WO 2004/ 049774 PCT/ EP2003/011231 DESCRI PTI1 O
N METHOD AND APPRATUS FOR COMBI NED AIR AND LI QUI D
wWELbMNG7TOF STACKED ELECTRONI C MO DULES Fl ELCeEFERIdB3/011231
I NVENTI ON The present invention relates in general to
systenms and nethods for cooling rack-nounted
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rack-nount ed conputer server units. BACKGROUND OF THE
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processor performance. This trend poses a cooling
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cool high power nodules and to limt the tenperature
of the air that is exhausted into the conputer
center. In many | arge server applications, processors
along with their associated electronics (e.g. nenory,

FIELDIGR THEVESVENDI®N, etc.) are packaged in renovable
drawer configurations stacked within a rack or frame.
In other cases, the electronics may be in fixed
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Increased air flow rates are needed to effectively cool high
power modules and to limit the temperature of the air that is

exhausted into the computer center.

In many large server applications, processors along with their
associated electronics (e.g. memory, disk drives, power, etc.)
are packaged in removable drawer configurations stacked within
a rack or frame. In other cases, the electronics may be in
fixed locations within the rack or frame. Typically, the
components are cooled by air moving in parallel air flow
paths, usually front-to-back, impelled by one or more air
moving devices (e.g., fans or blowers). In some cases it may
be possible to handle increased power dissipation within a
single drawer by providing greater air flow, through the use
of a more powerful air moving device or by increasing the
rotational speed (i.e. RPM) of an existing air moving device.
However, this approach is becoming unmanageable at the frame
level in the context of the computer installation (i.e. data

center). The sensible heat load carried by the air exiting



the frame will eventually exceed the ability of the
roomair conditioning to effectively handle the | oad.
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Recently, there has been an attempt to address some of the
defects noted above by combining the air cooling approach with
an alr-to-water heat exchanger fixed within the server
cabinet below the frame electronics. An example of such a
system is Sanmina’s EcoBay™ 442. The present invention builds

upon prior approaches in ways that will become apparent below.

For the foregoing reasons, therefore, there is a need in the
art for an improved and self-contained mechanism for cooling
rack-mounted modular electronic units. Objects of the present
invention include providing such a mechanism, while
addressing, for example, the acoustic and EMC constraints

noted above.
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i nvention described here, which provides an air/liquid
wheat/osempval encl osure system with el ect r omagP€t/ER20a3101231

acoustic noise control capability for electronic

equi pnent, is an inprovenent over prior art systens.

The invention utilizes anenclosure schene wthin

whi ch a stack or stacks of electronic drawers are

packaged. Air is circulated within the enclosure to
sumMER®l the electronics and is passed across one or nore

air-to-liquid finned-tube heat exchanger(s) (nounted

to the side of the electronics in a first enbodi nment,
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electromagnetic radiation from within the cabinet.

In one embodiment, the apparatus is described with a
side-mounted air-to-liquid heat exchanger. In a second
embodiment, the heat exchanger is in front of and/or behind
the electronics and the air circulation is top to bottom, with
a connecting duct in the bottom, a converging air flow supply
plenum being formed in the front cover, a diverging air flow
return plenum being formed in the back cover, with one or more
optional air moving devices being located in the plenums; in a
variant of the second embodiment, a connecting duct is in the
top, with converging supply and diverging return air flow
plenums; in yet another variant, connecting ducts are in both
top and bottom and supply and return air flow plenums are
doubly convergent and doubly divergent, respectively.

