"11111111E11W *159159* DESCRI PTI ON Al R CONDI TI ONI NG APPARATUS AND Al R
CONDI TI ONI NG CONTROL METHOD Techni cal Field 5[0001] Enbodi nents of- the. .

Bondi {1 oni ng control method. Baskaround Art 100021 1 n recent AURATALI
information technology (IT) 10 has been introduced in various fig|gs, the

necessity of a data center that provides custoners w th-a-line connecting
to a network, naintenance and oper aPFerREBFiP¥e, and the |ike has

i ncr eased. [%]@@ﬁf'ﬁfb&'%N@aﬂy%ﬁﬂy@éSAI@beA%IQS&@Ihbf’gIbI@II@GSéél‘\fﬁfﬁ(é%S room

of a data center and therefore the anount of heat generation Is _
this server room in order to cause tMETS®Ivers to operate normally, it is

necessary t ropriate performair conditioning on the server room and
mai nt ai n aHR%%£$+%%LE§%%igcondition of a predeterm ned 20 range. [0004] As a

techni qee of o@D i N thScHNBENEs Obf at KOOPTEBeMPl CHvERAYoROPPULEESLES &n
install ed such as the server roomof the data center, there is an air
Conditionin@i%p@%@@iﬁéoning apparatus and an air conditioning control

method.
Background Art
[0002] In recent years, as information technology (IT)
10 has been introduced in various fields, the necessity of a
data center that provides customers with a line connecting
‘to a network, maintenance and operation service, and the
like has increased.
[0003] Generally, many servers are installed in a server
15 room of a data center and therefore the amount of heat
generation is high. 1In this server room, in order to cause
the servers to operate normally, it is necessary to
appropriately perform air conditioning on the server room
and maintain an environmental condition of a predetermined
20 range.
[0004] As a technique of cooling the inside of a room in
which many computers are installed such as the server room
of the data center, there is an air conditioning apparatus
configured to suck air from a lower space of the inside of
25 the room and blow the air to an upper space so that the air
is sucked into a space above a server rack.
[0005] Using this technique, a temperature gradient of
the entire server room is reduced, and a variation in a
supply air temperature is reduced, and thus air
30 conditioning control can be efficiently performed.
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"configured to suck air froma | ower space of the inside of 25 the room and
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Lai d- open Ng,,2005-172309 Summary Technical Problem [0007] However, when a

| oad of an air cohditioning 5 target is an information device as in the
server roommethiheatabrolcbamier, since nost of | oads are sensi bl e heat

| oads, it i jrable that setting te rature and hum dity are within a
predet er m né%&%;inge, B S e e e ¢ sl‘iq%g Yo’ A0 FPM BLlPREE air

venti| ati onc £ 8gePr £y e | NGr JfhnA dNCHORSEe | His R densidyyds phhgcsssary,
that is, the server roomhas a feature different froma state inside a
gener al buithi ndptaoveniess, i pindre past , ohi Foadndite oemeicbat et

correspondi ﬂgacﬁg, tﬂ SiLI, ec%é’:f?aki)lse n‘&%a@esréé){{rr?g’ tgnqgerature and
humidity are within a predetermined range, and since CO, is
not generated from a load, air ventilation for preventing

10 an increase in CO; density is unnecessary, that is, the
server room has a feature different from a state inside a
general building. However, in the past, air conditioning
control corresponding to this feature is not performed, and
thus there is a problem in that energy may be uselessly

15 expended. For this reason, air conditioning apparatuses
for server room management using outdoor air for
implementing an air supply condition allowed in American
society of heating, refrigerating and air-Conditioning
engineers (ASHREA) 2008 have been already proposed.

20 However, it is possible to further save energy using an air
supply condition allowed in ASHREA 2011 in which the air
supply condition on the server room is recently mitigated.
[0008] The present invention is directed to provide an
air conditioning apparatus and an air conditioning control

25 method in which an energy saving effect is high, and
efficiency is high.

Solution to Problem
[0009] To overcome achieve the object, according to one
embodiment, an air conditioning apparatus cémprises an

30 indoor unit that introduces at least one of outdoor air and
return air from an air conditioning control target, and
discharges the introduced air to the air conditioning

control target as supply air; and an air conditioning



“thus there is a problemin that energy may be usel essly 15 expended. For
~this reason, air conditioning apparatuses for server room nmanagenent using
~outdoor air for inplenenting an air supply condition allowed in American
society of heating, refrigerating and aif-Conditioning engineers (ASHREA)
2008 have been al ready proposed. 20 However, it is possible to further save
energy using an air supply condition allowed in ASHREA 2011 in which the
air supply eomndielb#ron the server roomis recently nitigated. [0008] The

present inv i is girec 0.provi n.alr_cenditioning apparatus and
an air condF@(lsioérjlrng c%?\ rlcfltlg(g%% rr%rﬁ)ﬁtgdé%ﬁpmﬁc% %npﬁgée%g%%%gi ng effect is
hi gh, and efdémperehntygisn hhgihdo®o! at + oint todiobhenuh 000Sh Tpoavet sgnenhachi eve
t he object, according to one enbodi nent, an air conditioning, apparatus
conpri ses aBEPIhddLY IRF 12 tFREIEHt 3R e3P eBRRCONEOBPL HBEWB0R air and

return air f&omansaricondintd ok ng, conifobodaE 8L . cROA-GE sehaL geseibg
introduced air to the air conditioning control target as supply air; and an
air conditiom myir ceohttodnierg ¢QOUOPTheargeioor unit conprises a first
space conpri sg an doar, air.introducing. unit introduci t he. out door

o r Cand o chrED ana MR L ceoRaHEl P Ag contHEPEES AR PR PR h I g
uni t introducathgaihecseditivaingfeomide ahrticonsiti eohagcconingl target.

[0011] When éggiggf éégggé'fg"égkgggéﬁff'fﬂecgﬁﬁgégﬁmﬁir is introduced
10 to the first space through the outdoor air introducing
device, and is subjected to at least one of cooling by the
cooler and dehumidification in the first space to be
processed outdoor air, and the return air is introduced to
the second space through the return air introducing unit,
15 and in the second space, the processed outdoor air is mixed

with the return air to be discharged to the air

conditioning control target as the supply air.

Brief Description of Drawings

20 [0012] FIG. 1 is an overall diagram illustrating a
configuration of an air conditioning apparatus according to
an embodiment.

FIG. 2 is a block diagram illustrating a configuration
of an air conditioning controller of the air conditioning

25 apparatus according to the same embodiment.

FIG. 3 is a graph illustrating an air condition range
of outdoor air classified by the air conditioning
controller of the air conditioning apparatus according to
the same embodiment on a psychrometric diagram.

30 FIG. 4 is a graph illustrating an aspect of air
conditioning control when an air condition corresponds to a
region VI in the air conditioning controller according to

the same embodiment on a psychrometric diagram.



“that air conditioning control on the air conditioning control target is
necessary, the outdoor air is introduced 10 to the first space through the
outdoor air introducing device, and is subjected to at | east one of cooling
by the cooler and dehunidification in thg first space to be processed
outdoor air, and the return air is introduced to the second space through
the return air introducing unit, 15 and in the second space, the processed
outdoor air is MXed with & éla@ram nfear rexpldendng chdr geendbtitreingr

condi ti oni rget Y. A i scL 1 piion of
Dr awi ngs 2%812&?%&&? :?rg %%?oé\;/%r?% i a%(?%%ﬁélsﬁ%(g%rg?i %E:;é aﬂf: :h?rl?g\t]ﬁ ation
of an air comdilie oni ngcappbt Mbrusn@ccatith ol ¢p atcendDgy Medtthe same FI G

2 is a block duﬁgﬁan1illustrating a configuration of an air conditioning
control | er YPEESR T - condi tioning 25 apparatus according to the sane
enbodi ment . FIE! G 3518 graf@pfot ldusisating a0 aipecondktipn range of

outdoor air classified by the air conditioning Controller of the air
condi ti oni rePrparen kg aceot b hgvhen tédre shmecendbdi oentooresp@syshron@t ric

di agram 30 4 i . gr illustrating an aspect air_conditioning
contr ol v\/ne]'lr?é no%i\?ﬁcgﬁgi??%na%ror?%%%lo%ﬁgn %gacg%%lf%jr)\{?ﬁ ?%C?}ngl Fr-°
condi ti oni nghe ocsdme| drasodicran i drg 4 o4 Neh sanet ehbod] agnémon a psychronetric
diagram 4 (?IG% 5 is a diagramfor explaining air conditioning
control when an B¢+ condf t3 oft 2BFFRsHONRER 42 1 HENY et Hne A} il @ENGi 1

condi t i1@Ni NGO T QlH&SE RECOI A Aehd O ihe SHPEHD0ME et L oHLGyi & I BT R

graph for explaining an aspect of air conditioning control when an air
condi tion cot ridsporos TN e brg UIntrol her adcconnhdny i omi tige ceame ol | er
accordi ng tQid s SalE enbodi ment on a psychronetric diagram FIG 7 is a
di agram f or "explaining air conditioning

FIG. 8 is a diagram illustrating a server

temperature/humidity condition of ASHRAE 2011.

15 Description of Embodiments

[0013] <Configuration of Server Room Management System>
A configuration of a server room management system
according to an embodiment will be described with reference

to FIG. 1.

20 [0014] A server room management system 1 according to
the present embodiment includes a server room 10 such as a
data center and an air conditioning apparatus 20 that
performs air conditioning of the server room 10. The
server room 10 may be configured to be included in the air

25 conditioning apparatus 20. In this case, the server room
management system 1 of FIG. 1 corresponds to the air
conditioning apparatus 20.

[0015] The server room 10 is, for example, an easily
constructible container or a predetermined chamber in a

30 building, and divided into two spaces, that is, a cold area
11 containing cold air as a third space and a hot area 14
containing warm air as a fourth space. One or more sérver

racks 12 in which a plurality of servers (not illustrated)



" 10 control when an air condition corresponds to the region VIl in the air
conditioning controller according to the sanme enbodi nent. FIG 8 is a
diagramillustrating a server tenperature/humdity condition of ASHRAE

2011. 15 Description of Enbodi ments [0013] <Configuration of Server Room
Managenment Systenr A configuration of a server room nmanagenent system
according to an enbodiment will be described with reference to FIG 1.

20[ 0014] A sEF<% Tt oo amaberient ey shervacaceds dind taredel brargenthe

enbodi ment | nel ydes qa, server room 10 such as a data center and an air

condi tioning apparatus 20 that perforns air conditioning of the server room
10. The sery@¥l6pom 10n nalye bee coatf | gowedl 0 chdbeingqcthelesbovet he air 25

condi ti oni ng apparatus 20. In.this, case, the server room nanagenent system

1 of FIG X PLHBAHIR ¢ o7 tPEUER LB ¢ PORTRES apbar St eke201 1 90357 The

server E0OMdfk iSertOF £X8KPI L2 dNcKashly £ONS1FUCtibler CONtQENEF,0Lq A
predeterm ned chanber in a 30 building, and divided into two spaces, that

i's, a cold breand 1dtopchi o Ngy con dopg¥abson ohia dosphtelantan dvtamrea 14

cont ai ni ng a\{\@%rrgf&gegs( o{oyﬁ hsglggtced 018 o Nbre serv rrlotracks 12 in which
a plurality of Servers r‘(?not rITTusira eﬁ) B Are®stored at® installed
bet ween theirbhstasiead11i anthéthel hod aneahd4dsefOO16tdakt he secvethsdoom 10

havi ng t he above configurati on, a plurality of servers are stored in one or

5 nore servdt FacKSUEBSRUCH tRFERCEATET riRuPPendlTeCHERIZERE Fn one

di rectiygn %l@ﬁapﬂ%aéfoé‘ef’&e@s byidindbaf8n a8e afle AL Ly bl OMEr1 £ NOL
illustrated), or a rtack fan (not illuStrated) is installed in the server

rack 12 suchulteramaiaicuewermni sdepoeedtled @ wohereicecrunerakat3a

is generated such that cold air flowing into the cold area
11 enters the server rack 12 by fan operation in the server
rack 12, and air warmed by heat generation of a plurality

15 of servers in the server rack 12 flows out to the hot area
14.
[0017] Further, the server room 10 may be configured
such that a double floor having a plurality of openings is
installed, and one or more server racks in which a

20 plurality of servers are stored is installed on the double
floor. 1In this server room 10, due to an operation of a
fan.installed in the server or a fan installed in the
server rack, cold air (supply air) flowing into a space
below the double floor serving as the cold area 11 is

25 sucked from the opening of the double floor into the server
rack above the opening. Then, the air current 13 is
generated such that the sucked cold air is heated by heat
generation of a plurality of servers, and flows out to the
hot area 14 above the double floor as return air.

