control setting unit 293 receives outside air conditions and return air

conditions as mputs, and outputs the control command values for the

equipment. The outside air conditions are the measured value of the

outside air temperature and the measured value of the outside air humidity.

Also, the return air conditions are the measured value of the return air

temperature and the measured value of the supply air humidity. Also, the

alr conditioning control setting unit 293 holds predetermined values (i.e. the

air conditioning control target values) within the target setting range Y, as

standard values, in an air conditioning target value (standard value) hold

unit 293b.

[0075] At this time, when a decision unit 293¢l determines that the

conditions 1 and 2 are not satisfied ("NO" at step 82 in Fig. 4), the decision

unit 293¢l controls a selector switch 293¢2 so that the air conditioning target

value (standard value) hold unit 293b is connected to the feedback control

function unit 293a. Therefore, the values retained in the air conditioning

target value (standard value) hold unit 298b (i.e. the values within the target



taken in. Therefore, the air conditioning system 20 cannot bring air in the
server room 10 into the state suitable for the server room 10 (the state of
the region |I). [0069] Therefore, when any one of the conditions 1 and 2 is

satisfied ("YES' at step 52), the air conditioning control setting unit 293

perfornms swdighi-Ngy O WigcH Parlgﬁﬁdé&adhlégﬁﬁsﬁ ?gect? @911&?%]33#)%9‘3%355%@'1:&1& the air

conditioning controll setting unit 293 e target value TsO of the

supply air {geperatid &rand iddagatiabgftoval ue XsO of the supply air absolute
hum dity to values within the target setting range Z which lies within the

region | anthof7gl | s URERE ot 15RRIORGeINSE! deeziNERRIIV NGRSk haghahe first
specific enthal py. [00701Thereby, the outside air and the return air are m xed

toget her atagy hid botheuehdithak It hel benpaiddreyrsdaphsplastia mumdid;y of the air
after the m xing reach the target value TsO of the supply air tenperature and

the target needgary(®0ckindenthes upply valuesabael Hﬁendﬁdmi(ﬂiihg,ta&?@pﬁﬂthﬂ y, after
shift, so that the mxed air is adjusted to air in a desirable state in the

region |. [&e#fipn Aindthirsuiit P93d fcesatex anplee withia thoititgedkettiiefagetd on of the

| ine connecting the position indicating the state of the outside air and the
posi tion i nehohtfatigimidie the at@ndf spiebficreaitlislpyaad theand@dedthealhed)dacatlbgat i ng a
relative humdity of 60% as the upper limt value of the target range of
supply air tel attside dinrbaditipng antlhée megimmnait coonditiolhe. pAlohtlenmdédisionchart in
Fig. 3, is set as the target value TsO of the supply air tenperature and the
target val uenXsi¥ol dohbrosupipd yelactor avsolhuf@3dusn dhdtytheThirsceaatdbresgai r
conditioning control with efficiency at |ow energy. [0072] After that, when the
condi ti ons thragidvalueceeaipn fuaciied vod {93405 catln@:ttetgtfsill)t%, fepflbacki contdi ti oni ng
control setting unit 293 perfornms switching again to shift the air

condi ti oni nignesan piit 24iageTheasloes the vabesatithiartgettavgst sedingangedp S5). Then,
the process returns to step Si, and the air conditioning control continues.
(Regar di ng WhichdaHdindesfihg geaunt srsiciigeentbalpy, i tiyed as the target values

for the feedback control, and the feedback control is performed according to
the target values.
[0077] After that, when the conditions 1 and 2 are not satisfied ("NO" at
step 84), a target value switching function unit 293¢ performs switching
again to shift the air conditioning control target values to the normal target
values (at step S5). In other words, the decision unit 293¢1 controls the
 selector switch 293c¢2 so that the air conditioning target value (standard
value) hold unit 293b is connected to the feedbaék control function unit 293a.
Therefore, the values retained in the air conditioning target value (standard
value) hold unit 293b are used as the target values for the feedback control.
Then, the air conditioning control continues.
[0078] According to the embodiment described above, the air conditioning
gystem performs control suitable for the server room with reliability, by

