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INTEGRATED BUILDING BASED AIR HANDLER FOR SERVER FARM COOQLING
SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

001 The presant application s a contibuation w part {C1P} and claims prionty to LS.
Patent Apphication No. 12/500,520 filed Juby & 2009 cotstled, INTEGRATED BUILDING
BASED AIR HANDLER FOR SERVER FARM COOLING SYSTEM, of which s

incorporated herein by reference in ite entirety.

TECHNICAL FIELD

002 The present disclosure relates generally to coolmyg systems,

BACKGROUND

BT The rapid growth of Imtornet services such as Web omail, Web search, Web site
hosting, and Web video sharing s creating wncreasingly high demand for computing and
storage power from servers in data centers. While the performance of servers is improving,
the power consumption of servers is also nsing despite efforts in low power deaign of
megrated circuits,  For oxample, one of the mest widely usedd server processors, AMD’s
Opteron processor, vuns at up o 95 watts. Intel’s Noon server processor rums at between
110 and 165 watts, Processors are only part of & server, however, other pans in a sorver
such as storage devices consume addibional power.

D004 Servers are tepically placed in racks in a data center. There are a vanety of physieal
configrrations for vacks, A typcal rack configeration incledes mounting rails w0 which
multiple units of equipment, such ay server blades, are mowded and stacked vertically
within the mek. One of the most widely wsed 19-inch ek & a standardized sestom for
mounting, equipment such as JU or 2U sorvers. One rack snit on this type of mok typically
1 173 inches high and 19 inches wide. A rck-mounted unit that can be installed i oue
rack unit is commonly designated as a 1U server. 1o data conters, & standard raok 18 usually
densely pepulated with servers, storage deviees, swiiches, andior telecommumications

cquipmentd. One or more cooling fans may be mounted Intemally withun a rack-mounted
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pnit to cool the unit.  In some data conters, fanless rack~-moontod wits are gsed O increase
density and o reduce Roise.

0005 Rack-mounted wnits may comprise servers, storage dovices, and commustoation
devices. Most rack-moented units have relatively wide ranges of tolerable operating
teraperature and hamidity requarements. For oxawple, the system operating wmperature
sange of ihe Hewlett-Packard (FIP) ProLumt DL363 3 Quad-Core Optoron processor
server models s betwaen 30°F and 95°F! the svstom operating rumidiy range for the same
models is between [0% and 90% relative luonidity,  The system operating temporature
range of the NetApp FASS000 seddes filers is betwoen SO°F and 103°F; the svstem operating
humidity range for the same models is between 20% and 80% relative humidity. There are
many places around the globe such @s parts of the northeast and northwest region of the
Linited States where nataral cool air may be seitable o cool  sorvers such as the HP
ProLiasnt servers andd the NetApp filers during cortain periods of 3 vear,

0006 The power consumption of a rack densely stacked with servers poswered by Opteron
ar Xeon processors may be between 7,000 and 15,000 watts, As & sesolt, sorver racks can
produce very concentrated heat loads. The heat dissipated by the servers in the racks is
oxhaysted to the data center rom,  The heat coflectively generated by densely populated
racks can have an adverse effect on the performance and rcliability of the cquipment
instalied in the mcks, since they rely on the surrounding @y for cooling.  Accordingly,
heating. ventilation, alr conditioning (HVAQC) systems are often an unportaint part of the
design of an efficient duta center,

G007 A tvpical data center consumes 0 to 40 megawatts of power. The magonty of
cnerey consumption is divided between the operation of servers and HVAC systems.
HVAC systems have been estimated 1 account for between 25 to ) per cent of power use
in dats centers. For a data center that consumes 40 megawatts of power, the HAVC svstems
may consume 10 to 16 moegawaits of power. Sigaificant cost savings can be achieved by
utilizing efficient cocling svatems and methods that reduce energy use. For example,
reducing the power consumption of HVAC svstoms from 23 percant to 10 percent of power
used i data cenlers transiates to @ savings of & megawatts of power which s caough fo
power thousands of residential bomes, The percentage of power used to cool the servers in
a data comer is referred to as the cost-to-cool officiency for a data center. Improving the
cost-to-cool efficiency for a data center is one of the important goals of officient data center
design, For exasuple, for a 40 megawatt data center, the monthiv clectyiony cost is about

§1.46 million assuming 730 hours of operation por month and B3.05 por kilowatt hour,
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Lmproving the cost ool efficiency from 25% to H% wanslats o & saving of $219,000
per month or §2.63 milhon 3 vear.

008 I a data center room, sorver acks are typioally fadd out in rows with altornating
cold and hot arsles between them.  All soevers ar installed it the racks fo achieve a font-
to-back airflove pattern that draws conditioned air i from the cold rows, located i fromt of
the rack. and cjects heat out throngh the hot rows behind the meks, A raised foor room
design is commonly used o accommadate as underfloor air disteibution system, whare
cooled wr s supplicd through vents in the raised floor along the cold aisles.

00T A factor in efficient cooling of data center is 1o manage the atr flow and cireulation
inside @ data cemter.  Computer Room A Conditioners {CRAC) wnits supply cold air
through floor ties nchuding vents botween the racks, In addition to servers, CRALC ooty
consume significant amounts of power as well. One CRAC wnit may have wp 1o fhyse 3
horsepower motors and up to 1530 CRAT waits way be needed 1o cool a dain conter. The
CRAC wnits collectively consume stgnificant amounts of power in a data conior. For
exaniple, i a dats comter room with hot and cold row configuration, kot air fronx the hot
rows 15 moved ont of the hot row and sirculaied o the CRAC uniis. The CRAC units cool
the arr. Fans powsred by the motors of the CRAC uwaits supphy the cooled air 10 an
underfloor plenum defined by the mised sub-tloor. The presswre oreated by driving the
cooled anr o the underfloor plenum drives the cooted alr wpwardly frough vents i the
subflnor, supphving # fo the cold aisles where the server racks are facing, To achicve a
sufficient air flow rate, hundreds of powsrful CRAC untts mav be mnstalled throughout a

typical data conter room. However, since CRAC units are genorally fustalled at the comers

of the data cemter room. their ability to efficiently increage aly flow mile i negatively
impacted.  The cost of bulding a raised floor generaliy s high and the coofing offictency
generally 1s jow due to inefficiont adr movement mside the data contor room.  In addiion,
the location of the floor vemts sequiss carcful planning throvghout e design and
capstruction of the data center to provent short circuiting of suppihv air. Removing tles to

fx hot spats can cause problems throughout the svstem.
SUMMARY
HIOHE The prosent weaching refates o cooling svstems.

DOLL In one example, an air handler butlding stractore iy disclosed, which ncludes a

floor, a plurality of lateral walls, a roof, and a plusality of openings.
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The lateral walls include a lower and an upper lateral walls opposing to each other having different respective
heights determined in accordance with a ratio. The roof has a pitch consistent with the ratio associated with the
lower and upper lateral walls, The plurality of openings are located on the roof and the lower and upper lateral
walls, that enable air within the buiiding structure to rise and exit the building structure via natural convection.
In addition, a first dimension along a first direction

defincd between the lower and upper lateral walls relative o 2 socond dimension along a

second dircetion perponcheular to the first direction is such thar the building structue

provides aceess fo outside paterad aly via one or moTe openirgs on the lower leteral wall,

D o another cxample, 8 server coobng svstern s disclosed. which mchudes a frst

space defined by a floor, one or more lnteral walls, and a ceiling, having & plomakite of

servers mstatled therein, and second space defined by the coiling and a roof. One or more

openings are focated on at feast one of the coiling, the roof, and at least one of the one or

more fateral walls. The server cooling svsterm adso inncludes an v mler conpled with a first

tatzral veall and eperable to allow outside natural awr to entor, one or more aiv-handling unie

coupled with the air inlet to draw the outside natured alr and © provide awr o the fivst space,

and an air outlet coupled with a second Rferal wall and sperable 1o aliow air in the second

space to ex1t The server cooling svstem further incindes a controt svstem configured o

control the one or more air-handling units fo operate in one of a plurality of modes that is determined based on
temperatures measured within and outside of the first space,

D013 In stall another sxample. a server cooling system s disclosed, which includes a firgt

space defined by a floor, a plurality of lateral walls including a lower and an upper lateral walis opposing o
cach other having different respective heights, and a ceifing, and a second space defined by the ceiling and a
sloped roof constructed in accordance with a pitch. A plurality of openings are located on the roof, the ceiling,
and the lower and upper lateral wa.‘ﬂé, that enable outside natural air to enfer the first space and air in the
second

space W oxit by oatural convection.  The server codling system also inchudes an interior

space side the st space, thal s sebstantialiy enclosed and engaging the ceiling, and a

rack engaging the mterior space in a substantially sealed mamuer and having a plurality of
rack-miotmted servers moanied thereon, Respestive front faces of the mok-momted sorvers

imerfocs with the first space respoctive back faces of the mclemounicd servers interface

with the mnferior space.  Bach rack-mownted server moludss one or more fans insalied

therein operable to draw atr from the first spree through us front face and sxpel heated afr

the mtenor space through its back face,

HI014E In ver another example, an air handler bullding strcture w disclozed, which includes

2 floor, a plurality of lateral walls, a roof portion, a protruding portion, and a plurality of
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openings located on the roof portion, at least one of the lateral walls, and the protruding poriion. The roof
portion has opposing sides, each having a pitch. The protruding portion extends above the roof portion. The
piurality of openings enable outside natural air to enter through one or more openings on at least one of the
laieral walls via natural convection and exit through one or more openings on the roof portion and the
protruding portion.