30 [0018] As described above, heat generated from the
server is cooled by the cold air, and thus the server can
normally operate.

[0019] The air conditioning apparatus 20 includes a



"10 plurality of servers arranged in the server rack 12. Further, an air
current denoted by a reference nuneral 13 is generated such that cold air
flowing into the cold area 11 enters the server rack 12 by fan operation in
the server rack 12, and air warned by heat generation of a plurality 15 of
servers in the server rack 12 flows out to the hot area 14. [0017] Furt her,
the server room 10 may be configured such that a double floor having a
plurality ofelopehidgs FECh nstaldedi NEPRIC olel or2dwran sev@POF dekit i A mhi ch a
20 pluralit . S€, tored,is.ips . on. t he . In
this ser verayr} g%ﬁl%gﬁdﬁ}éﬁkgcgn?%’pgar%t?%ﬁ %?A%let?la%égt% eéﬁé%ﬁ%’ser ver
or a fan i nst abledoon die tsEnperatack, sedar a6, (supplydadr )aitow ng into a

space bel ow the double floor. serving as the cold ea 11 is. 25 sucked from
T he  oponi ngFEheY ATt hora Tt 4 T Ler Ve bk ki 2o SHorTG.

Then, the aidt@rhireit dikd UenesRi@ss salchetiat dhe sapketh€otd Misds
heated by heat generation of a plurality of servers, and flows out to the
hot area 14 %bve aheedmibite daraesr ax0 r et it FFEG v . 1 304 0DUB s Heszrided

above, heat, gensratedhdromiNg seryell s conl e by, theqool & AL cand thus

the server can normally operat e air condi ni'ng apparatus 20

i ncl udes a tite retwuropradit ducin@ Icomttr o hdeor2 e 22ydiaraoed doprdatidd 23, an
air supply duct 24, an air conditioning controller 25, an outdoor air

t enper at ur - S&HSor 26, an outdoor air humidity sensor 27, and an

envi rongentglosensor A& addites O r@hd mai £s ductyRd dincdugdesya sigturn air

tenperature sensor 29 and an exhaust danper 30. In FIG 1, a signal line to
the air comhii ORI ToIRETSDH aftd acxinpriied | wetl rigme tihet adrea 14

cond I on gt SR eLL A 25604 e Leg Riudot g esec g e
connect ed wtdrid i thiromiotg adgsa daltod chhe server room 10 and thepi ndoor unit 22
of the air condjtioni apparatus, 20. [0021] The return air tenperature
sensor 29 n@gggi%s t hele Egkurn air te peragure sensor 29 measures the
15 temperature of the return air flowing in from the hot area
14, and transmits the measurement value to the air
conditioning controller 25.
[0022] The exhaust damper 30 adjusts the amount of
return air by its opening degree when the return air is
20 discharged from the return air duct 21 to the outside.
[0023] The indoor unit 22 includes a first return air
introducing damper 221 serving as a return air introducing
unit for introducing the return air into a space 22A
(described below), an outdoor air introducing damper 222
25 serving as an outdoor air introducing unit, a filter 223, a
humidifier 224 serving as a humidifying device, a cooling
coil (a cooler) 225 serving as a cold air generating device,
an air supply fan (an air blower) 226, a supply air
temperature sensor 227 serving as a supply air temperature
30 measuring device, a supply air humidity sensor 228 serving
as a supply air humidity measuring device, and a second

return air introducing damper 229 serving as a return air

introducing unit for introducing the return air into a



“15 tenperature of the return air flowng in fromthe hot area 14, and
transmts the neasurenent value to the air conditioning controller 25.

[ 0022] The exhaust danper 30 adjusts the amount of return air by its opening
degree when the return air is 20 discharged fromthe return air duct 21 to
the outside. [0023] The indoor unit 22 includes a first return air

i ntroduci ng danper 221 serving as a return air introducing unit for

i ntroduci nFRIRE ridRur (fesiqribad kelppace HBA Y defsur iBwl HOWE an out door
air introdugl qan I V] - out . .1 1nt ucing unit, a
filter 223,L{)Céa U di q{’e%z%ﬁ%e:ﬁvr}dnlgﬂjal?ga um dlfijfsstlr nlgé%“le]{/rlpca[el{,)lda cool i ng
coil (a codrerjodiRS reerdampe a2l caitk autdeneratd nightteyvd s, n@rdangesuppl y
fan (an air_Dbl ower 2'2@5%61 sugply air tenperature sensor 227 serving as a

supply air 4%mp ure uriiy VAR 18 sl A0 rtHu 43P Sensor

228 seryi NS @ AP Ve dr UHN Ly MBasWdnd: del Ges Andassegond return
air introducing danper 229 serving as a return air introducing unit for
i nt roduci ngtt Heha einfaPmiunithtay a ard sha@ 2B (destFibdd e on)blakgre, for

t he sake of SGIL pt space | nc ' e fir ref.urn air,.introducing
danper 221,2 eq%ﬂu dgougjgjla??raﬁ%&reomfuec%a@%n%ecg}s%fé%’hgé T 1% rp]?éfll?he
hum di fi er R2didiand ddresqoddd g anddle 225cdrsd rieftanrrechio ascddusipage 22A

as a first space in the indoor unit 22, and a space including the air
bl ower 226,94TRET ] Y- iSRRG dtUr®® e otPI 24heSubpiSFAtt hunidity

sensor 1328, s@andd the greandidst i @ig2 i ntroduci ng danper 229 is referred to
as the space 22B as a second 10 space in the indoor unit 22. [0024] The

first returP@&4] i nt roudi s dargierr2 21 mdjnstadudinamanpenf2dleturn air to
be int roducaecg. fr.om.t.he retur.n uct 21.ri nctoo

prior to the oot ntghecoalnfo% Oﬁfnrr[%eulfnn 00T unigteh%i;stg@gﬁ%e@p%?@gﬁeage
return air duct 21 into the space 22A at a stage prior to
the cooling coil 225 in the indoor unit 22 by its opening
15 degree.
[0025] The outdoor air introducing damper 222 adjusts
the amount of outdoor air to be introduced into the indoor
unit 22 by its opening degree.
[0026] The filter 223 mainly removes dust from the
20 outdoor air to be introduced when the outdoor air
introducing damper 222 is an open state.
[0027] The humidifier 224 humidifies the outdoor air to
be introduced when the outdoor air introducing damper 222
is in the open state and the return air to be introduced
25 from the return air duct 21 when the first return air
introducing damper 221 is in the open state as necessary,
and generates cold air.
[0028] The cooling coil 225 cools the outdoor air to be
introduced when the outdoor air introducing damper 222 is
30 in the open state and the return air to be introduced from
the return air duct 21 when the first return air
introducing damper 221 is in the open state as necessary,

and generates cold air.



" 15 degree. [0025] The outdoor air introducing danper 222 adjusts the anmpunt
of outdoor air to be introduced into the indoor unit 22 by its opening
degree. [0026] The filter 223 mainly renoves dust fromthe 20 outdoor air to
be i ntroduced when the outdoor air introgucing danper 222 is an open state.
[0027] The humi difier 224 hum difies the outdoor air to be introduced when

t he outdoor air introducing danper 222 is in the open state and the return

air to be i M9%Yuced BmeH rdphy the retigdhied Bucthethypbdifherf224tageturn
trod n a erates
air intro Oé@ﬁ%gcoo@aié iha L8910 54 8 £, 885 NEGRIPAT 3 + bggoﬂee@

cold air. ng col €00l € t hé ouf door
i ntroduced aIWIdargertmra)tmeqﬂdmy ‘atnef _codTiotyctagl dahpesxs 22@c¢$sa’3ﬂy|ds1rt he open
state and the return aiy t i nt roduced fron1t£f return alr duct 21 when

the first rdRRYY £3T MY u"@r% DTt PP 35T i OhE SpEh ST SRR

necessasy, adbienesaies £0F &k FoduBidPRAMem 2h I 45y hadi figed by the
hum di fier 224 as necessary, the air supply fan 226 blasts supply air

cool ed and Y&vielvataidr b’WyOttHée coold myooill 206 Blte neeessaryoan supptymair
m xed wit h 1E§ a(e} L%g%@i}é <§ 9’&’“?49 I nl‘l'gé Orgr]].%g‘g éo LF Onds rc:ecg WL ofied
a . an

i ntroduci ng nper sends’ the supply air area.lﬁyof t he
server roonedftfolomntdietlae rsseqplyf Moﬂsﬂrtld'ﬂneobl’atsé a/ni Lmtq:»phy cohatrol | ed

by control eed of revoluytion of the air, supply fan 226. In the
present enﬁ%ﬁ?neﬂf % %ﬁ?s%ﬁﬁuﬁébq e 16he okt N Rk stddl$2Gir to

flow inpo thaueold @ieasddp D) d1e SET¥ESw Foom 10hd sconstatdedii byt instead
of the air supply
server room 10 is installed, but instead of the air supply

fan 226, a return air fan that causes the return air to
flow out of the hot area 14 of the server room 10 may be
installed at the return air duct 21 side in the air
15 conditioning apparatus 20 as an air blower that causes the
supply air to flow into the cold area 11 of the server room
10 and causes the return air to flow out of the hot area 14
of the server room. _
[0030] The supply air temperature sensor 227 measures
20 the temperature of the supply air to flow into the cold
area 11 of the server room 10, and transmits a measurement
value to the air conditioning controller 25.
[0031] The supply air humidity sensor 228 measures
humidity of the supply air to flow into the cold area 11 of
25 the server room 10, and transmits a measurement value to
the air conditioning controller 25.
[0032] The second return air introducing damper 229
adjusts the amount of return air to be introduced from the
return air duct 21 into the space 22B at a stage subsequent
30 to the cooling coil (the cooler) 225 in the indoor unit 22
by its opening degree.
[0033] The outdoor unit 23 is connected to the cooling

coil 225, and supplies a coolant used to generate cold air



“fan:226, a return air fan that causes the return air to flow out of the hot
area 14 of the server room 10 may be installed at the return air duct 21
side in the air 15 conditioning apparatus 20 as an air bl ower that causes
the supply air to flowinto the cold area 11 of the server room 10 and
causes the return air to flow out of the hot area 14 of the server room

[ 0030] The supply air tenperature sensor 227 nmeasures 20 the tenperature of
the supply Birthe ¢bohingtocihe22bl doatea ¢dobing heoser¥2b.room 10, and
transmts a remept value to fhe.ai nditioning controller,25.

[ 0031] The sug%?§?air %%1%+fysg%%£%rd%§% %@aﬁﬁr%stub htf arey ¥Pithe supply
air to flowint ohéhe, cohppbyeaid)l Pis2S5s) hgngetyeriet0OM UL, iRBotranshits a
meaSur enent _value to the air conditioning controller 25. [0032] The second
return air $htYbeucthy dakperropol hdpfistlet perapduneo®Bf leeturn air to be

i ntrodueed he r r I u 21 1 he.s 2 e
subsequgnt g%?gajthe g%%l?%g&%%?lg%%h%e%g%?%%yfizgéﬁﬁoghEB?%%%%§£§%it 22 by
i ts openi ngtidegoeedod H033} Thempelt sioore unathd 28rasswbtnestedasoréhentcool i ng

il 225, and i | ant, used, t ir. 9.in th
ool i ng coi 1438 10 TRE £00ITHGY LDl 7228, STOGSa THE arr SOppI9URAET24 is a

tube t hroughi whhehi @ity (HefiSor SUPPhYa hif¢s P8IEESer 3y CRANEGE Sy ! hengndoor
unit 22 with the cold area 11 of the server room 10. 5[ 0035] The outdoor air

t enper at ur et 5¥MEBEt 262 eSBTEMe e Gutdeokoathet@hperardibionhddt ransnits a
measur gent . yal 4 li&rt@§.a'fh8°§%$£f@ﬂh@%t&?”ééﬂ£$?r2g5me§?8r§§$298£ arr

hum dity sensor 27 neasures outdoor air humdity, and transm
measur enentexathpke f ostmbke adr dwsidi ¢ f oming(outdoor air) outside the

indoor unit 22, and transmits a measurement result to the
air conditioning controller 25.
[0036] The air conditioning controller 25 includes a

15 supply air target range information storage unit 251, an
outdoor air temperature/humidity measurement value
acquiring unit 252, an air conditioning control content
setting unit 253, and a device controller 254 as
illustrated in FIG. 2.