selecting air conditioning control settings according to the state of the
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[ 0073] Next, description will be given with regard to a configuration for
swtching of the air conditioning control target values. Fig. 5 shows an
internal structure of the air conditioning control setting unit 293 of the air
condi tioning controller 29 for inplenenting the above-described air _
condi tioni ng,syst am ar{doﬁlé‘]ogﬁ&%g&gggh&?é}{eglftﬂ'ofEi‘ﬁ{bcfokggolgli% htil?lgi?ﬁ% tff the air

condi tioning control setting unit recel ves outsi condrtions and

return alt Gl IARS AhdDAL the ANM BUIAHbAIAN QyEQM T Oln GUIRAM Hpl ues Tor

t he equi pnent. e di'r conditions are nmeasur ed val ue of the

outsi de air 4eRREKALWLALAN D LD (IRRS YoAH, NaliHe a?re&%e@%%%b@%g%iﬂécmum dity.

Al so, the return air conditions are the neasured val ue the return air

tenper at ur e[and] t herBas VA& WRdHehOhutdige SUPRhY tBb el Sirthhth Mag@, the air
conditioning control setting unit 293 hol ds predeterm ned values (i.e. the air

condi ti oni ngig&ARtgpakifit AEBAIPYAIHIES thVithited ddie hbAdOehe S8k NAr dn@e Y, as
standard values, in an air conditioning target value (standard val ue) hold

unit 293b. (RR¥RLAY 4dd $hd koRurnWMieRadnsesilsken (ki ithrg203pdcidetRtmalpgs that the
conditions 1 and 2 are not satisfied ("NO' at step 52 in Fig. 4); the decision
unit 293cl Ganhoohs adjeeb@e Air BMKC bargdBetite)) thbalr theliabhingogndtdhoni ng
target value (standard value) hold unit 293b is connected to the feedback
control funeid achiovd the2®izdn thbensfed seatetlyeparédruas g et tohivegl td gelédtahai r
conditioning target value (standard value) hold unit 293b (is. the val ues

wi t hi n the aargstiticsetd cargralanget Valwdeiveihhinad bertmidemntehe first specific

ent hal py) are used as the target values for the feedback control. [0076] On the
ot her hand, [0AB8h t HEhareby,shepiumintliidg8og syeter minneduththe engtlondioe t he
conditions 1 and 2 is satisfied ("YES' at step S2 in Fi % 4), it is necessary
to change tfheringrgeoth ¢h¢ aepplyAnr des ocondli theohiraet statgendvidivgeaorkeari on
function unit 293d creates values within the target setting range Z, which
fall under theeseswoomdnspetilesicaldatstidbpy, as the target val ues, based on the
outside air_conditions and the return air conditions. Al so, the decision unit

293c1 cont r BI081{ he Alspeiarthe abare descoed 2rahodimants; Hie valpesbariondBeng t ar get

val ue creation function unit %%[d is connected to the feeg{%ack cont rol
function unti@ndonds sprseies gy A5 ﬁf‘ewaﬁu@g wistihertarsd raarged ssaelyi 8§ range z,
which fall under the srgfond speci fic ent hal py, ﬁre_ase_d as the ta%iget val ues
for the feetfRarabitanst thetreehsangsethsuPlE swt PoP Y pROYOYRethea®or ding to
the target (\:/oq".!dlilﬁcs)ﬁing system and the air conditioning control method of the present

invention are not so limited but may use other values according to the state
of an object to be subject to control, or the like. Also, the regions divided as
shown 1 Fig. 3 may partially or wholly overlap with one another.

fo082] Although one embodiment of the present invention has been
described, 1t should be understood that this embodiment 1s illustrative only
and is not intended to limit the scope of the invention, this novel embodiment
is capable of being practiced in other various forms, and various changes,
substitutions, and alterations could be made hereto without departing from
the basic concept of the invention. It 15 intended that the embodiment and

modifications thereof be included within the scope and basic concept of the
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[0077] After that, when the conditions 1 and 2 are not satisfied ("NO' at step
54), a target value switching function unit 293c perforns switching again to

shift the air conditioning control target values to the normal target val ues

(at step S5). In other words, the decision unit 293cl controls the selector

swi tch 293¢2,.8AtibA2nd BRIkt QR 28pd @m@ﬁnv&lﬁ{ﬁl dsianfarid tug! ue) hold

unit 293b is connected to the feedback control function unit 293a. Therefore,
the val ues s@teideg@ldimstR @fuivaenRd Hookifng target val ue (standard val ue) hold
unit 293b are used as the target values for the feedback control. Then, the
air conditioning control continues. [0078] According to the enbodi nent

