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Cool i ng Met hods and Apparatus This invention relates
to cooling nethods and apparatus. In particular,

wa@bdaoaosaghs not excl usively, this application rePel/e8205/003648

cool i ng net hods and apparatus in the field of

i nformati on technol ogy, such as cooling for

i nformati on technol ogy servers. Traditionally IT
servers have been cool ed usi ng conbination water/air
systens, water being the primary coolant and air being

t he secondary cool &alingddethedainnd iAppanatmed by f ans
into the floor void beneath the equi pnent and rel eased

into the roomthrough grilles sited appropriately
around the floor. Fans in the cabinets and on the

TRiS kiﬁvérﬁﬁﬁsl%!.ﬁf@sstod&@dﬁngis@g!hg&é Qu& raB‘Bcrdﬁtug.ea e?artif:ulﬁré aaétélough not

equi pnent and heat tra r takes ace. Typtca

of . 5.kWto.8 k er 900 X 600 mm 800 mMm .

et TR D8 G0 ah <P BUPCARGS i, fbgptus in the field of
systens; generally the | gad produced b%/ t he cabi net

@%@"@W&gn Gehpolagysyeleassaeding sdrfogmatiopteehpnlogiessrvers.

contained therein. Air is electrically benign, and

i nherently safe, which makes it highly attractive to

bui | di ng systens engi neers. Air has been used as the

PraditRnyl N §atseivedN B bévat &oléd usihg eembiiRitieR aldtetiObystens, water
equi pnent began, and the industry is geared to the

l?éfﬁ% Hll%g%fﬁnéﬁ %onmﬁéﬂ@ﬂ? Sgﬁ%?ﬂ?eé %@%dnagy’gﬁd’lgﬂt: Chdled air hs a%umped by

trans ors” have becone s I p capacity

hs 1o tﬁehﬁocgov\g/% beneath the equipment and released into the room through grilles

sited appropriately around the floor. Fans in the cabinets and on the racks themselves
draw airflow over the heated equipment and heat transfer takes place. Typical loads of 5
kW to 8 kW per 900 mm x 600 mm x 1800 mm equipment cabinet have been reached
using these systems; generally the load produced by the cabinet depends on the

processing power of the equipment contained therein.

Air is electrically benign, and inherently safe, which makes it highly attractive to building
systems engineers. Air has been used as the primary heat transfer material since the
cooling of IT equipment began, and the industry is geared to the exclusive use of air-

based systems.

However, as transistors have become smaller, and chip capacity has grown, the power
dissipation requirements of information technology or computing equipment has grown.

This has been greatly exacerbated recently by the development of blade servers which sit
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di ssipation requirenments of information technol ogy or
conputi ng equi pnent has grown. This has been greatly

wezxaems1sst ed recently by the devel opment of bl BCEGB2005/003648

servers which sitvertically rather than horizontally
in cabinets, and therefore can be packed in at a far
hi gher denS|ty These servers gan, even with current
t echnol ogy, dissipate of the order of 18 kW per
cabinet. Wth current equipnent, in as nuch as such
yesterdlycrathas dherp Spaepraallyain cabints andcftiptictoge tope bgspacked in at a far
extrenely | arge volunes of air, which is energy
higkdrfdeasignt , and | eads to Iarge i nstallations which
are noi sy and unpl easant to work in, due to excessive
roomair velocities making the space al nost

i nhospitable. In order to cool these |arge | oads

BidsE Cstef%?% an, te@@n lv&gls?\gﬁ[&ﬁ k Uﬁ) ydﬁﬁgatg g tBQ order of 18 kW per

I NCr ease ween

Creasi the vo une of .air av |Iab

B 2SN ey SR8l 7% S R oAl e i o all, s
servers in each cabinet. This, however, leads to
teavigrsrthe mse af piranenhy lasgel voluaes of girs whichdgiorsign inefiirienigand leads
taken of advances in server technol ogy. According to
toHarge it ationnwhivhraee haisy awdiugdehsam ip woel ing dod tagxcessive room air
equi pnent conprising: a circuit for a heat transfer

xﬁéléaldesqaﬂhag HeNGade ARBSEABRDitaiBd an evapor at or ;
characterised in that the heat transfer fluid is a

volatile fluid. This invention provides the
realisation that it is possible to use cooling nedia

I%tot}ger t(t) %%{,‘1 these large loads effectively, the IT server industry has had to increase the

space between adjacent cabinets, increasing the volume of air available, and the air flow
around each cabinet, and to limit the number of servers in each cabinet. This, however,
leads to larger installations and prevents full advantage being taken of advances in server

technology.

According to this invention there is provided computer cooling equipment comprising: a
circuit for a heat transfer fluid containing a condenser; and an evaporator; characterised in

that the heat transfer fluid is a volatile fluid.

This invention provides the realisation that it is possible to use cooling media other than
air in a secondary cooling circuit for use in high heat gain applications of IT equipment.
Furthermore, it realises thét volatile fluids, such as carbon dioxide, may be electrically
benign and so may be used safely in such applications despite the very high pressures, for

carbon dioxide over 50 Bar, which are needed to obtain adequate cooling.
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air in a secondary cooling circuit for use in high
heat gain applications of |IT equipnent. Furthernore,

WO poosedsBEses that volatile fluids, such as carPCnGB2005/003648

di oxi de, may be electrically benign and so may be used
safely in such applications despite the very high
pressures, for carbon dioxide qver 50 Bar, which are
needed to obtain adequate cool i'ng. Volatile fl uids,

h.as.carbon di oxi de, provide a very energy _
Sbalrtlg i SHL. Cﬁﬂﬂli g’ioﬁ{jiecd’é@‘flﬁ‘@,a AP seergrneffoight means of
cabi nets having a nmuch higher heat |oad. They are also
Proxidise copbng ppdrsoussintopot catsmate hevieg gymuds pighehday load. They are
when conmpared to propelling large volunmes of air
whogughidé te gpuitpienio,sadnéhet 11 ¥splally WY ichfpared to propelling large
relatively narrow di aneter pipes. Conveniently t?e

Rend i€ ht thi I I SSi pat: .

T RO LSl S PR 2R Y SREBE 5B namow diameter

ater than 30 kW and dissipation of |oads greater

?h%n’ 50 kW 70 kW or even 100 kW are possible. The
secondary evaporator nay be positioned on any of the

sides, the top or the bottom of a conputer cabi net

cont ai ni ng conput er equi pnent. The secondary

evapuriettr thensgeondanyasicit anepkrabie nodasiphan leaetramsfer load of greater
i ndeed all sides of the conputer cabinet. It is even

e QOUW, plesirablh GreegQRARBY L'WY ARO IR Hatibs oPRAEE ERERH than 50 kW,
i nside a conputer cabinet containing conputer

20K IR BYen irdbekweagggg%{bye_evapor ator may be contai ned
in a heat exchange tabi net. The heat

The secondary evaporator may be positioned on any of the sides, the top or the bottom of
a computer cabinet containing computer equipment. The secondary evaporator may be
positioned on more than one, or indeed all sides of the computer cabinet. It is even
possible that the secondary evaporator is positioned inside a computer cabinet containing

computer equipment.

The secondary evaporator may be contained in a heat exchange cabinet. The heat
exchange cabinet may comprise a shroud positioned at its air inlet such that incoming air
is drawn from an adjacent side of the computer cabinet to that on which the heat exchange
cabinet is disposed. Additionally, or alternatively, the heat exchange cabinet may
comprise a shroud positioned at its air outlet such that outgoing air is expelled to an
adjacent side of the computer cabinet to that on which the heat exchange cabinet is

disposed.
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exchange cabi net may conprise a shroud positioned at
its air inlet such that incomng air is drawn from an

W@o)0aos2888 si de of the conmputer cabinet to thatPORGBRI06/003648

t he heat exchange cabinet is disposed. Additionally,
or alternatively, the heat exchange cabi net may
conprise a shroud positioned at, its air outlet such
that outgoing air is expelled to an adjacent side of
é&g C nguter cabi.net to _that_ on which the heat .
ﬁéﬁ'& [ 10gY Feraprises plusbiss elfarnie drawiaitethrawgh tiwosabiries e
a plurality of fans to draw air through the cabinet.
The cabi net nay conprise a perforated panel sandw ched
bet ween the secondary evaporator and the equi pnent
ddbi caltinet Theyseanpdkar Y pdrfdrbted pa¥l RenBPRA&P R rilenlBe secondary
to 25 Bar. Conveniently the secondary circuit 1Is

epgioatbearit theRqhiPnft BBinet Pref erably the secondary
circuit is operable at up to 75 Bar. The secondary

evaporator may conpri se a heat exchanger constructed
of a copper and alum niumfinned coil. The coil may be
essure tested at qr above 100 Bar. The secondary
868?‘05‘589' FESPICBRp raeseperaiiepl HR 6@ 280Bars Gpavenirmdly the secondary
pi pework. Preferably the volatile fluid is carbon
Bt i§epetphle atanpe Sl Bar.ePeferabiy thxasdoomdaty cixédeis operable at up to 75
received at the secondary evaporator may be in the
Begi on of Q0C to 30C and conveniently is in the region
of 12C to 16C, preferably being substantially 14C.

