1 DESCRIPTION Title AIR CONDI TI ONI NG SYSTEM Fi el d 5[ 0001]

Enbodi nents descri bed herein relate generally to an air conditioning system
adapted to control a server room accomopdating sewers thererin, within a
prescri bed range of tenperatures. Background 10 [0002] Usi ng a room
as a server room there can be conputing machi nes such as servers installed
in the room Providing the conputing nachines are servers, for instance,
such the sewer roomis referred toD%§C8H339§'center. Such conputi ng

machi nes Qtéfipate heat while working. If installed servers increase in
nunmber, i the case of data center, the whole servers 15 have increased
heat di ssipation, so there is 1 §¥§¥ﬁ i oner for producing cold
air, to supply to a data center, §bgﬁga?§g>up Pgn1under the floor, for

i nstance. gpygt her, there are fans provided to sewers, or for racks
accommodating sewers therein, and adapted to intake cold air for cooling
sewers.5 THeG@E]are fluxes of air warmed by servers being cooled, and | et out
of sewers, to discharge as return air fromthe data center. Flux of return
air discharged fhmehpdimmatsxiyseriped hereinralatc genpraly o ghtibepngditiopipg sysfem adapted
conditioner, to again provide to the data center, or.dischar. out dgor, as
evacuat i orf® dfntpl, 3 SFWE)‘Sﬁom accommodating STYHS Lperetiny W Ft?rﬁgpﬁegdg)aflg%a a
center, th&gﬁrﬁﬁésa techni que using a set of racks of a type that
acconmodat ed therein a sewer or sewers and took in cold air at the front
side to 23BdcRiro@idt as return air through the upside or the back, and a set
of roundabout preventing devices each preventing streans of return air from
goi ng T0our{@@2put toward the front side. For instance, this mght be a set
of shield plates fixed to upsides of racks to prevent refurn ﬁir from

m xi ng wi th col d/sig 2 1Qam aya AgfVEgPromBy ﬁl@f@tqav@e&g’élp@mgdm"gmﬁﬁ puch a8 Gerygrs

installed in the room. Providing the computing machines are servers, for instance, such the

server room is referred to as a data center. Such computing machines dissipate heat while
working. If installed servers increase in number, like the case of data center, the whole servers
15  have increased heat dissipation, so there is use of an air conditioner for producing cold air, to
supply to a data center, by blowing up from under the floor, for instance. Further, there are
fans provided to servers, or for racks accommodating servers therein, and adapted to intake cold
air for cooling servers. There are fluxes of air warmed by servers being cooled, and let out of
servers, to discharge as return air from the data center. Flux of return air discharged from the
20 data center may be cooled at the air conditioner, to again provide to the data center, or
discharged outdoor, as evacuation of air.
[0003]
For such an air conditioning of data center, there was a technique using a set of racks
of a type that accommodated therein a server or servers and took in cold air at the front side to
25  let out as return air through the upside or the back, and a set of roundabout preventing devices
each preventing streams of retumn air from going roundabout toward the front side. For
instance, this might be a set of shield plates fixed to upsides of racks to prevent return air from
mixing with cold air, allowing for effective use of cold air.
[0004]

30 Also, there was a technique using an air blowing fan improved for efficient cooling.



30Al so, there was a technique using an air blowing fan inproved for
efficient cooling. 2 It enployed a fan tower (as an air bl ow ng device)
installed in a sewer room and configured to have fluxes of air suctioned
fromlower spatial regions in the room to blow out into upper spati al
regions, so air was suctioned into upper portions of racks. In this
configuration, the air blow ng device sewed to send cold air in a |ower
space in tlanpleysdnfan taywen (ppay aiheiag device) Hsisledsn fIsgraIgom, agd corbigiied to
suctioned from the_upper, Séadg e gad | owe tenger tures than ever, Furt her,
racks had hawcHuss of air jsygtigredsirom dpvierSpatal regiqna i MegQRip, 91 QRS MRPFE

t enper at ur es. 1 L gher . . -educed
t emper at B HEh FL A ey 3y ed WS EheR oD RS, R BT
t enper at Urggvihe 8d¥ickis@P&oakdd cold i diléw&@Rpack HEThE rdd@t oQERpHACpRPROIHES
formed therethroug,h, with adjusters operable to open and cl ose, affording
t o suppr edhixdsbfwiabtiag satisnddrirdne the @ppdr upaee bid lookdtemperatuses thanevey flntheraved
energy, as well. [0005] However, those techniques in the past_ had

f1 uxes of radks hetbidcreased dluxesorf colirpir inshednlpyyespartipns.arhese teapprgres erg ised at t he
racks to Ql.Qqw onto sewers,, coaqli t he di scharge s. fluxes of return air
from the ?&%ﬁ%@a‘hﬁ’&f’ SUeH3 %@%%W%gd rreg't‘(%]p fFpe n*reégra&f:r?tgw tgei Yertb%ﬁ%feﬁw&her,

