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INTEGRATED BUILDING BASED AIR HANDLER FOR SERVER FARM COOLING
SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

301! The present apphication is a continuation in pavt (CIP) and claims prionty to US
Patent Application No. 12/500,520 filed July ¢, 2009 catitled, INTEGRATED BUILDING
BASED AIR HANDLER FOR SERVER FARM COOLING SYSTEM, of wlhich is

wcorporated herein by reference n its entirety.

TECHNICAL FIELD

02! The present disclosure relates generally to cooling systoms.

BACKGROUND

O0USE The rapid growth of Internet services such ax Web enaif, Web scarch, Web site
hosting, and Web wideo sharing is creating mcreasingly high demand for computing and
storage power from servers in data conters. While the performance of servers is improving,
the power consumplion of servers s also nsing despie efforts In low power design of
mtegrated circuits.  For oxample, one of the most widely used server processors, AMD’s
Qpteron processor, runs at up to 95 watts. Intel’s Xeon server processor runs at between
IO and 165 watts. Processors ave onlv part of a server, however; other parts in a server
such as storage devices consume additional power.

00040 Servers are typically placed in racks m a data center. There are a vanety of physical
conflgwranions for vacks. A typical rack configeration mcludes mounting rails to whach
multiple units of equipment, such as server blades, ave mounted and stacked vertically
within the sack. One of the most widely used 19-inch rack is a standardized system for
mounting equipment such as 1L or 2U servers. One rack unit on this type of rack typically
ts 1.75 inches ngh and 19 inches wide. A rack-mounted unit that can be instalfed in one
rack unit is commonly designated as a tU server, 1o data centers, a standard rack 13 usually
densely populated with servers, storage devices, switches, andfor telecommunications

equipment.  One or more cooling fans may be mounted ntomally within a rack-mounted
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unit to cool the unit.  In some data centers, fanless rack-mounted units are used  increase
densify and to reduce noise.

D005 Rack-mounted umis sy comprise servers, storage devices, and communication
devices.  Most rack-mounted units have relatively wide rapges of tolerable operating
temperature and hanudity requirements.  For example, the system opm‘afiing temperatare
range of the Hewlett-Packard (HP) Probamyt DL363 G Quad-Core Opteron processor
server models is betwoeen 30°F and 93°F; the systom operating homidity range for the same
models s between 10% and 90% relative humidity.,  The system operating temperatwe
range of the NetApp FAS6000 serics filers is between S0°F and 105°F; the svstem operating
humidity range for the same models is between 20% and 80% welative humidity. There are
many places around the globe such as parts of the northeast and northwest region of the
Usisted States where nataral cool air may be suitable to cool  servers such as the HP
ProLiant sorvers and the NetApp filers during certain pertods of a vear

e

ers powered by Opteron

006 The power consumption of a rack densely stacked with ser
or Xeon processors may be between 7,000 and 15,000 vatts. As @ resalt, server racks can
produce very concentrated heat loads. The heat dissipated by the servers in the racky is
exhausted to the data center room, The heat collectively generated by densely populated
racks can have an adverse effect on the performance and rehability of the equipment
mstalied in the racks, since they rely on the surrounding air for cooling.  Accordingly,
heating, ventilation, air conditioning (HVAC) systems are often an importamt part of the
design of an cfficient data center,

0007 A fypical data center consumes H) to 40 megawatts of power. The majonity of
energy consumption 1s divided between the operation of servers and HVACQ svstenms,
HVAC systems bave been estimated fo account for between 23 to 40 per cent of power use
in data centers. For a data center that consunies 40 megawatts of power, the HAVC systems
may consume 10 to 16 megawatts of power. Significant cost savings can be achieved by
uithzing efficient coohng systems and methods that reduce energy use.  For example,
reducing the power consumption of HVAC svstems from 23 porcent to 10 pescent of power
psed in data cenfers translates to a savings of 6 megawatts of power which is enough to
power thousands of residential bomes. The percentage of power used o cool the servers
a data conter is referred to as the cost-to-coal cificiency for a data conter.  Tmproving the
cost-to-cool efficiency for a data center is one of the important goals of efficient data center
design.  For example, for a 40 megawatt data conter, the monthly electricity cost is about

§1.46 million assuming 730 howrs of operation per month and $3.05 per kilowatt hour,

b



WO 2013/039645 PCT/US2012/051270

Tmproving the cost to cool efficiency from 25% to 1% translates to a saving of $219,000
per month or $2.63 milhon a vear.

DOUS! In a data center room, server wacks are typically faid out in rows with alternating
cold and hot aisles botween them, Al servers are installed inte the racks to achieve a from-
to-back airflow pattern that draws conditioned air i from the cold rows, located 1 front of
the rack. and gjects heat out throngh the hot rows behind the racks. A wised fHoor room
design 1s commonly used © accommodate an undertloor air distrsbution system, where
cooled airs supplied through vents in the raised floor along the cold msles.

0009 A factor In efficient cooling of data center is to manage the air flow and circulation
inside a data center.  Computer Roem Asr Conditioners (CRAC) umits supply cold air
through floor tiles including vents between the racks. In addinon to servers, CRAC anily
consume significant amounts of power ag well, One CRAC anit may have up to three S
horsepower motors and up o 130 CRAC wuts may be needed o cool a data center. The
CRAC wits collectively consume significant amounts of power i a data conter. For
example, in a data center room with hot and cold row configuration, hot aiv from the hot
rows is moved out of the hot row and circolated to the CRAC waits. The CRAC units cool
the atr. Fans powered by the motors of the CRAC ueits supply the cooled air 10 an
underfloor plenum defined by the raised sub-floor. The pressure ereated by driving the
cooled air into the anderfloor plenam drives the cooled air upwardly through vents in the
subfloor, sapplving it to the cold aisles where the server racks are facing. Te achieve a
sufficient air fow rate, hundreds of powerful CRAC units may be mstalled throughout a
typical data center room. However, since CRAC units are generally installed at the comers
of the data center room, their ability fo efficiently increase air flow rate is negatively
fpacted. The cost of bnbding a raised floor generally s high and the conling efficiency
generally is low due to ineflicient atir movement iside the data center room.  In addition,
the {ocation of the foor vents requires carcful planning throughout the design and
construction of the data conter to prevent shost circuiting of supply air. Removing tles o

fix hot spots can cauase problems throughout the system,
SUMMARY
D0 The prosent teaching relates to cooling systems.

