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Cooling systemfor a roomcontaining electronic data

processi ng equi pnent Introduction The present

invention relates to a cooling systemfor a room

containing electronic data processing equi pnent.

El ectroni c data processi ng equi pnment conmonly

installed in such roons, often referred to as data

centres, involves, for exanple, information technol ogy

(IT) or 5 telecomunication equi pnment. The equi pnent

i s gen@odlingesystemifon a heoh confaining<elesthonie data

housing a plurality of plug-in nodules for processing,

conmuni cati on or stof@cessing equipmeintar pur poses.

Due to the significant increase of data processing and

transm ssion vol une experienced recently, equi pnent
nufactérers have devel oped ultra-conpact 10 systens
$aAUGHOR i s i ncrease in vol une. Because of ongoi ng

i mprovenents in integration of integrated circuits and

t rReCpRedenbtihvefticr NelaiesaBdal BodltgR sybledRi iR N4  rod@@icontaining

di ssi pation per unit volunme or unit surface has known

aclegirgnie dajaipieeeasing eauipeeMt years. This trend is

assuned to continue in the future. For exanple, wth

a Efecimouio dafeopitasessing squiproéntcommidix installed innsuichsrooms, often

| PiBlra T e et BB LS S SR, B8l S sectapioay () or
URdibcSHALRiCIoR RipmMBNE THE SWLipRe lﬁzgt;é‘r?éféll)bﬁﬁﬂ ed in the form
common today. Another tendency addi n? o this problem )

i of traeks ezhatt iope bbusiagapl airality | oloplugrticengréyles for processing,

- SRRt srblcd pPadte iy bR ECCona y aue
R 1 G R B LSRR LB e v
WekBefidhced i%%ﬁh?,”égtﬁ)g%%t PARFSERIHEs Afevie0dSv B Litra-compact

Because of the s0-ca ‘convergence" phenonenon,
seysteots iormandge shiarircrerpein voltimey Becaugead angoing improvements

ChP bt GEMGe S GraE PrC PRt Epby (BEY B¥marny in ceta

byreBBASKL, OhedthQissiyRioflabar agiit Veludd ot unit weHhckniead known a
that an acceptabl e operating _tenperature is of

paramsiimincrease i deeent yeaise| This|tenspis asswWRedto continue in the

ekRi6Hd. AR C RN PIL WAIRE 5 bR B B8BRR: sER™ofe.g. 800x1200mm and
total heat dissipation of well above 10kW for a typical server rack, values of
heat dissipation per unit surface largely exceeding 10kW/m? have become
common today. Another tendency adding to this problem is the reduction of
available floor space per equipment item, firstly due to the increase of required
equipment in a given room and secondly due to the rising real estate prices
especially in metropolitan areas. A market specifically concerned with this
problem is the telecommunications market. Because of the so-called
"convergence" phenomenon, service providers are experiencing the need to
provide and manage land-based and mobile telephony services as well as
computer network services jointly by means of the same data centre.

It is well known that an acceptable operating temperature is of paramount
importance for reliable operation of electronic data processing equipment. For
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t he above reasons, cooling of the roons into which the

heat produced by the equipnent is dissipated and

cool ing of the equipnent itself has becone a najor

chal | enge. Anot her inportant aspect in this context is

total energy consunption of sugh 5 roons. As a

general rule, dissipated heat ¥ncreases with the

el ectric power consunption of the equipnent and as a

r subbovérceastdng, lwoolingwef the meamstintmwhich theehealopriodgced by the
system associ at e 0 the room . ncreases |, .
EPEUERIEL T BisdisEted Brt FRplRg A ¥ 6SaRRRoT o bos hecpme a major
eghalRdRRt i n such a roomis not exceptional today.

Requi red cool i ng power generally amounts from one

t Anbtherambripe aﬁ@b&t B @ntdxt!i8 Qofl YHergy dBAYEMption of such
consunption of t equil pnment. As a result]

srepm$.i Asnd gandralruleadissipatediheat dnorgaseswiith nipe raleetric power

pRPHBRT PEineCRuPNET Bhd A8 7 GoviidRels B Baweghaymetion of
I gt c6Og BestefMBsSMiAtad! tbadHbdobRPirtRéadts’ 8slividll. Eéktrical power
ventil ated heat exchangers 15 directly nmounted to

egensuaplion "ofi 8, 5MWear doats oo the Eauippesl imeushr a room is not

T . Ceri . ¢ -
CRRA A BREI o SRR BB R e A 1By, o ane i o
conbi @l ofMbey bNthé EictioWivest comsliniptiieos the @quibment. As a
cooled air to the racks from above, and "under-fl oor

dEesulte Sjgnieant rﬁj’VirEQ‘-Ppﬁﬂ/ibﬁgaC'ﬁeY%q byPrevighg mare efficient cooling
dgﬁtfeirl%u“ ng cold air to the racks by neans of fl oor
g es. The 20 first approach presents severe risks

. q e .
" RORSI I it ARG Bihen IR PBng, 1S tnp g, gallge "airect
c ek cddiihg” arhgloying’ Rfuid TRl Tesite amdoeasiiatedyheat exchangers
relatively inefficient in that essentially the entire

r GRS sMowRtRd | itheeaGhdrack. c ovisrlgaed c sopfidioptndl’ i ggploying  air
! _ ; : i, . o ; _
 B4RARRRS! ity ¥ LeleReop A5R00 008, SPEaRR Syl boing e
2Enﬁmcmmd‘twﬂbwmé@rﬂir\gbfefnmwmggnof i];nlmuatqddc?nditioners providing
ci rcumstance. An exa of an pnder-floqr.delivery, .
c GPIAIL e acks fRBhADRY® AN iSMelesBior delivery, coalido” employing
S ; I ' t hE 8ri

A ok EUIAR Lol BB SR ' RpBRE S b rles. Tho
| fiest eapiprobich opresentso rsevermgiskseassaniated( 1d diguidyrdaolant) leakage,

RSB AR TS 258 RO SRR REEAT e tter hree

agpprdaRRks areHeperdiyrelalivel inefficient in that essentially the entire room
is conditioned and in consequence the cooling infrastructure is often over-
designed and excessively redundant in order to warrant sufficient cooling for
each and every piece of equipment in any circumstance.

An example of an under-floor delivery cooling system is known from
US 6,694,759. In this system, a central fan or blower is used to pressurize the
plenum by blowing cold air into the plenum. Instead of conventional passive
vents (floor grilles) for feeding pressurized cold air from the plenum to the
equipment, this system uses automatically adjustable vents. According to
US 6,694,759, such vents allow adjustment to changing thermodynamics and
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US 6, 694, 759, such vents all ow adjustnent to changi ng

t hernmodynam cs and 3 reduction of a problem known as

air scavenging. Furthernore, they allow bal ancing the
pressure within the plenumon a zonal basis. A further

i nprovenent of a system according to US 6,694,759 is

known from US 6,747,872. In tHe system described in

US 6, 747,872, a variable volunme 5 device, such as an
argdustiabl ef dappeblem &npwav as eair srawvergingh & ptrermorenthey allow

opaRERNST e PERS B WARID  RAeBEPUT: N capaeid bpsis: A further
S phisolbMRinY %FdaVaié/sPé?hy éébb?éiﬁg ngy t & §6bd, 7559 f.lsovrcnown from

targeted nmanner : towards a specific portion of
ehlﬁ P8 AZndn theqaystem deed:mbayl in S H,247 83ec vadable volume

roved olution,of, under-fl oor. deli cool i

Y8 8 B8 ArbAdietls Eebipstoleoiayidet belian B8 H3Fum and a
a%nﬂf@ﬁ@bh!r@lﬂh@@hébﬁééﬁﬂﬁé Withfh theaslBhRg Thes8 $ysephd 8 however
The roomi s grow ded with a raised floor construction

angt gapable @ ﬁelelcmseWr@wdjefanablyf th’e$tt!‘@d'lhﬁg celbiiifiow; in targeted