D5 The following detailed description together with the accompanving drawings will

provide a better understanding of the natwre aad advantages of various embodinents of the

present mvenaon.

DESCRIPTION OF THE DRAWINGS

D016 FIG | 18 a diageam showing an exemplary server cooling system:

0T FIG. 2 18 2 disgram showisg an osumple server cooling system wherein the servey
cooling systenry comprises an athic space,

LTS8 FIG. 3 15 & diagram showing an sxample server cooling svstem wherem air 18 vo-
circelated mside the example server conlmyg systeny;

00 FIG. 4 s disgram showing an example sorver cooling svstem with a hot row
snclosure znd 2 cold row enclosase:

BN FIG 5 s 2 diagram showing an example server cooling svstem with 2 hot row
enclosure and a cold row enclosure whewin ar is re-cnmudated wnside the & server cooling
systorm!

OO0 FIG, 6 15 o diagram showing an example server conling sysiom with @ smgle-dloped
oot

00220 FIG T us & diagram showing 2 top view of an example sereer cooling svstem with a

=~

single-stoped roof

0230 FHE 8 {s a dingram showing ap evample sorver cooling ‘svatom with a pabie roof
D4 FIG. 9 is o dingram showang an examaple server cooling sr;ygr.amﬁ "Gt an air FIRVEL
chamber:

0

FFIGS, 10A and 10B are diagrams showing an example air handler building strocture:
028 FIG. 1 s & diagram showing an example server cooling sesten:

L7 FIGL 12 18 0 diagran: showing asofier exampie server conling svatem:
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28] F1G, 13 illestraies a cross-section of an other exanple of an air bandler building

structure; and
20T FIGL 14 dhustrates & cross section of vet asother exemplary air handler building

struciure,

DESCRIPTION OF EXAMPLE EMBODIMENT(S)

0300 The following example crmbodiments and their aspects are deoscribed and Hiustrated
th conpunction with apparatuses, methods, and svstems which are meant to be ilustrative
examples, not miting n scops.

091 FIG. T ilustrates an oxample server cooling system comprising laterad walls 180, 2
Boor 102, a voof 114, an enclosue 106, and a server rack HE8. The lareral walls 100, the
floor G2 and the roof 104 define an inside space 118, Floor 102 mav or mav not be 2
smsed sub-floor. There may be vabved openings 116 on the roof 104 and valved openings
Eh4 on the heteral walls 100, The valved openings may be connected 0 g conuol svstem
which is operable to selectively open or close cach vatved opening. The enclosare 106 may
have a frame, panels, doors, and server rack ports, A server rack port is an opening in the
enclosare 106 that can be connccted to one or more server racks 108, The enclosure 106
may be made of & varety of materials such as steel composite materials, or catbon
materials that create a housing defining s Intenor space 116 hat v substantially soaled
from the inside space 118, The enclosure 106 comprises at least one server rack port that
allows ong or more rack-mounted units instatled in the server tack 1O to interface with the
micnoe: space 116, Iy one wmplementation, the a server rack pont is an opening configured to
substangially conforn to the outer contours of, and accommodate, a server rack 108, One or
more edges of the server rack port may mclude a gasket or other component that contacts
the server mack 10X and forms o substantially sealed interface. The server mack 108 may be
removably connected to the encloswre 106 through the server rack port in g suhatastiaily
sealed maaner. In some ombodiments, one or more rack-mounted units are mstalled W the
server rack 108 such that respective front faces of the rack-mounted units interface with the
wside space 115, and that respective back faces of the rack-moonted anits hnterface with te
interior space 116 defined by the enclosure 106, An example rack-mounted unit may be g
server blade, data storage array or other functional device. A front-to-back air flow through
the rack~moured wts mstalled in the senver rack 108 draws cooling alr from the inside

space 118 and expels Boated @y to the intertor space 116
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G092 The enclosure 106 may be connccted to valved openings 10 on the roof 104
through a comnector 1312 on a top side of the enclosure.  In some embodiments, the
conneetor {12 way be made of nwtal ducts.  In other embodiments. the coaneetor 112 may
be made of soft and flenible materials so that the encloswre may be removebly conncefed o
the vabved openings 110 In some cmbodiments, the enclosure 106 may be mounted divectly
e the floor 12, In other ombodimests. the enclosere 106 mav have wheels on the bottom
side and may be easily moved around i 3 data conder.

95 In some ombodiments, the server rack 108 may be sparsely populated with servers
and other equipniont.  Since servers and otber cquipment are stacked vertically within the
rack, the scarcity may create open gaps to the interior space 116, Air may feak from the
interior gpace 116 through the open gaps. To provent amr leakape. the gaps may be blocked
by panels mowsted 1o the server rack 108 that prevent alr from escaping and enlering the
enclossre 106 through the gaps.

0034 In some embodiments, one or more ait kandiing wnits 122 may daw extemal cool
air mto the inside space 8 The cool sir enters the server covling svsiem Unough valved
operings 114 on the tateral walls 100, One or more fans draw the cool air from the inside
space 118 through the front faees of the one or more rack-mounted vty and expel heated
air through the back faces of the one or more rack-mounted units to the mierior space 116
The heated air passes through the connector 12 and leaves the interior space 116 through
the vadved openings 110 on the roof 110 In soms amsbodbments, the cooling Fans mounnted
internalty within the mek-mousted units stalled in the rack 108 draw the cool ai from the
inside space 118 and expel heated air to the hntenor space 116 no addonal air handling
units, In one implementavion, are need o cool the rack-mouented wnits.  In ofber
smbodiments where fandess mck-mounted urts are mstalled in the rack 18, one or more
fans may be installed on one side of the rack 108 to draw aur through the rack-mounted units
from the mside space 118 to the interior space 116 1o vool the rack-mounted vnits instatted
i the mek 108,

0550 In some embodiments, there may be valved openings 120 on the enclosure 116, A
control systemn is operably comnecied to the valved openisgs 120, the valved openings 110
on the roof 104, and the valved openings 174 on the Iaferal walls 100, The contro] svstent i
operable to selestively actvate cach of the valved openings based on temperatures absenvad
within and outside the inside space 118 to achiove one or more desired air flows, When the
air externgl to the insde space I8 is not surtable © be wiroduced to the mside space 118,

the copiral sysiem closes the valved openings 116 and T, and opens up the valved
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openings 120. To cool air in the inside space 118, one or more cooling units may be ased.
s some smbodiments, the cooling eaifs may be evaporative cookers which are devices that
cool air through the simple evaporation of water.  Compared with refrigermtion or
absorption afr conditioning, evaporative cooling may be more energy efficient. Cooling atr
i drawn from the inside space 118 through the rack-mounted onits and heated air 18
espeHed to the nuerior space 116 defined by the enclosure 196 Heated ar inside the
enclosure 104 is exhausted to the inside space 118 through the valved openings 128, In
some embodimoents, one or more fans may be wed o eshaost the heated abr out of the
enctosare Hi6,

HXXI6] In other cmbodiments, obe or more covling units may b used white external air s
introduced to the nyide space L8, The control system may open the valved openings 110,
{14, and 120 simuliancously. Evaposative cooling units may be ased in close proximity 10
the valved openings 114 so thar the oxternal air mayv be cooted while being intradused 1o the
mside space 118,

D037 In vet other ombodimeuts, the control systerm may open the valved opeaings 110,
and close valved openings 114 and 120 when the difference in emperature bobween the
outstde and the insider space roaches certain configurable theeshold walues.  In other
cwtbodiments, the control svstem may close valved openings YL and opes up valved
openings 114 and 128, To cool the air i the mside space 120, one or miore evaporative
cooling units may be placed in the inside space 124 to provide cooling.

G038 In some embodiments, the roof 104 comprises a single-sloped roof which may be
easy to manufactine mnd install. In other erbodiments, other types of roof configurations,
such as & gable roof, may be ased. The lateral walls 100, the floor 162, and the roof 1
mav be pro-mamsfactesed it a factory and assembled on the constryction sHe where a data
center is to be built. Pro-manufactorsd waits may stpmficantdy reduce the cost to bulld o
data conter, One of the cost advantages of the mieprated budding based air handler for
server farm cooling sysiem is the convenionce and low cost of pre-manudachne parts of the
svstem and the case of mstallation of pro-mamidactured parts i a data center.

L0097 In some embodiments, the intograted boilding based sir hasdler for serves farm
cooting svstem ilhestrared i FIG. 1 obviates the need for rased subfloors, CRAC snits and
water chillers. A large number of pacts of the cooling svystem may be pre-manefactured and
pasily assembled. Natoral cool air mav be used to cool the servers, Coobing fans inctafied
artemally withia the servers may provide the needed air Bow 10 draw coobing air to cool the

servers; CRAC wnits and raised subfloors may no longer be nesded. Efficient evaporative
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coolers may replace the water chillers which are costly 1o install and oporate. Overadl, de
cooling systems described herein may dgnficanty reduce the construction cost, and
clectnoity power and water usage, of server freon deplovments.