D011 In one example, an air handler building structure is disclosed, which includes a

foor, & plurality of lateral walls, a roof. and one or more openings located sither on the reof
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or on at Jeast one of the Tateral walls. The lateral walls include a lower and an upper lateral
walls opposing to each other having different respective heights determined in accordance
with a ratto, The roof has a pitch consistent with the ratio associated with the lower and
upper lateral walls. The shape of the bwiding stracture allows air within the building
structure to nse via naterat copvection. {n addition, a fust dimension along a fisst direction
defined between the lower and upper lateral walls relative to a second dimension along a
second dircction perpenchcular to the first direction is such that the bwlding structwe
provides access to outside natoral air via one or more openings on the lower kateral wall,
0012 In another example, a server cooling systern 1s disclosed, which includes a fivst
space defined by a floor, one or more lateral walls, and a ceiling, having a plurality of
servers installed therein, and second space defined by the ceiling and a roof. One or more
openings are {ocated on at {east one of the ceiling, the roof and at {east one of the one or
muore lateral walls. The server cooling svstem also includes an air inlet coupled with a finst
tateral wall and operable to allow outside natural air 1o enter, one or more ar-handhog wts
coupled with the aiv inlet to draw the outside nataral air and to provide ar to the first space,
and an air outlet coupled with a second lateral wall and operable to allow air in the second
space to exit. The server cooling system further includes a controt system configured to
control the one or more mir-handling unils fo provide air to the first space in accordance with
temperatures measured within and outside of the first space.

S In sbll another example, a server cooling svstem s disclosed, which includes a first

space defined by a floor, a plurabitv of lateral walls, aed a ceiling, and a second

4

defined by the ceiling and a sloped roof constructed in accordance with a pitch. One or
more openings are Jocated on at least one of the roof, the ceiling, and at least one of the

fateral walls, that enable outside natwral air to enter the first space and aiv i the second

L]

pace to exit by natural convection. The server cooling system also mcludes an mterior
space mside the first space, that is sabstantially enclosed and engaging the ceiling, and a
rack engaging the mtenor space in a substantially sealed manner and having a plarality of
rack-mounted servers mounted thereon. 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.  Each rack-mounted server mclades one or more fans instafled
therein operable to draw air from the first space through s front face and expel heated air to
the interior space through its back face.

0

a floor. a plurality of lateral walls, a roof portion, a protruding portion, and ohe or more

In vet another example, an air handler building structure 1 disclosed. which includes
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opemngs located on at least one of the roof portion, at least one of the lateral walls, and the
protruding portion.  The roof portion has opposing wides, each having a pitch. The
protruding portion extends above the roof portion. In addition, the shape of the building
structure allows outside natural air to enter through one or more opeaings on at least oae of
the kateral walls via natural convection and exst through one or more openings on at least
one of the roof portion and the protruding povtion.

015 The following detailed description together with the accompanving drawings will
provide a better understanding of the nature and advantages of various embodiments of the

present mvention.

DESCRIPTION OF THE DRAWINGS

MG FIG. s a diagram showing an exemplary server cooling system;
01T FIG. 2 s a diagram showing an example server cooling system wherein the scrver
cooling system comprises as atlic space,

0018 FIG. 3 s a diagram showing an example server cooling svstem wherein air is re~
circalated nside the example server cooling systesy

0019 FIG. 4 15 a diagram showing an example server cooling system with a hot row
enclosure and a cold row enclosure;

D200 FIG. S is a diagram showing an example server cooling system with a hot row
enclosure and a cold row enclosure wheremn ar is re-circufated ngide the a server cooling
sysfom;

00211 FIG. 613 a diagram showing an example server cooling system with a single-sloped
roof;

0022 FIG. 7 15 a diagram showing a top view of an example server cooling svstem with a
singte-sloped roof!

D023 FIG. 8 s » diagram showing an example server cooling svstom with a gable root;

D024 FIG. 915 a dingram showing an examplo server coohing systom with an air mixing

chamber;

P FIGS. 10A and 10B are diagrams showing an example alr handler building strocture;

0260 FIG. 1 is a diagram showing an example server cooling system;

00277 FIG. 1215 a diagram showing another example server cooling system:
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O028; FIG. 13 illustrates a cross-section of an other example of an air bandler building
structare; and
QUL FIG. 14 illustrates a cross section of vet another exemplary air handler building

structuie.

DESCRIPTION OF EXAMPLE EMBODIMENT(S)

007307 The following example embodiments and their aspocts are described and illustrated
i coppmetion with apparatuses, methods, and systems which are meant to be lustrative
examples, not limiting in seope.

0051 FIG. T illustrates an example server cooling system comprisimyg lateral walls 100, a
floor 102, a roof 144, an enclosure 106, and & sorver rack 108, The lateral walls 100, the
floor 102 and the roof 104 define an inside space 118, Floor 102 may or may not be a
rassed sub-floor. There may be valved openings 110 on the roof 104 and valved openings
14 on the lateral walls 100, The valved openings may be connected to a control system
which is operable 1o selectively open or close cach valved opening. The enclosure 106 nay
have a frame, pancls, dooss, and server rack ports. A server rack port ts an opening in the
enclosare 106 that can be connected to one or more server racks 108, The enclosare 106
may be made of a variety of matevials such as stecl, composite materials, or carbon
materials that create a housing defininy an Internior space 116 that s substantially scaled
from the mside space 118, The eaclosare 106 comprises at least one server rack port that
allows one oy more rack-mousted wnts instatled in the server rack 108 o interface with the
wterior space 116, In one maplomentation, the a server rack port 1s an opemng configured to
substantially conform to the outer contours of, and accommedate, a server rack 108, One or
more edges of the server rack port may include a gasket or other component that contacts
the server rack 108 and forms a substantially sealed interface. The server rack 108 may be
removably comnected to the enclosure 106 through the server rack port m a sebstantially
sealed manner. In some embodiments, one or more rack-mownted units are mstalied in the
server rack 108 such that respective front faces of the rack-mounted wuts interface with the
wside space 118, and that respective back faces of the rack-mounted units interface with the
iterior space 116 defined by the enclosure 106, An cxample rack-mounted unit may be a
server blade, data storage array or other functional device. A front-to-back air flow through
the rack-mounted vruts mstalled in the server rack 18 draws cooling air from the fnside

space 118 and expels heated air to the ntertor space 116

6
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007920 The enclosure 106 may be connected to valved openings 110 on the roof 104
through a connector 112 on a top side of the enclomwre. In some embodiments, the
connector {12 may be made of metal ducts. In other embodiments, the conncetor H2 may
be made of soft and flexible materials so that the enclosure may be removably connected to
the valved openings 110, In some embodiments, the enclosure 106 may be mounted divectly
to the floor Hi2. In other cmbodiments, the enclosure 106 may have wheels on the bottom
side and may be easily moved around i a data conder.