20 [0037] The supply air target range information storage
unit 251 stores a supply air temperature target range and a
supply air humidity target range on the cold area 11 of the
server room 10.

. [0038] The outdoor air temperature/humidity measurement

25 value acquiring unit 252 acquires the outdoor air
temperature measurement value measured by the outdoor air
temperature sensor 26 and the outdoor air humidity
measurement value measured by the outdoor air humidity
senéor 27.

30 [0039] The air conditioning control content setting unit
253 acquires the outdoor air temperature measurement value
and the outdoor air humidity measurement value acquired

from the outdoor air temperature/humidity measurement value



"10 controller 25. The environmental sensor 28 neasures, for exanple, snoke
or dust of air (outdoor air) outside the indoor unit 22, and transmts a
measurenent result to the air conditioning controller 25. [0036] The air
condi tioning controller 25 includes a 15,upply air target range
information storage unit 251, an outdoor air tenperature/humdity
measurenment val ue acquiring unit 252, an air conditioning control content
setting uni2c@sdringdunidexdie tontrother 2574 bemperasuratveasnrehent?.

20[ 0037] The I LI r.get n informpation stora nit 25j,stpres a
supply air Y%%%%r%?%%%régrggtté%nggt%ﬁ%'%ﬂgu%%ngggéuggngﬁP?9rt%?gegh?ange
on the col dsapehy 141 of téhee £t ves moOosuAEne ) 0038] dhemontdoed By rthe

tenperature/ hun dity neasurenent 25 val ue acquiring unit 252 acquires the
out door ai rSYRAPYrat fir e eFRNTeVePTie? Atastiradthy EHRP Yt dbBr air

tenper atur e $8NGOF v 20 A0G- & RSN OUL 0L  ALL s DHTY dﬁ%ytﬂsaéa}grﬁﬂ;ngiyal ue
nmeasured by the ou¥door air humdity sensor 27. 30[0039] The air

condi ti oni NYuBbGL kvl seosrent28et 2idgsens ta53candut tesingecontdodr air
tenperature epent val ue and the outdoor_air hunm di measur enent

val ue acqui?§§€§$%n1 ﬁeg%%?ﬁ%%%n%i%h?e%%%?g¥u?%¥hﬁﬁfa%?y£%ﬁasurenent val ue
10 acqui ri ngetpeta@dPe tdege ednud ntiaé rhtehPet at vaegseasuUERNEBAE yat uen
nmeasured by the return air tenperature sensor 29, the supply air

t enper at ur e* AEAREE ehehtd val ueR PredkReY e FBTS ERRT_ppY 9L PP eBAPERAt ure sensor

227, ang the,syppl yi Al ferpodpint GLd v JRGSUT £IBGL gﬁaushgﬁéégﬁfg Yy-the supply
air humdity sensor 228, and sets alr~conditioning control  content for
gener at i ng beidipyl yanget wrahge $hered in the supply air target range
information storage unit 251 (the details will be described
later). Further, the air conditioning control content
setting unit 253 sets exceptional air conditioning control
15 content (which will be described later) as necessary based
on the measurement value of the smoke, the dust, or the
like measured by the environmental sensor 28.
[0040] The device controller 254 controls an operation
of each device in the air conditioning apparatus 20 based
20 on the air conditioning control content set by the air
conditioning control content setting unit 253.
[0041] The air conditioning controller 25 may be
configured with a general computer device or the like, and
the supply air target range information storage unit 251
25 may be implemented as a storage device such as a memory
provided in the computer device. Further, the outdoor air
temperature/humidity measurement value acquiring unit 252,
the air conditioning control content setting unit 253, and
the device controller 254 may be implemented as a function
30 by a central processing unit (CPU) and a storage device
provided in the computer device, a control program which is
stored in the storage device and executed by the CPU, and

an input/output interface.



"tenperature range and the hunmdity range which are set in advance based on
t he above neasurenent values and the 10 supply air tenperature target range
and the supply air humdity target range stored in the supply air target
range i nformation storage unit 251 (the.,details will be described later).
Further, the air conditioning control content setting unit 253 sets
exceptional air conditioning control 15 content (which will be descri bed

| ater) as nE@etshry bHeedrahioheofiesstvereReonallaragemenht Sypken>t he dust,
or the like nea byt nvironnental sensor 28. [0040] The device
control | er 254 ?g% ?bl%naﬁg%%%F% ?O%F Eﬁ%fs%ﬁEﬁrd59? e TR HE Al

condi ti oni ngy ep@ar bt asc20d bag etlo 26henptbeecnt rewioadihénni wg1toper ol cont ent
set by the air conditioning control content setting unit 253. [0041] The air
conditionin@é%?ﬁ&9 ier 25 may be configured with a general computer device

or the I kejo@ngh t he supphy ;[élféséﬁ‘{9@&@6&&9&%?@%‘%&%@@{?96 unit 251

25 may be inplenented as a storage device such as a ne provided in the
conput er devémper#Fimideraryde vangoorndi thé espepay us it hovnidi yy measgeenent

val ue acqui ] uni t 2 he_air nditioning control_content setting unit
255, and T hE HEYI Ob Honrrot et l 2bathay ! DT bl Bhaht 5o BeTh FURCETBA30 by a

central protesshagsumply (£P4)tanget singa@gentlevngeei proytdedge nuhhe genput er
device, a control programwhich is stored in the storage device and
execut ed by°t hERTPH T areP&ht 1 ALY ot pttol neerfacet tha $ODUST <P@Ration of

Server 1Boom MaNAURIRN s VSR in agvdeXE, an operation of the server room
managenent system 1 according to t%e present enbodi nent will be descri bed.

5[ 0043] | n t helptksent Irnbodi peasent hemisopphgnai ras ehper atppkytaiget range
and the supgé Lr hunidit% target range_on the gold.ar he server

11, of
e T Tt deh ot §%ar 1R UBT FARET! A br RAPFSRC Kt bPagStun ¢

room 10 are 3ioFed in
251 of the spafigeonti thontsnd cops 0ll esr 26hof séheeseryen 100N dEc FANAGENENT

system 1 intgdgﬁgcgﬁaéggﬁﬁ]%Qeéhglgregsnéfegggg;gggtéogfeggeoguggg igéf
15 refrigerating and air-Conditioning engineers (ASHRAE) 2011
release, a range corresponding to an Al class is employed
for the temperature and the humidity, a range corresponding
to an A3 class is employed for the absolute humidity
(corresponding to the dew-point temperature). Specifically,
20 a range of the absolute humidity of 0.019 kg/kg (DA) or

less corresponding to the temperature of 15 to 32°C, the

relative humidity of 20% to 80%, and the dew-point

temperature of 24°C is employed. This information is
stored in the supply air target range information storage

25 ﬁnit 251. Further, any one of Al tb A4 may be set to the
supply air tafget range information storage unit 251.
[0045] An operation of the air conditioning controller
25 for controlling each device in the state in which the
supply air temperature target range and the supply air

30 humidity target range are stored in the supply air target
range information storage unit 251 as described above will
be described.

[0046] First, the air conditioning control content



"tenperature target range and the supply air humdity target range on the
cold area 11 of the server room 10, according to the standard (see FIG 8)
of American society of heating, 15 refrigerating and air-Conditioning

engi neers (ASHRAE) 2011 rel ease, a rangg,corresponding to an Al class is
enpl oyed for the tenperature and the humdity, a range corresponding to an
A3 class is enployed for the absolute humdity (corresponding to the

dew poi nt t¥eipekld uiedt Lpecituehies, the autdpge airthempdsatyte humidity
of 0.019 k c ndi 32C,
Che 1ol ati G TG Ty of 50% T 600 S The tow Darne remberrittedf 24c
i s enpl oyedvallle sa¢api bredtbhpnthes stiodeor iait heespyppdyusé rhtmmatdgety r ange
information storage 25 unjt 251. Further, any_one of Al to A4 nay be set to
t he supply BFFSHLS t e ‘éei?ﬁ%‘f‘ﬁr?%nu%%&%a%- unit 251. [0045] An

operatign ofoddme ai r woRdi ti0i Do COMM AP SRike EORtLONtEQh{iNG each device
in the state in which the supply air tenperature target range and the
supply air Sotthimg dinittabetetranyes arer stordditionihe suppryl atentemiget
range infor [ [t_251 as_descripe bove wi|{l be descri bed.

[ 0046] Fi r st* [ SLEL G, U e oo £ERTLLR %n?hgliu%%hi%brunit 253
acqui res t heerpst oo r @i tat@eperat gk eame ashie eseppbl yah Le lamndi dhey ovd doot ai r
hum dity neasurenent val ue acqujred bg/ the outdoor air tenperature/humdity

measur ement T I eI F TR TN 11 2PV ABFH047FREX 01 t HRS aF FPRBAGRET oni ng

cont r ol pcont @ibe S£LEH N0 MRGL+ 295h $EtSnd hendi SusPNdi L1 PN RF: ORI 0k r SOt ent
for generating the supply air within the supply air tenperature target
range and t¥RNGpPEgred rimupieli sypphy geir raageewhighgear ensernapierlvance,

i i Uy {aF ot Tare S AT h Ih AR Seppry STFC AT gBLe r&hoe | nfor it i on
st orage unidor2dilt i fnpi@cesst 0dl sebritarge el ah r 1 € oot ¢ i 0ad negy comd rol r cont ent
whoh 1S e e e B i A e B SR O "G FRT L O £OME S, Sp Do Uit 253
will be g con con g

15 described below in detail.

[0048] First, a region on a psychrometric diagram
divided as illustrated in FIG. 3 to which a current outdoor
air condition corresponds is determined based on the
acquired outdoor air temperature measurement value and the

20 outdoor air humidity measurement value. The psychrometric
diagram refers to a diagram in which a status of moist air
may be seen from a temperature, absolute/relative humidity,
enthalpy (here, specific enthalpy), and the like on a
diagram.

25 [0049] In the psychrometric diagram of FIG. 3, an air
condition of relative humidity 100% (a saturated state) or
less represented by an saturation line X100 is divided into
regions I to VII representing seven air condition ranges
which will be described below based on a value represented

30 by the supply air temperature target range (a range
represented by a temperatufe lower limit line Tl and a

temperature upper limit line Th of FIG. 3) and the supply

air humidity target range (a range represented by a



"15 described belowin detail. [0048]First, a region on a psychronetric
diagramdivided as illustrated in FIG 3 to which a current outdoor air
condition corresponds is determ ned based on the acquired outdoor air
tenperature neasurenent value and the 2Q -putdoor air humdity neasurenent
val ue. The psychronmetric diagramrefers to a diagramin which a status of
noi st air may be seen froma tenperature, absolute/relative humdity,
ent hal py (heekatispechtnedeny hbbpsy, Landtt henei ke andaa diagabnye25[ 0049] I n
- the psychr I i m FI G . LT ndiytion of relative humdity
100% (a saﬁﬁ?ﬁ%%ﬁtgt§§%§ro?{T%%gi}g%rggeﬁ%eﬁfgy %&’s%?u?%?§5n£%$h% X100 is
di vi ded i ntvalegi ofisehth®l W | réeps €sebEd NPy SENedneh&lsPndpbépnlianges which
wi |l be described bel ow based on a val ue represented 30 by the supplg air
I

t enper at ur e* 13F & #3fge YAFAntEBpYatent et Byt tRVpEFRTEFRLFIWEPY | i mit

line Ti sand,@ LEPREIBYUISAPPEImI{ M inki AE JHiOh EbGreddoR@drbhensupply air
hum dity target range (a range represented by a 13 relative humdity | ower

limit |ine RINGhdianref ati vendentdityspppeingi pdtthé nsuRplpfadtG 3), an

upper limt,_value of_ enthal represented by an enthal py upper ljmt line
Hhrand a1 G TafEattEe Sy ERRRE R0 Enr ve IR ER B5E RHah e v ok By e buer
limt |ine tingdj chncoppespdidit ovahuai 6f candoluoa wimadiapge correspondi ng

to the supplg air tenperature target range and the supply air humdity
target rangeSPE@SEpped PYnt 2Fekube ABELRLEE WRRGHI tyTEkpteRentRd By an

absol utig hugd fhid Yo HPRSE o1 4P thhh NGs &4, r8p10s ¥Rt s 9f abs midity
represent ed by anoabsol%t%@%un¥%?§§%yoa§$ ?fn?% ?iﬁ% §§,9%y%g?ﬁgn air
t enper at ur enmrditandower uppert | 1ime Xal ue péteundeadr aerpevating €At hal py

Wil e destibeh PERER)LfhE  RON cRenP i BN b e T ShTRalR) Lpper

limt val uergeréesposding 40 dhedsspphyratdol enpesat s Bpl afigeér r anger and
the supply air humdity target range is assunmed to be 50 kJ/ kg(DA), and an
ent hal py 1 otere| ihet (Vaicl vilhskandesebibed3takarkg( DAY . tRe0BDEseRegi on |

(First Air &R@gﬁiﬁgﬂtﬁagge%ﬁthalpy upper limit value corresponding to
the supply air temperature target range and the supply air
humidity target range is assumed to be 50 kJ/kg(DA), and an
enthalpy lower limit value is assumed to be 35 kJ/kg(DA).
[0050] - Region I (First Air Condition Range):

20 The region I refers to a range which is the same as
the supply air temperature target range, the supply air
relative humidity range, and the supply air absolute
humidity range which serve as a target, that is, a range
satisfying the following Formula (1) on the psychrometric

25 diagram.