Finally, a mechanism is described for automatically opening



pl enuns; in yet another variant, connecting ducts are
in both top and bottom and supply and return air fl ow
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BRIEPVMBEJUR To0ne dr I8 mow@nid onal air-cooled frane
with electronics in renovable drawers; Figure 2 is a

cross sectional top view of a horizontal closed |oop
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togetdu nettharfhsiek okifeeteaanddsniagrs stherecSedong best

be urfiPAH RN Pfrd A - HESEY the following description taken

in connection with the accompanying drawings in which:

Figure 1 is a conventional air-cooled frame with electronics

in removable drawers;

Figure 2 is a cross sectional top view of a horizontal closed
loop air flow heat removal system for electronics frame with
side mounted cooling frame (water connections to the heat

exchanger not shown);
Figure 3 is an exploded view of Figure 2;

Figures 4a, 4b, and 4c are more detailed views of the side

mounting chilled air sub-frame;

Figure 5a is a cross-section side view of a cabinet and stack
of electronics drawers in a second embodiment of the present

invention;



i nvention; WO 2004/ 049774 PCT/ EP2003/011231 - 5

Figure 5b is a cross-section side view of a cabinet
wapnah4mteEck of electronics drawers in a vari antCDEP100&011231

second enbodi nent of the present invention; Figure 6

iIs atop view of a cabinet wwth front and back covers

open; Figure 7 is a rear Cr0ss-section view showing a

nmonolithic air-to-liquid heat exchanger; Figure 8a is

a front cross-section view show ng a bank of
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an isonetric view where the bank of individu

al
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of tihengeskenti DurenOibdbs; a cabinet configuration with a
duct placed on top of the cabinet for air flow froma
return duct to a supply duct; Figure 10 is a cabi net
Figurend i purattamn wéh dfichscpbimwed aithofhont ogndnback covers
bottom of the cabinet for air flow froma return duct
to a supply duct; Figure 1la is a top cross-section
view of a closed-loop air/liquid heat renoval
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open

Figure 9 is a cabinet configuration with a duct placed on top
of the cabinet for air flow from a return duct to a supply

duct;

Figure 10 is a cabinet configuration with ducts placed at both
top and bottom of the cabinet for air flow from a return duct

to a supply duct;

Figure lla is a top cross-section view of a closed-loop
air/liquid heat removal enclosure system with vent panels

open for the second embodiment;

Figure 1lb is a side cross-section view of a closed-loop
air/liquid heat removal enclosure system with vent panels

open for the second embodiment;

Figure 1l2a is a top view of a door with multiple automatically

opening vent covers;



openi ng door vent covers frominside a frame, |ooking
outward; Figure 13b is a view from above the door
woreamham7sars of Figure 13a; Figure 13c is an erdBEER®A3/011231
cross-section of the gasket seal between the vent
covers and door surface; Figure 13d is a top
cross-section view of the gent cover |atch assenbly;
Figure 13e is an enlarged front view of the |atch
pl unger engaged in the cover latch; Figure 14a is a
Figurd 0Sfs SieCtd analy tioronyiaye ofnd Nge fof sd Fremodi 1T@ati Mgt h
an_approach to handling the over-tenperature
outwakshdi4h Gh 01 o ed! Tt TP ¥¢ ra E Wafolf ORFRARY glfeet covers;
14b is an enl argenent of the retaining nenber.
. DETAI LED DE | PTI QF THE. I NVENTI ON As. shown .in
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fan or blower 11) provides the forced air flow 15
needed to cool the electronic conponents 12 within
Figunehd 3dr dverd dV3.ewCdolomigbove tlak elpdm mawiougisnheof Figure
13a; | ouvered covers 14 in the front of the frane and
exhausted out of the | ouvered covers 16 in the back
of the frame. A first enbodi nent of the present
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- [ f. .the e | ¢S f.r. sl e [
Figurd BB e fr PE R R A Oy eae i, YR Hheen
assemyilys- nount ed heat exchanger is not readily :
suscepti ble to accidental damage due to water | eakag
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Figuries 136t 18xe8n§8daremss fiant fiemt aft the datsdmidiunwer
engagell ifklee keads heswn;han

Figure l1l4a is a cross-sectional top view of the first
embodiment with an approach to handling the over-temperature

condition tailored to the first embodiment; and

Figure 14b is an enlargement of the retaining member.