wi thout Mo thada bobidiR! fl @lnberadRAbe biktiod 1A VIR SacBinBRNAGE bRflorad Mg © duct
configuration having those air Sfreans St rikKi ng therethrough, though there
bei ng t he RikingqBsiciitRARRroad] witR h¥j8stérs BferdBlON dpars srtdost SfoRkirR N6 eSpprésh t he
ot her hand, for the single-duct configuration, there was use of fans
forcing aivaristivas attémmergire ofwoldain elfavamsfoosavedenefgyes wellt er f eri ng wi t h each
other, not sinply causing air streans to be unstable, but also consum ng
undue powdP005hs an i ssue. 20 [0006] Further, for such fans, there

was use of speed.uncontroll abl e i.nducti.qn tors affordi tp h

equi | i brium 1I‘O I u%%ﬁ?fe Bﬁée&wq&?:sclﬂ%ﬁét&% s ?Bgldﬁlﬁvgéédg%"}ﬁ?s @lsgwl%et ween
the fans W%ﬁ?pﬁ QY f&g%gumd&{b%&w gﬁto@M&E}&Bn@%&h,t&&ﬁl@&%ﬁ%&?nt rol,
there were revo u¥|0t¥ nunbers 1 nsisted In between,” wth their situations of

revol uti onefddeKons MR tricRb, a3 buthiBricd @y iatetui diffa atcdh adidoRditioreR wathd\g nifxing i ng,
as another issue. Citation |ist Patent Literature [0007] PTL 1: JP
2005- 2501 48ithicold air.  That is, there was a connected single-duct configuration having those air streams

striking therethrough, though there being the air conditioner and servers as flow passage
resistances. On the other hand, for the single-duct configuration, there was use of fans forcing
air therethrough, with actions of the fans interfering with each other, not simply causing air
streams to be unstable, but also consuming undue power, as an issue.

20  [0006]

Further, for such fans, there was use of speed uncontrollable induction motors
affording to have equilibrium flux converged in accordance with a balance of air flow between
the fans. However, for fans put under an inverter revolution number control, there were
revolution numbers insisted in between, with their situations of revolution number control

25  interfering with each other, causing hunting, as another issue.
Citation List
Patent Literature
[0007]
PTL1: JP2005-260148 A
30 PTL2: JP2005-172309A



3 Summary Probl ens [0008] As described, the techniques in the past
enpl oyed fans as air blowi ng elenents 5 operable with, anong ot hers,
interfering actions, causing unstable air streanms consum ng undue power,
and hunting, as issues. [0009] In view of the foregoing issues, enbodinents
herein provide an air conditioning 3 system adapted for stable contro

of air blowing elenents to i npl enent an energy saving. 10 Sol ution [0010]
To achi evéummaarpbj ect, according to an enbodi ment, there is an air
conditioniqg¥§%$ten1including an air conditioner, an air blower, a sensor,

and a cont¥ The air conditioner works for supply to cold spaces. The

air bl ower, duces streans of air in and between a 15 server room and the
air condi tionfng system The sensor takes a nmeasure of current or power as

consunption at SQr¥8&bed, A6 t6MRiGh& inehe YRG! MRSy Tarksh® ATEBRMIE; albmbhe
sensor, to control the air blower. Brief Description of the Draw ngs [0011]

20Fi g. 51 ioperablelindthy ammng fothers} inteefeymgnctians, cusingastibleiagsirergnssysgusnngurdoe di ng
to a first enbodi nent.
power, and hunting, as issues.

[0009]

In view of the foregoing issues, embodiments herein provide an air conditioning

system adapted for stable control of air blowing elements to implement an energy saving.
10 Solution
[0010]

To achieve the object, according to an embodiment, there is an air conditioning system
including an air conditioner, an air blower, a sensor, and a controller. The air conditioner
works for supply to cold spaces. The air blower produces streams of air in and between a

15  server room and the air conditioning system. The sensor takes a measure of current or power
as consumption at servers. The controller operates on the measure at the sensor, to control the
air blower.

Brief Description of the Drawings
[0011]

20 Fig. 1 is a diagram of entirety of an air conditioning system according to a first
embodiment.

Fig. 2 is a graph showing a relationship between air flow and power consumption
employed in the air conditioning system in Fig. 1.

Fig. 3 is a graph showing a relationship between blower revolution number and air

25  flow employed in the air conditioning system in Fig. 1.

Fig. 4 is a diagram of entirety of an air conditioning system according to a second
embodiment.

Fig. 5 is a graph showing a relationship between pressure difference and power
consumption employed in the air conditioning system in Fig. 4.

30 Embodiments



Fig. 2 is a graph showing a relationship between air flow and power
consunption enployed in the air conditioning systemin Fig. 1.

Fig. 3 is a graph showing a relationship between bl ower revol uti on nunber
and air 25 flow enployed in the air conditioning systemin Fig. 1.