SyS e%l' sfaévaf:%b%‘;"fcg&"a@w cegg{"P angeg‘? FP%%Sr cooling.

lrb@?%frﬁéif’%&?%e&ﬁm?g%% 3o, G @F‘f’éﬂ%@i&l has been

tbﬁ)ﬂd)%éh' B 5I596,288/380h avHie esBib¥s rdnuairogoriifianie®|system for a
fan that is controllable inairflowrate and airflow

droase treguiringneodivgl iThe tom de paeyided with aceaised flophgonstruction

c L ow. i S
hé@&v éﬂ o i {;(%)r?dg @%mé rkﬁepv‘f&glf eredrﬁ'tcpgﬁzdl %fgﬁ}égg rﬁerﬁ@rﬂ below the
| raibeddlooe. $hafdooting @staﬁancmaéecb cebmg rdemm@natranged as floor
airflow direction contro|l contrjvance. nPut e

celament«f the raisegrfioarand GoRPFisivg; & far &ft pravicing @u'l'qw of cooled
Oir ﬁ@n%nfl fcﬂtrfeousétﬁé‘%f)%é oPehd Rfonk | BYWirflle’ @Fé hR¥vable fan
ahce w a preli

in accor nary room t enper at ur
sthajlisat:bmhnotlmwm amﬂnwma@nraﬁair&mmamcmmsthemophnggilewce allows

st.e ccordi t 83, 38 0 .
FQ)G‘P 36 fiogbienctibni ¢t 158 coaf aEacW TS rpdfhie fi has & relatively
é?dooéc?r%t%‘fbﬁe m?lﬁ&m C*Hnevin%ﬁnélﬂ@t Irs‘lhbfto“ar‘?d"eaiﬁI %Wsocnated
d|re tion is relatively conplex and hence 25 believed
t elemfomqmeyc\mrﬂmodrrectmrr eomtedlananidvancer éygemputer is connected

nft%gbe og\ﬁgﬁ{elcgtg{n £an] olzqgsc pqﬁet le%;ﬁ\é%tﬂgggﬁrfhp abntrolling the flow
| BiredtidrPih hBcordarncewithhg p’a‘bm‘lmar? heombieatderafuré mulation based

o ossirad amparatues. Alhough

peratures. Although the system according to US 6,283,380 is
able to provide cooling of critical areas in targeted manner, the proposed device
for achieving control of the flow direction is relatively complex and hence
believed to be expensive, to require relatively frequent maintenance and to be

susceptible to mechanical problems and resultant downtime.

Object of the invention

In view of the above, the object of the present invention is to provide a
simplified, efficient and reliable cooling system for a room containing electronic
data processing equipment.
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sinplified, efficient and reliable cooling systemfor
a roomcontaining electronic data processing

equi pnent. 4 General description of the invention In
order to achieve this object, the present invention
proposes a cooling system according to claiml1,

desi gned for a room contai ni ng®el ectroni c data
processi ng equi pment which requires cooling. This

s Generacdescription of the dadenntiawr construction dividi ng
the roominto a plenum space underneath the raised

=T SER 4P B BRI BTREC s PrR3ERI inyenliBh PRRpdaed pofth system
phesorairgPRCSamnd, designbd H'Sr H‘PQMhQ:o@ﬂélﬁm@eéie@ﬁoﬁlea processing
el enent ~ of the raised floor. The cooling nodul e

cenwipmant whinkdirequiees feaelingr Provsysteq cenmpriseson raised floor

RO S B8, BT LR o4 U3Fan e s foor

candiangsabielgpece abowd tHeoraisatl Bowrh ah lait cdriditicHingideticevior feeding
direction is controll able. The sg@éemfurther

cs%leﬂsaérstoathsoqlerawm spaceand 8 GaRkRg Bwdule pAangsd @s fipor element
”ijEHeerJIQéd f@dli’nﬁ 84k Oédm@%ééﬂs dfeHRfé{ted fan for providing
direction cor |ng 0 an inp

aaf obf:odalbd amﬁremt therplenir® spaoiei tngherusableesmnqom Qrger to cool
at,. | east one j ust abl e defl ector unjt arranged

b SRRt F U are. 6 aouid mide, I dBfiSred such that the
Cﬁﬁﬂ&ﬂ diectiBh Cié! 'c@ﬁﬁoﬁ’#bléhq'hé@ystérﬁ%ﬂﬁéﬂ %ﬁﬁhsé@ albritrol device

bei ng connected to the control” device for automatic
adpusectemto dhe icnoling efacude dor automatically gentreling theflow direction

ot 8 o cfbring {6 At AphrRak EEL AP ife, B%EH Aye cooling

' fndoRiB! 'cbﬁfi:ri%és datigasn ovesl aljustdifte déﬂ@bto@'urﬁiedﬁréﬁged downstream
Furthernore, the deflector unit is arranged tog

wof the fan fairdexiating theeflaw of icaglasoalipeovided foartherfgnathe deflector
uﬁﬁﬁa\?é ing c':c}qne%Yn%&’ Inétetﬁgf géntl;ctied%géé‘%?%'&?omgﬁé 'a%iﬁs%ngnt of the

al ze
edpfiscdorenitadj ust abl e constructi on of the fan
Standard avail abl e fans can be used instead. The

p"l'ﬁéetléﬂécfbfeu%t @ﬂo@é %%Iétﬁi@@@sﬁé"ymgc%f Girdaidfi Bcooled air outflow
cool i ng nodul e, defined’in Claim14, for use in

t tm/vqm@@amm@rmlead regign where cmbnmlmgaquir@dr@e@etﬁanmd by the
C
¢ PO S g B neRi Bt BShEe S ocingr wih the fon
Ofn ¢ lcooling essdule d€6r forming a compact unit. By virtue of the adjustable
deflector unit, there is no need for a specialized, complex and expensive
adjustable construction of the fan. Standard available fans can be used instead.

The present invention also proposes a corresponding cooling module, as
defined in claim 14, for use in the proposed system .

While avoiding the need for a complex fan construction for achieving control of
flow direction, this system enables dynamic allocation of cooling resources
where and when they are needed in the room in accordance with the actual
thermal load produced by the electronic data processing equipment.

The proposed cooling module with integrated fan enables considerable
increases in overall airflow rate that can be achieved per “vent unit” of an under-
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where and when they are needed in the roomin
accordance with the actual thermal |oad produced by

-the el ectronic data processi ng equi pnent. The proposed

cool+ng nodule with integrated fan enabl es

consi derable 30 increases in overall airflowrate

that can be achi eved per "vent Sunit" of an under 5

floor delivery type cooling system Flowrates in the

ofider delivety Sk oBdlmgsystéra. Flovwh ratesdn whe braersofrij6@0 m*/h can be

¢ BEnieyie BN 3 Fisiis QpolnEmodls ShaoringIty b BendBReas pposed to
f wﬁa@Wk&t@s}b@@pp%wna@élytdm@-m@iﬁﬁﬁ ifgea (fasdivedvent unit of the
si'ngl e 600 [1e) wth

mm wi de ‘square floor gri _ _ _
psassusizeete.g. @ singte Hfony midensguarendloer cgrille) awith pressurized

bl . Typi gal |y, .equi k . AT
" B seiBhifm & HGlR T BIHET TwPicHe P hf FAER (0. an
copldepger Fdcki bPBODAIG VaidiK Wnd boagm ne?ng hatge elominal cooling
several thousands of nB8/h, e.g. 4000- 5000 nB8/h

Helfiew reke aidull Jead: v the ganasiof several Raoysassisnef m*h, e.g. 4000-

- B0 bR, e, thintn/e" GBI shorfe, B lne” BRgSery govention aiso

i attowageduting thehflesrabpace atdquireaf foravdmst pmits,fdronr other words, it
area. Anot her known problemw th known systens resides

i nareases e ashiexpble, kg ofgacks PenlOQIAER: equi prent

items in a given rack conpared to the | ower itens .
béoethes knewn peahlerrwidh kpawinrsysieims sasidep dn tthegipk of overheating