The secondary evaporator may comprise a heat exchanger constructed of a copper and
aluminium finned coil. The coil may be pressure tested at or above 100 Bar. The

secondary evaporator may comprise interlaced coils with dual pipework.

Preferably the volatile fluid is carbon dioxide. The temperature of the carbon dioxide
received at the secondary evaporator may be in the region of 0°C to 30°C and

conveniently is in the region of 12°C to 16°C, preferably being substantially 14°C.

Such computer cooling equipment is of particular use for a computer server especially a

blade server.

Secondary circuits, secondary evaporators and heat exchange cabinets are also provided

by the invention for use in the cooling systems outlined above.
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Such conputer cooling equipnent is of particul ar use
for a conputer server especially a blade server.

wEemeonsass circuits, secondary evaporators andP¢iEGB2005/003648

exchange cabinets are al so provided by the invention
for use in the cooling systens outlined above. This
invention further provides a cgnputer installation
conprising a plurality of conputer equi pnent contai ned

i ; ld f ut er cabi ..and conputer

TBitnRerle e Moo OO Bt S0 UB s Re B gty of computer
second aspect f tg‘i S | né?nti on there is provided a .
FBREEN LTI o RITRNGY e comeRtsfdhtmets g coBiphitgr cooling equipment
circulating a fluid through a secondary heat transfer

a$ desgribed @poyeheat exchanger which is di sposed adj acent

to the conputer equi pnent, characterised in that the

fluid is a volatile fluid. Preferably the fluid is

carbon di oxi de. According to a third aspect of this

ARY&EIngOR 4 ResdRd pbit W HRMinde RSB %C}Sro%ag@ Yt ﬁfgthod of cooling
equi pment conprising an outer |ayer and ‘an I nner [ ayer

i ' . exchan i s,di sposed
EARERE SRRt LbRlne LRl MAEE s SB0B8Ey oot wans
housi conpri se a .heat exchanger as descri bed )
CICHit, [[109 ?mé/qfﬁ & Weﬁé@lﬁé\}% désppgefgl adjagrad toathgogqnaphter equipment,
shel ving and a front or rear door, one or nore of
Arradierisedpt thgbthe Hhidistasrolatdy EnidaMiefetedly thadhuid myeerbon dioxide.
The housing may have a cooling capacity of up to 20 kW
per 900 mm | ong per 600 nm w de x 1800 nm hi gh
cabi net. Conveniently the
According to a third aspect of this invention there is provided a housing for computer
equipment comprising an outer layer and an inner layer characterised in that a heat

exchanger is disposed between the outer layer and the inner layer.

The housing may comprise a heat exchanger as described above. The housing may have
a top, sides, a bottom, shelving and a front or rear door, one or more of which comprise
the outer layer and the inner layer. The housing may have a cooling capacity of up to 20
kW per 900 mm long per 600 mm wide x 1800 mm high cabinet. Conveniently the
housing has a cooling capacity of up to 50 kW per 900 mm long per 600 mm wide x 1800

mm high cabinet. The housing may comprise integral distribution pipework.

According to a fourth aspect of the invention there is provided an air conditioning unit
comprising an air inlet, a heat exchanger, which forms part of a secondary heat transfer

circuit and an air outlet comprising an induction jet having a plurality of nozzles
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housi ng has a cooling capacity of up to 50 kWer 900
mm | ong per 600 nm wi de x 1800 nm hi gh cabi net. The

whowsiosesssay conprise integral distribution piPENOBRI05/003648

According to a fourth aspect of the invention there is
provided an air conditioning unit conprising an air
inlet, a heat exchanger, mhich6forns part of a
secondary heat transfer circuit and an air outl et

Cc rising.an induction jet _having a plurality of o

ﬁgg‘g?t% aF‘aglaérai E% tﬁﬁls%eﬁélmi fleeng tthrongh dhe fseeandary circuit is a

fl ow nfc{; through the secondary circuit is a volatile

vplatite, Tpd o fReptatably theevolatileafliidas ¢drborddiosidear bon

di oxi de. The air conditioning unit may be operabl e at

a pressure of up to 50 Bar. Conveniently the air

conditioning unit is operable at a pressure of up to

The BRlcondifienihg WAR m@d Y ' |y y i

in the regi ongof mﬁ?@&c&ﬁcaoﬁgégméeﬁqpﬁisg %'e C%ﬁvemenﬂy the
' -of . f bly substantially 14C.

%ﬁgb?dgg%? % éﬂﬁﬁse%p@rrmg% %tgar g%é%aq%g tgt}gt?a& pressure of

in the region of 30 to 200 Pa, conveniently in the

region of 50 to 100 Pa, preferably substantially 80

Pa. The heat exchanger may conpri se copper pipework

Ahel tearnenatiieunhi the velatithBuidensy bx dhtegegionmy 0B€ toBer@ptddveniently

to run with or without surface condensation. The air

RORE rdgi O 18I CIREFRMIPE sidbshARhINGgapaci ty of up to

20 kWper jet. Preferably the air ‘conditioning unit

has a cooling capacity of up to 50 kWper jet.

According to a fifth aspect of the invention there is

Provi ed a. building el ement . )
he induction jet may operate at a static pressure of in the region of 30 to 200 Pa,

conveniently in the region of 50 to 100 Pa, preferably substantially 80 Pa.

The heat exchanger may comprise copper pipework and aluminium fins. The heat

exchanger may be operable to run with or without surface condensation.

The air conditioning unit may have a cooling capacity of up to 20 kW per jet. Preferably

the air conditioning unit has a cooling capacity of up to 50 kW per jet.

According to a fifth aspect of the invention there is provided a building element
comprising an air inlet, an air outlet, an air duct and a heat exchanger which forms part of
a secondary heat transfer circuit characterised in that a heat transfer fluid flowing in the

heat transfer circuit is a volatile fluid. Preferably the volatile fluid is carbon dioxide.

The air outlet may comprise an induction jet. The element may be an elongate beam.
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conprising an air inlet, an air outlet, an air duct
and a heat exchanger which forns part of a secondary

whemb/08288sfer circuit characterised in that aP¢Ea&B2005/003648

transfer fluid flowing in the heat transfer circuit is
a volatile fluid. Preferably the volatile fluid is
carbon dioxide. The air outlet -,nay conprise an

i nduction jet. The el enent may ‘be an el ongate beam The
bui l ding el ement nmay be operable at a pressure of up
to 50 Bar. Preferably the building elenent is operable
at a pressure of up to 75 Bar. The tenperature of the
&k druilding ¢lgingntrengy b operathe at egiressunef oDup o 30WBar. Preferably the
conveniently in the region of 12 to 160C, preferably
dulldihg eicnadnt is cbé@bleThe prexduetofap th 5 BaRy operate at a
static pressure of in the region of 30 to 200 Pa,
conveniently in the region of 50 to 100 Pa, preferably
substantially 80 Pa. The heat exchanger may conprise

er pipework and alymniumfing. The buildin . i
IRERE R Bhier o Higirhle b isEioaini) Setbicceanveniently in
such as lighting, lighting control, public
H@dﬁ@@gp@égéblﬁfhpﬁﬁspdawebsmnmﬁsdnvé.infrared
detectors, sprinklers, plasma screens, power cables

etc.. The building elenent may have a capacity of up
to 600 Wm preferably substantially 600 Wm

Bhé erdRtibY ﬁl:tyma% Log'éga‘gel: At h ég?éﬁeﬁl g{%ﬁ#%;ﬁ ﬁg% 2@%% of 30 to 200 Pa,

I nduction jet, [din

S Bk 500 8 S SRR B o

an air conditioning unit is provided

The heat exchanger may comprise copper pipework and aluminium fins.

The building element may comprise a housing for building services such as lighting,
lighting control, public address/voice alarm speakers, passive infrared detectors,

sprinklers, plasma screens, power cables etc..

The building element may have a capacity of up to 600 W/m, preferably substantially 600
W/m. Alternatively, if the air outlet comprises an induction jet, the building element may

have a capacity of up to 800 W/m, preferably substantially 800 W/m.

According to a sixth aspect of the invention an air conditioning unit is provided
comprising a heat exchanger which forms part of a secondary heat transfer circuit, and a
plurality of fans, characterised in that a heat transfer fluid flowing through the secondary

circuit is a volatile fluid. Preferably the volatile fluid is carbon dioxide.
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conprising a heat exchanger which forns part of a
secondary heat transfer circuit, and a plurality of

wo 2005/0328B%r acteri sed in that a heat transfer fPaCI/@&B2005/003648

flowi ng through the secondary circuit is a volatile

fluid. Preferably the volatile fluid is carbon

di oxi de. The air conditioning ugit nmay conprise a

heater. The air conditioning unit my be operable at a
pressure of up to 50 Bar. Preferably the air

conditioning is operable at a pressure of up to 75

Bar. The tenperature of the volatile fluid may be in

fThe ailegershtiering uni BEO Compvse enbeater] yThe airhenda#gnog ofit may be
12 to 160C, preferably 14C. The heat exchanger may

oparpble s aqepgzare ¢ff Pewosk Band Padfofiblyi theaid Eshditiddghd B&perable at a
exchanger nmay be operable to run with or w thout

Eﬁégilﬁgsfgpﬂ)dﬁ}gﬁt_i on. The air conditioning unit my
ave a cooling capacity of up to 10 kW Enbodi nents of

the invention will now be described, purely by way of

exanple, wth reference to the acconpanyi ng draw ngs,

tﬂ whi ch: FIGQURE 1 shows schematically a perspective
ivmgrerafueat tae velatlendid manbaimibagegipa e Oge3P&E sconveniently in

havi ng heat exchange cabi nets between them FlI GURE 2

thhoegions ohedrat 160€] pigferalily awe@i agr am of an enbodi ment  of

Comput er cool i ng equi pnent; FI GURE 3 shows

schematically various views of the heat exchange

cabinet of Fig 2 :

The heat exchanger may comprise copper pipework and aluminium fins. The heat

exchanger may be operable to run with or without surface condensation.
The air conditioning unit may have a cooling capacity of up to 10 kW.