Fig. 4 is a diagramof entirety of an ar conditioning systemaccording to
a second enbodi nent . Fig. 51s a graph showing a relationship
betgeen pl@¥2lre difference and power consunption enployed in the air
conditioning systemi.n Fig. 4. 30 Enbodi nents 4 01 . There will
be described ai r'"&n FF&%%ﬂﬁag§§ 10&8%8$%?ﬁ5“?%£%%§% RIS |ﬁ%$%s,
with refer LGS o s drk K&i
configurapﬁgﬁgkgﬁghgggﬂgﬁﬁ? d g§&FP§€§%?§EE@kg%$??F%§ﬁredd%%§§§§éﬁ%?%013]
(First Enmmgggﬁg&mmhgrahmdﬁﬁyshomn in Fig. 1, according to a first

enbodi nment, there is an air conditioning systemla configured to control
suppl yiSng [@@3§ air for a cooling service to a server room 20, which has
installed therein a set of conputing machi nes such as sewers that dissipate
runni ng 10heat . (FodEmpodiment) The server nom 20 has therein a conbination

f hot 22 _anhd | d j . i.f f.
apaces. Nore spd Fpuhing i ohaodufie B A aRRERhef LA Wi opibe R 0
22 and aw_%ﬁ%erﬁ fa Q;Qﬁ%ul%aQG CSntrol suﬂt@ﬁrh%r Q¥d 8it )R a%ooliCesvidIo @%3fer ¥R 2023C,

23d) 15 closure plates 25, e racks 23 sewing for accommodati on of
conput i Ng WwHEhAReSta8ud theRh H6% vEEEnputignmaetines tsech) as servers that dissipate running
10 heat.
[0014]

The server room 20 has therein a combination of hot area or space 22 and cold areas
or spaces 21 defined as different spaces. More specifically, the server room 20 is separated
into a hot space 22 and a set of cold spaces 21, by provision of racks 23 (23a, 23b, 23c, 23d)

15  with closure plates 25, the racks 23 serving for accommodation of computing machines such as
servers (non-depicted).
[0015]
There are fans 24 (24a, 24b, 24c, 24d) each provided to arack 23 or for a server. The
racks 23 as well as servers are each arranged for use of revolutions of a fan 24 to take in cold air
20 residing in a cold space 21, cooling a server working with heat dissipation, to let out as heated
return air to the hot space 22. In the example illustrated in Fig. 1, where the racks 23 are
mounted on a floor 26 that is double floored for under floor distribution of cold air from air
conditioner, for instance, there are arrays of openings 27 formed in the floor 26, each in position
to supply cold air to a cold space 21 defined by and between racks arranged with their air intake
25  sides opposing each other, so cold air is let into the racks 23, causing such streams of return air
as outflowing to the hot space 22.
[0016]

As illustrated in Fig. 1, the air conditioning system 1a includes an air conditioner 11

operable for cooling air to supply cold air to the set of cold spaces 21, a first blower 12a

30 operable to send cold air cooled at the air conditioner 11, to the server room 20, a second blower



[ 0015] There are fans 24 (24a, 24b, 24c, 24d) each provided to a
rack 23 or for a server. The racks 23 as well as servers are each arranged
for use of revolutions of a fan 24 to take in cold air 20 residing in a
col d space 21, cooling a sewer working with heat dissipation, to |let out as
heated return air to the hot space 22. 4n the exanple illustrated in Fig.

1, where the racks 23 are mounted on a floor 26 that is double fl oored for
under f | odeb a@pesabls tousendretusn aig gisehazged f#OFIbe? AP sPagses 10 Beai condgionerds ahce,

h 27 f the fl i ti
SUppl y  coPEt 18 GUaptip (e § atrestss otBFhds B BRATA fotkemh A SR FPhged
W th thei rg%ﬁ a'aamh%e%ééjh SRAARBORY p&rﬁﬁﬁbbgw&{anﬁ&u&% theAhmelet 168 1 Nt o

t he racks causi ng suc return air as outfiowing to the hot

space 22. chdlek bRswerd Iodgid Bibed in Fig. 1, the air conditioning systemla
i ncludes an air conditioner 11 operable for cooling air to supply cold air

to t heSsef0aif7] col d spaces 21, a fi rst bI ower 12a 30 operable to send cold

air cooled at the air conditioner to the server room 20, a second
bl oner 5 12b opeflhbAiRg @%C@@ﬁ@ %@Qﬁfiﬁ(’%}ﬂg sygteachds adapted fQohave kldaBras ddsice 22,

curont - ao0thel Hse it forsionduiy ST 15, wd TR RN g lo BB Serfla AL o
device 14 4 9@%&%@ gxaz{uaﬁgﬁltg%ké}{)\?og&%@@ RagdinRBE A e 3 chRMRABEL 6 13 to

control the wer s Such being the casé, the

ai r condi tcir@natdgo sh(esg@mrlraomszoadwﬁg o0 sdr@re t bk degti iormals  ift sengrschelk ed at
the air conditioner 11, sent by the tirst blower 12a to the sewer room 20,