0 WA dpnel SaldTepL WBgROIT 2, Biven ok cOPRER &, E tower items
t bataudetie témisnartditgetpipetheplaiver Parbm@yventirelycicoaseme” the cold

exposed to the risk of overheating. The ,gropcised .
c8b| |-agingiaasedhg) IpBeKs Mpafalunegosar ingifidrntyalye, sych that items
0 ticall: j i de( o

I 08 4P BER. 48 ek P B 671 48 et gng. e
dedipratedd doaling Usictdylenallaws nmindmizing s sath eriglef becviodwe of the

its i mbi nag | ith a dedj cated 20 f : ,
ggbﬁmé%flgoaéjﬂgtéﬁeﬁffeeﬁ H%ﬂds@ﬁgfcg ,lrbaél%gtf with an increased
! 8irfShaeLaRt Idhe dediaelitbe,  compared to prior ar

systens. Safety-related overdi mensi oning of cooling

[\ i N i . .
205, o35 SRS S FRBRU IR ISR RTINS Bin o dooiatea
eYamn aetondinptethe Fventien nartigherngegreedofdaegeded cooling is possible

CRRcheted ' Pl BB SApese SO AR PR ERpPA of cooing

C PBlveR Sas ¥SHATBIAY EnEAM bRl HYsRve systems, and any related waste of
energy is thereby reduced or even eliminated. Furthermore, improved overall
control of the room and equipment temperatures is enabled.

Further advantageous embodiments of the cooling system and cooling module
are defined in the dependent claims and will become more apparent from the
description hereinafter.

Brief description of the figures

The present invention will be more apparent from the following description of a
not limiting embodiment with reference to the attached drawings, in which
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are defined in the dependent clainms and wll becone
nore apparent fromthe description hereinafter. Brief
description of the figures The present invention wll
be nore apparent fromthe follow ng description of a
not limting enbodinment with reference to the attached
drawi ngs, in which 6 identi caf reference nunmeral s
will be used to identify identical or simlar parts.

| identibelsrefehenoe mysndraly. Wil bes used td temtifyc identieal- aresimilan parts. In
SH'loﬁw % a.room containing electronic data processing
eHFESEREAVME™ a cool i ng system according to the
invention; 5 Fi is a schematic cross-sectijQn

L2 _ i o '
shighd nés 8 %@W%@ Groasisectia ghpwingha ropELEPMgINING elgptronic data
accor di : Fi - Ei oA ' . . .
Cross- gtk&efsg}@sﬂ%\ﬁ Wgh?ﬁﬁd g&?@gé%&ﬁ% atcarding dtlontgetlravention,
FFig.2: isnet sthematiextross-saotiayshoming a aoklingi mbdule used in the

arranged for haqgrizontal, fl f cooling air; 10
IEpalisd svitemrarioringde adt i oo shosi g & he

Fig. 4: °PS
CPRY.8N% BOSKHeN %dﬁs%dti@n ﬁicﬂviﬁ%itﬁét&idliﬁﬁ,rﬂﬁdﬁlet &ccording to
an “equi pnent rac Ich is arranged for vertical flow

of coolFighg installed-hgxizo arsequipotentiackwbichds -aswsngedrfor horizontal
showi ng _several. cooling nodul es according to Fig.2
i nst al |%8¥Y e“s&""[‘%aé’qui pnment racks according to Fig.3

i Fig.45_i§9n§&rfé@ﬁéﬁU10Vdstshséb@ibhiéHd%ﬂng\ﬁhé&:dMﬁgﬁhbﬁuI@ according to
cold air region and a hot air region; Fl_gh.:_: s a i
schemafi®2 ghsialied agxbto eRecquiprIegt ia¢lt Which-isgaganged for vertical
Det ai | rhRLI Wth respect to the figures Fig.1
scherrafﬁg‘gglﬁ%&ogﬁé\?sﬂ{]a room 10 containing electronic

dRicaS pia ashenaticanuspsection skibwing advetal tdolifgmodules according
exanpl e a_server rack for a conputer or

20 . . .
tel ecoMniiGeat Nskalige: sk  (OTIRAURIBRRY Gapks cagrosdieg to Fig.3 in
wi th acbﬁiggrﬁ%i@ \?&Fﬁé O:?c’gi‘{iﬁ& W%éﬁti@%eﬁgdfa{ipﬁggioﬁ &n¥i€a hot air

floor or construction Vi ng
nodul aregiopport structure 16 defining a grid of

d f ' fl til | 8. Th
B85 p S5nSitE mariew fidhe AtAoR ST Shf Bhm space
17

Detailed description with respect to the figures

Fig.1 schematically shows a room 10 containing electronic data processing
equipment indicated at 12, for example a server rack for a computer or
telecommunication network. The room 10 is equipped with a raised floor (also
known as access floor, false floor or double floor) construction 14 having a
modular support structure 16 defining a grid of modules for supporting floor tile
elements 18. The raised ficor 14 divides the room into a plenum space 17
underneath the raised floor 14 and a usable space 19 above the raised floor 14.
An air conditioning device 20 of any suitable type known per se, e.g. of the
CCAC (close control air conditioning) type, is installed in the room 10 adjacent a
side wall. The air conditioning device 20 is arranged to receive a flow of hot air
indicated at arrow 22, at an intake, to cool down the hot airflow and to feed a
resulting flow of cooled air, indicated at arrows 24, to the plenum space 17.
Besides providing a space for building elements (e.g. cabling, conduits, etc.),
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underneath the raised floor 14 and a usabl e space 19

above the raised floor 14. 25 An air conditioning

device 20 of any suitable type known per se, e.g. of

the CCAC (close control air conditioning) type, is
installed in the room10 adjacent a side wall. The

air conditioning device 20 is grranged to receive a

flow of hot air indicated at arrow 22, at an intake,

t ther carised dloor tidehémte prmﬂcﬂemvaamissageffaectoaled ag byt megns of the

oPEHR shace 7, Atbaug b 3bSma: b Hrelsi etfipg May be used in
Diid fichg 16f6rBiRtng 1ottair @RI didoorfsHing GeviRb@0.. 7

the raised floor hence provi des a passage for
cool ed air by nmeans of the plenum space 17. A tho
nés fuRbemseen i kjo1l, aacchlngén@«éuleuEOQISr?a;arm@dLﬁsfeﬂmrrﬁlement of the

|
B BRY 14 B8 38t Y el wif thIel fetprally of the eaquipmen
cagl i Toghlméﬂé@t e lbaserdnmgsdmssoffmeoaocmhgmaouulef 3(1) h:emply with

5ra|sedfloor 14, with [ts upper dLe Wth t
7 istho 91 sleRARyd Bon e ehb usABNYh §13 raiedlnal 1y e appears from

flm?‘tfqi?.a‘fﬁe @b hﬁlﬁllé’g dg‘??;fﬁ(?gs' g HTQQ YhiCprodueigPs Y%rced flow of

ose a stan e to be used™w
t beolemaaedmﬂlbaked dtrras 34p‘|:mrartbe fpllermm Bpgcd 171tbdhe usable space

o5 LR L2030 SR e B B RS A iomons
“12 b @RUY %Bélcﬁle%ﬁ'ohﬁ; E&%plﬂﬁéﬁﬂse @ga BRocbdsd@ o IEbmer integrated

| ow of cooled air is received by e or nore intakes
of:lchﬂtS eqoigimechthereip. foa a\sanrterdmowmmgda. &ne equipment possesses

conmponent cess ot.h

C APORRE SerspeorBltBREDBlehn ShahnG nnhlier A oy tag intakes to
t e eateiNENindIeREE et esrowB6. it hdsbeed heated by the thermal
ventilation systemensuring internal airflow fromth

i dissipationof thaelecifonie soppangatscaxitsithe: equipmgnsd2 emd is at least
i theﬁhzsr{aﬁﬁﬁ@d @Sﬂﬁ@%r%nﬁﬂﬁnﬁl{iﬁ?ﬂke% Qéc%?ﬂlﬂattg%r 22, s0 as

rontc co onent ment
| $0 ﬁbﬁhe@tlospdrdybw by reeirculatish.tThe I’memlon of a set of temperature