Embodiments of the invention will now be described, purely by way of example, with

reference to the accompanying drawings, in which:

FIGURE 1 shows schematically a perspective view of a set of cabinets containing blade

servers having heat exchange cabinets between them;

FIGURE 2 shows schematically a flow diagram of an embodiment of Computer cooling

equipment;

FIGURE 3 shows schematically various views of the heat exchange cabinet of F ig 2:

FIGURE 3a shows a front view of the cabinet;



FI GURE 3a shows a front view of the cabinet; Fl GURE 3b

shows a top view of the cabinet; FIGJRE 3c shows a
whoiob0s888 ew of the cabinet; FIGURE 3d shows aPGI/G82005/003648

vi ew of the cabinet; FIGJRE 3e shows a rear view of

t he cabi net; FI GURE 3f shows an upper perspective view

of the cabinet; and FI GURE 3g ghows a | ower

perspective view of the cabinef; FIGIRE 4 shows

sche Leal n expl oded v| ew qf the cabi net of

Fi gurg&éﬁ%% éf%@“@ SIRB Ve RIHERARIIBEI | y views of the
heat exchanger of Figures 1to 4 : FIGURE 5a shows a
per spEEEVRE 34 shawsrIbouRE Bbw ofi twscahinegp vi ew, FI GURE
5¢c shows a front view, FI GURE 5d shows a bottom vi ew

and FFEIBRESR] slhows: sidesvieh® of iRWabimkFURE 6 shows
schematically perspective views of a conputer cabinet

Whi ChFIGURE 3¢ $hB6% 298RARBPhe HhiFRE 6a shows an
upper perspective view, FIGURE 6b shows a | ower

5 PerspeEdiRe M shi¥s ANpper perspective view of the cabinet; and

FIGURE 3g shows a lower perspective view of the cabinet;
FIGURE 4 shows schematically an exploded view of the cabinet of Figure 3;

10 FIGURE 5 shows schematically views of the heat exchanger of Figures 1 to 4:
FIGURE 5a shows a perspective view;
FIGURE 5b shows a top view;
FIGURE 5c shows a front view;
FIGURE 5d shows a bottom view; and

15 FIGURE 5e shows a side view;

FIGURE 6 shows schematically perspective views of a computer cabinet which is a

further embodiment:
FIGURE 6a shows an upper perspective view;
20 FIGURE 6b shows a lower perspective view; and

FIGURE 6¢ shows a detailed view of F igure 6a;

FIGURE 7 shows schematically perspective views of an air conditioning unit which is a

further embodiment:
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FI GURE 6c shows a detailed view of Figure 6a; FIGURE 7
shows schematically perspective views of an air

w@emdiosasesi ng unit which is a further enbodi nePCT/EBGIRE3648
7a shows a front perspective view, FIGURE 7b shows an
upper perspective view, and FIGQURE 7c shows a side
perspective view, FIGJRE 8 Sho,ﬂf schematically a front
view of the unit of Figure 7; GURE 9 shows

sche Leal fron erspective view of building

el errenﬁ:{[bm;f(? ?a@“éaf ftelﬁ’é?sgmééﬁ%nt; FI GURE 10 shows
schematically views of two enbodi nents of the buil ding
el eneﬁ:ﬂGUM showsi aguippedperfieBURE id@aarshows a passi ve
bui |l ding el ement; and FI GURE 10b shows an active

bui | dFbGU&ETreshiows fal stddRierspcipheomewschemat i cal Iy vi ews
of a fan cooled air conditioning unit which is a
further enbodinment; FIGURE 1la is an expl oded
perspective view, and FIGURE 1Ib is an expl oded

[ [ 1 ffel l.e; d Fl GURE 12
BB R R e ek B R B0 o PRl ont i on.

FIGURE 9 shows schematically a front perspective view of building element which is a

further embodiment;

FIGURE 10 shows schematically views of two embodiments of the building element
shown in Figure 9:
FIGURE 10a shows a passive building element; and

FIGURE 10b shows an active building element;

FIGURE 11 shows schematically views of a fan cooled air conditioning unit which is a
further embodiment;
FIGURE 11a is an exploded perspective view; and

FIGURE 11b is an exploded perspective view fro a different angle; and
FIGURE 12 shows schematically a further aspect of the invention.
A perspective view of three computer cabinets 10 containing blade servers and

interspersed with three heat exchange cabinets 12 is shown in F igure 1. Inlet pipes 14 and

outlet pipes 16 can be seen at the lower end of each heat exchange cabinet 12. Each heat
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A perspective view of three conputer cabinets 10
contai ning bl ade servers and interspersed with three

whewb/oz2eshange cabinets 12 is shown in Fi gure BCT/GBR@65/003648

pi pes 14 and outl et pipes 16 can be seen at the | ower
end of each heat exchange cabi net 12. Each

heat exchange cabinet 12 is posgfioned al ong one side
of two conputer cabinets 10 and occupi es substantially
all of that side. As each conputer_ cabinet 10 contains
SrelBes spviEes 1298 resiioned jalangapns sidevilr tiusgmputer cabinets 10 and
conput er equi pnent), they generate a significant heat
Peetpies substeniiallyall dféledinisleogy in the region of 15 kWto
20 kW per 900 mm x 600 nm x 1800 mm cabi net. Conputer
cabi nets of other sizes may be pro-rated accordingly.
The reason that cabinets having such high heat | oad

23NeabR BhReed 3Bintt 960 %gﬁt B8 b&vdl ggr bigr & ig:irg}lgp?vger hungry

fluid flow ng through t eat exchange cabi ne

Lghl ficlient, being.carbon.di oxide. The use of )
B el dben Bl ATl i Madls § SHEetiswinoloes in the
bei. ng lgl ckr bed in UK Patent No. 2 258 298. However,
feg197h8 ggt ‘tfe n2¢b iRSES) BEngi98rem 3ui840Apne £ahingtT Computer

applications where air cooling has dom nated ever
eabieass phether sizds eayulpe prosraied dcsomlinghy.elThetreasval thyt cabinets having
benign and intrinsically safe. Carbon dioxide is

alobcliiph debi joaesangtie plited So s i tbEdthdisis GBAt the S@bBag fluid flowing
being fatal at concentrations of between 10% and 30%

Peough tHYBEat RECHAREE cHindt€ 1Y isMHi r 0xi

efcf) ég?:lt ive acoo(I:i ng ((:5(5][1 Bar losr 1%@}6\% %g’alﬁgl e&c%%ou GHO)k()lccek}'a

real problem The cooling nmedia system i ncorporates

| eak detection and shut-off life safety

The use of carbon dioxide as a secondary coolant fluid is known, being described in UK
Patent No. 2 258 298. However, it has not been previously considered suitable for IT
applications where air cooling has dominated ever since the field begun, as it is both
electrically benign and intrinsically safe. Carbon dioxide is electrically benign but is not
intrinsically safe, being fatal at concentrations of between 10% and 30%. As it must be
used at very high pressures for effective cooling (50 Bar or above) leakage could be a real
problem. The cooling media system incorporates leak detection and shut-off life safety

measures; along with a rejection system to deal safely with the leaked substance.

Figure 2 shows schematically the fluid flow around a primary heat transfer circuit ~18 and
a secondary heat transfer circuit 20. The primary heat transfer circuit 18 comprises a
compressor 22, a primary condenser 24, an primary expansion device 26 and an
evaporator 28. The heat transfer fluid used in the primary circuit is a volatile primary

refrigerant of conventional composition.
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nmeasures; along with a rejection systemto deal safely
with the | eaked substance. Figure 2 shows

waehvensassgal |y the fluid flow around a pri mar yP¢iEaB2005/003648

transfer circuit 18 and a secondary heat transfer
circuit 20. The primary heat transfer circuit 18
conprises a conpressor 22, a p{4imry condenser 24, an
pri mary expansi on device 26 and an evaporator 28. The
heat transfer fluid used in the primary circuit is a
volatile primary refrigerant of conventiona
conposi tion. The secondary heat transfer circuit 20
Sfpiereskirg hsatclomgfor yeison Rénsempid®s anbticohddrs caddrser BY, which is
the evaporator 28, a punp 32, which circulates fluid,
aosled biydhe ¥ vepopaos RBNa GempCR, IthidhtisdulHEIHNERS at s@@oﬁ?ﬁ?‘ expansion
transfer fluid to a design evaporating pressure and

devte X GMAMIBALRE thedAt RAREY i B af:@égig:ﬁeetv‘?%ératiﬁ\g]{)r%gsure and a heat

provi des cooling to the surroundi ng al

' t4 i.d.picks. u eat. from.its surroundi ngs . .
PR Rottothed 1 AR 1 & gk PP dreb L A e Sufounding air.
@ﬁnden‘ger ggl‘,? th rebtyjil conpl eting the circuit. Fans 38

F EpupiineAlid pigks ygiheriHEom ds suisguiieg n Heteaexchangepand returns
the conputer cabinet 10. The heat transfer fluid

t9 theusespndagy icanddnsers 8¢.othdeeby dvegietingathsf@rcuiti r Batist 3@ Qirculate air
i s carbon dioxide under pressure. The advant ages of

thsoupd thahbmrexdiangé debingte 2ttbafe doinputer cemgéd 1, avai | abl e,
I nexpensive, and relatively non-toxic and

non-pol luting. Most inportantly, however, when
conpared to systenms which use non-vol atil e secondary

D82 ekt RE Uy S RS TSRl S0 i caron
dioxide under pressure. The advantages of using carbon dioxide are that it is readily
available, inexpensive, and relatively non-toxic and non-polluting. Most importantly,
however, when compared to systems which use non-volatile secondary heat transfer
liquids, such as air, the mass flow of carbon dioxide required to produce the same cooling
effect is substantially lower due to the high latent heat of carbon dioxide, when compared

to the relatively low specific heat capacities of conventional non-volatile fluids cooling

media such as air.