and dilfchangesedabadsptther seredry’ Heatodissipatiors dnoveasesy with ap0accoropaagiag ringenst imt t he
air conditioner 11, to circulate to the sewer Iong dé? Ilovvln for servers
el anF

to be keptfe‘ﬁ%}’(“ﬁﬁpum\’qf of Btk apwelk l”étherf@Y‘@‘éF%dm IGIEgRsH dhergare ¢

di ssipation_increases, .Wth an 0 n t nmber
of fans 24ncrepsed yxes ofair ?%%as?oé\épﬁ)f fhe%{)l%% %cgé glﬂf[l%‘glrhgtag 8&:ﬁyher
are incregsgtnt hibsas sad ﬁéréas@@ﬂﬂ;@ﬁ%?&ﬁd Qﬂ%/tﬂg%ldr@aéeﬁ om tihess Rl egRases 21
to the hot space 22, wth the need to send increased fluxes of cold air to

the col d spat@snddased fluxadfs@uinsirtoades hdtepaend tathe ki comelitivaet 1fl] toxiraflate €t ur n
air fromthe hot space 22 to 't_he. air conditioner 11, to circulate a
15st aldlSe fstable fluk obair inithe aitvendifipniegsystemilani ng system | a.

[0018]

Therefore, the control device 14 is adapted for use of the ammeter 13 to predict a load
on servers, for operations depending on the load on servers to control the blowers 12a and 12b,
to have an adjusted flux of air circulating in the air conditioning system 1a.

20 [0019]

More specifically, the control device 14 includes a power determiner 141 configured
to input a current value as a measure from the ammeter 13, for operation to determine power
consumption of servers from the current value. More specifically, the power determiner 141
has a mathematical expression or table set stored therein in advance for determination of power

25  consumption, and is adapted for use of the mathematical expression or table set to determine
power consumption from current value.
[0020]

This is followed by operation of an air flow determiner 142, which is configured to

operate on power consumption determined at the power determiner 141, to determine therefrom

30 an air flow produced by the fans 24. To have a stable flux of air circulating between the air



[ 0018] Therefore, the control device 14 is adapted for use of the
ammeter 13 to predict a |load on servers, for operations depending on the
| oad on servers to control the blowers 12a and 12b, to have an adjusted
flux of air circulating in the air conditioning systemla. 20 [0019]
More specifically, the control device g includes a power determ ner 141
configured to input a current value as a neasure fromthe ameter

13, f
oper at i on cordidrningsystera 1p augkthe sesves inopt 40 Hersrsheudbs an ain gy praducedby BR{s 4 3re.
Mo i.fical th : ' 141 t tical i
o tabl o U locPo RENI i THe oIl RONCHPLH RO P B g~ "
consunpt | fp?odué&fw fie SOGRIR %b.uw?regpacﬁ%al &%ﬁ@éﬂeﬁﬁémﬁg%@vﬁé{ fhagy table
erm ne rom cur [0

set to de power consunption ent val ue. 20] This is

fol l oned bydpeREabh@mpabn, dtlictive dsliDwsted Br Fik 1% so thé 2ir Aol deterthiseiciefhagair ed t o
operate on power consunption determ ned at the power determ ner 141, to

det er niSne mdisanetica rxB&sian onfable k¢t storqdrtivein inchdiance s detamsingtion offgr flew and
stable flux of air circulating between the air 6 conditioning systemla

and the sdwadaptedds g of thropathenaicrlexpressign g table sehip detsaipeen Y AoHdTant r st
bl 12a to b i stent . with, fl .of, air. . t f 4,
e 1 hs  aeposRr e G RR T B P SRRy ol S TS i B bR BuohBliag " 2

there is a‘m&q%@ti onshi p between air flow and power consunption, indicative
as illustrated in Fig. 2, so the air flow determ ner 142 has a 5

mat hemat i qed21¢xpr essi on or table set stored therein in advance for

determ nation of air flow, and is adapted for use of the mathemati cal
expresdi on or t dbiississfellowead bjevparationefanblawer ¢dngalldrridih pbishris coiguieptio on.

Th ir fl th det erm ned tjtut t. air fl f_pl 12

and 12b.  [BEERS SGMRINGOF SuTey pRB IO Oe RSt [ Bregt 2 IBLEr BE RS e 143
whi ch i f d.to.det ] Lyt i . . 2 d
120, s i 42 o Sl B kel U e, 1R Bl e 8, °

air f1ow defsidbhHatbat olthGetd donfrdI M BIBYEE TRRGAd 122, MGE spieBicAly, thBR is a
revol uti on nunber to thereby control the biowers 12a and 12b. More

speci fi calrbtionship betwien Blotverd @vdlatimiumbbeindetldw, dwlidativecasdllustratedinnkiptser  and
air flow, indicative as illustrated in Fig. 3, o
15  so the blower controller 143 has a mathematical expression or table set stored therein in advance

for determination of revolution number, and is adapted for use of the mathematical expression
or table set to determine a revolution number from air flow. For control of blowers 12a and
12b to be implemented by controlling revolution number of an inverter, for instance, the
above-determined revolution number constitutes a revolution number for revolution number
20  control of the inverter.
[0022]
It is noted that instead of the ammeter 13, there may be use of a power meter for
measuring power consumption of servers. For use of a power meter, as the power determiner
141 is unnecessary, the air flow determiner 142 may be adapted to determine an air flow by
25  using a measure of power consumption at the power meter.
[0023]
Further, in Fig. 1, the air conditioning system la has two blowers 12a and 12b
implemented as air blowers for producing streams of air in and between the air conditioning
system 1a and the server room 20, while there is no limitation to the number of air blowers, so