[0051]
(temperature of 15 degree or more and 32 degree or

less)

N (relative humidity of 20% or more and 80% or less)

30 N (absclute humidity of 0.019 kg/kg(DA) or less) (1)
[0052] - Region II (Second Air Condition Range):
The region II refers to a range which is less than the

lower limit value of the supply air relative humidity range



" 20The region | refers to a range which is the sane as the supply air
tenperature target range, the supply air relative humdity range, and the
supply air absolute hum dity range which serve as a target, that is, a
range satisfying the follow ng Fornula ( on the psychronetric 25 diagram
[ 0051] (tenperature of 15 degree or nore and 32 degree or less) n(relative
hum dity of 20% or nore and 80% or |ess) 30n(absolute humdity of 0.019

kg/ kg( DA) oFSrEsBY (2% FOD%Q?etRégi@nrﬁngeSeéohUeAﬂpwemn&ﬁmﬁanRange¢f

h i h t I f
the supply ore' Faphry &R FORTEsHPhRS 2B CEr MihencTs BERGCEPTR 'Pange

of the | oweabkbiitevalmedotyt bersgppbydany tenprealuwerr angetotal@eeofi S
| ess than the absol ute huniditg corresponding to the lower |imt_value of
the supply &h# PEPBLYveIRURFHR yVEahe@lﬁhta Fange &p pesangetphnlens | ower

limt val uecgfnt BF‘;eSMB%i‘ mlfce@@{l@t Ufetﬁ@ngsgpﬁgdaﬁ ksﬁg {rgear&he

enthal py lower limt value in the range (tha he regio serving as
a target, thangges, aadraﬁgéesatthay|hgetheth@lpmmﬂngeﬁoﬁmmha t2)uenithe

et %Oéflfesgh?haﬁgté@@E?E%%%??ﬁg°%ﬁiﬁa?a§ SF I 688% ¢ han
35 kJ/ kg(DALy]l a range satisfying the following Formula (2) on the
psychrometric diagram.
10 [0053]
{ (temperature of 15 degree or more)N(relative humidity
of less than 20%)N(specific enthalpy of less than 35
kJ/kg (DA)) }
U{ (temperature of less than 15 degree)N(absolute
15 humidity of less than 0.002)} (2)
[0054] - Region III (Third Air Condition Range):
The region III refers to a range which is the upper
limit value of the supply air absolute humidity serving as
a target or less, is a value of absolute humidity
20 represented by the absolute humidity lower limit line X1 or
more, and is less than the lower limit value of the supply
air temperature range serving as a target or the upper
limit value of the supply air relative humidity serving as
a target or moré, that is, a range satisfying the following
25 Formula (3) on an air line.
[0055]
(absolute humidity of 0.002 kg/kg(DA) or more and
0.019 kg/kg(DA) or less)
N{ (temperature less than 15 degree)u (relative
30 humidity of 80% or more)} (3)
[0056] - Region IV (Fourth Air Condition Range):
The region IV refers to a range which is within an

enthalpy range corresponding to the range of the supply air



"u{ (tenperature of less than 15 degree)n(absolute 15hum dity of |ess than

0.002) 1(2)
1l refers

[0054]- Region Il (Third Air Condition Range): The region

to a range which is the upper |imt value of the supply air

absolute humdity serving as a target onr.:ess, is a value of absolute

hum dity 20 represented by the absolute humidity lower limt

nore, and i

line X1 or
s less than the lower imt value of the supply air tenperature

range servimesratizg gatd obthe heuppheral f nhamyadli te so¢rvhed sapphytarget,

the foll ow
hum dity of

oLt ve ML LY SELY 0,88 LIEL PLATETfy LDl | fna 20 LTS YINO

r &1 HOPv K g e N} y OF aidps es@ndli g 049 Kot kg4&A) oor1d£§8r than

n{ (tenperature |less than 15 degree)u(rel ative 30hum dity of 80% or
beBeiPPRegt Uit | VW Fotireh Wie THNRHY | ShT Refiges A TRES r 8RR |V
refers 1o agangey il ch Lo i hi endn £01 hal pyngange: copyepopding to the

range of the supply air 15 tenperature and the supply air"humdity serving

more)}(3) [

as a target

relative hug&&é; range serving as a target or |larger than the upper limt
val ue of th

fohheving | Bssmghan(4 heoh oaveralrnlineal ue of the supply air

Supply air tenperature range 5 serving as a target, that

range sati sfyi ng(spect ol ¢ oxnhtiga Fey nat a3% 4T okg aDARi 61| hdiee HRQ57]

10

15

20

25

30

specific enthalpy of 50 kJ/kg(DA) or less)
N{ (relative humidity of less than 20%)U(temperature

of larger than 32°C)} (4)
[0058] - Region VI (Sixth Air Condition Range):

The region VI refers to a range which is less than the
upper limit value of the supply air absolute humidity range
serving as a target, is larger than the upper limit value
of the enthalpy range corresponding to the range of the
supply air temperature and the supply air humidity serving
as a target, is the return air temperature or less, and 1is
larger than the upper limit value of the supply air
temperature range serving as a target, that is, a range
satisfying the following Formula (5) on air line.

[0059]

(absolute humidity of 0.019 kg/kg(DA) or less)

N(specific enthalpy of larger than 50 kJ/kg(DA))

N(return air temperature or less)

N (temperature larger than 32°C) (5)

[0060] - Region VII (Seventh Air Condition Range):

The region VII refers to a range which is larger than
the upper limit value of the supply air absolute humidity
serving as a target, and is the upper limit value of
outdoor air cooling enthalpy or less, that is, a range

satisfying the following Formula (6) on an air line. The

is,

a



"(specific enthal py of 35 kJ/kg(DA) or nore and specific enthal py of 50

kJ/ kg(DA) or less) 10n{ (relative humdity of |less than 20% u(tenperature
of larger than 32C)}(4) [0058]- Region VI (Sixth Air Condition Range):

The region VI refers to a range which isdess than the upper limt value of
the supply air absolute humdity range 15 serving as a target, is |arger
than the upper limt value_ of the enthal py range corresponding to the range
of the suppPYt@PPrtahpefa®titls aPRtEREPEUBBPT af tMhEind §ne yHRer ¥Fnglas a

i £ 2 | ess, i r e upper
arge 'Seégﬁh%ﬁéyggbg%;céfP@%%@ﬂ&{ﬁ%ofo €88, r8PdrhSat ar gehpthap,th tUpp

limt valu air tenperature range serving as a target,
~that is, a amdgehsatpséyi hgnitevébhé owf ngh&osunpay (&) roabactutéene. [0059]

(absolute hum dity of 0.019 kg/kg(DA) or |ess C e n(specific

nthal by of FTBS GbIY L RERYSB0 k57 kb AT J= DNt et bF noBPFEFbRferss e o I ess)
n(t enpersat uggt harger 11 hani 3263 6863+ 1 N§6H] thRegkebs ¥t hg(Sevent BrAthe Condi ti on
Range) : The region VII refers to a range which is larger than the

upper | i ni tToERER BTt hemREpPrYrai Tr abedl the ADAPELES B@m%@iVYnEplﬁgra
t t, andjs:the. i i A : N ;
arget, and;ig;{ne; JOPRY &hg$§?x%é¥§%9§%§F£980&1§%£a808£kE?G? thal py o

| ess, that 1s, a range sati oW ng rmul a on an air line.
The 16 out 806061hir cooling enthal py upper limt line Hho is an enthal py

of 'the supply ai 12RBSbRE oA {yo el SPAG abhan: Br Bet  KANRS1BAbbeci f1ed-

as an qg N (upper limit value of outdoor air cooling enthalpy

or less) (6)

[0062] - Region V (Fifth Air Condition Range):
The region V refers to a range other than the regions

I to VII, but specifically, is.a air condition range which

15 is larger than the upper limit value of the enthalpy range
corresponding to the air condition of the range
corresponding to the supply air temperature target range
and the supply air humidity target range, and is larger
than the return air temperature or the upper limit value of

20 the outdoor air cooling enthalpy as illustrated in FIG. 3.
[0063] Further, a condition corresponding to the region
VI, the region VII, and a portion above the region I and a
portion above the region III corresponds to an outdoor air
condition frequently observed in a region of high-

25 temperature and humidity such as a tropical rain forest
climate province.
[0064] When a region to which the current outdoor air
condition corresponds is decided from among the regions I
to VII, the air conditioning control content setting unit

30 253 sets the air conditioning control content to each
region as follows using the outdoor air temperature
measurement value and the outdoor air humidity measurement

value acquired by the outdoor air temperature/humidity



"5 enthalpy line intersecting with a crossing point of the return air
tenperature Tr and the absolute humdity upper Iimt line Xh on the
psychronetric diagramof FIG 3. [0061] (absolute hum dity of |arger than
0. 019 kg/ kg(DA)) 10n(upper limt value qgf; outdoor air cooling enthal py or
less)(6) [0062]- Region V (Fifth Air Condition Range): The region V
refers to a range other than the regions | to VII, but specifically, is a
ai r condi t iVPFEAYREWhI EhEUS FAVhF ey thah ¢Pe UppRrIFTRFR ¥hFue of the

ent hal py rangg,£PL eSOk grdethe,al fie CROILLFOD 9F the rapgen air _
corresponding to the supply air tenperature target Tange and the supply air

humi dity tdreeperabiges sensds 22r gehet flappiheaiet temparatue@perature or the

linmit val f 20 t td i i t hal illustrated i
FIG 3. [O0BSFEFEHET, Vel Kottt Bhe CorY esgontrmg Y o the- FRRFERC e the

region ¥l ,samsoa poT}iHnd abeyestihel § egi onhlmadd: @ Hes &k pemeReVvealhie region
1l corresponds to an outdoor air condition frequently observed in a region
of high- 25"¢2FpEPathy e“RpicS WPl Wi @ * slyeRidsty $2opPEaf2f ai nHEBPest clinmate

province. [0064iyen, a,¢eplon £ H@%ﬁhg&t{'@rgﬁ’écﬁ ef‘foﬂu&}qgo]%eﬁiférgofgi tion
corresponds Is decided fromanong the regions | to VII, the air
condi ti oni ngheostrvér corprent O skt tapgumailt a80a 263rget sof haiair conditi oni ng
control content.to each region as_fol)]ows using,the outdoor air tenperature
measur enent® %htel%rﬁjdn?h%o %Ijobraaf? Al 72y Jrfé%&u?%n}éﬂrf‘ali}g}?ﬁ%aﬁ%q%ﬂed
by thelout dows Biketespesabnke/ o €otye JIndBassd LB YRk UEeBEENT 41 AY
unit 252, the return air tenperature neasurenent val ue neasured by the

r

return air PERPRERY uYRlYRnsorthe seme aspply aWPPenphf ARwrediedsur enent

val ue ”9354£§Q59¥e$§ﬁtsy£9$3 ﬁ%ésﬁf@@eﬁﬁtyﬁg supply air humidity
sensor 228.
[0065] - Air Conditioning Control Content When Air
15 condition corresponds to Region I:

When the current outdoor air condition is within the
range of the region I, the outdoor air may be used as the
supply air as is. Thus, the air conditioning control
content setting unit 253 decides control content such that

20 an outdoor air introduction rate becomes 100% by fully
opening the exhaust damper 30, closing the first return air
introducing damper 221 and the second return air
ihtroducing damper 229, and fully opening the outdoor air
introducing damper 222. Further, at this time, the

25 humidifying process by the humidifier 224 and the cooling
process of mixed air by the cooling coil 225 are not
performed.