The carbon dioxide arrives at the heat exchanger in a volatile state at temperatures
suitable to cool a surface area sufficiently below the room temperature to ensure that heat
exchange takes place. Preferably the temperature is in the region of 14°C in order to
avoid condensation on the pipes and coil, in an environment having a temperature of 20°C
dry bulb, with a relative humidity of 45 to 55%. It is important to avoid condensation

because of the risk that water will leak into adjacent electrical server equipment.
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effect is substantially |lower due to the high | atent
heat of carbon di oxi de, when conpared to the

wo 2008082888 y | ow specific heat capacities of PCT/GB2005/003648

conventional non-volatile fluids cooling nedia such as
air. The carbon dioxide arrives at the heat exchanger
in avolatile state at tenperggures suitable to cool a
surface area sufficiently below the roomtenperature
to ensure that heat exchange takes place. Preferably
the tenmperature is in the region of 140C in order to
avoi d condensation on the pipes and coil, in an

Bl Wotkig Btestva phtheasystempie iganarpldy of theaezion pf 50(Bar, alfhohgh it may
arelative humdity of 45 to 55% It is inportant to
/logberooiaesrsat i on because of the risk that water will
| eak into adjacent electrical server equi pnent. The
wor ki ng pressure of the systemis generally in the
region of 50 Bar, although it may be higher or | ower.

Arﬁiﬂfﬂ%? bf g{ev}éio Vﬁge H%%Q&a@gékatﬁq%ﬁ?g%g sl &9111 ﬂ}eﬁi&gl]%eeg{ %he cabinet

shown 1 n gure e cabrnet rses

changer .36, which has_an.inlet 40 a an outlet 42,
BtnaTe s Erhe D 36 Uk Eher oy a0 aih i Byl 2. Both disposed
Fi ve fans 38, each_havin%ﬁits own illum nated power
a thypbaftony end af the sakingt h Zive fang 3Buershbeviagdtsavimgillachinated power
al ong the rear panel of the cabinet, which faces away
supply infieatt@mpwiter 44 qnd fiset6 ara aligred #ong theomai parlioh the cabinet,
the cabinet is indicated by the arrow on Fig 3e, which
velileNFadeb @tvaitiffort HRWOFRP dlB sy 1R RN RIMBBbudtPthe cabinet is
t he heat exchanger.
indicated by the arrow on Fig 3e, which shows that air flows from the computer

equipment to the heat exchanger.

The fans are readily demountable, having an internal plug and socket arrangement for
ease of replacement. Each fan may have a conventional power supply, an IEC 320 power
inlet socket 48 being provided at the front of the cabinet. Alternatively, or additionally,
the fans may use an uninterruptible power supply or UPS (not shown) in order to ensure
continuity of operation in the event of a mains power failure. Typically the UPS will run

for a period that is sufficient for the standby generators to become operational.

Threaded captive fasteners 50 are provided for mounting the heat exchange cabinet to the

computer cabinet door.

The heat exchanger 36 is shown in more detail in Figure 5. It is constructed from a

copper and aluminium finned coil 52, which is pressure tested up to and above 100 Bar.
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The fans are readily denountabl e, having an interna
pl ug and socket arrangenent for ease of replacenent.

wEamh/082%88 may have a conventional power suppl yPCEHGBRES003648

320 power inlet socket 48 being provided at the front
of the cabinet. Alternatively, or additionally, the
fans nmay use an uninterrupti bllg1 power supply or UPS

(not shown) in order to ensure continuity of operation

B&gt he ﬁvent of a mains power failure. Typically the

S\iiierlagdreotls with dual ipireworiato prpvider additicaat reﬁiﬁén@dwiél case of coil
standby generators to becone operational. Threaded
ks v eA f pasfosnted spaBel a4 ds praodwitbed fhetwevnuthei gt tdehanger and the
heat exchange cabi net to the conputer cabi net door.
dduepineatt cabiehiangasr t3prdvideshrowotibm B &nthgkai | 1 n
Figure 5. It is constructed froma copper and
alum niumfinned coil 52, which is pressure tested up
to and above 100 Bar.It has interlaced coils w th dual

[ vi,de addition resi.lience jn case,of i
BUBSRL fnd B! RUERRE bR o e sporE 65 4b; ERBGHIMent s being
bet ween the heat exchanger and the equi pment cabi net
PFIANE N e SGRE d6F BB GaB et ineraiags be RptiHpuRgron top of the
the heat exchange cabinets 12 are shown in this
v, el the dsbinets protei the Siationreat oé thsi chbinets. t Bissipation of large
comput er cabinets 10, they nay be positioned on top of
hidae lazdbicar the , obetha@iby blacinghhoet tha® oné Gedthicharm@BtcaBinet around the
rear of the cabinets. Dissipation of |arge heat | oads

SoRfp G QBIRINES 1BY eRingflé B AONSninaky I%E?%t ?Sﬁlt bee?:(&j%?ézlg It is even
cabi net around the conputer cabinets , for exanple

ﬂ(ﬂﬁbfer Dt s ARnd e«ggchmccgr%utgrmcgbigeet 9 V\eNrit%d healttt e)licsflaggee rE:abinets 12.
Alternatively, or additionally, the heat exchange cabinets 12 may be placed inside the

computer cabinets 10, where their effectiveness is greatly increased.

Another effective method of construction is to use a shrouded cabinet, whereby an inlet
and an outlet shroud draws air around the computer cabinet, thereby reducing the amount

of dead air.

By using such methods and apparatus it is possible to cool much larger loads than
previous systems were capable of doing. Loads of up to 100 kW or more can be achieved
by combinations of heat exchangers, whilst a single heat exchanger can provide loads of

up to 20 kW even at the relatively early stage of development of this technology.

An embodiment of a second aspect is shown in Figure 6. A computer cabinet 60 is shown

which also functions as a heat exchange cabinet by virtue of having double skinned walls
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possible to surround each conputer cabinet 10 with
heat exchange cabinets 12. Alternatively, or

wadwsnsassal |y, the heat exchange cabi nets 12 negr/682005/003648

pl aced inside the conputer cabinets 10, where their
effectiveness is greatly increased. Another effective
met hod of construction is to u a shrouded cabi net,
whereby an inlet and an outl et shroud draws air around

I pet, thereby reducing the anount of
SESEEET Bl G B RE ek SN0 Bt aBpia ot v e
ossi ble to cool nuch | arger | oads than previous
Eﬁsﬂtt digrthe cabiapt €0.ofThgotabipet usesds volatip fiuid, Mafbok\Wioxide, as a
or nore can be achieved by conbi nati ons of heat _
eswndanyeretjgewnhit,) iata simiamgicait he dat Sk noRguRal) alfeaVe@Banger (not
| oads of up to 20 IcWeven at the relatively early

ShaAgs) Bing eN@ISURHRA i@ tht moﬁbk%%ﬂﬂf&hqg%us Q“%%ﬁﬁx‘g{*‘s et 66 and

of a second aspect is shown in Figure

et i : Whi al,.so functians..as heat . .. .
SR PO WL SR s g The fwﬁ% dioxide i at a
wal | s62, front and rear doors 64 and shelving (not
BERSHAS of %&S%Fla‘@qa‘? Brwand hes aifloshiswmprrarey ob eppvsiciesdy il 4°C.
the cabi net 60. The cabi net uses a volatile fluid,

carbon di oxide, as a secondary refrigerant, in a
simlar circuit to that shown in Figure 2, a heat

Theldangess haad a PoEwRledOBIHRD i BRRE RO ﬁy@c}rﬁﬁte' tﬂ% glo% gf air through the

doubl e skinned walls of the cabi net. et

MRt G8ePHHHO rs&irfngill s%r%gg .ego%F 'rﬁlgéj ptglgzli% geg(g}ﬁa%aggrb %rl]ay be any

di oxi de. The carbon dioxide is a f
i ) flo enperature o
éo%hﬁpgﬁ);%etbg to%gﬂ_ggsr, bgtr‘ggm,hs %lv?ng, fro\r/1vt gioor}])or rear door of the cabinet.

appr oxi
The cooling capacity is up to 20kW per cabinet 600f the standard size 900mm long x
600mm wide x 1800mm high; for other sizes performance should be pro-ratad up and

down accordingly. The cabinet 60 may include integral distribution pipework.