DETAILED DESCRIPTION OF THE INVENTION

As shown in Figure 1, in rack-mounted configurations typical
in the prior art, a plurality of air moving devices (e.g. fan
or blower 11) provides the forced air flow 15 needed to cool
the electronic components 12 within the drawer 13. Cool air-
is taken in through the louvered covers 14 in the front of the
frame and exhausted out of the louvered covers 16 in the back

of the frame.

A first embodiment of the present invention uses the principle
of closed air circulation heat removal and introduces an air

flow configuration coupled with the placement of the heat



nine feet fromthe floor as there is a safety
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wo bew4pop7of the frame to the sprinkler head. -pSi/ER2003/011231
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- The positioning of the heat exchanger allows for
large dimensions with an associatedly large heat

removal capability.

Figure 2 shows a cross-sectional top view of the embodiment
under discussion. In this embodiment, the path for the closed
loop air flow 1101 is horizontal in nature in that it passes
from side to side. Specifically, air chilled by the heat
exchanger 21 located in the side mounted chilled air sub-frame
1102 is directed to the front of the electronics frame 10
within the front cover 31. Heat dissipated by the electronics
12 is transferred to the air as it passes through the
electronics frame. The air 1s redirected into the side
mounted chilled air sub-frame 1102 by the back cover 32 thus
completing the closed loop air flow. Air moving devices 25

may be added within the side-mounted chilled air sub-frame



el ectronics frame. To enphasize the nature of the
side-nounted chilled air sub-franme, an expl oded top
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that both the back 32 and front covers 31, as well as
the chilled air sub-frame 1102, nmay be shi pped
separately and assenbled-t@8 the electronics frame in
the field. And finally, Figures 4a, 4b, and 4c.
further illustrate the chilled air sub-frame
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- 9 noted that a converging cross-section profile is
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side the electronics frame.

In accordance with a second embodiment of the present
invention, a cross-sectional side view of the cabinet and
stack of electronic drawers is shown in Figures 5a and 5b. As
shown in Figure 5a, air-to-liquid heat exchangers 21 to remove
heat from the closed loop air cooling stream are provided
across the front (entrance) and/or back (exit) of the stack of
electronics drawers. A closed air flow loop is created by the
supply plenum 22, electronics drawers 13, return plenum 23,
and the connecting duct 24 at the bottom of the cabinet.
Although not shown, electrical cables may penetrate the
connecting duct to provide signal I/O and electrical power
from outside the cabinet. As shown in Figure S5b, auxiliary
fans or blowers 25 may be provided at the inlet and exit of
the supply and return air plenums, respectively, to increase
the total system air flow and overcome any additional pressure

drops incurred due to flow through the plenums. It will be
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in the computer space the cabinet's outer walls are to be made
of a continuous sheet of metal (e.g sheet metal ) or a
composite/laminate structure containing a continuous sheet of
metal. The metal sheet is to cover nearly all if not all the
surface area associated with the cabinet walls. Additionally,
the sheet metal is to be electrically grounded. In addition,
electrically conductive gasket or tape should be used when the
enclosure cabinet is attached onto the electronics frame to
reduce EMC leaks through the interface. This has been a

standard process to install EMC-related covers for computing

equipment.

Figure 6 provides a top view of the cabinet with the front
door 31 swung fully open and the rear door 32 partially open
to demonstrate how maintenance would be performed on the

computer system. An electronics drawer 13 is also shown



- 10 partially open extending outward fromthe stack
of electronics drawers. Note that under this
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can continue to operate because nothing has been done

to interrupt the air flow through said drawers.
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is do&ek§gtkhat when a particular electronics drawer has to be
pulled or removed from the electronics frame only the heat
exchanger associated with the corresponding electronics drawer
has to be repositioned. In both figures 7 and 8a, air moving
devices 25 are shown at the bottom of the air flow duct
spanning the width of the duct. Additionally, sound absorbing
material 28 can be seen lining both side walls and the top and

bottom of the cabinet.