C §5auPD, At SHWA I8y ind aifich @tk AEPURIHD theceaioment 12 and
;Eg%éclﬁgd g{; éﬁ%ES%rISHC ﬂfo%méeéé‘t WilShe 8612784 Deftiv. APis  apparent from

are associated to the equl pne
1Figahdusingnthectaised dobheonsilction Addthe cBOlingrvinddule 30 together

L Ry B g Sonationioe d R 20 S ey aR SIOR g RAa for cooing
3thd ?lﬂbhﬁm 1\2/|,ﬁlﬂ-,é Rsori1g. condi tioni ng device 20 forns

an efficient cooling systemfor cooling the equipnent

12 in the room 10. )
Fig.2 shows the cooling module 30 in more detail. It comprises a housing 50 for

containing its components. The fan 32 is of the axial type and arranged in a
lower portion of the housing 50 adjacent an aspiration grille 51 which forms the
bottom of the cooling module 30. The fan 32 is preferably driven by an EC
(Electronically Commutated, i.e. brushless) DC motor, ensuring among others
energy efficiency, quiet operation, comfortable controllability and increased
reliability of operation. Use of an EC electrical motor allows reducing the power
consumption significantly. In the configuration shown in Fig.2, the cooling
module 30 comprises two adjustable deflector units 52, 54 arranged side by



10

15

20

Fig.2 shows the cooling nodule 30 in nore detail. It

conprises a housing 50 for <containing its conponents.

The fan 32 is of the axial type and arranged in a 25

| oner portion of the housing 50 adjacent an aspiration

grille 51 which fornms the bottgm of the cooling nodul e

30. The fan 32 is preferably dBi ven by an EC

(Electronically Commutated, i.e. brushless) DC notor,

esislerdavensireang i, labose, mee‘agyBZeWsi ssieprioyFig Quites deflector units 52,
confortable co troI cre

7B [ Tt incas hapeb Aot gEeoLeuhousing . eBpLE e an 32. The

nBéMEctt LAKS W%be&déﬁgnée"ﬁ@f d%@laﬁﬁg%gﬁbm‘é@l flow of cooled air
significantly figuration shown in Fig.2

t pmdwammgtherfemazeas@ heon@mllgwﬁeedmga@qqi@d aifite Critical regions in

rounits 52 .54 arran y
Bl S5pBl,SPacs 19opate MRERVIR Balfad? adowil RE sppraciated, the
tb@ﬂé’&bi 8hitH 52UBH teflobdyndicadrl antoamgtidcanitral of U @ow direction
portion of the housing 50, above the fan 32.

d@f theflgw ohcogleghair swxiting: thes sogling) m@dulge?cn a%Thllﬁguslng a simple
fgtraﬁ@grq 't@(é ?‘.’% ! ?ggr?‘éagé at |Qé§(dw ctBP t§r523%4a|9|% installed

hence
Sdbwastrearl Ehesm@zlaswheF@.z,oebcmgieﬂectwqmlt esal coafigured to be

ill b ' , the def
GeRREdaly adkaIRbIY 0 srie oEbEr IO ohe doheaiadred By fan 32
Ong e Iéés‘?%@fco‘ﬁ‘?é%'pﬁﬂfiﬂgrpﬁ'ﬁéfﬂ% té’sewﬂPQé 'd%%l!é’é%&léw As seen

whi | e using a si st andard 't ype I'n case
atn Fep2t eaolo dwébtmtw'nt 68j b4 cﬁﬂnpﬂ‘a@maesetr&ft@lleetjvely adjustable

d h h defl
2GRl Hithes) S, Heolant atBpard. it 2t upall s oA win be
t Gnéél‘%%cﬁi Jh iifdliPBtieh of ffe Bla‘?j‘é‘slﬁﬂyéé@ﬂ%r@é thaMow direction of the

into at | east two corresponding partial flows, as wll
beeap@paw partiztfow. emtmgst:ta]respﬁcwegdqﬂecé@rcmmtjém 24t Ore blades 55

SBibke 18 cifivefio s 6Bt BeptineBo e dhinibh, HoW: E8RMhce. and
fbpﬂl\hunﬂﬂow teviaBon UAdesedrofridm Fie2| tied ibleidsoB5 cdret imeanged for
bl ades 55 determ nes the flow direction of the

r pEgfedingva fipwrdiregtionitewaeds ene half spare aheve e c%glmg module 30,
dg{ncgct},grl 8} fs ﬁgrméﬁ& dm%ﬂa?leﬁ'lﬁfé‘?él rf? aH&VéC‘ssBc%%d’ &S one specific

0SS- sec I'on d W resi stance an

onemmfn édmwméavmat I@therAarram@méntsrmFltge 2bladbe G ateshowever
55 are arranged for, preferring a flow directi

C BRaTIBl BRETANIG 16 dhe CIHGTAT RS 08| SHIPTEL QN aguration n the

sh fohe latter is nornally installed laterally of
and associated to one specific 20 item of equi pnent
12. Ot her arrangenments of the bl ades 55 are however
Fig.2 also schematically shows an electrical control panel 56 mounted integrally

with the housing 50 and including a control device 58, such as a
microprocessor. Among others, the control panel 56 provides power supply for
the fan 32 and for respective actuators (not shown) of the adjustable deflector
units 52, 54. The deflector units 52, 54 are connected to the control device 58
for automatic adjustment of the deflector units 52, 54. It will be understood that
the combination of adjustable deflector units 52, 54 and the control device 58
enables automatic and targeted control of the flow direction of the flow of cooled
air 34 exiting the cooling module 30. The temperature sensors 40, 40’ located in
different zones of the usable space 19 are also connected to the control device
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possi bl e according to the circunstances and equi pnent
configuration in the room 10. Fig.2 also

schematically shows an electrical control panel 56

nounted integrally wth the housing 50 and incl udi ng

a control device 58, such as a_ 25 m croprocessor.

Anmong ot hers, the control panep 56 provi des power

supply for the fan 32 and for respective actuators

(58t Thtreenporst 40 h40'adikliver ahdasuiemieat stgnalsutn the santrg4device 58

B Porafig peagoRy Sfrestion iy eECaREncE iR GV fuitable control
délbbﬁﬂirﬁfkdéw n Bte grtd- gdrierdily |anr’ﬁi$19“f&@h$é ape tbhﬁierature at the

conbi nati on of adJ ustabl e defl ector units 52,
amatlm of dhe rrespetiveceerser 3, HA Bpwerds, aodesires aafdpomt To this

cBfiga 8 oRPY, Stk sheSrinrREs ) ORI sPso S8 AR running o

t suiRi@ tooherob ebftware. 4BurtHérmdre alve tontrol dichfoer 88tis arranged for
zones of the usable space 19 are al sg connected to 51
c@?ﬂtFQﬂ'anEhﬁ ggrfgrm@*gpe ohtheskadype fan 324?9 ag e copirol the flow rate

Wopeesllzadel (uﬁqé’é@}d%ﬂﬁ inh8 ?Pﬁ*rﬁé’bu&kﬁgl gsﬁéﬁg tﬁé’%ugﬁt] of cooled

SWdi Tecitn I'haccor ce” W t
salriaabbmmgatu thel actablgbermahnbdpwherabyt dairegs in power consumption