D04l FIG. 2 iflustrates another example server cooling system compnsmg lateral walls
200, o floor 202, a roof 204, an enclosure 206, a server rack 208, and a cotling 218 The
example cooling svstem i FHL. 2 1s similar o that in FIG. T except that the ceiling 216 and
the roul 204 defime an attic space 220, The lateral seally 200, the floor 202 and the coiling
210 define s jaside space 218, One or more valved openings 222 me coupled w the cetling
210, There mayv be valved openings 224 on the roof 24 and valved opomngs 214 on e
lateral walls 200 The enclosure 206 is operably connected to the attic space 220 through a
conncetor 212,

{H 1 To some embodiments, one of more s handbing anits 226 wmay draw extomal cool
air indo the inside space 218, One or more Bns draw the cool air From the inside space 218
through the from faces of the tne or more rack-mounted undls installod i the rack 208 and
axpel beated ay through the back faces of the rwck~woonted units to the intervor space 216,
The heated aly passes through the connector 212 and eoters the ami space 220, In some
etbodiments, the cooling fans mounted internally within the mele-mounted wnits instalied
in the rack 208 draw the cooling air to the Infenor space 216 and no additional air handlig
naits are needed.  In other embodiments where fandess rack-moanted vty are instglled in
the rack 208, one or more fans mayv be instatlod on one side of the rack 208 to deaw air from
the mside space to the intorior space 216 to cool the mek-mounted unitzy mnstalied in the
server rack 208, Heated s rises 1o the attic space 220 and ix exhausted out of the cooling
systom through the valved openbigs 224

042 FIG. 3 illustrates another example server coolimy system comprising lateral wallz
300, a floor 303, a roof 304, an onclosure 306, a server rack 308, and a coibing 210, The
bateral walls 300, the Boor 302 and the ceiling 316 define an inside space 318, The roof 304
and the ceiting 310 define an aftic space 330, One or more valved openings 322 are coupled
to the cetling 310, There may be valved opoaings 324 os the roof 304 and valved oponings
314 on the lateral walls 360, The enclosure 306 is operably connccted w the atic space
320 through o connector 312, The example cooling svstem i FIG. 3 is similar to that in
F¥G. 2 oxcept that ecternal wir may not be introduced mio the inside space 318 and that
heated air iy the attic space 33{), at some points o tme, may not be exhausied o the ontstde
of the example sereer cooling system: wither, the beated atr may be mixed into the insde

space 318 as necded o maintain a desired operating femperature.
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0047 In one embodiment, the valved openings 322, 324, and 314 are conngcted 0 @
control svstens which is operable to selectively activate each of the valved opemngs based
ey tomperateres observed within and outside the nside space 318, Whoen the oxtemal airis
not suitable 1o be ntroduced to the inside space 318, the control system closes the valved
openings 314 and 524, and opens up the valved openings 322, To cool air in the mside
gpace 318, one or mote cooling wits may be used. In some embodiments, the cooling units
may be evaporative coplers, Cooling air is drawn from the inside space 318 dough the
rack-mounted units and the heated air ks expelled o the interor spece 316 defined by the
enctosare 366, Heated air inside the onclosure 306 is exhausted to the attic space 320
through the connector 312 and we-circulated to the inside space 318 through the valved
openings 322 coupled to the ceiling 3110, In some embodiments, one or more fans may be
nsed to exhaosst the heated air oat of the caclosay 306 o the attic space 320 anddor 1o-

circulate at least some of the heated air to the inside spase 318,

L

In other embodiments, one or more cooling wnets mav be used while the extomal alr
ts introduced to the toside space 318, The conwol system may open the valved openmgs
314, 322, and 324 sumuhiancousty or af selected fmes mdividually.  Bvaporative cooling
umits may be used 1o close proxisuity to the valved openings 314 so that extersal ar may be
cocled while belng mivoduced to the inside space 318,

H045] In vel other embodiments. the control svstem may open up the valved openings 314
and 322, and closs the valved openings 324, Bvapormtive cooling anits may be used in
cloge proxumity 1o the valved opeaings 314 mdfor the valved opomings 322 0 provide
cfficiem coohng in the inside space 318 In other embodiments, the control svstem may
close valved openings 314, and open up valved openings 322 and 324, in one cmbodiment,
the control system may close valved openmgs 314 and 322, and open up the valved
aponings 324, The controf svstom moniors the temperatures withio the inside space 318,
within the attde space 320 and the temperature ouiside. When the difference among the
thres observed tempoeratures reaches one or more configurable threshold vales, the countral
system may selectively open up or close sach valved opening.

040 FRG. 4 dlustmates another example server cooling svstem comprising latesal walls
400, o floor 402, a roof 404, a hot row enclosure 406, a server rack 408, a oold row
enciosare 410, and a cotling 424 The exampie cooling svstem in FIG. 4 18 stmilar 1o that ia
FIG. 3 except that one or more cold row encloswres are used to provide efficient coobng of

servers nstabled mrn the rack 468,
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H0AY The Tateral walls 400, the floor 402 and the ceiling 424 define an inside space 418,
The ceiling 424 and the roof’ 404 define an athe space 420, In some embodiments, one of
moere valved openings 424 may be coupled to the catling 424, In some ather embodiments,
the hot roww enclozure 406 comprises at foast one server rack port that allows one or mare
sack-monnted wnits to wierface with & hot vow mfenor space 416, The cold row eaclosure
4143 also comprises at feast one server rack port that allows one or more rack-moumted unis
to wrterfice with a cold row ntenior space 422, The server rack 408 mav be removably
commected wr the hot row cnclosore 406 twough the server rack port in w substargially scaled
manner. The server rack M8 may alse be removably connesied to the cold row enclomne
414 twough the scrver rack port . a substannaily sealed mamner. o some embodiments,
the rack-mounted anits are mstalled i the server rack 408 such that respoctive froat faces of
the rack-mounted wiits nterface with the cold ow nterior space 422, and that regpective
back faces of the rack-mounted units interfaoe with the hot row interior space 418, In some
embodiments, the hot row enclosure 406 may be operably connccted to the attic space 420
through a connector 412, In some other eobodiments, the cold row encloswe may
comprise a fan wait 430 to draw arr from the cold row iatertor space 422 through the fron
faces of the rack~-mounted onits installed io the rack $0% 10 coot the rack-mounted vnity; the
heated air is cjected to the hot row interior space 416 through the back faces of the rack-
monnted s,

H¥348! In some embodiments, one or more air handling wnity 432 may draw extemal cool
air into the nside space 418, The cool mir enters the server cooling svstem through valved
openings 414 on the lateral walls 400, The one or more fans 430 draw the cool abr from the
inside space 418 1o the cold row mitzrior space 422 through oue or more openings on (e
cold row enclosare 4180, 1n some embodinents, cach cold row enclosere 410 mayv be
operably connscted to the valved openings 414 so that the external cool air may be drawn o
the cold row infertor space 422, In some other embodiments, the cooling fans mounted
tnternally within the rack-moumtcd units deaw the cool air from the cold ronw interior space
422, The cool air flows through the fromt faces of the one or maore rack-mowmsted unis
instatied in the rack 408 and expel heated ay throagh the back faces of the one or more
rack-movnted amits 1o hot row ndenor space 416, The heated air passes through te
gonnector 412 and saters the attle spaoe 4200 In some emwbodiments, the heated air inside
the attic space 426 may be exhagsted out of the cooling svstem trough the valved oponings
428,
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00491 In some cmbodiments where fanless rack-mounded units are instalied in the rack
408, one or more fans may be mstalled on one side of e rack 408 o draw air from the
inside space 418 fo the inferior space 416 to cool the rack-mounted units instalied o the
rack 408. In other embodiments, the one or more fans 422 may provide the needed power
for the cool air fo flow from the cold row inferior space 422 to (e hot row tenior space
4186.

00508 FIG. 3 llestrates anothur example server cooling svstom comprising lateral walls
A0, a floor 302, a roof 304, a hot row enclosure 308, a server ek 30K, 3 cold row
enctosure 310, and a ceiling 524 The tateral walls 300, the floor 307 and the cetling 524
define an mside space 318, The colfing 5324 and the voof 304 define an attic space 320, The
example cooling svetem in FIG 3 ig sinmilar to that in FIG. 4 eoucept that exiemal air may
not be introduced mito the inside space 518 and that heated abr in the attic space 320 moay not
be exhmmsted 10 the outside of the example server cooling svston.