00730 In some embodiments, the server rack 108 may be sparsely populated with servers
and other equpment. Since servers and other equipment are stacked vertically within the
rack, the scarcity may create open gaps to the interior space 116, Air may fcak from the
interior space 116 through the open gaps. To prevent air leakage, the gaps may be blocked
by panels mowsted to the server rack 108 that prevent aiv from cscaping and entering the
enclosire 106 through the gaps.

0341 In some ombodiments, one or more aiy handiing anits 122 may draw external cool
air wxto the inside space 18, The cool air eaters the server cooling svstom through valved
opemings 114 on the lateral walls 100, One or more fans draw the cool air from the mside
space 18 through the front faces of the one or more rack-mousted wnmits and expel heated
air through the back faces of the one or more rack-mounted uniis to the mterior space 116,
The heated air passes through the connector 112 and leaves the intenor space 116 through
the valved openings 110 on the roof 110, In some embodiments, the cooling fans mownted
mitemnaliy within the rack-mounted units instatled in the rack 108 draw the cool air from the
nside space TR and expel heated air to the intenor space 1160 no additional air handling
units, in one implementation, are need to cool the rack-mounted wmits.  In other
embodments where fandess rack-mounted units are mstalled 1 the rack 108, one or more
fans mayv be installed on one side of the rack 0% to draw awr through the rack-mounted units
from the mside space 118 to the interior space 116 to cool the rack-mounted units installed
in the rack 108

0351 In some embodiments, there may be valved openings 120 on the enclosure 116, A
control syster is aperably connected o the valved openings 120, the valved openings 110
on the roof 104, and the valved openings 114 on the lateral walls 100, The control systent is
operable to selectively activate each of the valved openings based on temperatures observed
within and outside the mside space 118 to achieve one or more desired air flows, When the
air external to the inside space 118 is not suitable o be wtroduced to the mside space 118,

the conirol system closes the valved openings 110 and 114, and opens up the valved
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opemngs 126, To coel air in the inside space 118, one or more cooling units may be used.
In some embodiments, the cooling units nray be evaporative coolers which are devices that
cool air through the simple ovaporation of water. Compared with refnigeration or
absorption air conditioning, evaporative cooding may be more energy cfficient. Cooling atr
18 drawn from the mside space 118 through the rack-mounted enits and heated aw s
expelled to the wsuerior space 116 defined by the enclosure 106, Heated air inside the
enclosure 106 is exhausted to the inside space 118 through the valved openings 120, In
some embodiments, one or more fans may be used to exhaust the heated air out of the
enclosare 16

056! In other embodiments. one or more cooling units nay be used while external air is
introduced fo the mnside space 118, The control svstem may open the valved openings 116,
4, and 120 simultancously. Evaposative cooling units may be ased in close proximity to
the valved openings 114 so that the extemal air may be cooled while being introduced to the
wnside space 118,

00377 In vet other embodiments, the control system may open the valved openings 110,
and close valved opemings 114 and 120 when the difference in temperature bebween the
cutstde and the msider space reaches certain configurable threshold values.  In other
entbodiments, the control systern may close valved openings 19, and open up valved
openings T4 and 12¢ To cool the air wn the inside space 1201, one or more evaporative
cooling units may be placed in the mside space 1260 to provide cooling.

0381 In some embodiments, the roof 104 comprises a single-sloped roof which may be
casy fo manufacture and install. In other erobodiments, other tvpes of roof configurations,
such as a gable roof, may be ased. The lateral walls 100, the floor 102, and the roof 104
may be pre-manufactured in a factory and assembled on the construction site where a data
center is 1o be bult. Pre-manuefactured wmts may sigmficantly reduce the cost to buwild a
data conter. One of the cost advantages of the mtegrated buildmg based air handler for
server farm cooling system is the convenience and fow cost of pre-manufacture parts of the
svstem and the ease of mstallation of pro-manufactured parts in a data center.

00397 In some embodiments, the integrated building based air hasdler for server farm
cooling svstem tthustrated i FIG. 1 obviates the need for rarsed subfloors, CRAC enits and
water chillers. A large muanber of patts of the cooling system may be pre-manufactured and
castly assembled. Natural cool air may be used to cool the servers. Cooling fans mstalled
sternalty withun the servers may provide the needed aty flow to draw cooling air o cool the

servers; CRAC onits and mised subfloors may no longer be nesded. Efficient evaporative
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coolers may replace the water chillers which are costly to install and operate. Overall, the
cooling systems described hercin may sigmficantly redoce the construction cost, and
eleetricity power and water usage, of server fars deployments.