B0 GerTaR 3 oo i1 pedisulancl S HSEMORS ) Be{laeadicarybe achieved

dﬁ/ﬁbheﬁo &t e Bdolin g it ?é irece It &Gl tSé‘%pﬁfP@élé@d gt B fan 32

8 conprises a mcr proce sor or simlar unit running
aenahzles dndependent dbwstete adjustment whdhenteve! of teacboraalipy module
galce 58 is arranged for controlling the performance
of“the EC type fan 32 so as to control the flow rate
of cooled air (indicated at 34 in Figl). This allows

apgphurtiert be®UihpWig.2f th@ohsusingi 50 ac@mpdseug at0|tshapper end a
actual thermal |oa V\/nereby savi ngs in

c@'f@uﬁfﬁf ential Toownting Eamgrb Q& usad dos ngﬁlmg ghg g(polmg medule 30 as
aé FARdh ¢ ﬁﬂb'?glsgﬁ‘ﬂ'o?)? 13 n GRY REIAE Y ‘ﬂ’(@ﬂ\od{‘fﬁ% oft'structure
£ o

€ €00 I's req be "appreci ate
thﬁt At;fmee‘rﬁim BR; 1 eth@bh@wsmglcﬁﬁpisndimﬁnsidlmd aama'dlng to a standard

tment at the leyel of each cool du
FBlzBneP. DeBriherbate, SUTeRRBnR Gich IGOB ST STPYL L8 og0 4% to alow

uﬁ%?éllaﬁBH ita rﬁénﬁét’ ﬁHTfa?ic?fHé ﬁ‘i%fdi‘aﬂﬂﬁ il ffddi“iiﬁe @é?ee“ﬁs@&ence 18

for installingt cool 1 ng nodu | errent
th‘eFlga1)se°cs further sbeni in Bigy1, rtbeu‘henglmtf oftﬂ@ h@uﬁlngrﬁo complles with

SRR B, A AR oot B, Rl Bt o ol Mo esse o
installation of the cooling module 30 is warranted. Where required, a floor grille
62 may be placed on top of the mounting frame 60 so as to protect the cooling
unit 30 and to avoid restriction of personnel mobility on the raised floor 14
above the cooling module 30. The floor grille 62 is designed for minimum flow
resistance and minimum directional flow preference.

An item of electronic data processing equipment 12 is in most cases configured
as a server rack. As regards commercially available racks and their internal
cooling architecture, generally two different types can be distinguished, namely
the horizontal flow and the vertical flow architecture.
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size, i.e. has the base dinensions of a floor tile

el enent 18, so as to allow installation in a manner

simlar to the installation of a floor tile (see

reference 18 20 in Fig.1l). As further seen in Fig.1,

t he hei ght of the housing 50 c lies wwth that of

the raised floor 14. Accordlngugp flexibility of

| ocati on and ease of installation of the cooling

nbigud shewsischematicathe showseamexmqpler efda rack N 3owitlyhiorizental flow

6% cgif%{:@fg p}kﬁig%d%@glsh m%];ﬁ%orﬁgg T4 cgg]é/ &hwged into two zones
réﬁtu"gpéf z8Ae 710 AT BAOWEt zHBOI7DI. t%dh%dd@lsrﬁbﬁﬂ@df»bmb separate
14 25 above the cooling nodule 30. The floor grill

| @t@l'&, qyml&dnalrr@mtmmﬁean gide ofdbpgrskd@’ and ansnapamﬁe outlet for

gt%g'ragg ﬂWnﬁ%nﬁ%ﬁﬁﬁ& E%cl{whtehwaﬂg%{s E&?S%’O%I) &nsure suction

cohélr cjwmdhe aéauasnaertuahe iR sichs i 88t 26n6 AIFSHEAR blyYarrows 72
avail abl e racks and their _internal cool i

afRhi c'ietﬁpécu‘(jﬁ!ﬁéﬂaﬂgﬁtiﬁbed‘PQQ"é'QeﬁtOd(%g% dsrargnged as floor
dbRindHIUSE RS ra 3y tlQ%éQWFill‘é?@%gm%w e 12, The

vertical flow arc |te8{ure.
satjestable aldfleckinounitsab2e 6dnpllewoselactivetk fé@dingi tdoled air to the

S NSS4 1 i b4 o'
URRBEUFRNBY ?IQe ¥ pardt EEerfsie 400 40" gg%&f Réto éach optet of the

provi ded vv|t a separate 1ntake for alr
r kespestivie zohes ), r%ﬁ}kamd cmnmualog&p;hmtthe cnmt@l dfemce558 of the

GRS, Btk Aenklle Bhbtacietoby 4Ty of ¢ 188 inggpendenty
Sa@iasta‘blé Béﬂéd‘t@lﬂunlﬁs 5’2 54) tﬁé‘ﬁBdelﬂéi:tléﬁ df*é@éﬁ d@Yre%bbﬁd\iﬁg partial
and respectlvely in Fig.3. The coolin

SﬂPW§f @ppmg@la eaﬁlngltbgrcoobn@mdulgﬁos indieated afI‘CMﬂ 74 and 76,

1§J u@%ﬁid%ﬂy | gc S5t lﬂlﬁ Wéggﬂ?gu tg‘ﬁ S %lu’é l_—c dylg 30 enables

f distHibuting awofet airrtotaOQ“vbﬁ zbRer &% (1L of tee setvekd 2bacemrding to the
zone 70, 70" of the rack 12'. The actual thernml | oad
%Ctuﬁje%%‘?l'r”@d' eﬁ&‘"?ﬁ’@”ﬁ%%@\%‘ﬁ‘}ké%m ym@etegmmed by the control

t Oupy
%éﬁeéﬁﬁe@%%ﬁﬁﬁ‘ér&ﬁ%@‘? HhedsUiomefE BF thy SefRBRS 4, 140" I for
cexamplg etodibric dmpements in e loper aonet 2 didgipatermore heat than
Sl b ORI 15 78 BT £RE SO, dhd oBisPF efibh henieviates both the
p@ér‘hbﬂﬂo@%ff 6riéNd@fleé’tBP|uﬁﬂ &4 én&?ért Be oF'&‘ﬁ m%' pYHial flow of the
30, indicated at arrows
|¢th§péieiﬂeﬂtdrwmupasmdfmrewashpteyi®s@ dtraetedotu they upper zone 70,
"E%Mr&s %Reemv%regone 70'. Hence, the cooling module 30 is capable of

adapting automatically to varying cooling requirements within the rack 12"

Fig.3 shows schematically shows an example of a rack 12" with vertical flow
architecture. As regards internal cooling, the rack 12" comprises an intake 80
arranged in the lower part of the rack 12", e.g. on the rear side, and one or
more outlets 82 arranged in the upper part of the rack, e.g. on both rear and
front sides. Internal fans (not shown) ensure suction of air received via the
intake 80 from the lower part vertically upwards to the upper part, as indicated
by arrow 84, from where it is expelled via the outlets 82. As further seen in
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di stributing cooled air to a given zone 70, 70" of the
server 12' according to the actual cooling

requi renents of the rack 12' which are deterni ned by

the control device 58 based on tenperature

measurenents by the sensors 40, 40'. If for 20 exanple

el ectroni c conponents in the Ib r zone 70" dissipate

nore heat than the conponents in the upper zone 70,

t ﬁ@g 3,dheranolidgmeduté $0ds arEngedhotderéath tharaised fioboiA laterally
of e def cto unit.54 a art. of _or all_.of the

oo FESreck) 1 20 imBroxishiteof the ek POLINE esiiotahiéciefector units

W82, Bﬂeéé!owlﬂirécmiod ﬁ?é fewt 6F &Meﬂ@?ﬁﬂlré@ﬁlﬁt&@ardsttﬁ%h%e 80 as
t he' ower zone Hence, the cooling 30 is

cli]ﬁhﬂﬂted dty agowsdBfpt it il dher undetstand Watdheacrqallng module 30 can

gg% nﬁ% Gq"l'féreﬁgaﬁgav#ntggéw L}?B{e aoj Faggkha\gngm?q Hn%"ﬁal cooling

vardhiteaturé ! GWermECWoFﬁCﬂid}‘sé dAScrilssthr slsovent@®r By other type of
cooling, the rac conprises an intake 80 arranged

i favipgans leat regrirespirflow coalirg. 12", e.g. on the rear
SI de, and one or nore outlets 82’ arranged in the