descri bed above, the air conditioning systemperforns control suitable for the
server roomwith reliability, by selecting air conditioning control settings
according to the state of the outside air, and also by increasing the |ength
of time for cooling utilizing the outside air. Thereby, the air conditioning
system can performair conditioning control for the server room having a
great energy-saving effect. [0079] In this case, when the outside air and the
return air both have higher specific enthal py than the target and hence the

m xed air of the outside air and the return air cannot achieve the target
specific enthal py (cannot be adjusted to air in the target state), the air
condi tioning systemcan achieve the air in the target state by perform ng
swtching to select the air conditioning control target values within a
certain range. [0080] Thereby, the air conditioning systemcan reduce the

| ength of tinme during which the supply air lies outside the target state, and
t hus can keep the server roomin a desirable state. [0081] Also, in the
above-descri bed enbodi nents, the val ues based on the
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standards specified in ASHRAE are used as the target range of supply air
tenperature and the target range of supply air humdity; however, the air
conditioning systemand the air conditioning control method of the present
invention are not so limted but nmay use other values according to the state
of an obj ectytiarhe SuRigen f@ control, or the like. A so, the regions divided
as showmn in Fig. 3 may partially or wholly overlap with one another.

[0082] Al t hoygh ong, grhediuiin@bydtbe, BF 8SeNeriBYaNtL.APyibAS: Deen described, it
shoul d be understood that this enbodinent is illustrative only and is not

intended to Iim tmbfes &EORBuHind BBe HAMRRY | AhdrtiBkidn NAVRLLENBRAMBRAL | S capable
of being practiced in other various fornms, and various changes, substitutions,

and al t er at bensf heuksypeohBis NEHFEA tWiHehAYject ePafrtdoAitionoms tdiRrdlasi ¢ concept
of the invention. It is intended that the enbodi nent and nodi ficati ons thereof

be included wi thifedhefosaapetidpdhbashcurg@faaplis@bn bheutsidavant i on, and be
i ncluded within the scope of the invention as defined in the appended cl ai ns

and equi val ence tdiersg@ofcondiddIng Soeltsdl Meltih®: udit Ardighhiredndi ta®ai fg system for
a server room conprising: means for adjusting the anpbunt of adm ssion
of return atenditiominggontiol abttide e puesrattengelaniob) ectatkovhehdid) ect to air
conditioning control; mnmeans for adjusting the anount of adm ssion of outside
air: within a target state and falls under a preset first specific enthalpy in order

to generate the supply air in the target state from at least any one of the

admitted return air and outside air, the target state being a state falling

within a preset target range of supply air temperature, within a preset

target range of supply air absolute humidity, and within a preset target

range of supply air relative humidity; and configured to make air

conditioning control settings for generating supply air in a state which lies

within the target state and falls under a second specific enthalpy higher than

the first specific enthalpy, when absolute humidity of the outside air is equal

to or lower than an upper limit value of the target range of supply air

absolute humidity, relative humidity of the outside air is higher than an

upper limit value of the target range of supply air relative humidity, specific

enthalpy of the outside air is equal to or higher than the first specific

enthalpy, and specific enthalpy of the return air is equal to or higher than

the first epecific enthalpy, or when relative humadity of supply air obtained

by mixing together the outside air and the return air is higher than the

upper limit value of the target range of supply air relative humidity: and

an equipment controller confipured to generate control signals for

controlling the amount of admisgsion of the outside air and the amount of
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an air conditioning control setting unit configured to make air conditioning
control settings for generating supply air in a state which lies within a
target state and falls under a preset first specific enthalpy in order to
generate the supply air in the target state fromat |east any one of the

adm tted refdhRRofahd Aut$id r,af)ee{sedttﬂletﬁeaéﬂ%na}t%ﬁné’@{)I\Aﬂ?%laseﬁiﬂ ¢ falling

within a preset target range of supply air tenperature, In a preset target

range of supphy I fh@laﬁ%c}ﬁcﬁti&%gd&&%rql%@tm@tmﬂ eSS cbAf@Pthd ange of
supply air relative humdity; and configured to make ai'r conditioning control