004 FIG. 2 Hhustrates another example server cooling system compnisimg lateral walls
206, a floor 202, a roof 204, an enclosure 206, & server ra ‘k 208, and a ceihing 210, The
example coohing svstom in FIG. 2 15 similar to that in FIG. | except that the cetling 210 and
the roof 204 define ap athic space 220, The fateral walls 200, the floor 202 and the ceiling
210 define an inside space 218, One or more vabved openings 222 are coupled to the ceiling
210, There mav be valved openings 224 oun the roof 204 and valved opemngs 214 on the
fateral walls 200, The enclosure 2006 is operably connected to the attic space 220 through a
conngetor 212,

D041 In some embodiments, one or more aiv handling enits 226 may draw extemal cool
air into the inside space 218, Ome or more Fans draw the cool air from the mside space 218
through the front faces of the ene or more rack-mounted wnits instadled w the rack 208 and
expel heated air through the back faces of the rack-mounted units o the intenor space 216
The heated air passes through the connector 212 and enters the attic space 220 In some
eutbodiments, the cooling fans mounted inteenally withia the rack-mounted units instalied
in the rack 208 draw the cooling air to the internor space 216 and no additional air handling
wiits are needed.  In other embodiments where fanless rack-mounted units are installed in
the rack 208, one or more fans mav be instalicd on one side of the rack 208 to draw air from
the mside space to the merior space 216 to cool the mek-mounted unitx nstalled in the
server rack 208, Heated wir rises 1o the attie space 220 and is exhausted out of the cooling
syatem through the valved openings 224,

00420 FIG. 3 Hlustrates another example server cooling system comprismg lateral walls
304, a floor 303, a roof 304, an enclosure 306, a server rack 308 and a ceiling 310, The
fateral walls 300, the Boor 302 and the cetling 310 define an nside space 313, The roof 304
and the cetling 310 define an attic space 33¢. One or more valved openings 322 are coupled
to the ceibing 310, There may be valved openings 324 on the roof 304 and valved openings
314 on the lateral walls 30¢.  The enclosure 306 is operably connected to the attic space
320 through  connector 312, The example cooling svstem i FIG. 3 i similar to that i
FIG. 2 except that externgl air mav net be introduced mto the inside space 318 and that
heated air in the attic space 330}, at some points in fime, may pot be exhausted to the outside
of the example server cooling svstem: rather, the heated air may be mixed into the inside

space 318 ay necded to maintain a desired operating tomperatase.
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0047 In one embodiment, the valved openings 322, 324, and 314 are connccted o a
control svsteny which is operable to sclectivelv activate cach of the valved opemings based
o temperatures observed within and outside the mside space 318, When the external air s
not suitable to be miroduced to the inside space 318, the control svstem closes the valved
openings 314 and 324, and opens up the valved opemings 3220 To cool aiv in the nside
space 318, one or more cooling ws may be used. In some embodiments, the cooling units
may bg evaporative coolers, Coohing air s drawn from the mnside space 318 through the
rack-mounted units and the heated air is expelled to the intenor space 316 defined by the
enclosare 306, Heated amr nside the enclosure 306 is exhansted to the attic space 320
through the commector 312 and ee-cireulated to the inside space 318 through the valved
openings 322 coupled to the ceiling 310, in some embodiments, one or more fang may be
used o exhaust the heated atr ot of the enclosure 306 to the attic space 328 andfor e~
circutate at least some of the heated air to the inside space 318

00440 In other embodiments, one or mere cooling units may be used while the extersal air
is ,intm{iu‘:ed to the inside space 318, The control svstem may open the valved openings
314, 322, and 324 sumultancousty or at selected fines individually.  Bvaporative cooling
wnits may be used in close proximty to the valved openings 314 so that external air may be
cooled while being introdaced to the inside space 318,

D043 In vet other embodiments, the controf systent may open ap the valved openings 314

and 322, and close the valved openings 324, Evaporative cooling emits may he used in
close proxinuty to the valved openings 314 andfor the valved openings 322 0 provide
efficient coohing in the inside space 318 In other ernbodiments, the control svetem may
close valved openings 314, and open up valved openings 322 and 324, In one embodiment,
the control system may close valved opeaings 314 and 322, and open up the valved
openings 324, The controf svstem monitors the temperatures within the inside space 313,
within the attic space 320 and the temperatore outside. When the differcnce among the
three observed tomperatares reaches one or morg configurable threshold vales, the control
system may selectively open up or close each valved opening.

0046 FIG. 4 itlustrates another example server cooling svstem comprising lateral walls
400, a floor 402, a roof 404, a hot row enclosure 406, 3 server rack 408, a cold row
enclosare 410, and a ceiling 424, The example cooling systen in FIG. 4 is sinular to that ia
FIG. X except that one or more cold row enclosures are used to provide efficient cooling of

servers installed i n the rack 408,

143
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00477 The lateral walls 400, the floor 402 and the ceiling 424 define an inside space 418,
The ceibing 424 and the roof 404 define an atbic space 420, In some embodiments, one or
more valved openings 426 mav be coupled 1o the ceiling 424, In some other embodiments,
the hot row enclosure 400 comprises at least one server rack port that allows one or more
rack-mounted units to nterface with a bot row intenor space 416, The cold row enclosure
414 also comprises at least one server rack port that allows one or more rack-mousnted units
o inferface with a cold row interior space 422, The server rack 408 may be removably
comected to the hot row enclosure 406 through the server rack port in @ substantially scaled
manner. The server rack 408 may also be removably connected to the cold row enclosure
414 through the server rack port in a substantially scaled manner. o some embodiments.
the rack~-mounted units are installed m the server rack 408 such that respective froat faces of
the rack-mounted wnts mierface with the cold row mtenor space 422, and that respective
back faces of the rack-mounted waits interface with the hot row intorior space 416, In some
crbodiments, the hot row enclosure 406 mayv be operably connected to the attic space 420
through a connector 412, In some other embodiments, the cold row encloswe may
comprise a fan wnit 430 to draw air from the cold row interior space 422 through the front
faces of the mok~-mounted units installed 1o the rack 408 1o cool the mok-mounted units; the
heated air 1s ejected to the hot row nterior space 416 through the back faces of the rack-
mounted units.