30 this may be one or two or more, subject to streams of air to be produced in and between the air



15 so the blower controller 143 has a mathemati cal expression or table set
stored therein in advance for determ nation of revolution nunber, and is
adapted for use of the nmathematical expression or table set to determne a
revol ution nunber fromair flow For control of blowers 12a and 12b to be

I mpl enented by controlling revolution munber of an inverter, for instance,
t he above-determ ned revol uti on nunber constitutes a revol ution nunber for
revol ut i ogorfliiening sysiern ha ang) thefervenwomder t er . [ 0022] It is noted

t hat Stea? f.the ammeter 13, there may be use of a power neter for

measuri ng %gﬁkr consunption of sewers. For use of a power neter, as the
power determ ner ' : Vs i doS%in ' BéHm be
adapted to detefﬁ%ﬁ%mgﬁtgﬁgggF%ﬁ?%%mgégﬁgﬁhgl% neagﬁég&g?gggaer cgﬁg%nption
at the powdptdib Qlork ihAEdE]ane it Biixes bfaifhydansl24, foltntedl thetdsiekird 12anhd g2tsy st em
|l a has two blowers 12a and 12b inplenented as air blowers for producing

st reans offoradir flow adjustmbrt; pereritting streains of @indd tbe sablegvithput wterfernced Getvigen ser ver
room 20, while there is no limtation to the nunber of air blowers, so 30

this may Betiossef blpwemd2panddibaand dapsj2d callopgnedpr wxersunsiue SPsumpiqgedt pPWEkiced i n
d bet he air_ 7.conditioning.syst _and th 20.
0024y Farheliih brewfne e ey A R0 oL o bl Bl B0, L0 o 0 t e

first ean&i nt is adapted to work in accordance with fluxes of air by
fans 24, to control the blowers 12a and 12b 5 for air flow adjustnent,
permtting stregm®di@itatahy to be stable w thout interferences between
actions of blowers 12a and 12b and fans 24, allow ng for saved undue
consurPt i on of pFowksr, thdair ¢anditioning system oy reayeamuplop bhesides)the wameten 13 trepowigyer t er

revol uti on nunber, control node. . i .
meter, an air flow meter (non-depicted) for measuring, among others, a flow rate of cold air

flowing into the first blower 12a or a flow rate of return air flowing into the second blower 12b.

For use of air flow meters, the blower controller 143 may be adapted for feedback control to

establish prescribed deviations between measures at the air flow meters and a target air flow of
15  blowers 12a and 12b determined at the air flow determiner 142.

[0026]

More specifically, the blower controller 143 may be adapted for feedback control of
the second blower 12b to establish a prescribed deviation between a value of air flow measured
at a first air flow meter (non-depicted) installed upstream of the first blower 12a and a target air

20 flow of the second blower 12b determined at the air flow determiner 142. Also, the blower
controller 143 may be adapted for feedback control of the first blower 12a to establish a
prescribed deviation between a value of air flow measured at a second air flow meter
(non-depicted) installed upstream of the second blower 12b and a target air flow of the first
blower 12a determined at the air flow determiner 142. The blower controller 143 then used

25  may be a proportional control.

[0027]

(Second Embodiment)

Fig. 4 shows an air conditioning system 1b according to a second embodiment, which
is different from the air conditioning system 1a described with reference to Fig. 1, in that it

30 includes a differential pressure meter 15 substituting for the ammeter 13 to measure a