031 In some embodinests. one or more vabved opeaings 326 may be conpled 1o the
ceiling 324, The wvelved openings 314, 328, and 326 are operably connected (o o control
svstern which 15 operable to selectively activate each of the valved openings based on
toraperatures observed within and ouiside the mside space 318 andfor the attic space 320,
When the extomal air is not suitable o be introduced 1o the inside space 318, the control
system closes the valved opentogs 314 and 328, and opens ap the valwed openings 526 To
coot air in the inside space 313, one or more cooling upnits 332 may be wed. In some
embodiments. the cooling unity 532 may be evaporative coolers. Cooling air is drawn from
the inside space 518 o the cold row intenior space 322, In some embodiments, one or more
fans 530 may be used to draw cooling air inte the cold row enclosre 510, The cooling air
is drawn from the cold row wnterior space 312 through the rack-mounted vnits mstatied o
the ek 308! the heated air is expelled to the hot row miterior space 516 defined by the
guclose 506, Heated afv enters the attic space 320 through the comnector 312 and 15 re-
circulated to the mside space 518 through the valved openings 326 cowpled o the ceiling
324, In some embodiments, one or more fany may be used o exhaust the heated e out of
the enclostre 306 o the attic space 53¢ and re-circulated to the side space 318

L0027 FIG. ¢ dlustrates a throe dimensional view of ap oxample server cooling syskem
comprising lateral walls 800, a floor 602, a roof 604, an enclosure 806, & server rack 608,
and a cetfing 610, The lateral walls 600, the floor 602 and the ceiling 610 define an mswde
space 618, The ool 604 and the cotling 610 define an aitic space 620, The enclosure 606

defines an integor space 616, Ong or mwore valved openines 627 are coupled to the ceiling

—
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010, There wayv be vabved openings 624 on the roof 6k and valved openings 614 on the
futoral wally 604U, The enclosure 806 13 operably connected to the attic space $20 (hrough 2
gonneetor 612, In some embodiments, one or more mek-moumted undis are installed n the
rack 608 such that rospective front faees of the rack-mounted units intorface with the inside
space 618, and that respective back faces of the rack-mounted unils mtorface with the
interior space 616, In some embodiments, extemal cool air mav be drawn into the mside
space 618 through valved openings 614, The cool air may be drawn Hrom the inside space
A8 by cooling fans mounted wtemally within the rack-mounted units installed i the ek
(08 the heated adr is gjected inte the torior space 616 and enters the atiic space 620
through the connegtor 612, I other cmbodiments where fmless rack-mounted units are
installed in the rack 608, one or more fans may be used fo draw cooling air from the inside
space 61¥ to the interior space 616, In some embodiments. the air handling wnits 626 may
be used o dimw external cool air to the inside space 618 through valved oponings 614, The
valved openings 614, 624, and 622 are operably connected 1o 8 control svstemy which is
operable o selectvely activate cach of the valved openings based on temperatures observed
within and outside the wmside space 618 andfor the attic space 620, When the extomal air is
not suitable to be inroduced 1o the mside space 518, the conteol svsiom closes the valved
openings 614 and 624, and opens up the valved opemings 6220 To cool afr in the mside
space 618, one or more cooling units may be wsed. Iy some embodiments. the cooling units
may be evaporative coolers. The cooled air is drawn from the nside space 618 through the
rack-mounted units and installed in the ok 608; the heated air 12 expelled to the interior
space 616, Heated apr enders the attic space 620 through the connecior 612 and s re-
circulated to the mside space 618 through the valved openings 822 coupled o the coiling
610, In some embodiments, one or more fans may be used to exhaust the heated aw out of
the enclosure 666 to the attic space 620 and ro-cirenlate the air to the mside space 618,

0053 FIG 7 dlustees a top view of an example cooling svstem. The lateral walls 700
and a coiling or roof define an instde space 718, An enclosure 706 defines an imerior space
716, The enclosure may be connecied 1o one or more racks TR n & substantially sealed
manner. One or more rack-mounted wolts each comprising one or more cooling fans we
installed in the rack 708, Ong or more valved openings 714 on the lateral walls 700 allow
outside cool air to enter the inside space 718, The coof air &2 drawn from the inside space
by the cooling fans mounted imtemalby within the mack-mounted anits mstalled m the server
racks, and the hested aw s ojected o the mitedor space 7160 by some embodumests, one oy

more air handling upits 726 may draw oxomal coal ar to the inside space 718 In one
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crbodirment, the cooling system moeasares 60 foet wide, 255 feut long, and 16 feot high
Four enclosures are mstalled 1in the cooling system. Eight sacks are connected to vach
enclosare on each side i a substantially scaled manner. Each rack commprises 16 1L
servers. The lateral walls, the ceiling, the root) and the enclosures may be pro-manufactured
and instalied on the construction site of the data center, Comparing with other date center
designs, the example coolhig system may casier to nstall and more efficient to operate.
054 FIG. ¥ Hostrates apother example server cooling svstem comprising lateral walls
800, a floor 802, a roof 804, an enclosurs 806, a server vack 808, and a coiling 810, The
fateral walls 304, the floor 802 and the ceiling §10 define s inside space 818, The roof 804
and the cotling 810 deline an attic space 820, Oae or more vabved oponings 822 are coupled
to the ceibing 810, There may be valved openings 824 on the toof 804 and valved openings
814 on the lateral walls 800, The example server cooling svstem in FIG. 8 is similar to the
one i FIG. 2 except that 2 gable roof 804 iy used invtead of a single-sloped roof 204, A
gabled roof may provide better adr circulation w the attis space 818, However, the cost of
butlding a gable roof may be Ingher than that of building a single-stoped roof.

0055; FIG. @ illustmtes another sxample server cooling sysieny comprising fateral walls
G060, a floor 902, a roof 904, an coclosure 906, a sorver rack P08, a ceilmg 14, and outside
walls 830, The example server cooling svstem i FIG. ¥ s similar to the one in FIG, 8
except that the roof 904, the Hoor 802, the lateral walls 900, and the oulside walls 930
defing a mixing space Y28, The lateral walls 500, the flogr 902 and the ceiling 910 define
an muide space ¥18, The roof 904 and the ceiling 910 define an attic space 920, In some
cmbediments, cutside cool air may be drawn into the mixing space 928 through valved
opemings Y14 on the cutside walls 934, The cool air is draw to the Ingside space 918 by one
or more air handling units 926 coupled to the laterat walls 900, One or more rack-mounted
umis cach comprising a coolng fan are mstalled m the rack %68, The cooling fans mounted
iternatly within the rack-mosnted units dravw cooling air from the ingide space 918 throash
the rack-mounted anits and gject heated air o the interior space 916, The heated air enters
the attic gpace Y20 through one or more comnecion 917 which operably coanert the interior
space 916 to the atiic space 920, In some embodiments, the heated alr in the attic space 420
s exhausted f0 the ouiside through one or wore valved openings 924, In other
smbodimernts, the heated air 1s drawn to the mixing space 928 through one or more valved
openings 922 and 15 mixed with the outside cool mir. I vet other cmbodiments, the valved
openings 414, 922 and 924 mav be opewmblv connected to a contrel svstem which s

operable to selectively activate cach valved openings. When the external air is not seizable
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to be introduced 1o the mside space 918, the control svstesn closes vabved openings Y14 and
924 and opens valved openings ¥22. Heated wir 1 the attic space 920 s re~circulated (o the
mixing space Y928 and 13 wclbrculated to the inside space 918, In other embodiments, the
control svstem moniors the temperafime @ the nside space 918, the attic space 924, the
mixing space 928, and the emperature ovtside. When the differcoce i temper among the
observed temperatures reaches one or mose threshold walues or other dvnamic or
predoterminged fevels. the control system may selectively open or close cach valved opening.
To cool the air in the nside space, one or more coohng wnits may be used.  In some
cmbodiments, the cooling wnits are installed within the saxing space 928, In ofher
embodments, the cooling units are mstalied within the inside space 918, In one
embodiment, the cooling unity are evaporative coolers,

HROG; FIGS. 10A and 108 iHustrate an oxample of an aiv bandler building structure 1000,
axchading a floor HIG2, a plaradity of fatoral walls 1004, and a roof 10058, In thiz example,
the building structure 1000 may be pro-manufactaced in a factory and assembled on the
construction site where a data center s 0 be built. As describe before, pre-mamuofactured
units mayv significantly reduce the cost of the building smcture 1000, One of the cost
advantages of the ait handler building structure 1006 for 8 servor cosling systom is the
convenience and fow cost of pre-manufachire pans of the syeten snd the case of metadlation
of pre-manefactured parts 1 » dats center. The matesial of the building structyre 1000
tchudes, but ix not Himited fo. steel. composite material, carbon maierial, or anv other
suifable matenal.

0057 The Hoor 1002 in this example is a von-rmsed floor, winch has 3 relative fow initial
comstruction: cost compared with a raised floor. B s undorstood that radsed floor may be
partiatty or completely used in the botlding stnwehme 1000 i other examples. The pluralite
of Tateral walls 1004 include » lower lateral wall 10043 and an uppor lateral wall 10045
opposing to each other having different respective helghts dotermined in accordance with a
ratio. As shown in FHG. 0B, which iz the top-view of the building strecture 1600, the
phurabity of lateral walls 1004 nmway also mehude two other lateral walls 1004w, 104
substantialiy perpondicular to the lower and wpper lateral walls 1004, 1004-b. The roof
FOOE may be constructed in aceordance with a pitch congistent with the ratio associated with
the lower and upper fateral walls 1004-a. 1004-b, In other words, the roof 1006 is & sfoped
roof with a prtch of Lrx, where x is substantially larger than one, so that snow butlds up and
malts on the roof 1006, with the heat from the inferior of the butlding stractare 1000

accelerates the snow-nwelting process, In one example, x cquals to 6 (2.g., the pitch mayv be
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242y, I this example, the roof 1006 is 3 single~sloped reof {also known as 3 shed roofy. It
is understood that, in other examples, such ag in FYGS. 8 and 9, the roof 1006 may be a
gable roof ot any other surtable type of soot