398! In some embodiments, one or more aiv handling units 432 may draw extemal cool
air o the inside space 418 The cool air enters the server cooling svstem through valved
opemngs 414 on the lateral walls 400, The one or more fans 430 draw the cool air from the
mside space 418 1o the cold row interior space 422 through one or more openings on the
cold row enclosure 416, In some embodunents, each cold row enclosure 410 may be
operably connected to the valved openings 414 so that the external cool air may be drawn to
the cold row intenior space 422, In some other embodiments, the cooling fans mounted
axternally within the rack-mounted units demw the cool air from the cold row interior space
422 The cool air flows through the fromt faces of the one or more rack-mowmted wnits
mnstalled in the rack 40% and expel heated air through the back faces of the one or more
rack-mounted anits to hot row intenior space 416, The heated aiv passes through the
conngetor 412 and eaters the attic space 420, In sonie embodinients, the heated air inside
the attic space 420 may be exhausted out of the cooling svstem through the valved openings
428,

11
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00497 In some ombodiments where fandess rack-mounted units sre nstatled i the rack
408, one or more fans may be wnstalled on one side of the rack 408 to draw air from the
inside space 418 to the intenor space 416 to cool the mek-mounted units wistalied in the
rack 408, In other embodiments, the one or more fans 422 may provide the needed power
for the cool air o flow from the cold row interior space 422 to the hot row intenor space
416.
0500 FIG. 5 illostrates another example server cooling svstom comprising lateral walls
200, a floor 302, a roof 304, a hot row enclosure 300, a server mek 308, a cold row
enclosure 310, and a ceiling 524, The lateral walls 300, the floor 502 and the ceiling 524
define an inside space 318, The ceting 324 and the roof 304 define an attic space 320, The
example cooling svstem in FIG. 3 s sinular to that in FIG. 4 except that external air may
not be introduced mto the inside space 318 and that heated air in the attic space 320 may not
be exhausted 10 the outside of the example server cooling system.
051 In some embodiments, one or more valved openings 326 may be coupled to the
cetling 324, The valved openings 314, 328 and 326 are operably cospected to a control
svstern which 1s operable to selecctively activate cach of the valved openings based on
teraperatures observed within and outside the mside space 318 and/or the attic space 320,
When the extemmal air is not seitable to be introduced to the mside space 318, the control
system closes the valved openings 314 and 528, and opens op the valved openings 326, To
cool a1 the mside space 318, one oy more cooling units 332 may be wsed. In some
cmbodiments, the cooling smits 332 may be evaporative coolers. Cooling air is drawn from
the inside space 518 to the cold row interior space 522 In some embodiments, one or more
fans S30 may be used to draw cooling air into the cold row enclosure 310, The cooling air
is drawn frow the cold row wuerior space 322 through the rack-mownted units installed 1a
the rack 30%; the heated air is expelled to the hot row infenior space 516 defined by the
enclosure 506, Heated aiv enters the attic space 520 through the connector 312 and 1§ re-
circatated to the mside space 318 through the valved openings 326 coupled to the ceiling
324, In some embodiments, ane or more fans may be used to exbaust the heated air out of
the enclosure 506 to the attic space 320 and re~circulated to the nside space 518,
0002 FIG. 6 tllustrates a three dimensional view of an example server cooling svstem
comprising lateral walls 600, a tloor 632, 3 roaf 504, an cnclosure 508, a server rack 608,
and a cetling 610, The laferal walls 600, the Hoor 602 and the ceiling 610 define an inside
space 618, The roof 604 and the ceiling 610 define an attic space 620, The enclosore 606

defines an imterior space 616, One or more valved openings 622 are coupled to the ceiling
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610, There mav be valved openings 624 on the roof 604 and vabved openings 614 on the
tateral walls 601 The enclosure 606 15 operably connected 1o the attic space 620 through a
connector 612, In some embodiments, one or more rack-mounted units are installed in the
rack 608 such that respective front faces of the rack-mounted wmts interface with the inside
space 618, and that respectrve back faces of the rack-mounted units interface wih the
axerior space 616, In some embodiments, external cool air may be drawn into the mside
space 618 twough valved openings 614, The cool air may be drawn from the nside space
618 by cooling fans mounted internally within the rack-mounted wnits installed o the rack
608 the heated wr s gjected into the interior space 616 and enters the atbic space 620
through the consector 612, i other embodiments where fanless rack-mounted wits are
installed m the rack 608, one or more fans mayv be used to draw cooling air from the inside
space 618 to the interior space 616, In some embodiments, the air handhing units 626 may
be used to draw external cool air to the inside space 618 through valved opomings 614, The
valved openings 614, 624, and 622 are operbly conaccted 1o a control system which is
operable to sclectively activate cach of the valved openings based on temperatures observed
within and outside the mnside space 618 and/or the attic space 620, When the extomat air ig
not suitable to be introduced 1o the mnside space 618, the controf systom closes the valved
openings 614 and 624, and opens up the valved opemings 622, To cool air v the mside
space 618, one or more cooling wmits may be used. In some embodiments, the cooling units
may be evaporative coolers. The cooled air 13 drawn from the inside space 618 through the
rack-mounted units and installed in the rack 608, the heated air is expelled to the intenor
space 616, Heated air enders the attic space 620 through the connecior 612 and 1s -
circolated to the inside space 618 through the valved openings 622 coupled o the coiling
6140, In some cmbodiments, one or more fans may be used to exhavst the heated air out of
the enclosure 606 to the attic space 620 and re-circulate the air to the nside space 618,

0531 FIG. 7 dlustrates a top view of an cxample cooling system. The lateral walls 700
and a cetling or roof define an tnside space 718, An enclosure 706 defines an interior space
716, The enclosure may be connected 1o one or more racks 708 1 a substantially sealed
manner. One or more rack-mounted units cach comprising one or more cooling fans are
mstalled in the rack 708, Ong or more vabved openings 714 on the lateral walls 700 allow
outside cool air to enter the inside space 718, The cool air 18 drawn from the nside space
bv the cooling fans mounted imtemally within the rack-mounted units mstalled in the server
sacks, and the heated aw is gjected to the mtersor space 716, In some embodiments, one or

more air hamdling wnits 726 may draw extemal cool aiv to the inside space 718, In one
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emhodiment, the cooling svstem measures 60 feet wide, 235 foet long, and 16 feet high

Four enclosures are installed in the cooling system. Fight racks are connected to cach
enclosure on cach side in a substantially scaled manner.  Each rack comprises 16 iU
servers. The fateral walls, the cetling, the roof. and the enclosures may be pre-mamufactured
and instalied on the construction site of the data center. Companng with other data center
designs, the example cooling system pray easier to install and more efficient to operate,

05

FIG. 8 illostrates anothor example server cooling svstem comprising lateral walls
BOO, a floor 802, a roof 804, an enclosure 806, a server vack 808, and @ ceiling 810, The
tateral walls 804, the floor 802 and the cethag 810 define an imside space 818, The roof 834
and the cetfing 810 define an attic space 820. One or more valved openings 822 are coupled
to the ceiling 810, There may be valved openings 824 on the roof 804 and valved openings
814 on the lateral walls 800, The example server cooling svstem in FIG. § 1s similar to the
one in FIG. 2 except that 3 gable roof 84 ix used instead of a single-sloped roof 204, A
gabled roof may provide better air circulation m the attic space #18. However, the cost of
building a gable roof may be hugher than that of building a single-sloped voof.