Figures 9 and 10 show variants of the second embodiments of
the invention. Figure 9 shows a cabinet configuration with
the connecting path or duct 24 for air flow from the return
duct to supply duct placed at the top of the cabinet. Figure
10 shows a cabinet with air flow connecting ducts 24 at both
top and bottom of the cabinet. In this configuration
essentially one-half of the total flow occurs through the top
half of the cabinet and the other one-half through the bottom



top and bottom of the cabinet. In this configuration
essentially one-half of the total flow occurs through
wo b@4egr74 hal f of the cabinet and the ot her oneethabioo3/011231

t hrough t he bottom WO 2004/ 049774 PCT/ EP2003/ 011231 -

11 of the cabinet. Although the ducts will occupy

more cabinet space, this gpnfiguration will provide

the nmost uniform distribution of air flow across the
stack of electronics drawers. It nay be noted that in
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heat from the electronics until the air temperature entering
the electronics drawers becomes so high as to necessitate a
shutdown of power. Of course, this course of action is highly
unacceptable from the customer viewpoint as it directly

impacts the conduct of business whatever it may be.

The refinement described below provides a mechanism for
automatically opening vent panels in the covers to allow room
air to pass through the electronic drawers in the event of a
loss of water-cooling and still allow the computer to continue
to operate without an excessive temperature build—up. Figures
lla and 11b show an approach to this refinement tailored to
the second embodiment of the present invention which approach
is likewise usable in the first embodiment. Figure 14 shows
an approach tailored to the first embodiment of the present
invention. As can be readily appreciated, this approach is

also usable in the second embodiment. Both approaches avoid



to operate wi thout an excessive tenperature build-up.
Figures iia and Iib show an approach to this
wo edosneTent tailored to the second enbodi nentpof/EPive3/011231
present invention which approach is |ikew se usable
in the first enbodi nment. Figure 14 shows an approach
tailored to the first enbogk nent of the present
i nvention. As can be readily appreciated, this
approach is also usable in the second enbodi nent.
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1 swW ngi ng the entire door open, so reducing
ais ?rﬁ?i&?on into the aisle space. Figure Ila shows the
top and Figure |lib shows the side cross-section views
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is provid the perineter of the cover
panel on the side facing the door. Wen the panel is

Unde£|9566h1 tHSeB£@ nd Sconditions, the vent panels are closed
flush against the doors allowing air to circulate within the
system enclosure. Figure 12a shows a top view, and Figure 12b
shows a front view (looking from within the system enclosure)
of a door with the vent panels. A soft rubber gasket seal 91
is provided around the perimeter of the cover panel on the
side facing the door. When the panel is closed, the seal is
of a sufficient quality to prevent ingress or egress of air
through the cutouts in the door. Either a greater or lesser
number of vent covers 81 and cutouts in the door than those
shown may be employed. The front view shows the position of
door latches 92 to keep the vent cover shut under normal
operating conditions and the actuation cables 93 and solenoid
94 employed to open the latch mechanism(s) in the event of a

circulating air flow over temperature condition.

The mechanisms for locking and opening the vent panels are

shown in more detail in Figures 13a, 13b, 13c, 13d, and 13e.



of a sufficient quality to prevent ingress or egress
of air through the cutouts in the door. Either a
w@e@anes77or | esser nunber of vent covers 81 apdI/EP2003/011231

cutouts in the door than those shown may be enpl oyed.
The front view shows the position of door |atches 92

to keep the vent cover shujisunder nornal operating
conditions and the actuation cables 93 and sol enoi d

94 enpl oyed to open the latch nechanisn(s) in the
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dlamqﬂqnmﬁytqﬁnﬁpn cable 93 is attached to a rod projecting
from the end of each plunger. The cable from each plunger goes
over a plastic roller wheel 107 down to a common bar (111,
Figure 1l3a) near the bottom of the door. A single main cable
109 from the common bar connects to a solenoid 108 located
closer to the bottom of the door. In the event a circulating
air flow over-temperature is detected, the solenoid is
electrically actuated pulling down on the main cable and the
common bar. Each individual cable moves downward by the same
amount causing each latch plunger to withdraw from its vent
cover latch. The vent covers are thereby allowed to spring
open causing the system enclosure flow configuration to switch
from the normal recirculating closed flow pattern to the
emergency open flow-through mode. The cooling proviaed by the
heat exchanger could fail in several ways. The chilled water
supplied to the heat exchanger could fail. The heat exchanger