[ 0025] (Modification) 10Further, the air conditioning systemla may enpl oy,
besi des the ammeter 13 or power neter, an air flow neter (non-depicted) for
measuring, anong others, a flowrate of cold air flowing into the first
bl ower 12a or a flowrate of return air flowng into the second bl ower 12b.
For use of air flow neters, the bl ower gontroller 143 nay be adapted for
f eedback control to establish prescribed deviations between neasures at the
air flow miffesansialapressere tbgiveser agold gpagsn2loandi & hef spager 22, ppd ageatal dsvige d#t ni ned
at the air flow determ ner 142. [002 Mor e spegci fi.cal l t he bl ower
ont r o | e U AGT e CHEbUIEAST 4o Pakctss oks BERUFA 1B Ses i BSher 120
to establi | hat | o 3 red at
2 first ol b oioaRe P AR (R pRPb SRR bR Bt Ol SRRy
bl ower 123 gfdardo HRlag€bndidnindQytka Wa Qind i WasteC o dscif o fair bidiluekit andined  at
the air flow determ ner 142. so, the blower controller 143 nmay be adapted
for fe&dbaokditdmet tlofor ofolingserfdrs dissifatiogaeat ih2esetver motmaldl, iwbile airquiatisgreiuped
devi ati on between a value of air flow neasured at a second air flow neter
(non- depi @iteld)the ais candiioney b tipr gifgulption BE ai 3¢ @AYOR bty in13nd Detveeen theatifet air
flow of the first bl O\Aﬁhé#tﬁ determ at the air flow determ ner 142. The
bl ower corfPRGIEE sySiem SEVSEMLY be a proportional control. [0027]
(Second Ererﬁ%%nent) Fig. 4 shows an air conditioning systemlb according to
a second odi ment, which is different fromthe air conditioning systemla
described with rgtRr#ekng& i Bvoldtioni MimbbiRdf fahs 2P chRinUhasees irfl itk ef sint i al
pressure nmeter 15 substituting for the ammeter 13 to neasure a 8

10  moving from cold spaces 21 to the hot space 22, with a difference developed between flux of

=

cold air being supplied to the cold spaces 21 and flux of return air being discharged from the hot
space 22, which difference may be increased, with increased differences between pressures in
the cold spaces 21 and pressures in the hot space 22, as well. In situations differential
pressures increase between the cold spaces 21 and the hot space 22, the air conditioning system
15 1D has streams of air getting unstable in its entirety, so the control device 14b makes use of a
measure at the differential pressure meter 15 to control the blowers 12a and 12b.
[0029]
More specifically, the control device 14b incudes a blower controller 143b, which is
adapted to input thereto a measure of the differential pressure meter 15 as a value of differential
20  pressure between the cold spaces 12 and the hot space 22, and compare the differential pressure
value with a target differential pressure that is a prescribed target value of differential pressure,
to operate when the measure of differential pressure meter 15 is larger than the target differential
pressure, to decrease revolution numbers of the blowers 12a and 12b.  On the other hand, if the
measure of differential pressure meter 15 is smaller than the target differential pressure, the
25  blower controller 143b operates to increase revolution numbers of the blowers 12a and 12b.
This example implements a proportional control for changing the revolution numbers.
[0030]
In this case, the target value of differential pressure is determined using a relationship
between differential pressure and power consumption. The relationship between differential

30 pressure and power consumption is indicative as illustrated in Fig. 5, for instance, so the blower



differential pressure between a cold space 21 and a hot space 22, and a
control device 14b substituting for the control device 14 to nmake use of a
neasure at the differential pressure neter 15 to control blowers 12a and
12b. The rest of configuration of the air conditioning systemlb is simlar
to the air conditioning systemla, andgs adapted for use of cold air

produced at an air 5 conditioner 11 for coaling sewers dissipating heat in
a sewer r&omoder 143hiis @‘)D@Eﬁﬂé@u |t<ah4Vﬁgl m@bwaﬁxc%qxp&ewrfé tahle seg gfater tthegeiin 11,

for C|rcul tion. of air se us, etween the .a dltlonlng
system I b YA fopdeterming OI} g?ﬁaé eOan Cécme‘ﬁ'l@reé%e 1SS 1sanap9e§? i on
nurber ega fd dberfine @i throck Qafi® BF Bfffetch hiHIpRS uaﬂe spaces
21 to the Eot%g%§§%ﬁ%§ Q@F£EQQQ§$ ference deSe o% 3 betweeﬁe of cold

ai r bei ng fipHfiwee Cors@mptida of rebrsip@easrvédroamn @S | kotief wors Uhdaiedonditieniing

di scharged fromthe hot space 22, which difference may be increased, with

i ncr eaSed sghitdnfi éb énchidss dnetmmeter for elsmg aascapure dhewrent or asmmezil f(l{r’idmm%ssur es

in the hot space 22, as well. In situations djfferenti pressures increase
bet ween t HReanBe Of 8OMHCd PISHRRION 17b SFYES35d ke b?wert FRO qr Tadé adepifd iy

system 15l b has streans of alr ettln :) he
control d&VFR% °f4ﬁlc$r€kr8§asﬁr§ éstgtdb{ %’ém% |‘aft ‘F’te‘ﬁa{1 &é[plﬁfgg%ﬁalr e

met er t BrohidPfus §@GeRed and WY Galue, ¢
speC|f|ca& ﬁﬁggﬁ%p%Bﬁﬂﬁ(ﬁtﬁge%gé&%4ﬁﬁlncudegsa bl o@efncgﬁ?$% | er %ﬁéﬁ