055!

{ FIG. 9 iflustrates another example server cooling svstenm comprising lateral walls
904, a floor D02, a roof 904, an coclosure 906, a server rack 908, a cetling 910, and outside
walls 930, The example server cooling system w FIG. 9 is simifar to the one in FIG. 8
except that the roof Y04, the Hoor 902, the lateral walls 800, and the outside walls 930
define a mixing space 928, The lateral walls 900, the floor 902 and the cetling 916 define
an mside space 918, The roof 904 and the coiling 9140 define an attic space 920, In some
embodiments, outside cool ar may be dravwn into the mixing space 928 through valved
opemngs 914 on the outside walls 930, The cool air is dravwn to the inside space 918 by one
or more atr handiing units ¥26 coupled to the lateral walls 900, One or more rack-mouated
wmits each comprising a cooling fan are mstalled m the rack 908, The cooling fans mounted
mtemalty within the rack-mounted units dravw cooling air from the inside space 918 throagh
the rack-mowsted anits and cject heated air to the interior space 916, The heated air enters
the attic space 920 through one or more comnectors 912 which operably connect the intenor
space 916 to the attic space 920, In some embodiments, the heated air in the attio space 920
s exhausted to the outside through one or wmore valved openings 924 In other
etbodinents, the heated air is drawn to the mixing space 928 through one or more valved
openings 922 and 15 mixed with the outside cool air. In vot other embodiments, the valved
openings 914, 922 and 924 mav be opembly connected to a control system which s

operable to sclectively activate each valved openingz. When the extemal air i not setgable
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to be introdoced to the inside space 918, the control system closes valved openings 914 and
924 and opens valved openings 922, Heated air iy the attic space 920 is re-cireutated to the
mixing space 928 and 13 w-circulated to the mside space 915, In other embodiments, the
control system moniors the femperatire in the inside space 918, the attic space 924, the
mxing space 928, and the temperatuse outside. When the difference in temper among the
observed tomperatures reaches ong or mose threshold wvalues or other dvnamic or
predetermined levels, the control system may selectively open or close cach valved opening.
To cool the air in the wnside space, one or more coohng units may be used. In some
embodiments, the cooling wmits are mstalled withun the nuxing space 928 In other
cobodinents, the cooling wmts are mstalled within the inside space 918 In one
embodiment, the cooling units are evaporative coolers,

D036 FIGS. 10A and 10B llustrate an example of an aiv handler bailding structure 1000,
mrcluding a floor 132, a plurality of tateral walls 1004, and a roof Hi(¥6. In this example,
the bulding structure 1000 nay be pre-manufactured in 3 factory and assembled on the
construction site where a data center 15 to be butlt. As deseribe before, pre-manufactured
units may significantly reduce the cost of the bhuilding structwre 10600, One of the cost
advantages of the arr handier building stracture {00 for a server cooling system is the
convenience and low cost of pre~-manufacture parts of the system and the case of instailation
of pre-manafactured parts 18 a data center. The matenial of the bailding structure 1000
meludes, but i not limied fo, stcel, composite material, carbon material, or any other
suitable matenal.

00571 The foor 1002 in this example is a nos-rased floor, whach has a relative fow initial
construction cost compared with a raised floor. | s understood that raised floor may be
partiatly or completely used in the baildimg stnuctire 1004 18 other examples. The plueahity
of lateral walls 1004 inchude a fower lateral wall 1004-a and ap upper lateral wall 1004-b
opposing to cach other having different respectrve heights determined i accordance with a
ratio.  As shown in FiG. 108, which i the top-view of the building stracture 10, the
plurality of lateral walls 1004 may also mchude two other lateral walls 1004-¢, 1004-d
substantially perpendicular to the lower and upper lateral walls 1004-a, 1004-b. The roof
1006 mav be constructed in accordance with a pitch consistent with the ratio associated with
the lower and upper {atoral walls 1004-3, 1004-b. In other words, the roof 1006 is a sloped
roof with a pitch of Lx, where x is substantinlly larger than one, so that snow builds up and
melts on the roof 1006, with the heat from the mtenor of the hwlding structare 1000

accelerates the snow-melting process. In one example. x equals to 6 {c.g.. the pitch may be
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212y, In this example, the roof 1006 is a single~sloped roof (also known as a shed roof). 1t
s understood that, in other examples, soch as n FIGS. 8 and 9, the roof 1006 may be a
gable roof or any other suitable type of roof

{0581 One or more openings 1008, such as valved opemings. may be focated on different
parts of the building structure 1000, sach as on one or move lateral walls 1004 and the roof
1006, In this example, the lower {ateral wall 1004-a has one or more openings H08-a
through which outside natural air may entor the bailding structure 1000, In one example,
the lower lateral wall 1004-a may be substantially lowvered to facilitate the owtside nataral
air to enter the buitding structure 1000, In tus example, the apper lTateral wall 1004-b may
have one or roore openings [008-b theough which air i the building structure 1000 can exat.
In one example. a portion of the upper fateral wall 1004-b that is above the height of the
fower lateral wall 1004-a may be substantially lowvered to allow air to exit the building
structbure 1008, Optionaliyv, the mof 1006 may also include one ar more openings 10{8-c
through which aiv in the building structure 1000 can oxit. It s understood that, although
FIG. 10A shows opemings 1008-b, 1008-c on both the apper lateral wall 1004-b and the voof
1006, this configoeration may not be necessary i other examples.  As long as there are
openings above the height of the openings 18-a on the lower lateral wall 1004-3, air in the
bwlding structure 1600 can exit the building structure 1000 via natural convection.