[0066] - Air Conditioning Control Content When Air
condition corresponds to Region II:

30 When the current outdoor air condition is within the
range of the region II, the control content is decided such
that the outdoor air temperature is increased by mixing the

~ outdoor air with the return air, and humidifying is



"5 sensor 227, and the supply air hum dity neasurenent val ue neasured by the
supply air humdity sensor 228. Here, a sensible heat |oad by heat
generated fromthe servers in the server room 10 is assuned as a target of
air conditioning control, a latent heat jlgoad by human breath or 10 the like
is assuned not to be generated, and the return air humdity value is the
same as the supply air hum dity neasurenent val ue neasured by the supply
air huni di t@e%é)fh@@ﬁd 2285P€f<0¥)@55fa1%‘{rr @ﬁlCﬁ%?Oﬁ?W%%%%‘H conEEMt Ven Air
15 conditi sg)é)cﬂglsn fegi I r t air
condi tion ?%bwthl n the range ofﬁ%ed?%lg?eo% I, n%e%ﬂ?%o%@%?gyn%gg%e used
as the suppttlya‘a|trha$ecsondl'm$turﬂneamrlmmzhimcmmg n@amparrbwcnmteh@ss@ttl ng

t 253 degid trol L_syche that 20 d duct i
at e bocomaS Tb0vByPHTHTE GHER T (e Gihadets Bopt 807 19 0sh G the 11t

return gir fn$O0USH L daipeln22dd@nthd Neamssongh 1 et Bhé dRtdOsiKC ng
danper 229, and fuICIP%Jopenl ng the out door air introduci ng danper 222.

Further, ataihisnEFeRuCITE JHDREI M4 3 TR A beessd byetweshubn 6 f1@9% 224 and
t he cool i nga%og%§ ngr@ g?ro %%nét%ﬁtf% &%A gg? argn@o{ gerfor ned.

[ 0066] - nlng r condi fion corresponds to
Region |1: t&ﬁrwmnfiéte mrmf@mﬂdeEdifym@ld)foal nscasshry arh@um’ange of
the region |1, the control content is decided such that the outdoor air

t enper at ur el §867 her edbledbis ey 2 HeaBIRHovr L g rawp htrReoRBER@PH air, and

hum di fyi ng, ecif t ndj t roI
contengbsett%%glum?&%%g{%%%% f é&@%}%%’%? %g%?%(?\%ﬁ 91?] hﬁ &gﬁg&gécond
return air éilrr‘oetnpémtmﬁmpmaQﬁQemmtlmhde shenthdereopenh ngidegr ees of
t he exhaust darrger 30, the 5 first return air mtroduleg%da er 221, and

the out door “&f® ?%??%%JE‘?WE%IH%%? Wuer ¥° adf st By bRt 11325 00%

accordi ng t@u%ﬁ?y%‘iﬂot%mﬁéfat@ié ogiiedd Oy s b e, wRDEnt De bum o f i gvared
perfornms humdifying of a necessary anount. [0067]At this time, a target

val ue a of whehbutdeersupply air temperature target range and the

15 supply air humidity target range stored in the supply air
target range information storage unit 251.
[0068] An absolute humidity wvalue X of the air in which
the outdoor air is mixed with the return air by adjusting
the outdoor air introduction rate as described above is

20 represented by the following Formula (7) using an outdoor
air absolute humidity measurement value Xo, a return air
absolute humidity measurement value Xr, and an outdoor air
introduction rate target value o.
[0069]

25 X =Xoxa+ Xr x (1 - a) (7)
[0070]  Thus, in order to cause the mixed air to reach
the supply air of a temperature and humidity state serving
as a target, humidifying of “Xs0-X” which is the difference
between the absolute humidity wvalue X and the supply air

30 absolute humidity target value Xs0 of the mixed air is

necessary. A necessary humidifying amount for increasing

the humidity value of the difference is "“Fsx(Xs0-X)” using



"10 air introduction rate is adjusted according to the outdoor air

t enperature nmeasurenent value and the return air tenperature neasurenent
value so that the m xed air has a supply air tenperature target value which
is set in advance within the supply air]kﬁnperature target range and the 15
supply air humdity target range stored’i'n the supply air target range
informati on storage unit 251. [0068] An absolute humdity value X of the air
in which the swRRlbprabl rcusrenkeamonnth Fae aeducﬁnarolbyoadFUStbﬁgaLhe )
out door air_i o] [ escri e i.s_20_represente t he
foll ow ng ﬁ%égiéaﬂﬁg§ ﬁg}%§E§%€%%€d§%¥ §?$t§§§¥fa eahﬁ%f%|t§uﬁ%é§g¥e nt
val ue Xo, athethumidifiabsd?auteo htindtlite nBaseseaent hival def Xingagdoant
outdoor air_introduction rate target value a. [0069] 25X = Xo x a + Xr x (1
- @) (7) [007D]THRRIIEN bF dePCtE°Laustt t Helti ke ai FReoCPRhERIt RECSEPDI y air
of a temperat Ufige and b di tyy St ecégiyxhﬁgc@ﬂazé@rg tnobugwfé hag of
"Xs0-X" which is the difference between the absolute hum dity value X and
the supply BP¢78D ab§5¢@t@ehﬂﬂ$dtyyhmmﬁ@ényEguemQSﬂtotse@ﬁtuLgedgarm isI
necessary. A necessary hum di fying amount _for,increasing the humdity val ue
of the d?ff%ﬁ%ﬁcﬁEY%ngﬁ%ﬁEﬁéotgﬁ" STRg° A8 al SuPpF§ aygtEuF?%nfeBHB nt Fs,
and controlatontendeofded vas vée §aoibédi | aisdvarf eeht f PregORtm ol EPgng water
quantity of the hum djfier 224 so that the necessary hum difying anount is
suppl i ed i PR 1 FRVINEE n¥O EhRt cboti hgtprocess bistae aPxedub®r by

t he coglyn 1,225 1is_ not rforped 071) The ,necessary hum di fying
amount (igse Lgolép:t.etr¥o$ar1]3‘:get v2FLe {Xr + L)? :L)ksg)/(!ia aﬂ,
humidifying after mixing is unnecessary.

- [0072] In this case, the outdoor air introduction rate

target value a is represented by the following Formula (8)

using an outdoor air temperature measurement value To, a
15 return air temperature value Tr2 after humidifying, and a

supply air temperature target value TsO.

[0073]
o = (Tr2 - Ts0)/(Tr2 - To)x100 (%) (8)
[0074] - Air Conditioning Control Content When Air

20 condition correspondé to Region III:
When the current outdoor air condition is within the

‘range of the region III, the control content is decided
such that the outdoor air temperature is increased by
mixing the outdecor air with the return air. Specifically,

25 the air conditioning control content setting unit 253
decides the control content such that the opening degrees
of the exhaust damper 30, one of the first return air
introducing damper 221 and the second return air
introducing damper 229 (the other is closed at this time),

30 and the outdoor air introducing damper 222 are adjusted
between 0 to 100% according to the outdoor air introduction

rate.



"humdi fying after the outdoor air is mxed with the return air is decided
as descri bed above, but when hum difying is perforned in advance so that
.the return air has an absolute 10 humidity target value {Xr + (X - Xs0)/(1
- -hum difying after m xing is unnecessapy. [0072]1n this case, the outdoor
air introduction rate target value a is represented by the follow ng
Formula (8)_ using an outdoor air tenperature measurenent value To, a 15

return air tEhperat ur%n vt qarsze'afﬁr%ﬁ’ PR ¥ y3 H, TR A SHPR yL&F 9
TsO. [0073 T / 100099 (8
L6074l o urftaég% e Snt]‘F c}frecso4 n? rgh%\l ro% Vgln%lllfo LZIc< r?é AN

[ 0074] - |t|on|ng con esponds

to Regi on IddindMiee the: €abx ety OLEGNOFa @b Fe CGREL i F @S W1l NTd heckange
of the region Ill, the control content is decided such that the outdoor air

t enper at ur erei@ﬁ%ﬁ%s@%%&ﬁ%@%@%%’érvﬁlﬂe WEih 3me Fee Rl Y .
Speci fi gal lé’ll‘%é{)&ﬂﬁr&%&%@ I g, Lopigol content setting unit 253

deci des the contr ontent s at t he openi ng degrees of the exhaust
danper 30, OhE’@f the first return air introducing danper 221 and the
second return air introducing danper 229 (the other is cI osed at this
tine), 30 and tiHfe Dutbor &Y 4 [T oduk? byl Yakper 222 areldlj usted between 0

to 100% accordi rygtt&igetﬂﬁg dagye %Jmicﬁ'{fg (g g@?égé eo¥ 20-[0075] I'n this

case, the outdoor air iniroduction rate t ue a1s represented by
the fol |l owmgn¥arfika I3) arsd nche treo@llizd@oprmes$ dnpetiad ueeo htas ue@ient
val ue IB t?ze5 raerteurr?o?igeéggpﬁer&t ure measurenent value Tr, and the supply
[0077] - Air Conditioning Control Content When Air
condition corresponds to Region IV:
When the current outdoor air condition is within the
range of the region IV, the control content is decided such
15 that the outdoor air is humidified. Specifically, the air
conditioning control content setting unit 253 decides the
control content such that the outdcoor air introduction rate
becomes 100% by fully opening the exhaust damper 30,
closing the first return air introducing damper 221 and the
20 second return air introducing damper 229, and fully opening
the outdoor air introducing damper 222, and the humidifier
224 performs humidifying of a necessary amount.
[0078] In this case, when an outdoor air relative
humidity measurement value is Ro and a supply air humidity
25 target value is Rs0, the necessary humldlfylng amount is
“RsO0-Ro.” At this time, the outdoor air temperature lowers
from To to T as the humidifying proceeds.
[0079] - Air Conditioning Control Content When Air
condition corresponds to Region V:
30 When the current outdoor air condition is within the
range of the region V, the control content is decided such

that the return air is cooled. Specifically, the air

conditioning control content setting unit 253 decides the



"5 air tenperature target value Ts0. [0076] a = (Tr - TsOQ)/(Tr -

To) x100(% (9) At this tinme, the humdifying process by the hum di fier
224 and the cooling process by the cooling coil 10 225 are not perforned.
[0077] - Air Conditioning Control Content;Wen Air condition corresponds to
Regi on IV: When the current outdoor air condition is within the range
of the region |V, the control content is decided such 15 that the outdoor
air is humieRPred Srgdt Uy, thak B¢ LoHIPeT o hgl toredert Eomt ente

setting unigedbigons dos dhecontipl oM SuRlhes dhe out dooomd

L r
i ntroduction rate becores 100% Dby fully opening t exhaust danper 30,
cl osing therdtywsn ait urntadduding odarpey dadperuli epenime 20e sEitostd

return air introducing, da r 229, .and fu openi t he out door air

i nt roduci ngr%fa%rajzﬁz%ntaﬂgg?%%n%uﬁr&?ﬂ eﬂ%ﬂﬁge??‘g?]rﬁs? N RFYING of a
necessapy aHDHNMntiOOISIdd ddtSe £a522, Wed Bie OMESIODEg atsiT et @ive humdity
nmeasurenent value is Ro and a supply air humdity 25 target value is RsO

t he necessa§~ HFIYi F57 P attPFRCeFBO RE "ths thimet i BRe the outdoor air
Lemper at Ur 6, LNl By J P10 40 o dSchde MIBAE19) N Pr o0 agSs. pd DA A T

Condi tioning Contro en Air condition corresponds to Region V:
30When t he cW8@ht oulmooiddaiiomonevéen omers e hturtdmet ramgdoof diwe regi on

V. th trol tent_is. decided such that the ret | ed.
Speci 11 cal 5P EL Gl 13 Gt brit g CORES of - CoMt S S0 ot it 253 deci des

t he 10 operator is in the server room 10 and air ventilation is
necessary, the outdoor air introduction rate may be set to
the lower limit wvalue in advance, and control may be
performed such that a predetermined amount of outdoor air
is sucked.