settings fofeg@NRF ALTIInEURP la¥nRink of BdAiSiH & WBirERrhi £5a M4 tM Rebhg target
state and falls under a second specific enthal py higher than the first

speci fic enbhalipktinghan aaksok f adeGe stthelouthige aul side air is equal to or

| oner than an upper limt value of the target range of supply air absolute
humi dity, relati q@ehunieidiviofing fi8tautfst deeddr rosmhiagh@fidshearclaim upper it
val ue of the target range of supply air relative humdity, specific enthal py
of the outswHeretir is equal to or higher than the first specific enthal py, and
specific enthal py of the return air is equal to or higher than the first

speci fic ent hal pyhe arir wivaditicelag | cattlindetiihy ohit Smphby @Ar rcoabitainigg by m xi ng
together the outside air and the return air is higher than the upper limt

val ue of t hentml gettingadgegaferatipplsypplyrair éh atdtae dfunpaint yf irdackection an

equi pnent controller configured to generate control signals for controlling

t he anount dfa hdeicesneningf a pheitiout isdae tiaigr tharstatehef trourteidefaindmidssi on of the
return air, based on the air conditioning control settings nade by the air
condi ti oni rigpstont molicagng thagtapeiof the heduehypin and entrcoindidagingghasivper adj usti ng
t he amobunt of adm ssion of the return air and the means for adjusting the
amount of démitseilan obthe tareetiranaseolxupply air refativd humodidy i0 she feresystem for a
server room according to claiml, wherein the air conditioning control
setting uni¥atpakBes? BEYChEmatns emthgWhenitheabselute hysufny ofdheoytsity) supply air
in a state of a point of intersection of a line_connecting a position

i ndi cat i ng ¥*hd® IRk G dFEeLERA dhe éeppeailﬁué vades of dhe itadet PERy °f he state of
the return air, and l.ine indicati.ng the upper. Jim} value of the target
range of SUPBPY & aPealifs PRHAHATES t AbERd W of g SuEge £y chronet ri o

hart, when.t b te hum.dit f th tsid ir,i | to. | th
CHar o ShRoLL i A Yl o0 L S i, 2, e
| ati huym _di & f the.outside aif. i i . th t.h | iyt | f
Lt ve ML, P LIS Pt o S ST G R bl L5 e
tsid il | - i t h t first if. 1t hal dth
ouL ! 21 SR 0 SRR AR RS SRR 20, e

Speci 116 bRl UbateR driPd Bl dGally T it B HguiSURBMY AL oDt 21 ned by

m Xi ng toget her e outside air turnair’is he upper

limt val U%h@fsugf}%mi?%ﬂ%né@%&i?ingéﬂ%&@ﬂ}%r Fhe oh&h @ éi‘f%nﬁ‘tmi%%?t ip- The air

condi tioning sy or a se according to claim er
conpri si Ngig higher thﬁngﬁé qpﬁéf 1LiSSNEAAL BF LGOI L OUER e [P sﬁﬁ’ﬁ% diffe13dpd t ted

outside air and the admtted return air; a humdifier configured to humdify
the adm tt gfd,Rusl de air and the admitted return air; and

3. The air conditioning system for a server room, according to claim 1,
farther comprising:

a cold air generator configured to cool the admitted outside air and
the admitted return air;

a humidifier configured to humidify the admitted outside air and the
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an air supply fan configured to supply the supply air in the target state to
the server room wherei n the equi pnent controller generates the control
signals including signals for controlling controlled variables for the cold
air generator and controlled variables for the humdifier, based on the air
condi ti oni ngyGantd pltuseLit Q9§ 4- An air conditioning control nmethod for a
server room conprising: admtting at | east any one of outside air and

return air flow ng Rytahl} R SEENRIrell Q8 Bupply the sHFRKY Ny 3 the QRAILI oni ng
control settings for generating supply air in a state which [ies within a

target statgaadgh fiadldeSvdtndem a preset first specific enthal py, in order to
generate the supply air in the target state, the target state being a state

which falls W thiyhael ehet eq@paRht ' AMEHIRE sdRRhksakRe LRSI MibhAs W thin a
preset target range of supply air absolute humdity, and within a preset