supply line could plug due to excessive fouling. Finally, the



over a plastic roller wheel 107 down to a common bar

(111, Figure 13a) near the bottom of the door. A
wenghe7mmi n cable 109 fromthe conmon bar coPtEEP®OL/@11231

a solenoid 108 | ocated closer to the bottom of the

door. In the event a circulating air flow

over-tenperature is detectegd,-the solenoid is

el ectrically actuated pulling down on the nmain cable

and the comon bar. Each individual cable noves
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tenperature sensor |ocated upstreamfromthe air
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over- tempe ature due to the loss of water-cooling in terms of

either unacceptably low water flow rates or excessive cooling
water temperatures or a loss of the auxiliary fans or blowers.
As was described for Figure 13, two solenoid actuated latches
would have been activated to allow the vent panels to swing
open. In Figure l4a, the doors 31 and 32 have automatically
swung outward allowing room air to pass through the rack(s).
A retaining member 43 (chain, flexible rod, or the like)
prevents the door from opening completely and blocking an
aisle -- as shown more particularly in Figure 14b. Air is
sucked through each electronics drawer by the fan blower 11
residing within the drawer, thereby providing cooling to the
electronic components within the drawer. The hot exhaust air
is blown out into the room. Note that the front and rear
doors 31 and 32 are preferably hinged on opposite sides as

shown in Figure 14a. Because of this, hot air exhausted out
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nodi fications and changes therein may be effected by
those skilled in the art. Accordingly, it is intended
whyoothe77appended clains to cover all such PCT/EP2003/011231
nodi fications and changes as fall within the true
spirit and scope of the invention. WO 2004/ 049774
PCT/ EP2003/ 011231 - 16 -Qd Al MS 1. A conbi ned
air/liquid apparatus for cooling rack-nounted
el ectroni c equi pnent, conprising: a) a rack unit
conprising a pluralitg of argn¥v8bl e drawer wunits each
containing an electronic unit, each renovable unit
havi ng an air-noving device for directing air through
the drawer unit; b) a cabinet conpletely encasing the
rack unit, the cabi et conpri si two_sides
B L R AR R R SR kel e TR S
elecﬁﬁﬁﬂldtequmpmmnsmumgm@pfmlm@ reveal the front of the
drawer units, and a back cover coupled to one of the
sides so that it can be swing open to reveal the back
af athecHremét gainpsisand 8)panralityoofi gelmdvadde drawer
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t he renpva rawer units at an oblique angle to the
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oblique angle to the removable drawer units, whereby a closed
air flow loop is created by the drawer units, back cover, side
of the removable drawer units having the air-to-liquid heat

exchanger mounted therein, and front cover.

2. The apparatus of claim 1 further comprising an auxiliary
air moving device mounted in the side of the removable drawer

units having the air-to-liguid heat exchanger mounted therein.

3. The apparatus of claim 2 in which the front cover
comprises a plurality of vent panels and an automatic latch

mechanism having an over-temperature condition trigger.

4. The apparatus of claim 2 in which the back cover comprises
a plurality of vent panels and an automatic latch mechanism

having an over-temperature condition trigger.

5. The apparatus of claim 1 in which the cabinet further

comprises sound-absorbing filler material.



havi ng an over-tenperature condition trigger. 5. The
apparatus of claim1l in which the cabinet further
W@ opniges sound- absorbing filler material. WPCT/EP2003/011231
2004/ 049774 PCT/ EP2003/011231 - 17 6. The apparatus
of claim1 in which the front and back covers are
hi nged on opposite sides-and which covers are allowed
to open by an automatic |atch nechani sm havi ng an
over-tenperature condition trigger. 7. A conbined
6. Bhe/apppratwncd Dsetladppar abushioh tbel Engnt and back
rack unted e ectronl q n C | SLLAG..-Q)
covet SR T T o R A S ur AF Ry e PEZEL EPRes2) o
allouedtsoeamh1dmmt@mnaugoaatetetatohlmeghaniS@abhving an