15 [0081] - Air Conditioning Control Content When Air
condition corresponds to Region VI:

When the current outdoor air condition is within the
range of the region VI, the control content is decided such
that the outdoor air is cooled. In other words, the

20 control content is decided to be P3;—»P; as illustrated in
FIG. 4. Specifically, the air conditioning control content
setting unit 253 decides the control content such that the
outdoor air introduction rate becomes 100% by closing the
first return air introducing damper 221 and the second

25 return air introducing damper 229 and fully opening the
exhaust damper 30 and the outdoor air introducing damper
222, and the cooling coil 225 performs the cooling process
on the outdoor air (P3) as illustrated in FIG. 5. At this
time, the humidifying process by the humidifier 224 is not

30 performed. _

[0082] - Air Conditioning Control Content When Air
condition corresponds to Region VII:

When the current outdoor air condition is within the



" 21 control content such that the outdoor air introduction rate becones. 0%
by cl osing the exhaust danper 30 and the second return air introducing
danper 229, fully opening the first return air introduci ng danper 221 and
~closing the outdoor 5 air introducing dagper 222, and the cooling coil 225
performs the cooling process. At this tine, the hum difying process by the
“hum difier 224 is not perforned. LOOSO]In addition, even when the current
out door ai rr&RFRIi e ohe sreFiemR Vihe ?%g@orbﬁr@heccp@@%h is decigedo

operator isqldy, the, Seryero (095 10, and; ai é?é’f%‘{i] ér@cﬁ'cﬁ@hv{nﬁ}n@fff&?arg?dt he

outdoor air I1ntroduction rate may be set e | ower

advance, antdlesomm$b¢drmy:ltr&fpmi@xfrbeﬁsmﬁtddadmtaarpiedeimdnmdhatmm of
outdoor air is sucked. t| oning Control Content When Air
condi tion corTESpoHs: t(]f %b%‘r‘ Words’ W%?PT’%% L coPPETRE obf ddorided

condi tign isuam téhdr: thee rﬁﬂ@@o&icé@%tﬁ@&é&ﬁ Myr 1B9 Gantdy1 Lot 1S
deci ded such that the outdoor air is cooled. In ot er words, the 20 control

content is RV fedbe @ Ued astdodusaiat ekb'iln IR @ixed Spddi fiheal |y, the
air conditioni o rpp ,co t. setti 3 ntrol
cont ent sucﬁ%ﬂ%ﬁ E?Jf}é g%ﬁ doo%&%;'usro ?Cne 'lg; g)t |y£)r?lr at@egeggrgretén%oé /rby cl osi ng

the first rced:mmmmm Wi\tmnﬁutCMslgtajmmterré@ﬂoranﬂ dhei seconck 2&d r et UFIG ai r

introducing er 229 full enln t he exhaust danper 30 and the
out door air 1nt Referet H aﬂ]a%'p h% et VoY ngPebT L 228 R or ms t he

cOOl i NG oPr 05888; QR e 028 $100E C Bid s (ﬁ?»é aSntrdustopt &g 1 Sudh Grar Methis
time, the humdifying process by the humdifier 224 is not 30 perforned.

[0082] - Ai rfowidi ¢ oRFhe GontroToduntentdagesr A 41 condit¢ord corr@spamds to
Region VI 1: e%bft?s'& h&arﬁ’;&gf e.% Oﬁ%goé)éc&llcﬁ & ntgrrgla?frlfn’t‘:"f:cggﬁglﬁgedamper
229, and the outdoor air introducing damper 222 are opened,
but the opening degrees of the exhaust damper 30, the
15 second return air introducing damper 229, and the outdoor
air intreducing damper 222 are adjusted between 0 to 100%
according to the outdoor air introduction rate as
illustrated in FIG. 7.

[0083] In this case, the outdoor air intrcduction rate

20 target value a may be obtained by Formula (9) using the
cooled outdoor air temperature measurement value as the
outdoor air temperature measurement value To. At this time,
the humidifying process by the humidifier 224 is not
performed. The cooled outdoor air temperature hay be

25 estimated from the outdoor air temperature and the cooling
performance of the cooling coil 225 or may be measured by a
temperature sensor at an outdoor air sending side of the
cooling coil 225.

[0084] - Exceptional Air Conditioning Control. Content:

30 When the environmental sensor 28 detects that the
outdoor air contains a lot of smoke or dust, since the
filter 223 or the like degrades if the outdoor air is

introduced, the control content is decided such that the



"22 range of the region VII, the control content is decided such that the
-outdoor air is cooled and dehum dified, and the cooled and dehum difi ed
outdoor air is mxed with the return air. In other words, the control
content is decided 5 such that the intrgguced outdoor air (P3) is cool ed
and dehum dified, cooled outdoor air (P37) is mxed with the return air
(P2), and so the supply air (Pa) has the air condition within the target
regi on | asrefuustaial ebs iepHGE BoBpbke$s caf | Hhe thrmpsrattoreliandni ng

control co t..10 s iang. uni 3 decides the control. cont such t hat
the first reﬁ}rdnllcgf rceclgrﬁl lroaﬂgjrgiénfg aerrpogjr;ﬂ(g%ciri%lrd osepde,c%mldc?ﬁie]’;’ex?ﬁ%st
danper 30, die sechitd sreing ncaittré nteaduen hgsetampres @29 230 ddei @eig door
air introduci ng danper 222 are opened, but the opening, degrees of the
exhaust dang& FNtite PR RRoMPGRtihFT awemwgwmwgropa%@d%@%nd the

out door sai iyt uGHAg ERTATC 222 A 1] distt 86k DetNRSI: 034 0,4Q0% accor di ng

to the outdoor air introduction rate as illustrated in FIG 7. [0083]In
this case, FdeorlitxRiorrmiain nirtodedidions rdare0 229 gefulay wrenimy bee

obt ai ned by, For.mul 119% usi ng .t he. coal ed, out doo ir_t rature
reacur ement” VAl e S et BT TR S rE Tt erbre A R o, A

this tinme, dueddwnmaidf yimgrgphocass dympare eom didd ethe24odBimPtcder f or ned.
- The cool ed outdoor_air tenperature may be 25 estinmated fromthe outdoor air
t enper at ur & ahPIHELEBDI FiR) FRYFOIIERIREDITS t e TRl I Hgr BiFe D252 Bt ray be

measur e@ by, £ ! enperat i e SRNS Oy Atn afk QU ﬂ%_@&&é@@%’aﬂ%ﬁé de of the
cooling coil 225. [0084]- Exceptional Air ndi‘ti oni ng ntrol Content: 30

When t he ervimighiiiaml 23ensdrm8 petertmeed hat the outdoor air contains a

| ot of snok ust,. .since the filter, 223 or the |i degrades, i f _the

out door ai rFqés)é?ﬂt rod’gféeerbl,tel?%eajc%n?(?lb 1T erd ?%nﬁlé%k]fea‘é%‘g%%% 1hat®the 23
return air i ool regeddl fssinf ddettenpesetane ek g ehiy zomdition
of the-outdoor air. Specifically, the air conditioning control content
setting uni thEBFIRIHYALIHR WIRT RS MEFRSSUcHS IHEVIFR SRR LIST r

i ntrodyet i 01154561(@&&@@&50@&@% ys%ér?%jz%gu%%ﬁ @5@&%&:%%& f%gesxt@m the

second return i ntroduci ng danp y opening t F et urn
ai r i ntrodutegneeanperti2? lextands tcl dmipeyr t B, ottelobirst rrétiroduct ng danper
222, and thfh€¥gé&£¥héxgémper 221, the second return air introducing
damper 229, and the outdoor air introducing damper 222,
control variables of the humidifier 224 and the cooling
20 coil 225, and the speed of revolution of the air supply fan
226 based on the air conditioning control content, the
control signals are transmitted to the respective devices,
and thus the supply air having the supply air temperature
value and the supply air humidity value within the target
25 range is generated.
[0086] Further, in the warm-temperature region or the
like, the air conditioning control content may be changed
according to the outdoor air condition at every season, and
in tropical rain forest climate province or the like, the
30 air conditioning control content may be changed according
to the outdoor air condition within one day. 1In this case,

the outdoor air temperature/humidity measurement value

acquiring unit 252 acquires each measurement value twice or



" 225-perfornms the cooling process on the introduced return 10 air. At this
time, the humdifying process by the humdifier 224 is not perforned.

[ 0085] When the air conditioning control content is set in the air

condi tioning control content setting unby 253 through the above-described
process, the device controller 15 254 generates control signals used to
control the openin%2degrees of the exhaust danper 30, the first return air

i nt roduci ng\Ueghpekrtpin onehedaspe g ridtrdl fi FOnH H RIS ARAPRE 229, and

t he out door. gt oduci acg% ﬁggti contL ol var £5-Hqi idifier
224 and the cooﬁr:l{]ngg 20 f:ﬂoc‘{]lgngﬁ , a3n t Se speed Scf\f/ r%\a/% ut? on of the air
supply fan @6 hakecbrrerthevidih tdondi dquins gl ot § odaclomead yrémentcont r ol

signals are transmtted to the respective devices, and thus the supply air
havi g t he GURH yPBi 14 HTEH U b ol SRS e TP Y- BT HAHA ST val e

W thin ghe Jagetadeu ! ANae |idi 9ersy at eflir { Q086] 1k tdiefept foddI® air
warmtenperature region or the like, the air conditioning control content
may be charmg@tliccr O ide GuthRPUEE TDMBESDIREY RIWY Feddevh, and

in tropical in fore i mat ' h i ke, 1 '
condi ti oni naglﬁ%%n rcgf con éen&rﬁ%%gﬁ/éc:%%ﬁﬁé;% %%gto}#%i%%v%%g?rﬁen%{ door air
condi ti on wsdridsor oe. day. In this case, the outdoor air

emperatur ol DU |, MRS SIEIL, val ve, acaul L og, unid, 252 acquires each
condi t hgni NECOMfdht COHEM 1 SEEAdNDE Hith In @ S30:$6E 51 A HOEESSA ¥ Shdnged
conditioning control content with the acquisition of each neasurenent val ue
by the out doorording ebpethr weidned dity eerdltrmnttie valtdoaeqi¥ihy unit
B Mol ST Rle SN PO RO 2 el suegui e a5
envi ronmentradnseasent 28 pOOB8 sd desed | hieds addw egormd Lot o rgg t ot tweo pr esent
of managing the server with the high energy saving effect
15 may be performed.
[0088] Further, since the air conditioning control is
performed using the outdoor air as much as possible, energy
necessary for air conditioning may be reduced, and the cost
necessary for operating the server room management system
20 may be reduced.
{00891 Furthermore, even when the outdoor air condition
is the high temperature and high humidity as in tropical
rain forest climate province, the air conditioning control
content is changed according to a change in the outdoor air
25 condition within one day, and thus the air conditioning
control having the high energy saving effect for server
management may be implemented.
[0080] In addition, in the air conditioning controller
25 according to the present embodiment, when the air
30 conditioning control content is set in the air conditioning
control content setting unit 253, the optimal supply air

temperature target value and the supply air humidity target

value are calculated within the supply air temperature



" 10 enbodi ment, the air conditioning control content is changed according to
the outdoor air condition, the outdoor air is used as nmuch as possibl e,
control suitable for server managenent is performed, and thus air

condi tioning control of managing the serner with the high energy saving
effect 15 may be perforned. [0088] Further, since the air conditioning
control is performed using the outdoor air as much as possible, energy
necessary fe?TaFr TIMIF t300i Fge nayPBEY redtcednidihbyt hergest rargessary for

operating the,sgfver Eﬁ@&%&%&?ﬁegFPt%%%§é?U}§9%83¥?98r£§9¥§ﬁgsE?aﬁge

[ 0089] Furt hernore, even e out air condrtron is
t enper at ur euaind 25 ph dmuli di¢ yahs condiopoeahgradmt fOI esbntbhtvh&vpPh@Vvi nce,
the air cond%tioning control content _i changed according to a change in

is
the out door® ?rhﬁ%Pc%%EEQYOﬁPV&T%i%£%%%tdh§, ShdPEPEe PRethPrteBBAFti oni ng

cont rol shavyngudde hi gh energy saving effect for server nmanagenent nmay be
i npl enent ed. éOOQO]In addition, in the air conditioning controller 25
accordi ng t bO¢HE] pr eshent emboeli peess whepaldelat ingothensippbni agr cont r ol

content is L i onditioning.control content setting upit 253,
t he optinalégﬁﬁﬁ#%ﬁéﬁéa%%ﬂ%%Fa %$%et%$%e Valu %da%ﬁeggﬂb%+ ya??r%%ﬁidity
target val ueahue tdtutatssd obitdiumpt hen sepptyy ats benpenahited 25 tiasget

range and the supply aiy humdity target range stored in the supply_ air
target r ang%prF%fn%‘f?%fW Ao dgRRATITYE, tahert nea b 2BAdFRE oRARL Cont r ol

cont enty ghavi ng ke diGh eSOy @@y&@ga@ééfginégsté%h@aﬁfgseﬂtt he target 5
val ues. [0091] Next, a process of cal culating the supply air
embodiment will be described in detail.