LB, cObit Sl Fecpa B3Ry o Pboctil Riethe sy
reteooied aii B nndrenallymatldire8tly fconnetted dradieectedita the intakes of the

& PARRERY TheRRHRo pRSled 31 BBy Taresehta AR APktn of the tota

83|rﬂdﬁ érﬂéﬁﬁ’t?rat?ﬂ?@"htbﬂeﬁ thﬁ chI?’athS‘séoofﬂr' |ﬁtbrﬁéldé6cﬂmg This is

I's arranged underneath e raised floor
| ﬁtsayatbeo,ausefoft mnltedxcﬂomzateamf priorpadx¢aaling dﬁvneaeand secondly
The bI e d tor. uni

L\B%@%(b?ﬁﬂsgge?ﬁ@ %’J\,P{,?g f%lgq(;: é%mgﬁqlatiﬂnr gf'5 %ﬂp?ent room air and
tﬁ\médﬁpédm:aluytr@%ﬁc@au@ﬁ ofi Rét ﬁﬁlt@ﬁ’glﬁﬁtlﬁq i thE. odttet(s) of the

will be understood that the cooli n?t e 30 can

apaaippenis taereierec e mifdemppralureat thepeqwpment mtﬁ&% fsgnormally

B hichBE i e he PEbifCab provEed B the SRS System.

r adlLihieesfore bl reaatemghat\fﬂbt both cérhﬁgureﬂmﬁ&df Fig.3 and Fig.4 the
equi pment accor g to prior art cooli n%pé%Ste

sGpPling medulendp @ga les redugipgriaiake taatresd ang recwculatlon of hot
c n e t f 110y on

a0 i ef Tl #h iakdf il Rt 121 This can be
oaumnaatfaaaytaohleveﬂ Ib)hd!lavnrtgalheacmritmivrziMGeSBrmodUcda taepartlal flow

th C. us for i te nal, ol i
| GreetEn 3wt auisikers) ani 060 e g didist Be pider o didesirable
C%Hmcu&meﬁv'A@emmﬂwﬁceé‘%wer&ssawmé sRAEH" Bdrson, the fan 32
convection producing recirculation of anmbient roomair
agledicated to the cooling module 30 allows selective adjustment of the flow rate

of cool air to be delivered to the region that requires cooling.

It will be understood that the actual number of adjustable deflector units (e.g.
52, 54) used in a cooling module 30 according to the invention is depending on
given installation and environment requirements of the equipment 12, 12', 12"
and the room 10. Hence any number of one, two or more deflector units can be
included in the cooling module 30. Furthermore, although cooling on a single
item of equipment 12, 12', 12" by means of a single cooling module 30 has
been described for the purposes of simplification, it will be understood, that
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nore specifically recirculation of hot air originating
fromthe outlet(s) of the 15 equipnent. Therefore, the

air tenperature at the equipment intakes is normally

undesi rably higher than that of the cooled air

provi ded by the cooling system will therefore be
appreciated, that for both con?zguratlons of Fig.3 and

Fig.4 the cooling nodule 30 enabl es reducing intake

t eughe @atoaone 1@ngler|esrelly colrgrrises oplunality ddiitenfs obegaipment 12, 12,

L et t ' f 12", 12", Thi .
o4" Bt cr Rt i csavefl B E oSS Mutleh il e eiifagd with
dgyitatte PRINMBR BT ofing Middudds Bbowg. dneastiiRd ﬁé}\/iﬁa”nﬁlslntth% respect
i ntake(s) and/or so as to dimnish the effect of

uiidesy hsbneted; dbatk s given eooling medulef3d endriteontrol device 58 is

AERRD 28 St b mBoter G BEHGT B B, 7w Setpinyamite) 52, 54

adp wadinetheodefiditor Lfis) 82,654 of os@er nidire daditithal coollng modules
delivered to the region that requires cooling.

wnat showmdesranarsh adiagent the givanacosligBiodyte 30 and for example
I 2 4 264)pn
BB IRE SMSlel o Sybprfiny 427 128 Mo Ak, o puraiy

depeodlnm@ ronodulgs V&M oamsbel d:catnemtecamd am\axtemakcentralized control

re ui renents of the equi , 12", 12" and the
TaTETREOR g EodiR S rihe Fom Rl BHiiRpIEBt lempératures.

deflector units can be included in the cooling nodul e

3@5 5 éé}%f fBhE a %%HMEBn%P'F’@Q QﬁdaF@'S"Q{h% %@ohﬁg?rﬁlodule is

pment 12, 1 nmeans of a“single cooling
rroqmpetuble heith d:féerantjmupmeut fdesignise apdr papaileopf automatically

£
“bBb Gt hid b RBesIRBRRE 0T, O 1o
eqU| pnment 12, 12 12" (e.g. arranged in several

r$£'>Iaf¢i0| F@V@bcmémahcaw éhdw aeonPned whith containg eddut@nic data
er of coaqling nodul es

| PrIgesEInG m@pmegb@erﬁnged "mclweg%oqfetaeot{fm@%g@@%heremabove
Cﬂplr%lﬁ ﬁﬂ%&l%g nghgf%dtélsﬂ&ﬁnéﬂb ite{iﬁ%@c} gétHe? with two adjacent
capa

of "ac as master con ust I Ng
ovewsle§7,e89 oof wacks( 92',5¢ertibdl pasitioel wadls Whe(sdef Flgcﬁ)orarranged

BB o o R bRy Hesifgh v o2 oo Fis)

C (S t

ST 1t A s s o e

pBdrial betweenf thm@Won@wmam 88 Ghracks B2'. cBreneotceairt lteglon 94 is
Q..SYy

an e zed cont 1

nﬁHPriﬁtﬁﬂQW%&OP Be{ e bE SR L pluErllY B PPl frocues 30 as shown

@r AlddchSo fﬁﬁcﬁ@@@@é&cét@ﬁ%% SPUBIRY adjatemiratk 922 At least one

and 3, the COO|Inﬁ nmodul e is
of the vertlcal partition walls 90 (see Fig.5) is provided with access doors, to
allow access to the front side of the racks 12’ located inside the space delimited
by partition walls 90, 92 and racks 12'. The internal cooling systems of the racks
12’ transfer the heat dissipated by the processing equipment to cold air drawn
from the cold air region 94 and subsequently blow the resulting heated air into
hot air regions 96 on the rear side of the racks 12'. It will be appreciated, that
the partition wall system shown in Fig.5 and Fig.6 eliminates the risk of hot air
recirculation described hereinabove. The system of partition walls 90, 92 is

compatible with other types of rack design (e.g. that of Fig.4). It will further be



10

15

20

25

conpati ble with different equi prent designs and

capabl e of automatically adapting to the actua

cool i ng needs thereof. Fig.5 and Fig.6 schematically

show a room 100 whi ch contains electronic data 15
processing equi pment arranged in racks 12' of the type
descri bed hereinabove in relatdon to Fig.3

(horizontal flow architecture). Together with two

adhde:rstuod tioatsa plurady affpaiscdfsodd’ §7,\89, tdandbe paanged am a single

e 32 a0 i ol boERRfes p aierpiing fasbinuapvegs adjacent

( £R@s bf Backk: In BoMBERIDN With ke 6BORAS nfddufe BOXF, 'Fig.1, the partition
delimt asacethat defines a cold air region 20 94

i wablesystem illnsirated inohig. 3andB&igb previdesia’ furtinge impravement in
' i 94 j th ¥ b f
bl A i b S AR, e

each of which is associated to a specific adjacent

r Bpalig2’ sevétallﬁmﬁkroa@vamégédm)fvﬂfd icoaling agystémoand its cooling
walls 90 (see Fi provi ded with access doors, to

amoasiescaceosding tgﬁ@\ﬁn@ﬁﬂ syl g neted:r acks 12
| ocated inside the space delimted 25 by partition

wal 1sS  3ar Pﬂzﬁﬁ@@XL Ks’iiréatlon Be do‘&ilﬁ ”@' I Ung virtue of well

systens 0 transfer t heat |ss pat ed
by t hetangeteelmdwgfeﬂqmommnned cooting ofathe equipment aooerding to the

th I d d b h

Fesul t Pryehiberad! e Tairfaw el tupbish Shed dafuenc)
rear side of the racks 12 It will be ag%refl ate
t hat" aﬁ@epsabl@.alrflw iieI M3tebes ine Kedmre Aot g @%mea' server rack