D008 Refernng now to FIG, 10B, a first dimension L1 along a fiest divection 15 defined
between the Iower and upper lateral walls 1004-a, 1004-b, and a sceond dimension 1.2 along
a second direction 1s defined perpesdicular to the first direction, n this example, between
the other two lateral walls 1004-¢, 1004-d. As shown m FIG. 0B, L1 is smaller than L2
The refative length of L1 and L2 is designed such that the buwilding structure 1000 provides
access to outside natural air via the one or more openings H)08-a on the lower lateral wall
1004-a by increasing the area-volume-ratio of the building structure 1000, In one example,
L2 mayv be twice of L1 Accordingly, the shape of the basldmyg stracture 1000 allows air
within the butlding struchae HHK to rise via natural convection.  In other words, the
building structure 1000 is designed to take advantage of the warm air's tendeney to rise to
achieve “free cooling™ This natural “drafting” enhances the mechamcally  induced
movement of air and therefore reduces the overall power for coohing. With the design m
this example, the bumlding structure 1000 uself serves well as an air haadler even withowt
the traditional mechanical cooling svstem (1.e., by “free cooling™).

D060 As shown in FIG. 10A, the building structure 1000 may wnclode a cething 10180 that

divides the inforior of the building stractuse 1000 imo a first space 11112 and a second space
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1084, In this example, the first space 1012, which may be used for installing servers of a
data center, is defined between the floor 1002 and the cetling 1010 the second space 1014,
as an atlic space, is defined between the ceiling 1010 and the roof 1006, The ceiling 1010
may have one oy more openings 1008-d located at different regions of the celing 1010, In
this example, at least one opeming 1008-d 15 located near the openings 168-a on the lower
iateral wall 1004-a where the outside natural air enters the butlding structure 1000, With
such configuration, the cutside natural air enters the fiest space 1012 through the openings
1008-a on the lower lateral wall 1004-a and exits the first space 1012, by natarad
convection, through the openings 1008-d on the ceiling 1010 to enter the second space
1614, The mir m the sccond space 1014 thee oxigs, by natural convection, through the
openings 1008-b on the portion of the upper lateral wall 1004-b above the ceiling 1010
andfor the openings 1008-¢ on the roof 1006, The air in the sccond space 1014 mav also
enter the first space 1012 through the openings 1008-d on the ceiling 11119 near the lower
tateral wall 1004-a and may be suxed with the natural air entered the first space 1012
0061 FIG. 11 illustrates an example of a server cooling svstem 1100, o this example, the
syatern 1100 includes a first space 1102 defined by & Hoor 1104, one or move fateral walls
106, and a cetling 108, A plurality of servers 1HO may be mstalied in the fust space
1102, The system HOU, i thus example, also includes a second space 1112, as an attic
space, defined by the cetling 1108 and a roof 1114 One or more openings 1116, such as
valved openings, saay be located on at least one of the ceiling 1138, the voof 1114, and at
teast one of the lateral walls 1106, In this example, the fust latecal wall (e.g., a lower lateral
wall) 1106-a has one or more openings 11 16-al the cetling THO8 has one or more opemings
1116-d, including at least one opening 1116-d near the lower fateral wall 1106-a; a portion
of a second lateral wall (e.g., an upper lateral wall} 1106-b above the coding 1108 {in the
second space 1112) and/or the roof 1114 include one or more openings 1116-b, {116-c,
sespectively. The openings 1116, as described above, are used to realize the movement of
air betywveen the outside space, the first space 1102, and the second space {112,

062 In this example, the system 1100 mchudes an air inket 1118 coupled with the first
tateral wall 1106~-a and operable to allow outside natural air to enter the first space 1102,
The ar indet 1118, 1 this example, nctades one or more loavered opemags 1116-a oo the
fiest lateral wall 1106-a. The svstem 0} may alse nclude an air outlet 1120 coupled with
the second lateral wall 1106-b and operable to allow air i the second space 1112 to exit.
The wr outlet 1120, in this example, inclades one or more louvered opemngs 1116-b on the

second lateral wall 1106-b. The svstom 100 may further include ong or more air-handling
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units 1122 coupled with the air inlet 1118 to draw the outside natural ar and to provide air
to the first space 1102, The air-handling vnits 1122 inclade, for eoxample, o fan 1122-4, an
evaporafive cooling umit [122-b configured to gencrate evaporative cooling air based on the
cutside natural air, and in some embodiments a filter 1122-¢ configured to filter the outside
natural air enfering the first space 1102, The fan 1122-a mayv be a speed controlled fan and
iy designed to keep air terbulence bigh, which helps nutigate temperature gradicnts and
mcduces mixing. Optionally, the system 1100 may alse include one or more winterrapliible
power supply {(UPS) svstems utilizing kinetic stored energy.

065! In ths example, the systers 1100 also includes a control svstem 1124 configured to
control the one or more air-handling units 1122 to provide atr to the fiest space 1102
accordance with temperatures measwred within and outside of the first space 1102, The
control system 1124 may melade one or more devices such as a nucroprocessor,
micrecontrotler, digital signal processor, or combinations thereof capable of excouting
stored instructions and operating upon stored data. Control svstom arrangements are well
known to those having ordinary skill in the art, for example, in the form of embedded
system, laptop, desktop, tablet, or server computers.

064! The control systern 1124 may mclude or couple to one or more sensors (not shown)
1o monitor the environmental metries such as temperatwre and hmidity within and outside
the first space 1102, For example, temperature sensors may be d\,p oved at different
iocations m the first space 1102, the sccond space 1112, and space owtside the server
cooling system QU to provide real-time temperatures of vanous locations. In one example,
bot aisle (hot row enclosuwre) temperature of the server racks wn the first 1102 mav be used to
regulate speed controlled fans; cold aisle {cold row enclosure) temperatare of the server
racks o the first 1102 and outside air t{:nu:mratu.fc arul bunudity may be used to provide an
indication of outdoor and return aly nuxing efficiencies. Dew point sensors andfor humidity
sensors mav also be provided in the air inlet 1118 and the air-handling onits 1122 to
monitor the husslity of the amr emtering the frst space 1102, 1 is understond that, although
the control system 1124 in FIG. 11 1x installed m the second space 1112, it may be nstalled
i other places witlun the server cooling svstem 1100 or outside the server cooling svstem
100, In thas example, the controf svstem 1124 is operatively coapled to the air-handhing
wmts 1122 and other conmponents of the server cooling system 1100, such as but not limited
to an air-exchangmg unit 1126, which may be coupled to the openings 1214-d on the cotling
HO8 near the first lateral wall 1106-2 and may be configured to draw air from the second

space 1112 into the first space 1102 in order to mix with the outside natural air entering the
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first space 1102, The connections between the control system 1124 and other components
of the svetern 1100 mayv be achieved asing anv known wire or wireless communication
tochniques.