[0092] First, energy E consumed by the air conditioning
apparatus 20 may be expressed by the following Formula (10).
[0093]
15 E = gcol(Fs x (aHo + (l-a)Hr - Hs))
+ gfan(Fs)
+ ghum (Fw) (10)
where Fs: supply air current amount

Fw: humidification water quantity

20 a: outdoor air introduction rate
Ho: outdoor air specific enthalpy
Hr: return air specific enthalpy
Hs: supply air specific enthalpy
gcol: function representing relation between coil
25 cooling quantity and cooling coil consumption energy
gfan: function representing relation between supply
air current amount and fan consumption energy
ghum: function representing relation between
humidification water guantity and humidifier consumption
30 energy.
{0094] Of these, the supply water current amount Fs,
humidification water quantity, the outdoor air introduction

rate, the outdoor air specific enthalpy (calculated based



“tenperature target value and the supply air humdity target val ue that
cause consunption energy to be mnimzed as the optimal supply air
tenperature target value and the supply 10 air hum dity target val ue
according to the present enbodinent wilj-be described in detail.

[0092] First, energy E consuned by the air conditioning apparatus 20 nmay be
expressed by the foll owing Fornmula (10). !00 3] 15E = gcol (Fs x (aHo +

(1-a)H - RS Fhe guidors) ai ighEFERNPCIOR Ity RAFSPIBEMENt Giddient,
amount Fw hum difica 19“ c%{fl%u%%'hfantpﬁpa(ca%&ﬁ%oée 'HaééHrC}FLt‘Hé on rate

Ho: outdoor alr speci rn air speC| I ¢ ent hal py Hs:
supply air reeinf |aarer‘a:tema|e[13atgn@l mefagnetenem tr em]e&erunmg:heelsmppdm etmeen

coil 25 cooli antlty .and cooling coil onsunptlon en y gfan: function
representlﬁﬁﬁéiéi? eﬁgﬁﬁﬁﬂ%%egﬁr éﬁ%%@ dé? consunpt i on
energy gnurg edﬂﬂﬂd<¥hﬂﬁﬁ¥ Hal1Reh 1aeledt iR ptdeamdwigiify catd on wat er

h évf B85 € ! e é’ fy

quantity and humdifier consunption 30energy. [0094] Of these, the supply
wat er cur r &ePEFsHNT PR UTHEHitd Meestiremandt ar lpsantiay be e AFUTRSHIO T 1

| ntroducti oy 3G S QUAW B RREY fdrG FNNALRY (cal il ated based

sensible heat load by heat generated from a plurality of
servers in the server room 10 is assumed as a target of air

10 conditioning control, a latent heat load by human breath or
the like is assumed not to be generated, and the return air
humidity value i1s the same as the supply air humidity
measurement value measured by the supply air humidity
sensor 227.

15 [0095] Further, the function gcol representing the
-relation between the coil cooling quantity and the cooling
coil consumption energy, the function gfan representing the
relation between the supply air current amount and the fan
consumption energy, and the function ghum representing the

20 relation between the humidification water quantity and the
‘humidifier consumption energy are known functions
representing a characteristic of a device configuring the
air conditioning controller 25. Thus, the energy E
consumed by the air conditioning apparatus 20 may be

25 calculated based on these values.
[0096] Meanwhile, the air conditioning controller 25
according to the present embodiment decides necessary
control variables of the exhaust damper 30, the first
return air introducing damper 221, the second return air

30 introducing damper 229, the outdoor air introducing damper
222, the cooling coil 225, and the humidifier 224 by
setting the supply air temperature target value and the

supply air humidity target value in order to control the



26 on the.outdoor air tenperature/hum dity neasurenent value), the return
air specific.enthal py (cal cul ated based on the return air tenperature
nmeasur enent val ue and the supply air absolute hum dity neasurenent val ue),
the supply air 5 specific enthal py (cal%wlated based on the supply air
‘tenperature/hum dity neasurenent val ue) “may be neasured or cal cul ated based
on the neasurenent values. Here, a sensible heat | oad by heat generated
- froma plursiprly cdiscremeperaturdeanedrvee soppliO2is hssidbtyasyaahnr get of
air 10 conditiony o] |..a Llatent heat | oad b man breath or the like
i s assuned %% ?% ég %é?% ® ,%a%%n¥ﬁ%f$%?%r %i¥u€§%?ﬁi?§rvalue is the

same as t heistippdycted sn htat 6i byss@ashr enendpyal g aegsss edobythbe supply
air humdity sensor 227. 15%0095]Further, the function gcol representing
the rel ati ofEiSectt®Rer cdfi ol fHESHUBREREY 2kl tREredering damnper
consunpil o £NErgyes é@@oxfl&'”fét@ﬁn Q%PP Iﬁ@f@é@@ihﬁgdérﬁ;?e_%eé%l oL QE#P{‘QG”. the
supply air current anount and the fan consunption energy, and the Function
ghum r epr esetdowy tder 20ntedcd¢ong bdsmeen 202, htine dpfocass onf wat er quantity
and the humdifi cons tion. ener are_known_functions representing a
characteris??%?%ﬁi%}ﬂ%v? %Qﬁ&%%%r%%@nYh%ya?%mE%%d???%ﬂYn@lgoﬁ?F8F9 r 25.
Thus, the ettes gyodd Dogseivel DYs5t henai theopdbtéoni Bg epparat usngOctpray be 25
cal cul ated based on these val ues. [0096] Meanwhile, the air conditioning
control | er PEHEEDERRECR 0T 3Rt br e dent thabbdnsdht 1eBcidésORhetessary contro

variabhgs ofofhe, exhaust e damper, 30; ¢ hgfggfééeégégrgsa&%séyiéggugwgesﬂaﬁper
221, the second return air I ntroduci ng danper 229, the outdoor air
i nt roduci ngl @a¥per 222urther codhe ngumol ¥ 225, candetn heathoundi vakue 2P4 by

setting the, su ir nperature target yval ue an e supply air humdity
target val ue” i(%%ér/\bgart?%e%n?}?%ljg?#eow%gs BEFYLAi Elignlb%}‘g‘g%erﬁﬁﬂr? he
supply air duun thripe Byt @y WaLs @f ehdier PFOLESSTHf £084F©1 1 Hgrt he out door
air introduction rate based on the openi ng degrees of the exhaust danper

30, the fir'SYMRRERFH AITRCFNEFIURRT nep Haprper0 6 22121x hepsetbhd peatr® air
i ntrodyei ng, Janpete 229804, { o door @i 5f1)€r§é oducing danper 222, the

process of controlling the cooling quantity the supply air through the
cooling coi [0@%5] and the process of controlling the hum dification
quantity by the ggngcgf}gr/ %ﬁ prTgb) (11)
[0099] In this case, when the supply air temperature
target value, the supply air humidity target value, and the
20 supply air current amount value are given, the necessary
consumption energy E may be calculated using Formula (10).
[0100] In other words, in the air conditioning control
of the server room 10 using the air conditioning controller
25 according to the present embodiment, theoretically, an
25 éperation is performed at minimum nécessary energy when
control is performed by a combination of the supply air
temperature value, the supply air humidity value, and the
supply air current amount value that cause the consumption
energy E calculated by Formula (10) to be minimum.
30 [0101] In this regard, the supply air temperature target
value and the supply air humidity target value that cause

the consumption energy to be minimum in the outdoor air

temperature, the outdoor air humidity, and the server load



" 10 conbination of a plurality of processes as described above.
[ 0097] Further, the supply air current anount value Fs is calculated by the
following Formula (11) using a return air tenperature neasurenent value Tr,
a supply air tenperature measurenment vabge TsO, an air specific heat C, 15
~and a heat generation anount Q of the server. [0098] Fs = Q/C /(Tr -
Ts0)(11) [0099]In this case, when the supply air tenperature target val ue,
the supply % rVaHARE tSPRB QAP S dhaie, PoarfeR t Fel 35S uppl 34 8@ RCurdEht2anount
value are @i | NECESTA Vo P aNsM ' ted using
Formul a (10). [ool%ga]ellpn ST RE o s W%%%%%?%%ﬁ%%gof t he
server roomerestmyinhe aielaondi tiloereglf cont rlod | genebSataet ol gt aed he
present enbadinent,. t heoreticall an 25 operation is_perforned m ni num
necessary elr{lertgrgje vitreh %%nqejrtolloprlsry%e??rb?]f% By erb%n%‘?%‘%t‘?%nu%lft t%ée3 suppl y
air tenper atrurith Val dkese | Rens W 34 @ on i ghd Ysusd Ue, a Bdeide sppdy air
current anount value that cause the consunption energy E cal cul ated by
Formul a (1) CPESUARE FRIM BT 09 192 thi BiREyaraly Rhecatpptated r
tenperat ur ¢, J AP, ValdG AN {16, PRLYe alds ISy daT0eL val e Lhat
cause the consunption energy to be mninumin the outdoor air tenperature,
t he out doorsaivethuldatity, and the server |oad 28

[0102] Here, the server load Q may be calculated using
10 consumption power of the server or using the following
Formula (12). When the server load Q is calculated using
the following Formula (12), the air conditioning control
content setting unit 253 executes the process of
calculating the server load Q before the process of
15 calculating the air supply condition based on the outdoor

air condition/air supply condition relation table.

[0103]
Q = Fs x C x (Tr - Ts) (12)
where
20 Q: air conditioning target load

Fs: supply air current amount value

C: air specific heat

Tr: return air temperature measurement value
Ts: supply air temperature measurement value.

25 [0104] As described above, the air conditioning control
content is decided using the supply air temperature target
value and the su?ply air humidity target value which are
calculated as described above.

[0105] As described above, control is performed while

30 appropriately changing the supply air temperature setting
value and the supply air humidity setting wvalue having the
high efficiency according to the change in the outdoor air

condition, and thus even when the use environment of the



‘of various conditions may be cal cul ated i n advance, and an outdoor air
. condition/air supply condition relation table representing a relation
t hereof nay be generated and stored in the air conditioning control content
setting unit 253. 5 In this case, the condition of the supply air that
causes the.consunption energy to be m ninmum nmay be cal cul ated based on the
condition of the measured outdoor ajr and the server |oad. [0102] Here, the
server | oadPXFTRIC by TeTe ul St RY HPTIRRonctRHI PN Powekdldf the server or

using the f j r 12) . . Se ; Q) | at ed
using the f%r{'%é{v&%\%l{egr% g‘émﬁltwg‘% Pae%%n%%/fé%ér\?%gl&n??rg %%ntent
setting unilta®bhdy edtecttiesh tdreeprpcessing <bfect atangod hexseutved. | oad Q
before the ocess of 15 calcuJating the air supply condition based on the
out door ai r%jo(ﬁ@ ti orﬁ‘ﬁ?trhes‘irpp’_r@ %%dﬁ?%%_?%@%‘ff%%“?ab@ e YUY O = Fs x
Cx (Trs- T@ééﬁﬁié@%f 2 ASHEAE 0Nl th QI Nk tigesyhopd &55 supply air
current anount value C. air specific heat Tr: return air tenperature
measur enentteRperATEES SUPISE afangemped athe eSWabyirahemunkdiiey PEfO904] As
descri bed t i i ti.onj o] e j eci . Using the
supply ai ralgééﬁln%eé’r a%]'ﬁtr ?4%&8%% %/Ig uier[l\genrg@?%ré i's%;lg% i;%nrlhﬁ%?ﬁ%égggjf%r get

val ue whi chexarep sl candtethas debess bedy dbovesed HOS) ASi g ses | dHestc athov e,

control is r f or ned ile
£§ a control target or the like. Further, a part or all of

10 each region divided as in FIG. 3 may overlap another region.
[0107)] Furthermore, the above embodiment has been
described in connection with the example in which the space
of the server room 10 in which a plurality of servers are
installed is the air conditioning control target (the air

15 conditioning target space) of the air conditioning
apparatus 20, but the present invention is not limited to
this example, and a space in which a power supply device or
various kinds of devices that generate heat are stored or
installed may be the air conditioning control target of the

20 alr conditioning apparatus 20. In addition, in the above
embodiment, the cold area 11 and the hot area 12 are
configured to be structurally separated from each other,
but the cold area 11 and the hot area 12 need not be
necessarily structurally separated from each other.