whi ch is a8mpil €@ blowersPatind 1vdr et 0 a neasure of the differential pressure
neter 15 as a value of differential 20 pressure between the cold spaces 12
and t H® hd@0Xdpace 22, and conpare the differential pressure value with a
target differential pressure that is a prescribed target val ue of
differential prddaypemplay %‘B@fo&t"@‘%@ﬁmf fRudiveniag, systegy Tohap pRMEATeS (SUBh essur e
meter 15 is_la N _t.h tar L ffer I
revo|ut|oﬁsﬁ68@§??”§ﬁﬁﬂwgﬂﬁﬁ (%%gp%ﬁ. ?2%9ﬂ%£dﬁﬁéﬁ%$ﬁé%qﬁg%%&&§%§the
measur e ofpdigfré g&@&l éoﬁéu tﬁﬁ%&“ﬂﬁ SAReE FoohP an dGReS] tafddRPalbd)6F GifE@Rtal

d|fferent|al ssure, 5 bl ower controller 143b operates to increase
revol utio rprerswm liesbl®ber t:dsmronéxqweus faf Bacaifigut@ to hata mrgediffpteial predsesani s a
proportional control for changing the revolution nunbers. [0030] In this
case, Ihe preseufetl vela¢ prescbthergiof foasethe valie Byt irespactvedd PV e cRRYIMPEPThg a

rel ati onshj ﬁetmeen differential pressure and power consunption. The
relationsﬂp‘g3 etween differential 30 pressure and power consunption is

i ndicative as i lPluHEetr,r %Eeé\udr éogdlﬁbrgng §YStJn9 rlbirﬁlc%lt RRE S diffGedfA pR:Ls%Yéefneter 15

adapted not for the service to measure a differential pressure as it is between a cold space or cold

-

spaces 21 and the hot space 22, but for a service to measure a differential pressure as it is
20  between a region or regions in a server or servers and the hot space 22, or a differential pressure
as it is between a space or spaces in a rack or racks 23 and the hot space 22, in combination with
a power determiner 141b adapted to determine power consumption from such a measure of
differential pressure, for operations thereon to control the blowers 12a and 12b, allowing for
similar effects to be obtained.
25 [0033]

As described, the air conditioning system 1b according to the second embodiment is
adapted to work in accordance with fluxes of air by fans 24, to control the blowers 12a and 12b
for air flow adjustment, permitting streams of air to be stable without interferences between
actions of blowers 12a and 12b and fans 24, allowing for saved undue consumption of power.

30  Further, it can prevent hunting even in an inverter revolution number control mode. It is noted



9 controller 143b is configured to have a mathemati cal expression or table
set stored therein in advance for determ nation of a certain target val ue
of differential pressure, and is adapted for use of the nathemati cal
expression or table set to determ ne a target value of differential
pressure from power consunption of sewgps in the sewer room 20. |In other

words, the air conditioning 5 systemlIb includes an amreter for taking a
measur e ofthat ayendm failugof a fanweans A fos pny sFver aeeers stlhuaaing dhess maphgyse ohg

ti .at s , d the bl | | 1 j
Coerarn of kil e B Gt R BT P i INnBNRR Mtk e ) e
of di ffergﬂ%g&g&%&?ﬁf&&(ﬁt&gﬁs@q@%%%ﬂug?_t ween the target val ue thus

det er mi ne asure a [0 control the blowers 12a and 12b. 10

[ 0031] In an exenplary situation where the air conditioning system
| b has no neasures (such as a voltneter or ammeter 13, power determ ner
141, air flow determ ner 142) for services to neasure power consunption in
the sewer roomand determ ne a target value of differential pressure, the
bl ower controller 143b may be configured to have a target differential
pressure as a 15 prescribed value preset thereto, to use the value anytine
irrespective of power consunption. [0032] Further, the air
conditioning systemlb nmay have a differential pressure neter 15 adapted
not for the service to neasure a differential pressure as it is between a
cold space or cold spaces 21 and the hot space 22, but for a service to
neasure a differential pressure as it is 20 between a region or regions in
a server or servers and the hot space 22, or a differential pressure as it
is between a space or spaces in a rack or racks 23 and the hot space 22, in
conbination with a power determ ner 141b adapted to determ ne power
consunption fromsuch a neasure of differential pressure, for operations
thereon to control the blowers 12a and 12b, allowing for simlar effects to
be obtained. 25 [0033] As described, the air conditioning systemlb
according to the second enbodinment is adapted to work in accordance with
fluxes of air by fans 24, to control the blowers 12a and 12b for air flow
adj ustnment, permtting streanms of air to be stable without interferences
bet ween actions of blowers 12a and 12b and fans 24, allow ng for saved
undue consunption of power. 30 Further, it can prevent hunting even in an
inverter revolution nunber control node. It is noted 10




that even in failure of a fan or fans 24 for any server or sewers stil
runni ng, there may be use of a differential pressure, for operations to
control the blowers 12a and 12b to produce streans of air as necessary,

affording to ensure required air fluxes.