Figures 7 and 8 show a third aspect of the invention - an air conditioning unit 70, which
provides induction cooling. The unit 70 comprises an air inlet 72, a heat exchanger 74

having an inlet pipe 76 and an outlet pipe 78 and a plurality of induction nozzles 80.

The direction of air flow through the unit is shown in Figure 8 by arrows A. Fresh air is
drawn in through the air inlet 72 and mixes with recirculated air which is drawn in
through a base 84 of the unit 70, through the heat exchanger 74. The fresh air mixes with
the cooled recirculated air in a chamber 86 above the heat exchanger, and is discharged

through the induction nozzles 80.
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The doors 64 have a perforated panel in order to
pronote the flow of air through the cabinet. The

wa@loabloa2sski nned surface contai ning the heat exedEHGH2005/003648

may be any conbi nation of the top, sides, bottom
shel ving, front door, or rear door of the cabinet. The
cooling capacity is up to ZOAV\{ er cabi net 600of the
standard size 900mm | ong x 600nM wi de x 1800rmm hi gh;
for other sizes performnce should be pro-ratad up and
down accordingly. The cabinet 60 may include integra
di stribution pipework. Figures 7 and 8 show a third
damit U incheporateseerrbamdioxide aaiar secombhicy volatilegreftigetant.0,The carbon
whi ch provides induction cooling. The unit 70
cloogidd $€ st an pedskure N bppléxinfitdhe B0 BEE gﬁ@ﬁ@fnng AW | 1B@perature of
an inlet pipe 76 and an outlet pipe 78 and a pluralit
QpprloR kbl aReO0 8%t ' | far 8 ;
: E}; e zqa 00Z%L &5 iBQuctibl %ogiléseﬁe b}g&{}%tg ag ? Ip%e\/%&r%\gf approximately

e unit is shown I n Figur
i I r ' hrough -the air inlet 72 an .
S0 32 dtclnbSuftt ML e ERGRNAR 7 Einbises s fBe P aluminium
%baSﬁ 84 j{ehahe umt 70, through the heat exchanger .

A5 2fempyY SgnCH WeBiny W t WD syBper) cordensationaeretidry” without
air_in a chanber 86 above the heat exchanger, and is
aerstensatigad Thhcoolifte capacityniduptio 30 kMo per wst BO. The uni t
70 incorporates carbon di oxi de as a secondary volatile

refrigerant. The carbon dioxide is at a pressure of
approximately 50 Bar providing a flow tenperature of

TROLAX 70RB! Be hidQed TR eFHdor, &ﬂﬂl%?gﬁrgﬂgéf%ggo%ﬁ gﬂl% floor mounted

operate at "a pressure of approxi

e, xchanger. 74 conpri ses. copper
%Ifhg@(\%glrs Eu%anggg gqr}%?haens?rbar% anla%qulpmen Calinet Fraffic,
A fourth aspect of the invention, a building element 90 is shown in Figures 9 and 10. The
building element 90 is a beam which carries a variety of building services, and is
aesthetically tailored to suit individual buildings. The beam 90 is ceiling mounted using a
uni-strut support 92. Cooling is provided through heat exchangers 94 which circulate air

through a primary air duct 96 and induction nozzles 98 as shown in Figure 10.

The heat exchangers 94 incorporate carbon dioxide as a secondary volatile refrigerant,
using a heat transfer system similar to that shown in Figure 2. The carbon dioxide will be
at a pressure of approximately 50 Bar providing a flow temperature of approximately
14°C.  The chilled beam technology may use a passive, as shown in Figure 10a or an

active variant, as shown in Figures 9 and 10b.
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fins and may be designed to run "wet" with surface
condensation or "dry" w thout condensation. The

w@ombiosegsEapacity is up to 20 kWper unit 70. ACEGBRI05/003648

70 may be nounted in the floor, ceiling, or walls of a
room The floor nounted solution is suitable for
pedestrian and equi pnment cabi traffic. A fourth
aspect of the invention, a bui ding el enent 90 is

own in ures 9 .and 10. The ding elenment. 90 is
B@%%ﬂ%vae%ﬂ% FEleS o GRVPRiiop- 2#‘ tﬁuur}sa$ toghe eriling ard is drawn into
and is aesthetically tailored to suit individual
@i gyougthperfewaied ganels 108 whinly nredentpeids sislengalla. The air passes
uni - strut support 92. Cooling is provided through heat

txoling des Xéharpec M04;iis codlad andkinks, thedIgRudn@ tHer®n¥nuous flow of
air duct 96 and i nduction nozzles 98 as shown in

Kir wr)%% ae e bERE. h%@fcaﬁdéﬁbéﬁ%rp%ss‘éée M&tﬁm%?tt%mmn
S

di oxi a secondary volatile refrigeran using a

gﬁ@ 0161(1@ El t 9Y SE]?A(}II]‘?‘ V{AH':]%. E%eg Cb talﬁgt e';gttvj\:ﬁla)galoae}tes gncfuctlon jets 98

e car on di’oxi e dt

rom di afImNte erature
%ﬁ‘% IéfF ui%f?}‘ {es%cﬂ?ﬂ W PISERFA- téggg éraa\gyumﬁayough a central
use a passive, as shown in Figure 10a or an active
wﬁmnlt% ighes hesmn 9 rpassag ahx@gglg therlttatl tshTgerpé sid/is mixed with air
variant 100 relies on convection. Hot air rises to the
freinl thegrimacy ais doket&6nwhithds tiaevnbkam thivugt dhdyeeich @tad&dThe cooled
panel s 102 which make up its side walls. The air

ASHRS, PromeUad tik NEeRUthAKENINGR! ﬂﬁ“oaphﬁtyc@ioﬂh@‘%@&pvanant is up to
sinks, thus assuring the continuous Tlow of air

h the beam The capacity of the passive sol ution
I's up to 600Wm

The beam 90 may be a multi service beam incorporating other services including, but not
limited to, lighting 108 and lighting control, PA/VA (public address/voice alarm)
speakers 110, PIR (passive infrared) detectors 112, sprinklers 114, plasma screens, and

power cables.

Figure 11 shows a fifth aspect of the invention, a fan cooled air conditioning unit 120.
The unit 120 comprises a heat exchanger 122, a plurality of fans 124, a filter 126, and a
control box 128 all mounted on a housing 130. The unit 120 incorporates carbon dioxide
as a secondary volatile refrigerant, in a heat transfer circuit similar to that shown in Figure
2. The carbon dioxide is at a pressure of approximately 50 Bar providing a flow
temperature of approximately 14°C.  The unit 120 is available as a cooling only or
cooling and electric re-heat option, incorporating an electric heater (not shown). The

capacity is up to 10 kW per unit 120.
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The active variant 90, shown in Figures 9 and 10b
i ncorporates induction jets 98 operating at a pressure

w@P00a/032888 150 Pa static pressure. Air is drawnPCpGB2005/003648

through a central passage 106 in the beam 90, passes

through the heat exchangers 94 and is mixed with air

fromthe primary air duct 96, Y\gi ch is drawn down

through induction jets 98. The'tooled air sinks,

pronoting the flow through of air. The capacity of the

active variant is up to 800 Wm The beam 90 nay be a

multi service beamincorporating other services

iIhe|hedi erphatger 182tis hiade theeh teppek ipipRtvorigadd@ufigium fins and may be
lighting control, PA/VA (public address/voice alarm

slpsighel 1 rid OweVRtH Hatsk ¢endeRfdiRhef ) dgebaMHA Sonddssation. The heat
sprinklers 114, plasna screens, and power cabl es.

%k&%gerlﬁo&lgg’ cBielkd EJ‘th@%ﬁ@QtiﬂZ%Ls El_%?p&sﬂyo? B&B 8151&:’[ & gcargss the heat

cooled air conditioning unit e’ uni

[ xchanger 2, | urali of fans i

RS P o s R e ot Bibnitadn: ae oot ey be enicely

n a housjng 130. The unit 120 incorporates carbon '
g‘ieétkiaéfea‘&gorar@@éﬁﬁtfér gir iEmatthe esppest belger adhe dischardedatir may be
transfer circuit simlar to that shown in Figure 2.
Fupplicds thonghidosted eonrectonsaoptess diffuisa@t. appr oxi mat el y

50 Bar providing a flow tenperature of approxi mately

140C. The unit 120 is available as a cooling only or

cooling and electric re-heat option, incorporating an

loRfd 1% GhEwaLeurthBOLmBOAMENt of BR invention, which comprises two passive
chilled elements 130 132, of the type shown in Figure 10a, but forming a box rather than
an elongate beam and comprising integral fan units. A downflow box 130 is positioned
substantially level with the top of a computer cabinet 134, along one of its sides, and an
upflow box 132 is positioned substantially level with the top of the computer cabinet 134

along the opposite side.

Air from the down-flow box is propelled down by its integral fan, passes through the
computer cabinet and is draw upwards by the integral fan in the upflow box. The upflow
box also absorbs heat from the natural convection currents which develop in the region of
computer equipment. The cooling capacity of the upflow box, operating on air of

approximately 31°C is around 7.5 kW, the cooling capacity of the upflow box, operating

on air of approximately 25°C is around 5 kw.