target rangichbidifgppldaRi forr @batioehdWdhelioll¥d variables MK fige adold camdi ti oni ng
control settings for generating supply air in a state which lies within the

target st at geridtdrahhd dsndelled satdiles peché i louatiifiad pyashd ghrerththaim t he first
speci fic enthal py, when absolute humdity of the outside air is equal to or

| ower than amdup@engchiirbl ssatiigs.of the target range of supply air absolute
humdity, relative humdity of the outside air is higher than an upper limt
val ue of thé tar et arangditahisgppltyclansthodlfat 4 vervenmant gommpengf i ¢ ent hal py
of the outside air is equal to or higher than the first specific enthal py, and
speci fi c ent hal pydofittihg at &tast angione iof cetpidd arcrer refingheir temingratf i r st
specific enthal py, or when relative humdity of supply air obtained by m xing
t oget her t hef tbatssi¢e rapm. and the return air is higher than the upper linit

val ue of the target range of supply air relative humdity; and

control ling air demdingizdhrenlidauingrmentrot seitinggriey cexprgtingrawpelycoftinol signal s
for controlling the anmpunt of outside air adnm ssion and the anmount of return
ai r adni ssi ®Atatpyeeh digs PHEUR Y targpiostalomnh fllowidad| 2 Beaset AES shad8C thereby to
O o e Balhye b o eermoly e 5 e et S0 che Fabead °OM O

state being a state which falls within a preset target range of supply air
temperature, within g preset target range of supply air absolute humidity,
and within a preset target range of supply air relative humidity;

making air conditioning control settings for generating supply air in
a state which lies within the target state and falls under a second speafic
enthalpy higher than the first specific enthalpy, when absolute humidity of
the outside air is equal to or lower than an upper limit value of the target
range of supply air absolute humidity, relative humidity of the outside air is
higher than an upper limit value of the target range of supply air relative
humidity, specific enthalpy of the outside air 1s equal to or higher than the
first specific enthalpy, and specific enthalpy of the return air is equal to or
higher than the first apecific enthalpy, or when relative humidity of supply

air obtained by mixing together the outside air and the return air is higher
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claim4,

conpri sing maki ng air conditioning control settings for

generating supply air in a state of a point of intersection of a line
connecting a position indicating the state of the outside air and a position

indicating the state of the return air,

and a line indicating the upper limt

val ue of the,anget b aRoanaf ERPIoF Bl tﬁFg‘e@t}a‘{x%ethﬁqu ¥ afk Lhekarget state,

on a psychronetric chart, when the absolute humdity o

the outside

air is

equal to orplQuekyitdan the upper limt value of the target range of supply air
absolute humdity, the relative' humdity of the outside air is higher than

the upper limt vghtiellglg diRQoh&AtBBRIng @1GFmehHt st ubeditd

Eedratd dmtim dity, the

specific enthal py of the outside air is equal to or hi gﬁer than the first
speci fi ¢ engigahRyfor aitrdllige SResmbuat enddialdeyiPhdhbRideiml thedhohst gqual to or

hi gher than the first specific enthal py,

or when the relative humdity of the

supply air ediuen nedabinigiod, sk @@at Q1R afrh@nditiiide cahfronsettinpe hedarn air is

hum dity.

hi gher than the upper limt value of the target range of supply air
thereby to control air conditioning in the server room.
h. The air conditioning control method for a server room, according to

claim 4, comprising

making air conditioning control settings for generating supply air in
a state of a point of intersection of a line connecting a position indicating the
gtate of the outside air and a position indicating the state of the return air,
and a line indicating the upper limit value of the target range of supply air
relative humidity in the target state, on a psychrometric chart, when the

abgolute humidity of the outside air is equal to or lower than the upper limit

value of the target range of supply air absolute humidity, the relative

humidity of the outside air is higher than the upper limit value of the target
range of supply air relative humidity, the specific enthalpy of the outside air
is equal to or higher than the first specific enthalpy, and the specific enthalpy
of the return air is equal to or higher than the first specific enthalpy, or when
the relative humidity of the supply air obtained by mixing together the
outside air and the return air is higher than the upper limit value of the

target range of supply air relative humidity.

rel ative