Overrggagg@gghrgr 1Hfbﬁ Qﬁy@ggran ai r-novi ng device for

directing alr roug drawer unit; b) a cabinet
conpl etely encaS|ng the rack unit, the cabi net

7. KOBBhbSEW 41, Bidesa anbobtes aBphERBLSCEYEr c68uphad
to one of the sides so that it can be swung open to

raCkr%@%%Feqrﬁ;e??Eﬁﬁlﬁfegﬁépﬁ?ﬁﬁercﬂﬁPféSlﬁﬂd a back
govar reeupligdtt ao@@el@flngt he psiuded 139 tolrfatrenntoxxaaﬁebeirawer

o reveal o) dra r ni t
unicf A SRR o e Bo P e Do cORELT het'ButBye
drawéorumat shppliyg ahm ainmmpVengndeﬂlthefbrodurecbveg,aér

throu b UL adfa dé]pv\(ngi pumin the back cover, and a
Anect i ng duct ereby a closed air rom1Ioop is

bﬂ eat eabbpett RETBAESR)YpEBsaMLNGr ARer TEAK $Nittet (FOF

cabiRbENLHANs CaNNeeh | 89geduch; LaPEoR) énfﬂbhtt@obbgubgupled
heat exchanger nmounted wthin the cabinet.

to onPRf athR HFIRT aFtn TRk i €A e %WH?OOP?HUFG ﬁsz?al the
fronexﬁhaﬂ@£ﬁﬂﬂ@w@@umﬁﬁdsWA&ﬂﬁnatheckr@ﬁVeﬁoueﬁple theone of

t f_cl 8 in which th h
cne EPRELANSQL ol LIS 18 HDLED, L85 °Le HE L lenBab ot

the érawentmits, the two covers and the bottom belng
constructed to form a supply air flow plenum in the front
cover, a return air flow plenum in the back cover, and a
connecting duct, whereby a closed air flow loop is created by
the supply plenum, drawer units, return plenum and connecting
duct; and

¢) an air-to-liquid heat exchanger mounted within the

cabinet.

8. The apparatus of claim 7 in which the air-to-liquid heat

exchanger is mounted within the front cover.

9. The apparatus of claim 8 in which the air-to-liquid heat
exchanger comprises a plurality of individually hinged

elements.

10. The apparatus of claim 7 in which the air-to-liquid heat

exchanger is mounted within the back cover.



10. The apparatus of claim7 in which the
air-to-liquid heat exchanger is nounted within the
whatmk/oeover . WO 2004/ 049774 PCT/ EP2003/ 011231 PeT/EB2003/011231

11. The apparatus of claim 10 in which the

air-to-liquid heat exchanger conprises a plurality of

i ndividually hinged el enentss.- 12. The apparat us of

claim7 in which one air-to-liquid heat exchanger is

mounted within the front cover, and one air-to-liquid
11. Meatagpehangerof scTount 20l v thhich hehdaskr eovel iquid. heat

The apparatus of claim7. further c¢o [ Sq I.nke
exchafif s [T RS2y G Thvt O8 Rouee T a T he” sibprgaarpenents.
flow plenum and an exit auxiliary air-noving device

unted i e prs 1l eopun 5 4. « Ibe; quid heat
12. ?S}J%raﬁpuasxn%%b%l%# réfgg{}?]a&m}%h%%frontacovte% Fiqui _.ea
exchaygger i isegncurpted avi tlyinfthenfrephetevend 2 aeRomat i c

- d AL l;eu nEeehani san havih all; ON &t SAPRL @k 1 ec k@NBhEk OBover .
air %C?I ag r 15. The appaér]%]%us of crllai m 10 in which the
back cover conprises a plurality of vent panels and