Fig.6 E émggaes the risk of hot air 30 recircul ation
descri her €i nabove. The system of partition walls

20 B N A9 PSS e,

(e.g. !
under sbeedadity@irried plut irehéw andfin existisgrbomswapgading);
can be arranged in a single roomso as to formcold

and otheadbSdIRY éystéhwm@é rasidiyasdipted e mrpficaAidhe e positioning

rows of racks. conbi nati on W th the cooling nodul e
30 of BNhg. amounta qéathteu envipmen| in Hisstream | by Adding dramoving or

over a1 BREeItY e ThadyRiabitEhui g D To0l g

ool nEple i waRENEE ot nh g meb R ERaS TR ARy Teligble device
| nvent fncaiironiry h@wrmfeeﬁnon FQHﬂéﬁhbreeﬁﬁf@‘se of a failure of a fan,
consunption for cooling is reduced by virtue of

wel |
t ar get eentzellingpw @reqﬁ@ntbsom@nsaﬂth@ﬁgieﬂectphelmt(s) is still possible
equi PrEREN 66954288 dPndtlfal convection and of the remaining ventilation

elements within the equipment and/or the air conditioning device;,

= potential downtime is short since a cooling module can be replaced very
rapidly;

= by virtue of at least two deflector units in a cooling module, it is possible
to achieve adaptive cooling with respect to internal requirements of a
single item of equipment, i.e. directing one or more (partial) flow(s) of
cooled air to the zone(s) subject to more pronounced thermal load inside
a single item of equipment;
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10 actual thermal |load (airflow regulated in function

of actual demand); " achievable airflow rate nmatches

the requirenent of a typical server rack at full

| oad; ™ installation of the cooling system in

particul ar the cooling nodules, can be readily

carried out in new and in exi 314 ng roons (upgrading);

15 ~ the cooling systemcan be rapidly adapted to

nodisf i aahodular Etamimd tdizt?ﬂbog%tnwtidnamfomm cadlinghmodule allows it to
equi pnent in the roaom hy adding, regmoving or

di'spl 2P rRMPHe aeeow'ﬁ'gyr%aﬁﬂﬂﬂe IHexigling pBg; new standard modular
reli ab}éié%yﬂé gwarranted by using a nechanically

sinple and reliable device for controlling flow

directj ' f il : :

20 cont EoPPUfl BFARRLR sblfaBRPEnS arfl Wity aljiBticy Sensing the
def | ecturrentniiefmi! ilcad tandl contssliirg dottakiong dirdetiont @ne flow rate,

of natural convection and of . the remaining, yentilation,
o cmonbends VRIS e HORATSY TeRUCSH f Fot elifinated;
condi tioning device, potential downtine s short

si ne By ot#ie of ceplralled sigfeplor usniisa the) coeling syaisinyaptomatically

25 "~ b ' . ' j : .

2o A Enehodt il ARShelIAEEAER! O HREh o gPoqupment
[ it h t to. i '

i g oBy: EacTREL et Sedie | BT 5GHBE" sBw, measured

(parti empdraawes)ard thé asarating 'statast b tHore0BNg system can be

subject to nore pronounced thermal |oad inside a

si ngl econanientlyegonpeiedi : 14  a nodul ar standard size
construction of the cooling nodule allows it to be
si mpl ymmintenanck proceduras| enl the medslesngreasamieriable due to the

d I i sed, f.l : he . l .
s ol ImegfaRoh 3 cafbonafiynB0R Sinaid BSaf Brhdrnl el
current t her mal Hoad and control_l&e‘g%bothflowl. dsi
di r €ct WORKIRG FOMgH PleQuUIPMARE FRaIELaNCR: RETSanRe! J§asguged since
S 9n! T heAd g REUGIRE dondtinpBlib Thaifhishility by virtue of

contro ector units, the cooling system

aut qatj I ol R irecti led
o0L AR B FRRRBE TorRnE ok X Sediled by drocting cool
connechirrig 4 hargeted meanmeaniel thet respestive amtake nantdvykreducing the
reastr ggfect of hot air recirculation, a significant increase in cooling efficiency is

thereby achieved,

= flow rate control from zero (convection) to maximum flow rate enables
adjustment of the cooling capacity delivered the region to which a given
cooling module is affected whereby overall energy consumption for
cooling is optimized.
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10 tenperatures and the operating status of the
cooling systemcan be conveniently nonitored; ~
mai nt enance procedures on the nodul es are confortabl e
due to the integration of conponents into a single
easily renovabl e nodul e; * wordg ng confort of
equi pnent mai nt enance personnel” is assured since 15
the cooling nodul es do not inpede their nmobility; »
intake air tenperature for tﬂ%i i prent is reduced by
directing cooled air in a targeted manner to the
respective i ntake and by reducing the effect of hot
ailr  Aecooling aystem fars gomi cemtainingr elestranic data iprgcessing
eff|C|enc IS thereb%vgcQ%wxed 20 N flow rate

ot

cont FGHIP E@F‘Se?gb SYSIBTLLAMPAFRG | ow r at e
enabl es . gj st ment oolln pacity deliv F
Che o gaisR: HoumconstUGHaR Aviing Said Hoam infcsa plenim space

af f eqiridrivdiRn 281 r@mdor gnaraysam@ Spag aleve €did raised floor;
cooling 1s optimzed. 15 Cdains 1. A cooling system

for an APEdEHBh Uéﬁc@'fcﬁ%é&iﬂ%‘bg@@oealpfooﬁéﬁlé?ﬂlms pace;

equi pment arranged i n racks system conprising a

rai sedchbiyy n‘i@&‘tﬂb@ﬁéh@@ﬂ%é’ 'ﬂ@bf‘galéﬁl'e%t rd?%ltlnltdi’sétl floor and

p| enum space under ne sai d raised | oor and
usablcemgising aay éorrpviding a dowt @fmole@\alrefrcrm said plenum space

condid uaid (%ile WpaRe! Siia' @R oagkasiAl bobfiglBSuch that he

pl enum space; arr ange
el emflow difectiondofrsaid é!dw‘ iscaontrlidblectomards ianguppdrazonieoof a rack

o s a0t Wedels 8 2678 ar%@é.%nﬁgmnzzhﬁep'bi.”ﬁg“Sp“e

{1 owa SoRRRL HeNicen cenhaienato e, seindobcble 16t qupomatically

and conR6NiAg the MOV dirdetivh fsaid figwk: and a control
devi ce connected to said cooling nodul e for

aut oigMaracleritediAthae! | i ng the flow direction of said
flow, characterized in that 15 said cooling nodul e

g SW%bﬂ%dﬁhg'rﬁé&&le%&%@%%‘Iéﬁst Wb eflabrtor BERS afrafi§ed side by
side downstream of said fan for deviating the flow of cooled air provided by
said fan, each deflector unit being independently adjustable so as to enable
division of said flow into at least two corresponding partial flows of
independently adjustable flow direction, said deflector units being
connected to said control device for automatic adjustment of said deflector
unite.

2. The cooling system according to claim 1, wherein each deflector unit
comprises a set of collectively adjustable pivotable blades for deviating the
flow of cooled air provided by said fan by inclination of said blades.