Any of the above embodiments which show integral fans could, alternatively or

additionally, be connected to computer equipment through a ducted air system.
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capacity is up to 10 kWper unit 120. The heat
exchanger 122 is nmade from copper pipework and

w@bapaiososssn fi ns and rmay be designed to run "wepPCT/GBRGV5/003648

surface condensation or "dry" w thout condensati on.

The heat exchanger process is achieved as the integra

fans 124 push or pull inlet aig)across t he heat

exchanger 122 which is then discharged fromthe unit

120. The inlet air may be entirely fresh air and/or
recirculated air fromthe space bel ow. The discharged

air may be supplied, through ducted connections, on to

Baeh fafureidisclssedinghis eper2ficihiongwhich tertrhiacludesibdicimnt) /or shown
the i nvention, which conprises two passive chilled

&l eredh®inksOndBBe ifforpdittel MRGhS MR bD 1rﬁ'eﬂéﬂd%nﬁ-§3%f bk disclosed

form ng a box rat her than an el ongate beam an

DB I15kiRled RLEGLAl fan units. A downfl ow box 130 is
positioned su stantlally level with the top of a

conmput er cabinet 134, along one of its sides, and an

upfl ow box 132 is positioned substantially level with

éhe top of the conputer cabinet 134 along the opposite
ﬁa&-‘éne% in thig pspepiBicatinmn of [ty eligcts Hfpthe peventignt owlatebyo preferred
its integral fan, passes through the conputer cabinet

embodigentsanf thpwa\redsomybttthmt inete@girdy td all dntbddi@entpfolf ak¢ invention
box. The upfl ow box al so absorbs heat fromthe natural

iimgeeiihiathetlhinhgnt s whi ch devel op in the region of
conmput er equi pnent. The cooling capacity of the upflow
box, operating on air of approximately 3 10C is around
7.5 kW the cooling capacity of the upflow box,

erati.n . . .
PR descrlpgon of the invention with reference to the drawings is by way of example

only.
The text of the abstract filed herewith is repeated here as part of the specification.

Computer cooling equipment for computer equipment comprises: a primary heat transfer
circuit; a secondary heat transfer circuit containing a secondary heat transfer fluid, a
secondary condenser cooled by the primary heat transfer circuit and a secondary
evaporator for cooling the computer equipment; and is characterised in that the secondary
heat transfer fluid is a volatile fluid. The secondary heat transfer fluid may be carbon
dioxide. The cooling system is of particular use in power hungry applications such as
cooling of computer servers, particularly of blade servers as it can produce a heat load
dissipation of up to 100 kW, compared to 10 kW or less using conventional systems.

Heat exchange cabinets, air conditioning systems and building elements using a

secondary heat transfer fluid which is a volatile fluid are also disclosed.



on air of approximtely 250C is around 5 kw. Any of

t he above enbodi nents which show integral fans coul d,
w@bdoensexss vel y or additionally, be connected tPCT/GB2005/003648

conmput er equi pnent through a ducted air system Each

feature disclosed in this specification (which term

i ncl udes the clains) and/or shg(ﬁ/n in the drawi ngs may

be incorporated in the inventi i ndependent |y of

ot her disclosed and/or illustrated features.

Qggggﬂ§nts in this specification of the "objects of

ention"” relate to preferred enbodi nents of the
i nvention, but not necessarily to all enbodi nents of
the invention falling within the clainms. The
description of the invention with reference to the
dr awi fuerppolipy epfiprestepingrisingy. The text of the
abstract filed herewith is repeated here as part of
t he spegrinfidrgAeataransfEocipaiiigl 8Y;00! i ng equi pment f or
conmput er equi pnent conprises: a primary heat transfer

Ci I cUlatsecéhdaBLREH %ﬂsf&eﬁﬁcuplr@@)s&ﬁﬁaiﬁihg %LHSE?@%&) fri:é PR for fluid, a

a secondary heat transfer ui'd, a seconda enser

cecondary yanBdeR YO 0F Tyl G 6, et ieef Bandhor cireuit and a
equi pnent;, and is ch?ég)ctt erised in that the secondary
i\8%a

heat tYSREIECVAPRIAET oy spaling thef qompter Tginseantnetaracterised in
heat transfer fluid may be carbon dioxide. The cooling

syst efiaf thegecqraleny keat wansfis dluidispovedatile Angk y

applications such as

2. Computer cooling equipment according to Claim 1 characterised in that the

secondary circuit is operable to dissipate a heat transfer load of greater than 20

kW.

3. Computer cooling equipment according to Claim 2 characterised in that the
secondary circuit is operable to dissipate a heat transfer load of greater than 30

kW.

4, Computer cooling equipment according to Claim 3 characterised in that the

secondary circuit is operable to dissipate a heat transfer load of greater than 50

kW.

5. Computer cooling equipment according to Claim 4 characterised in that the
secondary circuit is operable to dissipate a heat transfer load of greater than 70

kW.



cool ing of computer servers, particularly of blade
servers as it can produce a heat |oad dissipation of
wW@poobo32B80 kW conmpared to 10 kWor | ess usi ngPCT/GB2005/003648
conventional systens. Heat exchange cabinets, air
condi tioning systens and building elenents using a
secondary heat transfer fluid ichis a volatile
fluid are al so di scl osed. CLAI 1. Conputer cooling
equi pnment conprising: a primary heat transfer circuit
(18); a secondary heat transfer circuit (20)
contai ning a secondary heat transferhfluid, a .
econdary condenser (30) cooled by the primry heat
rans%S’P%/Hi’it?rcﬁﬁqhngniﬂ(%%@go%%d%%%@ﬁ@ or ch@eytefigpd in that the

cooling the conputer equi pnment; characterised in that

t he sé&kcondary\citegiitis pperablede dissipatd 4 beat trapbfat idad dfl guéader than 100
2. Conputer cooling equi pnent according to Caiml
chara&¥erised in that the secondary circuit is

operabl e to dissipate a heat transfer |oad of greater

than 20 kW 3. Conputer cooling equipnment according to
Claim?2 characterised in that the secondary circuit is

per apl di sgl.pate.a heat transfer |oad of greater .
t9 han §8 &’\{7\; r4d.0%§%g‘;a)e lﬁlt%l ;%1651 5 ?Onrsmgq{?l B’%rﬁ’fecgg@gr iy T gvhich the
' [ ' th the
dai mse%ogcrl]egg/ ae%peorriltgs ?38) ri]s pos?t‘ione on any of the sides, the top or the bottom

of a computer cabinet (10) containing computer equipment.

8. Computer cooling equipment according to any preceding claim in which the
secondary evaporator (36) is positioned inside a computer cabinet (10) containing

computer equipment.

9. Computer cooling equipment according to any preceding claim in which the

secondary evaporator (36) is contained in a heat exchange cabinet (12).

10.  Computer cooling equipment according to Claim 9 as dependent on Claim 7 in
which the heat exchange cabinet (12) comprises a shroud positioned at its air inlet
such that incoming air is drawn from an adjacent side of the computer cabinet (10)

to that on which the heat exchange cabinet (12) is disposed.

11. Computer cooling equipment according to Claim 9 as dependent on Claim 7 or

according to Claim 10 in which the heat exchange cabinet comprises a shroud



secondary circuit is operable to dissipate a heat
transfer |oad of greater than 50 kW 5. Conputer
wW@e owbiosagsequi pmrent according to O ai m4 char acP€r/GBe@s/003648
in that the secondary circuit is operable to dissipate
a heat transfer |oad of greater than 70 kW 6. Conputer
cool i ng equi pnent accordi ng to?rCI aim2 characterised
in that the secondary circuit 28 operabl e to dissipate
a heat transfer |oad of greater than 100 kW 7.

Comput.eg..: ' i.prent. accordi.ng to any precedi )

ol a nPE SRR AR BASURTRHN EEDLEUPLets s PR &5 & adent side of
positioned on any. of the sides, the top or the bottom

of a Mm@w&aﬁmﬁwt Aton ek ekl xebnggcabinet is disposed.

equi pnent. 8. Conputer cooling equi pnent according to

any preceding claimin which the secondary evaporator

(36) is positioned inside a conputer cabinet (10)

¢2nt aiCoimpyter eoplingequémuemnecirding to GPEEIIMLPR | NG which the heat
equi pnment according to any preceding claimin which

the segshadgd Yalina E{?%?é&i}%ﬁs%% ﬂlﬁaﬁ&&ﬁaﬁ? §3 o Qircgv@ %%rt through the

exchange cabi net nput er cool i ng “equi pne

accor di L A as dependent on Claim7 in which
t he hggﬁgﬂﬁgﬁg%giﬁ% bi net (12) conprises a shroud

positioned at its air inlet

13. Computer cooling equipment according to any of claims 9 to 12 in which the heat
exchange cabinet (12) comprises a perforated panel (54) sandwiched between the

secondary evaporator (36) and the computer cabinet (10).

14. Computer cooling equipment according to any preceding claim in which the

secondary circuit is operable at up to 25 Bar.

15. Computer cooling equipment according to any of claims 1 to 13 in which the

secondary circuit is operable at up to 50 Bar.