13. B HpEid s |t cdnaiRchanhsthdavidigpeising an inlet
.over-tenperature %Oﬂ.dltl on trigger. .16. Thelapgara%fgw
auxilgrany fih ARt SRV He BOMERTi Ty WigtSTRP LY nPthe
plenlio} tamg drhesssiypphiyx sl tafy owd preswimdadeai convengtag in the
cuSt 0SS, Sﬁcot“i’ orhelg&q the return air-flow pl enum has a
retuni &gty " ¢ oss-section. 17. The apparatus of claim
16 in which the cabinet further conprises

_gpﬁg! i fi ry 18 Theoppasatys of
14 @féajun% I n ‘%1?%?1 (lf‘iréeﬁgomlgt‘%’%?%u%eigﬁoi n the,t op,
compiires it Y ea b1 EY f preRuP#Rel e TenR @igematic lateh

mech& 058 BN PMan ahfe t Nearhed £k udd rcdh@It Pbenurifasra
di verging cross- section. 19. The apparatus of claim

.7 in which connecting ducts are |located in both the
15. torhandbgrtdtong @fdclaimhleh botwhidle tlseppiykandver

return aiy-f I r I onye nd 1atch
comprfit h YRR SE T s dnd AW U SEGR2ELE 1ace
mechanism having an over-temperature condition trigger.

16. The apparatus of claim 7 in which the connecting duct is
in the bottom, the supply air-flow plenum has a converging

cross-section, and the return air-flow plenum has a diverging

cross-section.

17. The apparatus of claim 16 in which the cabinet further

comprises sound-absorbing filler material.

18. The apparatus of claim 7 in which the connecting duct is
in the top, the supply air-flow plenum has a converging
cross-section, and the return air-flow plenum has a diverging

cross- section.

19. The apparatus of claim 7 in which connecting ducts are
located in both the top and bottom, and in which both the
supply and return air-flow plenums are doubly convergent and

doubly divergent respectively.



WD 2004/ 049774 PCT/ EP2003/ 011231 - 19 20. A nethod

of constructing an encl osed air/water cooled rack
wouabed7el ect roni cs apparatus conpri sing: a) PCDEPDOIIQI1231

a pre-existing, in-place rack unit conprising a

plurality of renovabl e drawer units each containing

an electronic unit, each_regoyvable unit having an

ai r-nmoving device for directing air through the drawer

unit; b) conpletely encasing the rack unit within a

20. Cabifethodtde @&bétf‘ﬁlc@?ﬂ@r I Qﬂcié&\@eéi des/wachet E8BlLed
a front_cover coupled to one of the sides so that it
rack daounted \ RiRF ORI ¢S 2PRIBAFUE heOTPERTIY  t he dr awer

dni bgovaning Bapkecexectreaynl ed-placeneaek thetsi des

sp t hat |tl carﬁtbéa s\/\%n]gl ogenbio (ﬁeveal t he Sback of
COmMPY LG At T AT ESY Sl BARAY #R15- FF T D WehtS ekehlinger
contaimiricecamid ot tdrei cabhhef eacloneesodsbbé thet having an

—§m¥bc}13,1 ' an. obl n%}ll I c

arr Iﬁerﬁ)vggb egle regﬁér uni %%?t%\/\%egrsle}gy“é. ci%se %i (trig?wgygv HRLE

bbopoineletely eendysine thaweacknunst whilekn coveabirede
the @Jbltr{& r&?@:@%ﬁi%ag{jr%rsilﬁgg,s ahébvdiﬂgm{,h% front cover

alr-to-11qui e exchanger nmounted therein, an
coupX¥edrto cneerf the sides so that it can be swung open to
reveal the front of the drawer units, and a back cover coupled
to one of the sides so that it can be swung open to reveal the
back of the drawer units, and an air-to-liquid heat exchanger
mounted within the cabinet on one side of the removable drawer
units at an oblique angle to the removable drawer units,
whereby a closed air flow loop is created by the drawer units,

back cover, side of the removable drawer units having the

air-to-liquid heat exchanger mounted therein, and front cover.