058! One or more openings 1008, such as valved opermings, may be located on different
parts of the building structure 1000, such as on one or move Iateral walls 1004 and the roof
1006, In this example. the lower faeral wall 1004-3 has one or mors openings H-a
through which outside sataral aiv may onter the butiding strecture 1000, In one example,
the ower laterad wall 1004w may be substantially louvered 1o facilitate the owside natoral
air te enter the building structure 1000 In as example, the apper fateral wall 1004-h mav
have one or more oponings 0080 theough which air in the butlding structure 10046 cam exit,
in one example, a portion of the upper fateral wall 1004-b that is above the haight of the
lower lateral wall 1004-2 may be substamtially ouvered to sllow air to oxit the building
gtructure 100G, Optionally, the roof 10066 may alse wclude one ar more openings 10%-c
through which air in the building structore 106 can ot It i understood that, although
FiG 10A shows opemings 10085, HIOB-¢ on both the epper Iateral wall 1004-h and the voof
1006, this configuration mav not be necessary iy other oxarples.  As long as there are
apenings above the height of the openings H}8-a on the lower lateral wall 1004-3, wir in the
building structure 1000 can exit the budlding structure FOOD via nameal convection,

DY Refornng now to FIG 108, a fisst dimension L1 along & first direction 15 defined
between the lower and upper lateral walls 1004-a, 1004-b, and a secomd dimension L2 along
a second dircetion is defined perpendicular to the first direction, i this exanple, between
the other two lateral walls 1004-c. [D04-d. As shown m FIG 0B, L} is smallor than L2
The refative longth of L1 and L2 is designed such that the buwilding structure 1000 provides
access o outside natural alr via the one or more openings 10083 on the lower Intoral wall
1004-a by increasing the arca~volume-ratio of the bulding structure 1000, In one example,
L2 may be twics of L1 Accordingly, the shape of the building structwre 1000 allows air
within the building stmecture 1000 t© rise via natural convection.  In other words, the
building structire 1000 is designed to take advantage of the warm air's tendency o rise {0
achieve “free cooling.™  This natial “deefing” enhences the mechwmcally indaced
movemest of air and therefore reduces the overall power for cooling. With the design m
this example, the butlding structure 1004 #self serves well as am air hasdler even withow
the traditional mechanical cooling svstem (1.e., by “free cooling™.

D050; As shown in FIG. 10A. the buildivg structure 1000 say mclude a cothing 1010 hat

divides the intorior of the building stractare 1000 into a first space 19172 and g second space
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o4, Io this oxample, the fisst space 1012, which may be used for mstadling sorvers of a
data enter, i defined between the floor 1002 and the cetling 1610 the second space 1014,
as o attie space, is defined between the cetling 1010 and the roof 106 The ceiling 101
may have one or more openings 1008-d located at differemt vegions of the coifing 1010, In
this example, at least onc opening THR-d 15 Located acar the openiags 1068-a on the lower
fateral wall 100d-a where the outside natural air enters the batlding structure 1006 With
such configuration, the outside natural alr enters the first space 1012 through the openings
0082 on the lower Iatemal wall H¥Dd-a and sxits the first space 1012, bv notued
convection, through the openings 1008-d on the ceiling 1010 to enter the second space
1014, The wr m the second space 1014 thes oxits, by natural conveotion, through the
openings H08-b on the portion of the wpper lateral wall 1004-b above the ceiling 1010
andfor the opemings 1008~ on the roof 1086, The air in the second space 1044 mav also
enter the first space 1012 through the opeaings [808-gd on the coiling 11D near the lowoer
tateral wall 1004-a and may be mixed with the natural aiv entecod the first space 112
D061 FIG. 1T ilusorates an example of a server cooling system THD. Tn this oxample, the
systern 1100 includes a first space 1102 defined by g Aoor 1104, one or more kateral walls
P06, and a sofling 1108, A plurality of servers HIO may be wstalfed in the first space
1162, The svstem OO, in this example, also mcludes a second space 1112, a8 an attic
space, defined by the cotbing 1108 and a roof 1114, One or more oponings 116, such as
valved openings. may be located on at least one of the ceiling 1108, the roof 1114, and &
teast one of the latorad walls 1106, 1o this oxample. the first latoral wall {e g, a lower laterad
wall) 1106-a has one or more openings P i6-a; the ceibing 1108 has one or more openings
1116-d, including ot least one opening 1116-d near the lower lateral wall 1106-a; a portion
of a second lateral wall {e.g., an upper Iateral wally 1106-b sbove e coding 1108 (in the
second space 1112) andfor the roof 1114 include one or more openings {1160, [1i6-c
respectively. The opentags 1116, as described abose, are used to realize the movement of
air betweon the outsde space, the first space 1102, and the second space 1112,

062 In this example. the system 1100 ncludes an air infet 1118 coupled wath the first
tateral wadl 1106-a and operable to allow owiside natural air w onter the first space 1142
The air fadet 11IR, w this example, woledes one or more fowvered opemngs 1180 on the
fiest fateral wall 1106-a. The svstem [100 may also include an air outlet 1120 coupled with
the second iatoral wall 1106-b and operable to allow ar i the second space 1112 to exit.
The air outlet 1120, i this example, includes one or more Jouvered openings FHob on the

second lateral wall 1106-0. The system 1100 mav firther inclade one or more air-handling
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units 1122 coupled with the air nlet 1118 to dvw the outside natural air and to provide mr
to the first space 1102, The abmhandling units 1122 include, for example, a fan 1220 a0
evaporative cooling unit [122-0 configured to generate evapomative cocling ar based on the
outside natural aiv, and in some embodiments a filter 1122-¢ configured to filter the outside
natural air entering the first space 1102, The fan 1122-a may be & speed controlled fan and
15 destgned to keep air turbulonce high, which belps mitigate femperatere gradients and
incduces mixing. Optionally, the svstem 1100 may alse include one or more uninterraptible
pawer supply (UPSY svstems viilizing kinetic stored energy.

03 In ths examplo, the system 1100 also includes a control system 1124 configured to
control the one or more air-handimg unifx 122 fo provide air to the first space 102 in
accordance with temperatures measured within and outside of the {irst space 1102, The
control systom 1124 mav include one or more dovices such as 3 MICTOPIOCESSOT,
microconzolor, digital signal procassor, o combinations thereof capable of exeouting
stored mstructions and operating upon stored dag. Controf svstom arrangements are well
knpown fo those having ordinary skill i e arg for example. in te form of cbedded
syatom, laplap, deskiop, tablel, or server compruerns.

064 The control systern 1124 may melude or couple to one or more sonsors {not showa)
to nonitor the eavironmental metrics sach as remperature and humidity within and outside
the first space 1102, For example. tempomture sensors may be deploved at different
tocations i the first space 1102, the second space 1112, and space outside the server
cooting svstem 1100 to provide roal-time temperatures of varous Jocations. 1n one cxample,
hot aisle thot row encloswre) temperature of the server raeks in the fivst 1102 way be used to
repulate speed controdled fans; cold aisle {cold row enclosure} tommperatare of the sorver
racks m the fist 1102 and outside air temperature and hunndity may be used o provide an
indication of outdoor and return ais nuxing efficiencios. Dew point sensors andfor humidity
sensors may also be provided in the air inlet 1118 and the air-handbvg ensts 1122 to
monitor the humility of the alv entering the fivst space 1162, ¥t is understood that, althosah
the control svstenm 1124 in FIG. 1] 15 jastalled iy the second space 1112, # may be wstatted
i other places within the server cooling svstem 1100 or owtmde the server copling system
FHOG. In ths example, the control svstem 1124 13 operattvely coupled 1o the an-handhng
wmts 1122 and other components of the server cooling sysiem 1100, such as but not hsuited
to an air-exchanging unit 1136, which may be coupled o the opaiungs 1214-d on the cetling
108 near the first lateral wall 1106-a and may e configured © draw air from the second

space 1112 into the first space 1102 ip order to mix with the outside naturad air entering the
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first space 1102, The connections between the sontrod sysiem 1024 and other componenis
of the svstern 1100 may be achieved asing aov known wire or wireless communication
tochnigues,

00651 Depending on the measured temperatures within and outside of the first space 1102,
the conirol system 1124 may control the operstions of the air-handhing units 1122 in
conjunciion with other components of the server cooling system 1100 in, for example thrae
differont working modes at three difforont temperature ranges,

[GOGE Tn a first range. which Is an optimal working temperature range for the servers 1110,
the control systent 1124 may control the atr-bandling wnts 1122 w conjunction with the air-
exchanging unit 1126 1o direetly provide the outsde natural air into the first space 1162 10
achicve the so called “free cooling.” Specifieally, in this mode. the control svstem 1124
may tum off the evaporative coohng wit 1122-b and tvn on the fan 1122w w divectly draw
the outside natural air into the fivst space 112 withowt extrs cooling.  Optionatly, the
control svstem 1124 mayv also turs on the filler 1122-¢ fo filtor the lncoming natural air. In
this pwde, the control system 1124 may further tum off the abr exchanging anit 1126 to stop
mixing the incoming natural sir in the fivst space 1102 with the heated aly from the second
space 1112, which may increase the temperature m the first space 1102, In one example,
the first range is substantially between 70 °F and 85 °F.