25 Instead of separating the cold area 11 and the hot area 12
structurally, a side from which the supply air comes in may
be configured as the cold area 11, and a side from which
the return air is discharged may be configured as the hot
area 12.

30 [0108] The exemplary embodiment of the present invention
has been described above, but the above embodiment is an
example and does not intend to limit the range of the

invention. The novel embodiment can be implemented in



"30 appropriately changing the supply air tenperature setting value and the
supply air humdity setting value having the high efficiency according to
the change in the outdoor air condition, and thus even when the use
environment of the 29 present systemisgpan environnent (region) of :

hi gh-tenperature and hum dity, the air conditioning control having the high
energy saving effect may be executed. [0106] Further, in the above-

enbodi nent , VARECYRI 1TSS spR i ITEIE RN T het ASHRAER S ust aRtR¥e supply air
tenper at ur & 1A 48kt { S9e AL e RUIPM Yo LU Lacf 208G TANGR chut 1 he
present invention is not limted to this exanple, and other”val ues may be
used accor dihgt tof atlst apussaft alwemtiodn t arfee¢ embodeméntkeor Furt her, a part
or all of 10 each region divided as,in F 3 overl ap anat her, r egi on.
0107] Fur t HE¥ b 453 T aov e St HSTEITES Doen HebeiyDet | TP GhHBkt i on
wWith the exanmige i thvdih€hoh heaspase-Didddel $eENer ri 99 dfui va Wh €M @
plurality of servers are installed is the air conditioning control target
(the air 15-kontnYenhior $of gberdpade)the 2@ecmpanybrdi ¢lakhhg appar at us
20, but the present invention is not limted to this exanple, and a space
in which a power supply device or various kinds of devices that generate
heat are stored or installed may be the air conditioning control target of
the 20 air conditioning apparatus 20. In addition, in the above enbodi nent,
the cold area 11 and the hot area 12 are configured to be structurally
separated from each other, but the cold area 11 and the hot area 12 need
not be necessarily structurally separated fromeach other. 25 |Instead of
separating the cold area 11 and the hot area 12 structurally, a side from
which the supply air conmes in may be configured as the cold area 11, and a
side fromwhich the return air is discharged may be configured as the hot
area 12. 30[0108] The exenpl ary enbodi nrent of the present invention has been
descri bed above, but the above enbodi nent is an exanple and does not intend
tolimt the range of the



~.'invention. The novel enbodi ment can be inplenented in 30 various forns,
~and om ssions, replacenents, and other alternations can be nade in a range
not departing fromthe gist of the present invention. The enbodi nent or a
nodi fication thereof is included in the y,ange or the gist 5 of the
invention, and included in the range equivalent to the invention set forth
in the acconpanying clains. 31 CLAIMS 1. An air conditioning apparatus
conpri si ng: an indoor unit that GL&IMyduces at | east one of outdoor

air and return aj n.alr conditioning control.target, 5 and
di scharges tThe iéér%%ggégn%?#l %l?%ea%P?r%g%%i??%%Fhﬁl% htrol target as

supply air; and am ahdospnanit onhag Cobtoehtes, avhesgsh dthe bpdegtdesit
conprises a first space conprising an outdoor _air introducing_ unit _
i ntroduci ngPthe?® bELEUERr2aF riEeH 20 cdbT eFORAHE HORERGNECRPEEE EBRBRF i ng a

return air o rQosch AgH0I tnd ”iﬁ@%'&'h@%%t Derrefurgeaky f EQHH&P%H‘EE?

condi tioning control target, en the air conditroning controller
det erm nes thatral rtgopettéonswgpktymwiot andt he air conditioning control 15
target is necessary,. the outdoor _air.is introduced to the first space
t hrough t he outd%%ra%frc?%?%%h%%%%% %%%?E%li%ﬁd is subjected to at |east

one of cooling byhéheigooherindso et debmsats08 anfihetfipstespace to be
processed Ogééggqsing an outdoor air introducing unit introducing the
10 outdoor air and a cooler and a second space comprising a
return air introducing unit introducing the return air from
the air conditioning control target,
when the air conditioning controller determines that
air conditioning control on the air conditioning control
15 target is necessary,
the outdoor air is introduced to the first space
through the outdoor air introducing device, and is
subjected to at least one of cooling by the cooler and
dehumidification in the first space to be processed outdoor
20 air, and |
the return air is introduced to the second space
through the return air introducing unit, and in the second
space, the processed outdoor air is mixed with the return
air to be discharged to the air conditioning control target

25 as the supply air.

2. The air conditioning apparatus according to claim 1,
wherein the air conditioning controller determines
that the air conditioning control on the air conditioning
30 control target is necessary when the air conditioning
controller determines that an outdoor air condition
corresponds to an air condition range that is larger than

an upper limit value of absolute humidity of a



"20 air, and the return air is introduced to the second space through
the return air introducing unit, and in the second space, the processed
outdoor air is mxed with the return air to be discharged to the air '
conditioning control target 25 as the supply air. 2. The air conditioning
apparatus according to claim1, wherein the air conditioning
controller determnes that the air conditioning control on the air

condi ti oni ngr88eEBRREBEIt BRESET | 5aneeesSaEyRAEAL AR, apPSebrERt i oni ng

cont roll er dghes i pesahiabe a0 oyl dRohs 8l £yoonflht § 0N, COL GSPERS,E R, 2Dy Al T
condition range that is |arger than an upper Iimt value of abso uf'e

hum dity ofcarr8gppnéiegetai ted tppget limhgevalueeapethtuabsoabsel ute

hum dity, and rg#gtivg Eunidité, and is a éalue of enthalgé corresgonding
to the uppeP Pt tYvarFueor tehechbEdRat e RAnf dF ey bR £he tEFHRF2FRASe and a
return & r genpegature S5or less. 3. The air conditioning apparatus
according to claim 2, wherein the air conditioning controller

determ nes that the air conditioning control on the air conditioning 10
control target i e S n LI .C itiLoning c (ol Ler

det erm nes ?hat 2%Qa§$§cg%%?§¥§ﬁn%$8tﬁéggﬁggggrgggégégP egﬁoﬁgélﬁokan air
condition range whateis tkssathaocohdetiippengl contrualee aétéhmiabsol ute
hum dity of the %grget ranﬁ , _1s larger thar an ugger,linit val ue, of an 15
ent hal py rahgetcolfedpbnd? glFboﬁhn%i?OEBﬁa't?Bnt 31f afigRdebi PREPBNdI ng

to theilpar gebntaByerat§et hesrQEHEDSALY LOORELRLMI €101 ok 8S8onaNdibaihgr ger
than a tenperature upper limt value of the target range, and in thi§ case,

i nstead of ¢RRLEPELeBnArEeERINgS chefokn &he cendbbioai efisheoouhdeoduced
(1T OUL9POEPLEEEINE 19 G018 L Lle ThigL BRRESs ol Soggol e,y
processed ouhdoopparrlisitisehasged thet hesaltit6Ondni 8O0, NgECOREr ol target .
as the supply air. 25 , .
target range, is larger than an upper limit value of an
15 enthalpy range corresponding to an air condition of a range
corresponding to the target range, is the return air
temperature or less, and is larger than a temperature upper
limit value of the target range, and in this case, instead
of the air conditioning control, the ocutdoor air is
20 introduced from the outdoor air introducing device to the
first space, is cooled by the cooler in the first space to
be processed outdoor air, and the processed outdoor air is
discharged to the air conditioning control target as the
supply air.
25
4. The air conditioning apparatus according to any one of
claims 1 to 3,
wherein the air conditioning controller acquires
measurement values of outdoor air temperature, outdoor air
30  humidity, and return air temperature twice or more within
one day, and determines whether or not air conditioning

control is necessary according to acquisition of the

measurement values.



"4. The air conditioning apparatus according to any one of clains 1 to 3,
wherein the air conditioning controller acquires neasurenent val ues of
outdoor air tenperature, outdoor air 30 humdity, and return air
tenperature twice or nore within one day3 and determ nes whether or not air
conditioning control is necessary according to acquisition of the
nmeasurenent values. 33 5. The air conditioning apparatus according to any
one-of claims 1 to 3, further conprising a server room wherein the air

condi tioni ng confiol . Argetq1 81 Gn SRACEHMA L s 52t bEr§ERY o T QRPN ohbe ser ver
roomconprises a third space and a fourth space which are separated from
each ot her,chafes verto s3] MstraiHead deetpreien iden tdd vk 1s pagen anchddeeirf ourt h
space, and supply air flowng into the third space is heated by heat
generation of the'@etiercerditbondny ¢arbigh 1orgae ifsuntAPapacelibBiReturn

air. 55{Nkﬁ%rsé¥W§%ti&%%ﬁgtﬁgﬂééPéeP?EQQQ.88H§£i§éggé £Pq a0, 8LL
conditioning controlTer of an air conditioning apparatus deternines that
air conditiandng iGucontsphiceonvlanchi areoseiparanédgizont eathtatiget, i s

necessary, the air,conditioning apparatus conprising an_indoor unit. which
i ntroduces E?rY%ﬁs%soﬁ%s%ﬁPgﬁ?g%% WY g%% Fgﬁﬁ?ns g?ef?8§1Fﬂ% ppreh -
condi ti oni ngp£ed} I Hhd t aliget v andr Wil 61 fg SChes geket beitat spdusedsair to the

air conditioning 20 control target as supply air, and the air conditioning
control | er, heqecqd nelodreahi Feeohptien ngf ather sergpaceocdhpyri eithgthncwahdoor

air inyroduci 0genify, WL ehe i DL roduces the outdoor air and a cooler, and a

second space conprising a return air introducing unit introducing the
return air 25 fromthe air conditioning control target, introducing the
out door air6FO t£§ giéséoggfgfoéyﬁguggntrol method comprising:
when an air conditioning controller of an air
conditioning apparatus determines that air conditioning
15 control on an air conditioning control target is necessary,
the air conditioning apparatus comprising an indoor unit
which introduces at least one of outdoor air and return air
from the air conditioning control target and which
discharges the introduced air to the air conditioning
20 controi target as subply air, and the air conditioning
controller, the indoor unit comprising a first space
comprising an outdoor air introducing unit which introduces
the outdoor air and a cooler, and a second space comprising
a return air introducing unit introducing the return air
25 from the air conditioning control target,
introducing the outdoor air to the first space through
the outdoor air introducing device, and subjecting the
outdoor air to at least one of cooling by the cooler and
dehumidification in the first space to be processed outdoor
30 air, and |
introducing the return air to the second space through

the return air introducing unit, and in the second space,

mixing the processed outdoor air with the return air to



‘the-outdoor air introducing device, and subjecting the outdoor air to at

| east one of cooling by the cooler and dehumdification in the first space
to be processed outdoor 30 air, and introducing the return air to the
second space through the return air intrgducing unit, and in the second
space, mxing the processed outdoor air with the return air to 34

di scharge the mxed air to the air conditioning control target as_the
suppl y ai r discharge the mixed air to the air conditioning control

target as the supply air.