3. The cooling system according to claim 1 or 2, wherein said control device is
arranged for independently adjusting each of said deflector units so as to
control the flow direction of each of said partial flows.
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si de downstream of said fan for deviating the flow of
cooled air provided by said fan, each deflector unit
bei ng i ndependently adjustable so as to enabl e
division of said flowinto at |east two correspondi ng
partial flows of independentls adjustable flow
direction, said deflector units being 20 connected to
said control device for automatic adjustment of said

oo e Laid sitert actaByifaR0 oY, g OF Bafts 1gd v said
gf cobdlingt Mﬁdhlbfc[m\hptﬁfeskd I@cl)mt:]ilwg)mwﬁcddt%idgmbéww_erdp?rﬁon said
e v bt B s oS SekaSBe e "
oot EBerSSSIsh Mot Pl i 5. Sl 857208480 ror
of sai i Q! fi i
i 1 S0 By SSBpoULETR A pherdif i hol Sy s Higpendedn
cool saig ssyppodrateuctoedi ng to any one of clainms 1 to 3,
wherein said cooling nodule conprises a housing which

c 6nt Ahe coblingisysiewragoording to slaind 4 dre) whetteinrsaichcomtpet device is

portion said at.]east two deflector units. 5. The
cool pﬁ@grg B 7R wgwg to claim4, wherein said

rer Eie cofiho syeBfiBerS i ioiaflane o s Bleteliil faims, further
str uc@wﬁﬁsing atheast eple teehprratupesensa atraryedinGaid 0sdble space
or 5, erein said control q(iievu:els integrated.in

sai dAaRdanected to said copbial devige ruherale Said contrel gdeyice is

one eénﬂrgwe@ r&%@émmg%@ng Féqdi ents Hedid gllsﬁﬁleﬁgpace based
| east orfe tenperature Sensor- arfanged 1 n said usable, )
spacen raedsuementselly said iempesature isensor and fanadiusting said

S0 dy6RLE IS BEE oS Ry L GEfe T e IBbATATBRRD

cool I ng requirene n Ssal usapl e Sspace '‘Dase

. i ) ) f
26 4 8 TEBly YRR docdriRBIB A, £ Wietert S fnperature sensor
t he Bearcangedd the regionmithot airBodtlewcoban itgns pf electronic data

according to claim7,.. wherein said te rat ur ensor . .
s aPronresing Rafipmentingtalad a3 Saly raist 1Rl dpd Yietein said
I t encoritretldeviceds cenfiiired fmfdmeﬁﬁihmg the ¢opliftequirements of said
installe n said raised floor, an erein sad

item of electronic data processing equipment based on measurements by

said temperature sensor.

9. The cooling system according to any one of the preceding claims, wherein
said fan is speed variable and said control device is configured for
controlling both the flow directions of cooled air by adjusting said deflector
units and the flow rate of cooled air by controlling the performance of said
fan.

10. The cooling system according to any one of the preceding claims
comprising a first cooling module and at least a second cooling module,
said cooling modules, being associated to an item of electronic data
processing equipment installed on said raised floor, wherein the first cooling
module comprises a control device arranged to act as master control for



10

15

20

25

30

control device is configured for determning the

cooling requirenents of said 20 item of electronic

dat a processi ng equi pnent based on measurenents by

said tenperature sensor. 9. The cooling system

according to any one of the prgceding clains, wherein

said fan is speed variable and said control device is
configured for.  controlling hoth the flow directio

of " cBaledna; bothy (e ateriag WleqOk S BT, Comingn i, and the
the HbMEHALS fai?ésfg.%ﬂ ;J.ﬁc):Bhd%Bﬁrﬁg)Hdd&!b.t he

perf ormance of sal . The coo0l 1 ng system

2490THE N diiRg At ‘éc@{)rioj] tPARF BAE M tié ﬁi’éﬂedingaclaims, wherein

conprising a“frrst coo e and at | east
s ecosadidoatsedrftpomias| & modsdarcanfiguratign rasmprising Benedular support

cqui piravEe HReEPneteTseBla, FoBig HibdiyP Tsfnoithed! iSRhERY frame
fir St:le@ignéﬂ g be eekived ihcany medalecofeaid modutée support structure.
arranged to act as master control for 17 adjusting

bdRThé eodirfd spdtem acddraingftosamydoriie bf thecprcedingneldims; wherein
flector units of at, lea

ool PRGN ABfiertEr Rk comASes @ 4t ColehelCadiisiahie paralle biades

any gRengéd ¥Sepritesing 4 9oW direttionowzeds oneanall sgacedbove the
floor has a nodul ar configuration conprising a nodul ar

supp6P@lingemedilget ure and wherein sai d cool i ng nodul e

conprises a nounting frame designed to be recei V%?q{i n
arly. 8@ @osling sysiem Asaording k.apkenefithe pieeeding crims, further

cool Enprkiid 3 G FAIE of Sobfing Mol sCbakbRtdlipgSbttle being
wherwel P e t t

claing, "W N each deflector unit’ conprises~a se _
of cassaniaiedeindividually abireargroap| to one pesticular itamgefelectronic

oS BFo&0%ifig ddliphisiidy & PRI OF 18T A7 o B date

accopdicessihg egipmexst. of the preceding clainms, further
conprising a plurality of cooling nodul es, each

cddl Angeaahegl € rhedole  fos efedtainicl, datadi priogessing or in a
groug, to orge Parti ul ar itemcgf el ectropic datad ted to b
or ocBIUPMEEAITASA INA T3k, SHAFPRUNG madliis ety ddapted to be
el echiraRgéed B3HRor dlenrtGF asaigdsiosr PsEa toollry mbddule comprising
cool i ng nodul e for el ectronic data processi n% ) )
a fan for providing a flow of cooled air to a space above said cooling
module, said cooling module being configured such that the flow direction of
said flow is controllable towards an upper zone of a rack and towards a
lower zone of a rack and said cooling module comprising a control device

for automatically controlling the flow direction of said flow;
characterized in that

said cooling module comprises at least two deflector units arranged side by
side downstream of said fan for deviating the flow of cooled air provided by
said fan, each deflector unit being independently adjustable so as to enable
division of said flow into at least two corresponding partial flows of
independently adjustable flow direction, said deflector units being
connected to said control device for automatic adjustment of said deflector
units .



equi pnent arranged in a rack, said cooling nodul e
bei ng adapted to be arranged as floor elenent of a
rai sed floor, said cooling nodule conprising a fan
for providing a flow of cooled air to a space above
said cooling 20 nodul e, said Cﬁfling nodul e bei ng
configured such that the flow direction of said flow
is controllabl e towards an upper zone of a rack and

| ower. zone of rack and, said coolin ,
o DechainaiegtE Bererding fR oielia 14 paisis paeh cefiegtor unit
cont eafripriges bgetlof e&u&‘m&@t ﬁst%le?ﬁvgtaﬁ ades tor deviating the

characterized in that coolin e conpri ses

at | 8awtofopelegkair provisiedy s&d fan by natiamofzgald biagles.
downstream of said fan for deviating the fl ow of

cdbl dhexsoolnginatide @ecosding toaglaireddhoné5ifether conmprising a
bei n I

i vi SpUSGRATER St & I e SaltTaT AR an upper portion
par t Bakd deflegtoramitsi ndependent | y adJ ustabl e flow

direction, said deflector units being 30 connected to

sdi7d Theraaatingdeedule danordingdomiaim 4] 15 oré6tfudheseoniprising a

to ol ting Rahls afRiarkat o8 B8R AL b8 S odutar
set efppot stewdtureadfia miiadsioop censtructibabl e bl ades tor
deviating the flow of cooled air provided by said fan

by inclination of said blades. 16. The cooling nodul e
according to claim14 or 15 further conprising a 5
housi ng which contains in a |ower portion said fan and
in an upper portion said deflector units. 17. The
cool i ng nodul e according to claim 14, 15 or 16 further
conprising a nounting frame designed to be received
in any nodul e of a nodular support structure of a

rai sed fl oor construction.