Ref erence Signs List la, Ib.. air
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[1] An air conditioning systemconnected to a server roomconfigured with a
set of cold spaces and a hot space separated from each other, including a
set of servers disposed between 5 the set of cold spaces and the hot space,
to have cold air supplied through cold spaces, heated by dissipation of
heat at sewers, and discharged as retufgp air through the hot space, the air
condi tioning systemconprising: an air conditioner configured to send cold
air to supply to the set of cold spaces; an air bl ower
configured to produce streans of air_j d between the server roomand 10
the air conditioning system nggﬁ ‘or configured to take a neasure

of curr eniPr POYEL: g@?fﬁgg Q}%E&@&nﬁécéédhs gss@x’%/er%mﬁ%@i@ied%% a set of cold®

controlle figure erations based on the nmeasure at the sensor to
control tREacdt indd RWBpace b&palatddTifgn 8ich o) dididaip A\@t ofsivers disposet beRg@ei O
claim1l1, further conprising an air flow determ ner configured to operate on
t he medsunke st oftchid spaesard thoha epaee, o e told pis fupphisdthrpuglf coldspagdsrhepiedhy t he

set of cold spaces to the hot space, wherein . the controller is

adapt ed f ehissippiianaefi beas absereas. oid discheges os gturajair @W&‘Fﬁ’i’% of Pace KR aFr £l ow
determner, t.0 control a flux of air to be produced at the air blower. 20

[ 3] The ai rFORGRAIME SEHFRGOLPE ™M according to claim 1, further conprising an
air flow sensor i : ] [ FRAS a flux of
ai r passing thréﬂgﬁgﬁkgﬁgpﬁggm%ggg?9%%%?@?%ngm?b@m@ﬁmg?ﬁe coﬁ?§g1ler IS
adapt ed to i npl egaiblowet eqdipaeH oqReducostreains bir iflid kiteswmrthd servesioalnlandh a
prescribed deviation between a target air flow and a result of neasurenent
of t helOai rthd dincon@iGemngssysteny; 4] An air conditi oni ng system connected to a
server roomconfigured with a set of cold spaces and a hot spac sep?rated
from each ot her 2 SeReT crmfigyred todtale agneasige ¢ ?‘%Teﬂﬁ"%ﬁB‘é’%r(fsﬁ‘é‘t%BWP“t%g‘%‘étto of

col d spaces_and the hot space, to have cold air supplied through cold

spaces, heStEy BY

a controller configured for operations based on the measure at the sensor to control the

air blower.

15 [2] The air conditioning system according to claim 1, further comprising an air flow
determiner configured to operate on the measure at the sensor to determine therefrom a draft of
air from the set of cold spaces to the hot space, wherein

the controller is adapted for operations based on the draft of air determined at the air
flow determiner, to control a flux of air to be produced at the air blower.

20 [3] The air conditioning system according to claim 1, further comprising an air flow
sensor installed upstream of the air blower to measure a flux of air passing through the air
blower, wherein

the controller is adapted to implement a feedback control of the air blower to establish
a prescribed deviation between a target air flow and a result of measurement of the air flow
25  sensor.
[4] An air conditioning system connected to a server room configured with a set of cold
spaces and a hot space separated from each other, including a set of servers disposed between
the set of cold spaces and the hot space, to have cold air supplied through cold spaces, heated by
dissipation of heat at servers, and discharged as returmn air through the hot space, the air

30  conditioning system comprising:



di ssipation of heat at sewers, and discharged as return air through the hot
space, the air 30 conditioning systemconprising: 13 an air conditioner

configured to send cold air to supply to the set of cold spaces; an
air blower configured to produce streans of air in and between the server
roomand the air conditioning system 13 a differential pressure

sensor configured to neasure a differentjial pressure betvveﬁggpa 5 col d space
and the hot spad@8airgpndifiogericppbigird;ta pend cald iy tesupBly fRi8s ¢ AlPoloP2EHace and a

region in a server. a space in a rack acco datin erver.;

a controller coﬁ??ﬁﬁkgr?&gﬁg‘gﬁi{gﬂ%{gﬁ? %rgﬁaf%rnmandrr%egg%%@was? Frg&ggﬂ%or to
control thg & dondii @l The air conditioning systemaccording to claim
4, further conpp?sll ngészzssehsor 10 configured to take a neasure of current

or power as consiufifidrémdial prtssiid 8ersert copfigwedver Measud @rdiffuiential pressurt betweani r ol | er
is adapted for operations based on the neasure of current or power at the
sensor 5t o cdkdtspacriané the hotspges, ovaHiffercofial grebsues batweeal thephat spage and aregion dhpar e
the target value with a value neasured at the differential pressure sensor,
t0 cont r olSCIVRRPI 4iSPach ija¢k acqammodating a server; an

a controller configured for operations based on a measure at the sensor to control the
air blower.
[5] The air conditioning system according to claim 4, further comprising a sensor
10  configured to take a measure of current or power as consumption at the set of servers, wherein
the controller is adapted for operations based on the measure of current or power at the
sensor to determine a target value of differential pressure, and compare the target value with a

value measured at the differential pressure sensor, to control the air blower.

15