16.  Computer cooling equipment according to any of claims 1 to 13 in which the

secondary circuit is operable at up to 75 Bar.

17. Computer cooling equipment according to any preceding claim in which the
secondary evaporator (36) comprises a heat exchanger constructed of a copper and

aluminium finned coil.



such that incomng air is drawn from an adj acent side

of the conputer cabinet (10) to that on which the heat
we@haseses cabi net (12) is disposed. 11. ConputBCT/GB2005/003648

cool i ng equi prent according to Claim9 as dependent on

Caim7 or according to Claim10 in which the heat

exchange cabi net conprises a sg§oudpositioned at its

air outlet such that outgoing r is expelled to an

adj acent side of the conputer cabinet to that on which

t h i i i . .. { .

e 1 R amye: VB SARMEh: RofEPOSCim 17 B R epil is pressure
in which t h h bi net (12 [

in |cgv%%V?iﬁiBexc ange cabinet (12) conprises a

pl ur al'f ¢88) to draw air through the

conmput er cabinet (10). 13. Conputer cooling equi pnent
according to any of clains 9 to 12 in which the heat

exchange cabi net (12) conprises a perforated panel

(84) Sengwichewlibeteypgmdieacsadindsy yine RRRHEMOElaind6) which the
and the conputer cabinet (10). 14. Conputer cooling

equi peRRdhdayeoastragr Eenpies RIt&ERN BOI1CH AR Bhdi iy
t he secondary cliﬂjrcuit i's operable at up to %%lﬁ&};ﬁﬂls.
Comput er cool i ng equi prent according to any of clains
1to 13 in which the secondary circuit is operable at

to~50 Bar. 16. Conputer. cooling equi pnment according _
a an§°8]#°u€ﬁ|r SP@gle‘k“gg)‘&%ﬂt 0T GRRRUYFTIA9EIPESOb ARRRFIng to any preceding
circuit is ogerable at up to 75 Bar.
claim in which the volatile fluid is carbon dioxide.

21. Computer cooling equipment according to Claim 20 in which the temperature of
the carbon dioxide received at the secondary evaporator is in the region of 0°C to

30°C.

22. Computer cooling equipment according to Claim 21 in which the temperature of
the carbon dioxide received at the secondary evaporator is in the region of 12°C to

16°C.

23. Computer cooling equipment according to Claim 21 in which the temperature of

the carbon dioxide received at the secondary evaporator is substantially 14°C.

24, Computer cooling equipment for a computer server according to any preceding

claim.

25. Computer cooling equipment for a blade server according to any preceding claim.



17. Conputer cooling equipnment according to any
preceding claimin which the secondary evaporator (36)
W@ ovpH03238% a heat exchanger constructed of a cPEPEB2@AL03648
alum nium finned coil.18. Conputer cooling equiprent
according to Claim17 in which the coil is pressure
tested above 100 Bar. 19. Cbnngfr cool i ng equi pnent
according to any preceding cl in which the
secondary evaporator conprises interlaced coils with
dual pi pework. 20. Conmputer cooling equi pnent for
conput er equi pnent according to any preceding claimin
é%ich the volatile fluid is carbon dioxide. 21. )

np ut‘%?eceﬁ‘gal‘}’ h@até@aﬁ‘fgﬁ@muﬂaﬁ% Biednsgmpyterrelngxguipment according
whi ch the tenperature of the carbon di oxi de received
at t héo sescpmickding eaaporator is in the region of 0OCto
300C. 22. Conputer cooling equi pnent according to
Caim2 1 in which the tenperature of the carbon
di oxi de received at the secondary evaporator is in the

gi 0 : .
B or af T RurRAgon Kt s AT BeF PSR Elording to any
car bo Loxi de.received at the secondary evaporator is
substgﬁgfépggﬁfﬂoc. 24. Conputer cooling equi prent for
a conputer server according to any preceding

28. A heat exchange cabinet for use in computer cooling equipment according to any

preceding claim dependent on claim 9.

29. A computer installation comprising computer equipment contained in at least one
computer cabinet and computer cooling equipment according to any preceding

claim.

30. A method of cooling computer equipment comprising:
circulating a fluid through a secondary heat transfer circuit to a heat exchanger
which is disposed adjacent to the computer equipment, characterised in that the

fluid is a volatile fluid.
31. A method according to Claim 30 in which the fluid is carbon dioxide.
32. A housing for computer equipment comprising an outer layer and an inner layer

characterised in that a heat exchanger is disposed between the outer layer and the

inner layer.



claim 25. Conmputer cooling equipnment for a bl ade
server according to any preceding claim26. A

w@emonsasy heat transfer circuit for use in coP@EUGBR00S/003648
cool i ng equi prent according to any preceding claim
27. A secondary evaporator for use in conputer cooling
equi pnent accordi ng to any pre§§ding claim 28. A heat
exchange cabi net for use in conputer cooling equi prment
according to any precedi ng clai mdependent on claim?9.

A . [ ad i ¢ . .
S preneR S echREAPlo Gl 2 SOPBENDE Al ey posgpeing to Claim
and c gputer cool i ng equi prent according to any

precedihg claim 30. A nethod of cooling conmputer

equi pnent conprising: circulating a fluid through a

secondary heat transfer circuit to a heat exchanger

whi ch is di sposed adjacent to the conputer equipnent,

dhar adt keussarhdcorditmto Claam BR wir 3 ihaviagadbpitsides af Botioeh, shelving and
31. A nethod according to Aaim30 in which the fluid

I s caglfednt @k @etr d8or, Bde of el SF RhidhOdonG R WASHuter layer and the inner
equi pment conprising an outer |ayer and an inner ?ayer

charagfgrised in that a heat exchanger is disposed
bet ween the outer |ayer and the

35. A housing according to any of claims 32 to 34 having a cooling capacity of up to

20 kW per 900 mm long per 600 mm wide x 1800 mm high cabinet.

36. A housing according to any of claims 32 to 34 having a cooling capacity of up to

50 kW per 900 mm long per 600 mm wide x 1800 mm high cabinet.

37. A housing according to any of claims 32 to 36 comprising integral distribution

pipework.

38.  An air conditioning unit comprising an air inlet, a heat exchanger, which forms
part of a secondary heat transfer circuit and an air outlet comprising an induction
jet having a plurality of nozzles characterised in that a heat transfer fluid flowing

through the secondary circuit is a volatile fluid.

39.  An air conditioning unit according to Claim 38 characterised in that the volatile

fluid is carbon dioxide.



i nner layer.33. A housing according to O aim 32
conprising a heat exchanger according to Caim27. 34.
wao\20v61033888) according to Caim 32 or 33 havi ng BCT/GB2005/003648

sides a bottom shelving and a front or rear door, one
or nore of which conprise the outer |ayer and the
inner layer. 35. A housing accggding to any of clains
32 to 34 having a cooling capacCity of up to 20 kW per
900 mMm I ong per 600 mm wi de x 1800 mm hi gh cabi net.

. A [ : ' c| 2 to, 34
i g a4 SOiREHA el ARBe Gl B8 o Bpbdng Hyapressure of up
| ong ﬁe% gpo nm wi de x 1800 mm hi gh cabinet. 37. A
housi 8 8 @rding to any of clains 32 to 36 conprising
integral distribution pipewirk. 38. An air
conditioning unit conprising an air inlet, a heat
exchanger, which forns part of a secondary heat
thlans fAer aic cordifioning dnid accarding tit 4t ofadaimsiSitago @Perable at a pressure
i nduction jet having a plurality of nozzles
char acffepits@sBan that a heat transfer fluid flow ng
t hrough the secondary circuit is a volatile fluid. 39.
An air conditioning unit according to C aim 38
characterised in that the volatile fluid is carbon

uni

%’22 |X Im i 'f'lg Fo@ﬁti@%@g gg]jl:[] glccgﬁr&glg 3(? AL B;r- (él%g]%l:so%g itong 1 tcl(l)aractc:rised in that

the temperature of the volatile fluid is in the region of 0 to 30°C, conveniently in

the region of 12 to 16°C, preferably 14°C.

43.  An air conditioning unit according to any of claims 38 to 42 in which the
induction jet operates at a static pressure of in the region of 30 to 200 Pa,

conveniently in the region of 50 to 100 Pa, preferably substantially 80 Pa.

44.  An air conditioning unit according to any of claims 38 to 43 in which the heat

exchanger comprises copper pipework and aluminium fins.

45.  An air conditioning unit according to any of claims 38 to 44 in which the heat

exchanger is operable to run without surface condensation.

46.  An air conditioning unit according to any of claims 38 to 44 in which the heat

exchanger is operable to run with surface condensation.



to 50 Bar. 41. An air conditioning unit according to
any of clains 38 to 40 operable at a pressure of up to

w(Q 200B08288812. An air conditioning unit accordi NBCT/GBagvF/003648

of clainms 38 to 4 1 characterised in that the
tenperature of the volatile fluid is in the region of
0O to 30C, conveniently in the ng on of 12 to 16C,
preferably 140C. 43. An air conditioning unit
according to any of clainms 38 to 42 in which the

igyductA9Rir] Shd@BRIN gtvﬁﬂ &Eoﬁh@]@td ?, dif c?a;iﬁltlé 3 t%f4d in hagffng a cooling

region of 30 to 20 conveni en he reg

50 to %ggc@adf &8585{%‘9|Q¥rd8¢b'8t ant i aI ly 80 Pa. _44 An

air congiltPoning. anit ding to any of clains 38 to

43 in which the heat exchanger conprises copper

pi pework and al um niumfins. 45. An air conditioning

unit according to any of clains 38 to 44 in which the

H8at &MthH r@@gltioglrxgpmn‘a bé¢cerding tamnyiof tebaims A8 foaé@ having a cooling
condensation. 46. An air conditioning unit according

t o anyapdcitgloiupto 38kopd4ed. N Whi ch t he heat exchanger
is operable to run vvitﬁ surface condensation. 47. An

air conditioning unit according to any of clains 38 to
46 in having a cooling capacity of up to 20 kaer jet.