X671 In a second range. which is lower than the first vange, the control system 1124 wmay
condrol the air-handbng units 1122 in compunction with the sir-exchanging unil 1126
provide air to the first space 1102 based on a mixed owside natural iy and air exdusssted
from the servers 1110 throngh one or more opendngs 11 16-d on the ceiling 1108 near the air
et 11180 Specificadlv, in dus mode, the control svstern 1124 may turn off the evaporstive
cocling wmit [L22-b and twra on the fan 1122-a to diaw the outside natural air into the fivst
space 1102, Optionally, the contro! svstem 1124 may turn on the filter 1122-¢ (o fikter the
incoming nataral air. In this mode, the control system 24 may tum on the air-exchanging
umit {126 to draw the air exhassted throgsgh the servers 11O into the second space 1112
tite first space 1102 in order to heat ap the incoming natural air i the fivst space 1102, In
this example, the air-exchanging wnit 1126 may inclode 2 damper, 8 retare fan coupled with
the opemings 1306-d. and a reciveulation fan to help blend the mixing alr, preventing anv
teraperature o humidigy gradients. B one example. the secomd range is about belfow T0°F.
HIG68! In o theed range, which is tughor than the fivst range. the control svstem 1124 may
conbrol the mir-handling waits 1122 m compunction with the ar-oxchanging wat 1126 {o

provide evaporative cooting air (o the st space 1102 based on the outside natural air
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drawn from the air inlet R through saterated media, Specificatly, in this mods, the
control svsiem 1124 may tumn on both the evaporative cooling umit 1122-b and the fan 1122~
a o draw the cutside satural air futo the first space 102 and cool & dows by evaporative
cooling, Optionallv, the control system F124 may hun on the filter 1122-¢ to filter the
mcoming pateral ar. Inthis mode, the control svstesy 1124 may turn off the air-oxchanging
wmit H2E to stop mixing the ncoming natural air in the finst space 1102 with the heated air
from the second space (112, Opoonally, 2 dew point sensor may be used in conjunction
with the cvaporative modia of the evaporative cooling uait 1122+b to spsure addivionsd
moisture 1 not added {0 alveady saturated alr. In one example, the second vange I8
substantzaily betoeen 83 “Fand 1O °F,

06D It is noted that in apy tomperature vange, the control systom 1124 may be further
configured to selectively activate one or mose of the openings 11162 on the S lateral
waill 1106-a to control the amount of the cutside patural aly drawn into the first space 1102
based on the temperatires measured within and outside of the st place 1102, Tn addition,
when the measured wmpusatire s above 110 °F, addivonal mechaniend cooling units and
ajr-conditioning waits may be turmed on o provide estra cooling,

0708 The first gpace 102 of the system 100 may further include at least one
substanpally enclosed inforior space [ 128 engaging the coiling 1108 and open 1o the second
space 1112 and at least one rack 1130 engaging the wiertor space 1128 1 o sobstantially
sealed manner and having the pluralisy of servers 1110 mounted thercon, The intorior space
1128 mav be defined by an encloswre having & frame, panels, doors, and ack ports. The
eactosure of the buedor space 1128 may be made of a variety of matorials such as steel,
composite matertals, or carbon matenals.  The enclosure creates & housing defining the
intorior space 1128 that is substantialiv scaled from the first space HLO2. The enclosure of
the meerior space 28 mehades at least one tuck port that allows ong of more servers 1110
gastalied n the racks 1130 to interface with the wterior space 1128, One or more edges of
the rack port may include s gasket or other component that contacts the rack 1130 and
forms a substantially scaled intorface. The rack 1130 may be removably connccted to the
enclosure of the Interior space 11256 through the rack port in a substanually sealed manner.
0711 In tas oxample, one o more servers 1110 are mnstalled in e racks 1130 suclh that
respective front faces of the servers 1110 inferface with the first space 1102, and that
respovtive back faces of the servers 1110 intorfhace with the imtesior space 1128, I flus

axample, cach rack-moanted server 1110 may nclude one or more fans 1132 thersin
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operable to draw air from the fisst spoace 1102 through its front face and expel heated air to
the interior space 1128 through its back face.

DOV The server conting svstem 110 can maintain a properky mixed server supply air ta
an optimal working tomperatire range, for example betweon 70 °F and 85 °F and v a non-
condensing relative humidity range, for example below 83%,.

HI0731 F1G. 12 ylustrates another example of a server cooling svstem 1200, The svstem
1204 inclades a first space 1202 defined by & floor 1284, o plumbity of lateral walls 1206,
ard a ceiling 1208, and a second space 1210 dofined by the cetling 1208 and a sloped roof
1212 constructed in accordance with a pitch. One or more openings 1214, such as valved
apenings, may be located on at least one of the soof 1212, the cotling 1208, and at loast one
of the lateral walls 1206, that enable outside natural air to enter the first space 1202 and air
i the second space 1210 to exit by natweal convection. The svstem 1200 may also mnclade
at least one interior space 1216 inwide the first space 1202 that s substantially enclosed and
engaging the ceiling 1208, and ot lonst one muek 1218 cngaying the intenor space 1216 ma
substantially sesled manner and having a phurality of servery 1220 mowied thereon, T this
example, one or more seregrs 12249 are instatted in the racks 1213 sach that respective from
faces of the servers 1220 interface with the first space 1207, and that respective back faces
of the servers 1220 interface with the usterior space 1216, in this cxample, cach rack-
mounsted server 1220 may include one or more fans 1222 thersin operable fo deawe air from
the first space 1202 through s front face and expel heated air w the interor space 1216
through s back face.

074" The building structure in FIG, 12 is sinunlar to that in FIGS, 10A aod 108, which is
designed {o take advasdage of pateral convention fo enhance the mechamcally tndoced
movement of air and therefore reduge the overall energy necessary for cooling the servers.
The example server cooling svsfem 1200 1o FIG 12 s similar fo that m FHG. 11 exeopt thay
system 1200 does not include the oxtemal air-handling units and alr exchanging anits such
as fans and evaporative cooling wnit. The alr ciradation v mdeced by the buermal fans
1222 of the sorvers 1220 and the natural convestion ephanced by the spooad designed
buitding structere. Accordingly, the total encrgy consumption of the sysiem 1300 in FIG
12 may be fwrther reduced compared with the svstem 1D m FIGL L

0758 FIG. 12 lustrates 2 cross-section of another exemplary mr handfer bulding
structure 1300, The aw bandler buildimg structure 1300 is similar to atr handler building

structure HHEY including & floor 1302, a pheality of hforal wally 1304, The floor 1302 in
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this exemplacy embodiment can be a non-raised Boor. # is undersicod that 2 wised Soor
may be partially or completaly ssed in the building structure 1300 in other embodimants,
H076: The air handler butlding structure 1300 bas two reof portions 1306, symmetrically
placed on cither side of 3 protrading portton 1322, The protrading portian 1307 is higher
than the highest past of the wof portions 1308, and placed above the center of the building
in cross-section.  The reof portions 1306, and the protruding portion 1322 extend along the
air handler building structare 1300 in a dGirection perperdicular to the cross-section in FIG
i3

{00771 The protruding portion 1322 has lateral walls 1324 and soof pordons 1326, The
lateral walls 1304, 1324 and the roof portions 1306, 1326 are construcied m a similar
manuer fo lateral walls 1004 and the roof portions 1006,

078! The roof portions 1306, Bike the roof porfions 1006 may be copstrucied in
accordance with a piteh of :x, where ¢ is sobstamially larger than one, so that snow builds
up and melts on the roof 1006, with the heat from the inderior of the butlding structure 1308
acceleranng the snow-meliog process. In one example, x eguals to 6.

078 One o more openings 130, such as valved openings, may be loeated on difforent
parte of the building stractore 1304, such as on one or mose lateral walls 1304 and the roof
portions 1306, I this example, the lower lateral wall 13045 has one or more openings
1308z through which owiside natural air smay enier the building swructare 1300, In one
example, the lateral wall 1304 may be substantiaBy louvered 1o facilitate the outside natural
air to eater the butlding structare 13040, In this example, e latwal walls 1324 of the
protruding portion 1312 may have ong or more openings 1308 through which air in ghe
butldig structure 1300 can exit. In one example, & portion of the lateral walls 1324 are
above the hoight of the lateral wall 1384 may be substantially louvered to allow air to exit
the budtding structare 1300, Optionally, the roof portions 1306 mav also mclude one or
more openings 1308-¢ through which ar in the bulding stracture 1300 can exit I w
understood that, aithough FIG. 13 shows opemings 1308~ on the roof portion 13066, this
conflguraiion may not be necessary i other examples. Ag long as these are openings 1308
above the height of the opopings 1308-a on the lateral wall 1304, wir v the building
strocture 1300 can exetthe butlding strueture 1300 via valural convestion,

Q0801 The additional height of the one of more openings 1308-b on the latesd walls 1324
above the height of the openmings 1308%-n on the lateral wall 1304 mercases the natural

convection in the huldmg steucture 1300 over that of the bulding strecture 100G,
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HI0811 As shown in FIG, 13, the building structure 1308 may include a ceiling 1310 that
divides the nterior of the building structure 1300 indo & Hrat space 1317 and a second space
1314 Tn this example, the Bst space 1312, which may be used for tnstalling servers of &
data center, is defined between the floor 1302 and the cetfing 1310; the second space 1314,
s an alice space, is defined between the ceiling 1310 and the roof 1306 and the protruding
portion 1322, The cetling 1310 may have one or more openings 1308-4 located at difforent
regions of the exiling 1310, 1o this example, at least one opening 1308-d is located near the
openings 1308-a on the lower lateral wall 1304-a whers the oulside natural air enters the
building structore 1300, With such coufiguration, the oalside natural air enters the Srst
space 1312 through the oponings 13083 on the lateral wall 1304 and exits the first space
1312, by nateral convection, through the openings 1308-d on the coiling 1310 o enter the
second space 1314, The alr i the seeond spaee 1314 then exits, by nataral convection,
through the openings 1308-b on the protruding portion 1322 above the cefling 131} andior
the openings 1308-c on the roof portion 1306, The air m the scoond space 1314 may also
erter the fust space 1312 duough the opeaings 1308-d on the ceiling 1310 near the ktewnd
wall 1304-a and may be mixed with the watwal air entered info the first space 1312,

0820 FIG. 14 illusteates a cross-section of an othor example of an air handler building
structure 1400 that 15 similar to the bulding structure 1300 but without the coifing 1310 and
opening 1308-d. {other features bave the same fabels as in FUG. 13) The naturasl convection
draws arr through openings 1308-a which rises through the building stracture 1400 and out
through opemings 1308-b.