ﬂ? A')\ gg 1<%1ﬁ£ %géré]éarllgl ng %g!ggpaaﬁcg)nléj[ aI(l; air ouale%/ an air duct and a heat

exchanger which forms part of a secondary heat transfer circuit characterised in

that a heat transfer fluid flowing in the heat transfer circuit is a volatile fluid.

50. A building element according to Claim 49 characterised in that the volatile fluid is

carbon dioxide.

51. A building element according to Claim 49 or 50 in which the air outlet comprises

an induction jet.

52. A building element according to any of claims 49 to 51 in which the element is an

elongate beam.

53. A building element according to any of claims 49 to 52 operable at a pressure of

up to 50 Bar.

54. A building element according to any of claims 49 to 53 operable at a pressure of

up to 75 Bar.



capacity of up to 50 kWper jet. 49. A building el enent
conprising an air inlet, an air outlet, an air duct
wapaeasdsemt exchanger which forns part of a sSeRPONGRRONS/003648

heat transfer circuit characterised in that a heat
transfer fluid flowng in the heat transfer circuit is

a volatile fluid. 50. A buildi a? el ement according to
Claim49 characterised in that “the volatile fluid is
carbon dioxide. 51. A building elenent according to
Caim49 or 50 in which the air outlet conprises an

i nduction jet. 52. A building elenent according to any

cl aj . te 5 in ich the .elene is a . .
Pongat Cuiidih Sestert gefhtia iR rE RS HAS A¢ B, gracisrigng in tha the
of claims 49 to 52 operable at a pressure of up to 50
Bar. Sambaagye phtheg odatderdnid isde dhadiegipntad Catoy305E, comientently in the
49 to 53 operable at a pressure of up to 75 Bar.55. A

bui | diregioglb€ M2 RS 16T Rfcdiérabiytiae@ny of clains 49 to 54
characterised in that the tenperature of the volatile

fluid is in the region of 0 to 30C, conveniently in
the region of 12 to 160C, preferably 140C. 56. A

i1din .ement accordj.ng to any of clains 49 to 55
i% . Whil% ﬁuﬁchgg Ieﬁtmﬁag{ p@ﬁrc}lggg to any ofy claims 49 to 55 in which the induction jet
operates at a static pressure of in the region of 30 to 200 Pa, conveniently in the

region of 50 to 100 Pa, preferably substantially 80 Pa.

57. A building element according to any of claims 49 to 56 in which the heat

exchanger comprises copper pipework and aluminium fins.

58. A building element according to any of claims 49 to 57 comprising a housing for
building services such as lighting, lighting control, public address/voice alarm

speakers, passive infrared detectors, sprinklers, plasma screens, power cables etc..

59. A building element according to any of claims 52 to 58 having a capacity of

substantially 600 W/m.

60. A building element according to any of claims 52 to 59 as dependent on claim 51

having a capacity of substantially 800 W/m.



operates at a static pressure of in the region of 30
to 200 Pa, conveniently in the region of 50 to 100 Pa,
wEe@besmis y substantially 80 Pa. 57. A buil di neCEGBR®EN03648
according to any of clainms 49 to 56 in which the heat
exchanger conprises copper pipework and al um ni um
fins. 58. A building el enent ageor ding to any of
claims 49 to 57 conprising a housing for building
services such as lighting, lighting control, public
dr esgf,v.o .ar a ‘ol ' infrared,.
gddr esgf v} %Sncﬁhnglgé zﬁlﬁp&gﬁsﬁgglgﬁsﬁe\ﬁ eXehgng T whish forms part of a

detectors, sprin reens,
el.enent accor

etc.. 59. A buildin i ng any of =

cl ai née%’éldf‘raq?éjf FasH SquitAndcd pRrabty of s skeragterigedsimothat a heat
Wm 60. A bujlding elenent according to any of clains

52 t o 130sfasilgddlovdes threnghthesepoBdary eaviib iy savadatiladutdy

of substantially 800 Wm61. An air conditioning unit
conprising a heat exchanger which fornms part of a

secondary heat transfer circuit, and a plurality of

bans, Ashair 26hdifibmag uhit dbb@Hing Be@think %@%%Eteﬁ%éﬁ 91 that the volatile
flow ng through the secondary circuit is a volatile

f I ul dgufis cAboRidioxgndi tioning unit according to Caim
6 1 chgrggferfsgémﬁﬁﬁthat the volatile fluid is carbon
di oxide. 63. An air conditioning unit according to
Caim6 1 or 62 conprising a heater. 64. An air

ondi tioning unit according to any of clainms 6 1 to 63
%%Jer agp@raqonglt@pgggwt@ccordmg to Claim 61 or 62 comprising a heater.

o

64.  An air conditioning unit according to any of claims 61 to 63 operable at a pressure

of up to 50 Bar.

65.  An air conditioning unit according to any of claims 61 to 64 operable at a pressure
of up to 75 Bar.

66. An air conditioning unit according to any of claims 61 to 65 characterised in that

the temperature of the volatile fluid is in the region of 0 to 30°C, conveniently in

the region of 12 to 16°C, preferably 14°C.

67.  An air conditioning unit according to any of claims 61 to 66 in which the heat

exchanger comprises copper pipework and aluminium fins.

68.  An air conditioning unit according to any of claims 61 to 67 in which the heat

exchanger is operable to run without surface condensation.



of up to 50 Bar. 65. An air conditioning unit

according to any of clains 6 1 to 64 operable at a
wWpe@soseses of up to 75 Bar. 66. An air conditi oPCTIGBAVEN03648

according to any of clainms 6 1 to 65 characterised in

that the tenperature of the volatile fluidis in the

region of 0 to 3Q0C, conveni enggy in the region of 12

to 16C, preferably 14C. 67. An~air conditioning unit

according to any of clains 6 1 to 66 in which the heat

exchanger conprises copper pipework and al um ni um

fins. 68. An air conditioning unit according to any of

cl@aims, 6 1 to 67 in which the heat exchanger is .

oép?er alfM HCGHiOREn Mt 2cSFIAE dO @BRPE RIS G 197 mnwhich the heat

air condjtioning unit according to any of clains 6 1

to 67 §Xehangeeis oppbledarum withantface Gondersetiabl e to run

wi th surface condensation. 70. An air conditioning

unit according to any of clains 6 1 to 69 in having a

cooling capacity of up to 10 kW 71. An air

Gondi tA®Bir@ndifibhind GRA QL A™irleOoaRY dffcl%\x/l\?'@’;to %gglﬁ;}%tvél% a cooling

having a cooling capacity of up to 25
cool i ny [ tantially as hereinbefore
descri gg%qgr?gqggééﬁg% i n the acconpanyi ng draw ngs.

71.  An air conditioning unit according to any of claims 61 to 70 having a cooling
capacity of up to 25 kW.
72. Computer cooling equipment substantially as hereinbefore described and as shown

in the accompanying drawings.

73. A secondary heat transfer circuit substantially as hereinbefore described and as

shown in the accompanying drawings.

74. A secondary evaporator substantially as hereinbefore described and as shown in

Figures 3 to 5.

75. A heat exchange cabinet substantially as hereinbefore described and as shown in

Figures 3 to 5.

76. A computer installation substantially as hereinbefore described and as shown in

the accompanying drawings.



73. A secondary heat transfer circuit substantially as
her ei nbef ore descri bed and as shown in the
w@ewonpRss/i ng drawi ngs. 74. A secondary evaporBCDGB2005/003648

substantially as herei nbefore described and as shown
in Figures 3 to 5. 75. A heat exchange cabi net
substantially as herei nbefore ?Pscribed and as shown
in Figures 3 to 5. 76. A conputer installation
substantially as herei nbefore described and as shown
in the acconpanying drawi ngs.77. A nethod of cooling
conput er equi pnent substantially as herei nbefore

SCri 8.0 A housing substantially as hereinbefore )
JTser ol oSt RGARb! SiosthaRhy g tergipbetore described.
conditioning unit substantially as hereinbefore
descri bed and as shown in Figures 8 and 9. 80. A
3gildin el ement substantially as hereinbefore

scr bBersiteisubstaghidishas rereinbeforsdeserilsedchntilas sBdwnAf Figures 6 and
air conditioning unit substantially as hereinbefore
descri’bed and as shown in Figure 12.

79.  An air conditioning unit substantially as hereinbefore described and as shown in

Figures 8 and 9.

80. A building element substantially as hereinbefore described and as shown in

Figures 10 and 11.

81.  An air conditioning unit substantially as hereinbefore described and as shown in

Figure 12.