00873 The vartous examples of the building siructeres and server cooling  systems
disclosed herein can achieve an abmost 100% uptime availability, for example, 99 95%
uptiree avaitability for a data conter facility, for example, having a 9.0 MW ¢nitical load.
The varous examples of the building structures and seever cooling systems disclosed herein
can allow for free coolmng, for example, 99% of the vear via the building stroctures’ pnigue
shape and orentation. as well as server physical configuration. Alse. the vanous examples
of the aldisg stractares and server cooling sveems disclosed horein can achiove sboat 2%
amuabized “cost 1o cool™ with evaporative cooling, where “cost to cool” is the energy (kW)
oxpended o remove the heat generated by the data comer Toad as a percentage of the data
conter lond fself.  Fuwrther, the various examples of the Duilding structures and sorver
cooling systems disclosed herein can save, for example, about 30 muthion gallons of water
uged for cooling compared with conventional water-cooled chiller plant designs with

comparable IT loads. The various examples of the building structures and server cooling

[
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systerms disclosed herein can achieve high efficioncy to a target power esage effectiveness
(PUE) of, for example, less than about 111, such as 1.O8. Moreover, the various examples
of the building steuctures and sorver cooling svstems disclosed hevein can achiove about
4% reduction in data center elecuicity copsumption relative to industry-typical tegacy data
centers. For example, for a data conter with a 9 MW of critical load, various examples of
the building structures and server cooling systems discloscd herein can reduce energy
consumption of 8.6 10 [8.9 nillion KWh per vear compared with conveational coltocated
facihitios. Becase water-cocled chiller may not be required i the exemplary server cooling
sestems disclosed herein, there sy be zero data center-related wastewater generated by the
server cooling systeras, which cquals to a reduction of about 8 milhion gallons of sewer
discharge per wvear compared with ponventional water-cooled chiller plant design.
Farthermore, the vartous examples of the baildingy structeres and server cooling sestoms
disclosed horein can reducs the construction cost compared with traditicnal designs, for
example, 3o no more than % 5M per MW and reduce the counstruction time to, for example,
fess than & mooths, In one cxample, the vardous examples of the building stractwres and
server cooling svsiems disclosed herein can maintn the following room envisonmeontal
soquirements; roomw emperature of 33°F ~ O0%F, no higher than ¥3% non-condensing
relative humidite, pressure of .11 inches H0, and 5 47F per hour of ate of temperatere
change. The vanous examples of the bulding struchsres and server cooling systems
disclosed horein can withstand 130-vear temperature and humidity conditions and extromely
fow winter temperatures while matmaloing server room snvironmental requirements,

o

EXEMPLARY RESULTS
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{54 TABLE 1 s a breakdown of the progression of cooding efficioncy over time by
using at least some of the examples of the bullding structures and server cooling svstems
disclosed herein. In TABLE 1, AFRT sepresents aie handling wmts, CHW ropresents chilled
watey, and DX ropresents disoct expansion. For example, by applying at least some of the
axamples of the building structures and sorver cooling systems disclosed herein, the average
power used in AHLU hag been reduced from 710 KW to 71 KW, Az another example, using
al feast some of the exemplary disclosed embodiments, the percentage of the total coobng
have been reduced over the vears from 533% in 20035, as typicel industry standand, to only
2% in the most recent experiment via YAHOOs Compute Coop in 2010, This represents ¢

substantial improvement.

TABLE 2
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(0851 TABLE 2 15 a breakdows of the progression of slectrical officiency over time by
using &t least some of the cxamples of the building siructures and server cooling svstems
disciosed berein,  In TABLE 2. PUE represomis power usage offectivencss, which is
obtamed by measurnyy the systom wility power mput and the eritical power consumption a3
close as possible 1o the server foads, This infonnation may be read and collected from the
installod Electrical Power Monitoring Svstern (EPMS) using power cireuti monitors.  Sinee
all data centers in TABLE 2 may extessrvely utibize outside air cooling methods, data may
be collecied on o monthly basts and annualized fo account for vorlables such as weather,

operating hours, ate. PUE can be caleulated nsing the following:

Total Facility Power
DR =

- £

T Eguipment Powsr

whese, 1T Equipmeay Encrgy 18 the comprehensive enorgy use associated with alf of the IT
sguipment such as computer, storage and network oguipment along with supplomenial
gquipment; Total Factlity Energy is all facility energy use including IT cquipmem onergy,
electrical distribuiion losses, cooling svsiem energy, fuel wsage, and other nuiscellanecous

CHOIEY USC.
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008G TABLE 2 shows that YAHOO! Lockport, NY facility has a 70% improvement over
the YAHOQQ! Sants Clars, CA co-location facility when improversents i all components in
electrical cfficiency path are locloded.  For example. by applving ar least some of the
examples of the building stnwtures and server cooling systoms disclosed herein, PUE has

been further rediced from 1.62 1o 108, compared with an mdusiry gverage of 2.0,

TABLEZ

ki

Helative sergy :
i swvings for g g N .
| G MW YSC plant ARG RN
} iR i

| Avernge snmuaf

| catoon savings T BED : 6.¥F -
gans GO i :

087 TABLE 3 shows the energy mud carbon savings utiizing at least some of the
cxamples of the huilding structures and server cooling svstems disclosed horein. I
addition, mimmized use of evaporative cooling as compared © standard cooling methods
may vickd a 99% reduction i water usc at the facility {and & corrosponding cedaction in
wastewitter outflow) ag comipared 1o a traditional data conter that uses water cooled chiliers.
The carbon savings below assumes an average LS, carbon intonsity of .56 tong COATWEH,
In other exanples, the actual carbon reductions may be much lower by virtue of how clean
cloviricity is in all three sites (031 tons COX/MWE for Santa Clara, and close to zero for
both WA state and NY state).

088 Two womple YAHOO! data conter facilities disclosed in TABLES 13 awx
desenbed in delals below.

08 YAHOO! Data Conter Facthity - WA

Site Deseription: The existing installation at Wenatcheo has proven o be the most efficien:
YAHOO! data conter prior to 2010, Located 1n contral Washington, the site was selected
for itz climate, with the existing buildiog optinnzed to ke advantage of outside aw
econonuzation. Alr handling umis (AHLU discharge e a teaditional mused floor plenuny,
distnbuting supphy aw to the servers.

Installation Date: 2006
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Electrical: 4.8 MW, N+1 critical infrastnicture with 4,800 KW static battery UPS and 4 x 2
MW diesel gonetor back up.

Cooling Sysiem: Aur Cooled Chifters and AHUs with outside air economizing.

Besigned Target PUE: 1,25,

AN YAHQQ! Compute Coop (Y CO) Data Center Facility ~ Lockport, NY

Site Brescription: The nmovatvve design and mstallation of the YARHOO! Compute Coop at
Lockport is the most efficiont of all YAHOO! data conters to date.  Located in Lockport,
NY, the greenBield site was selocted for s cold climate: its unique design exchsively
meorporaies outside air economization, sigmficantiv mducing supply fan horsepower.
Instaliation Date; 2010,

Electrical: & MW, N+l ¢ntical infrastructure with fuse wweractive UPS systoms using
kinetic stoved energy and divsel generator backup. Primary UPS svstoms are deploved in
200 KW modales, allowing systoms 1o be taken offline when not in use.

Cooling Swstem: YAHOO! Compwie Coop mtegrated building system cooling with
evaporasive couling.

Besigned Target PUE: 1.08 - 111

1001 The deployment of at feast some of the examples of the building structores and
server coolng systoms disclosed hereln bhas evidence to prove their cffcctivengss,
Emovative building structures and server cooling svstoms disclosed borein can reduce nsk
aveszion within the data conter industry (both data center designers and 1T equipment
manuicturers) for other lmmovations that relate to free cooling, chiller-less data conters, and
broader tlemperature ranges — as well as expenmenting with designing data centers with
closer sitention 1o maximizing the use of local clmate conditions.

{2 The prosent myvention has been explomed with reference 1o speadic embodiments,
For example, while embodiments of the present invention have been deseribed with
reference to specific components and configurations, those skitled in the art will appreciare
that different combination of components and configurations may also be usad.  For
example, raised subfloors, CRAC unlis, water chiller, or hupndity vontrol units may be ased
tn some embodiments.  Scismic control devices and electrical and conumuanication cable
management devices gy also be used 1w somwe embodiments, Other embodiments will be
evident to those of ordimary skill in the a. It i thereftne pot iotooded that the prosent

mvention be fimited, except as ndicated by the appended claims.



WE CLAIM:

I. An air handler building structure, comprising:

a floor;

a plurality of lateral walls, including a lower and an upper lateral walls opposing to
each other having different respective heights determined in accordance with a ratio;

a roof with a pitch consistent with the ratio associated with the lower and upper
lateral walls; and

a plurality of openings, located on the roof and the lower and upper lateral walls,
that enable air within the building structure to rise and exit the building structure via natural
convection, and

a first dimension along a first direction defined between the lower and upper lateral
walls relative to a second dimension along a second direction perpendicular fo the first
direction such that the building structure provides access to outside natural air via one or

more openings on the lower lateral wall.

2. The building structure of claim 1, further comprising:

a ceiling having one or more openings;

a first space defined between the floor and the ceiling; and

a second space defined between the ceiling and the roof, wherein

the outside natural air enters the first space through the one or more openings on the
lower lateral wall, and

air in the first space exits, via natural convection, through the one or more openings

on the ceiling.

3. The building structure of claim 2, wherein air in the second space exits, via
natural convection, through the openings located on the roof and the upper lateral wall

above the ceiling.
4. The building structure of claim 2, wherein air in the second space enters the

first space via one or more openings on the ceiling near the lower lateral wall and is mixed

with the outside natural air entered into the first space.
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5. The building structure of elaim 1. wherehy the second dimension s greater

than the first dimension,

& The building structure of claim 1, wherein the ratio of the second dimension

to the st dimension 18 two,

7. The buiiding structure of elaim 1 wherein the piwch is s, whene x 18
substantiaily Iarger than ong, vielding a sloped roof that alows spow to build up and melt

and heat from interior of the building struchue accelerates the snow-melfing process.

8. The building structure of claim 7. whorein x 15 6.
4. The bailding structure of claim 1, wheretn

the lower fateral walf is substantially lowvered 1o allow the owtside natural aur fo
enter the building structure, and
the upper fateral wall has a portion above the height of the ower lateral wall

substantialty louvered to allow wir to exit the bullding structure.

10, The building steuctare of claim L wherein the flooc is a non-taised floor,

1}, The building structure of claim 1, wherein the reof is one of a siaglo-sloped

roof and a gable roof.

120 A server cooling sysiem, conpuising:

a first space defined by & floor, onc or more lateral walls, and a ceiling, having a
plurality of servers mstatled therem;

a second space delined by the cotling and 5 ropfl

one or more openings located on at least one of thy cotling, the roof, and af loest ong
of the one of e ateral walls;

an air ket coupled with a first Interal wall and operable to allow outside natural air

to entar,



one or more air-handling units coupled with the air inlet to draw the outside natural
air and to provide air to the first space;
an air outlet coupled with a second lateral wall and operable to allow air in the
second space to exit; and
| a control system configured to control the one or more air-handling units to operate
in one of a plurality of modes that is determined based on temperatures measured within

and outside of the first space.

13. The system of claim 12, wherein the control system controls the one or more
air-handling units to directly draw the outside natural air to the first space when the

temperatures measured within and outside of the first place is within a first range.

14. The system of claim 13, wherein when the temperatures measured within
and outside of the first place is within a second range lower than the first range, the control
system controls the one or more air-handling units to provide air to the first space based on
a mixed outside natural air and air exhausted from the plurality of servers through one or

more openings on the ceiling near the air inlet.

15, The system of claim 14, wherein when the temperatures measured within
and outside of the first place is within a third range higher than the first range, the control
system controls the one or more air-handling units to provide evaporative cooling air to the

first space based on the outside natural air drawn from the air inlet through saturated media.

16. The system of claim 15, wherein
the first range 1s substantially between 70°F and 85°F,
the second range 1s about below 70°F, and

the third range is substantially between 85°F and 110°F.

17.  The system of claim 12, wherein the air inlet includes one or more louvered

openings on the first lateral wall.

18. The system of claim 12, wherein the air outlet includes one or more

louvered openings on at least one of the roof and the second lateral wall.
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19.  The system of claim 12, further comprising an air exchanging unit coupled
1o the one or more openings on the ceiling and configured to draw air from the second
space into the first space in order to mix with the outside natural air entering into the first

space.

20.  The system of claim 17, wherein the control system is further configured to
selectively activate one or more of the openings on the first lateral wall to control the
amount of the outside natural air drawn into the first space based on the temperatures

measured within and outside of the first place.

21.  The system of claims 12, wherein the first space comprises:

a substantially enclosed interior space engaging the ceiling and open to the second
space; and

arack engaging the interior space in a substantially sealed manner and having the
plurality of servers mounted thereon, wherein

respective front faces of the rack-mounted servers interface with the first space,

respective back faces of the rack-mounted servers interface with the interior space,
and

each rack-mounted server includes one or more fans therein operable to draw air
from the first space through its front face and expel heated air to the interior space through

its back face.

22.  The system of claim 12, wherein the one or more air-handling units include:
an evaporative cooling unit configured to generate evaporative cooling air based on
the outside natural air; and

a filter configured to filter the outside natural air entering the first space.

23. A server cooling system, comprising:

a first space defined by a floor, a plurality of lateral walls including a lower and an
upper lateral walls opposing to each other having different respective heights, and a ceiling;

a second space defined by the ceiling and a sloped roof constructed in accordance
with a pitch;

a plurality of openings, located on the roof, the ceiling, and the lower and upper
lateral walls, that enable outside natural air to enter the first space and air in the second

space to exit by natural convection;
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an iterior space inside the first space, that s substantially enclosed and engaging
the cofling:

arack engaging the interior space it a substastially sealod manner and having a
pluratity of rack-mowsted sorvers mowsted therson, wherein

respective front faces of the mek-moanted servers interthce with the first space,
respective back faces of the rack-mounted servery interlace with the interior space, and

cach rack-moantod server inclades one or more fans mstalled therein operable to
draw aur from the first space through s front face and expel heated air to the imetior space

through s back face.

24, The svstem of claim 23, wherein air in the first space exits, via natural

convection, through one or more openings on the cetling and enters the second space.

25 The systom of cladm 23, whersin gir b the second space enters the first space
Vid Oug of more epenings onthe colling and is mixed with the outside natoral aiv entered

o the first space,

26, The svstem of claim 23, wheremn the piteh i 1:x, where ¥ is substantially
farger than one, vielding 3 sloped roof that allows seow to build up and melt and heat from

the plurality of servers accslerates the snow-melting process,
27, The sysiom of claim 26, whereln xis 6.

28 The svetem of claim 23, wherein

g first of the lateral walls is substantially jomverad to aliow the owside natral airto
cimer the first space, and

a second of the txteral walls has a portion i the second space substantially louvered

to attow air to exit the sceond space.
29, The svstem of claim 23, wherein the floor i3 a non~-mised Hoor.

300 The svstere of claim 23, wherems the mof is one of 5 shrgle-sloped roof and a

gable roof.

(%3
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31.  An air handler building structure, comprising:

a floor;

a plurality of lateral walls;

a roof portion having opposing sides, each having a pitch;

a protruding portion extending above the roof portion; and

a plurality of openings, located on the roof portion, at least one of the lateral walls,
and the protruding portion, that enable outside nataral air to enter through one or more
openings on at least one of the lateral walls via natural convection and exit through one or

more openings on the roof portion and the protruding portion.

32.  The building structure of claim 31, further comprising:

a ceiling having one or more openings;

a first space defined between the floor and the ceiling; and

a second space defined between the ceiling and the roof portion and the protruding
portion, wherein

outside air enters the first space through the one or more openings on one or more
of the lateral walls, and

air in the first space exits, via natural convection, through one or more openings on

at least one of the ceiling, the roof portion, and the protruding portion.

33.  The building structure of claim 32, wherein air in the second space exits, via
natural convection, through one or more openings located on the roof portion and the

protruding portion.

34.  The building structure of claim 32, wherein air in the second space enters
the first space via one or more openings on the ceiling near one or more of the lateral walls

and is mixed with the outside natural air entered into the first space.

35.  The building structure of claim 31, wherein

a first dimension is defined along a first direction between a first pair of opposing
lateral wallis;

a second dimension 1s defined between a second set of opposing lateral walls

aligning along a second direction perpendicular to the first direction;
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the first dimension refative 1o the sccond dimension is such that the building
strocture provides access 1o outside natural i via one or more opetings on 8t least one of

the lateral walls, whevrein the second dunension 1s greater than the fiest danonsion.

36, The building structure of claim 32, the shape of the building strectore canses
the abrto be drawn, from the first space, through one of more servars in the first space, via
natural convection, and hot air vielded by the servers 1o oxit from the first space to the

second space.

37, The building structure of clabm 31, wherew the pitch i Lix, where x &8
substaniiafly larger than one, vielding a slopod roof that allows snow to build up and meht

and heat from imenor of the building strocture accelorates the snow-molting process.

38, The building structure of claim 37, wherein xis 6,

3% The building structare of claim 32, wherein

at feast one of the lateral walls ls substantially lovvered 10 allow the ouside airto
cater the building structare; and

at feast one of the lateral walls has 2 pottion above the cotling substantiathy lowvered

to atlow air to exit the budiding structure.

401, The building strocture of elaim 31, wherein the foor is a non-raised floor.

)
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