{065 Depending on the measured temperatures within and outside of the first space 1102,
the controf system 1124 may control the operations of the air-handhng units 1122 in
conjunction with other components of the server cooling system 1100 in, for example three
different working modes at three different tomperature ranges.

the control system 1124 may controf the air-bandling vmits 1122 1 conjunction with the air-
exchanging wut 1126 1o directly provide the outside satural air into the first space 1102 10
achicve the so called “free cooling.” Specifically, m this mode. the control system 1124
may turn off the evaporative coohing unit 1122-b and turn on the fan 1122 to divectly draw
the outside natural air into the first space 1102 withost extra cooling.  Optionatly, the
control system 1124 may alse tien on the filter 1122-¢ to fler the incoming natural anw. In
this mode, the control svstem 1124 mav further turm off the air exchanging unit 1126 to stop
mixing the inconung watural air in the first space 1102 with the heated atr from the second
space 1112, which may increase the teraperature i the fust space 1102, in one exampie,
the first range is substantially between 70 °F and 83 °F.

D067 In a second range. which is lower than the first range. the control system 1124 may
control the ayr-handling wntts 1122 in comunction with the mr-exchanging wt 1126 to
provide air to the fwst space 1102 based on a mixed outside natural air and alr exhausted
from the servers 1110 through one or more openings 1116-d on the ceiling 1108 near the air
wiet 1118, Specificadly, in this mode, the control svstem 1124 may tumn off the evaporative
cooling unit 1122-b and tan on the fan 1122-a3 to draw the outside aatucal air info the first
space 1102, Optionally, the controf system 1124 may turn on the filter 1122-¢ to filter the
mcoming nataral air. In this mode, the control system 1124 may turs on the air-exchanging
wat 1126 to draw the air exhaosted throagh the servers 110 into the second space 1112 o
the first space 1102 i order to heat op the inconung natural air in the first space 1102, In
this example, the air-exchanging wir 1126 mav inclode a damper, a retarn fan coupled with
the openings 1106-d, and a recirculation fan to help blend the mixing air, preventing any
torperature o humidiy gradienis. I one example, the second range is about below 70°F
068! In a third range, which is higher than the first range, the control system 1124 may
control the sir-handling wnits 1122 in comenction with the mr-exchanging wat 1126 {o

provide evaporative cooling air to the first space 1102 based on the outside natural air
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drawn from the air inlet 1118 through saturated media. Specifically, in this mode, the
control svetern 1124 may tam on both the evaporative cooling amit 1122-b and the fan 1122
a to draw the cutside natural air 1ato the first space 1102 and cool it down by evaporative
cocling. Optionally, the control svstem 1124 may tum on the fiter 1122-¢ to filter the
meoming natesal a. In this mode, the control system 1124 may turn off the am-exchanging
umit 1126 to stop mixing the incoming natural air in the fisst space 1102 with the heated air
feom the second space 1112, Optionally, & dow point sensor may be used in conjunction
with the evaporative media of the evaporative cooling unit 1122-b to ensure additional
moistare s not added to already sabgrated @y, In one example, the second range is
substaniaily between 83 “F and G °F,

0063 It is noted that in any temperature range, the control system 1124 may be further
configured to sclectively activate one or more of the openmgs 1116-a on the fivst lateral
wall 11{6-a to control the amount of the outside nataral air drawn into the frst space 1102
based on the fomperatures measwred within and outside of the fiest place 1102, In addition,
when the measured temperature is above 110 °F, addidonal mechanical cooling units and
air-conditioning wnts may be tumed on to provide extra cooling.

D070 The first space 1102 of the system 1100 mav further inclade at least one
substaniaily enclosed interior space 1128 engaging the ceihing 1108 and open fo the second
space 1112 and at least one rack 1130 engaging the ierior space 1128 1 a substantially
scaled manner and baving the plorality of servers 1110 mounted thereos, The interior space
28 mav be defined by an enclosure having a frame, pancls, doors, and rack ports. The
enclosare of the intedor space 1128 may be made of 8 variety of matenals such as steel,
composite matenals, or carbon matenals. The enclosure creates a housing defining the
terior space 1128 that is substantially secaled from the fivst space 102, The enclosure of
the mierior space 28 mchudes at least one rack port that allows one or more servers 111
mstalled in the racks 1130 to interface with the wntersor space 1128 One or more edges of
the rack port may include a gasket ov other component that contacts the rack 1130 and
forms a substantially sealed mterface. The rack 1130 may be removably conoccted to the
saclosure of the interior space 1128 through the rack port in a substantially scaled manner,
00711 In thes example, one or more servers 1110 are installed 1o the racks 1138 such that
respective front faces of the servers 1110 interface with the first space 1102, and that
respective back faces of the servers 1110 interface with the ipterior space 1128, In thig

example, cach rack-mounted server 110 may include one or more fans 1132 therein
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operable to draw air from the first space 1102 through its front face and expel heated air to
the interior space 1128 through its back face.

X372 The server cooling system 1100 can maintun a properly mixed server suppiy ar i
an optimal working temperature range, for example between 70 °F and 83 °F and n 2 non-
condensing relative humidity range, for example below 85%.

30731 F1G. 12 sllustrates another example of a server cooling system 1200, The system
1200 melodes a first space 1202 defined by a floor 1204, a plarality of lateral walls 1206,
and a ceiling 1208, and a sccond space 1210 defined by the ceding 1208 and a sloped roof
1212 constructed i3 accordance with a pitch. One or more openings 1214, such as valved
openings, may be located on at least one of the roof 1212, the ceiling 1208, and at least 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 natural copvection. The svstem 1200 may also include
at least one imerior space 1216 nside the first space 1202, that is substantially enclosed and
engaging the ceiling 1204, and at east ong rack 1218 cagaging the interior space 1216 m a
substantially scaled manner and having a phurality of servers 1220 mownted thereon. In this
example, one or more servers 1220 are instatled 1n the racks 1218 such that respective front
faces of the servers 1220 mterface with the first space 1202, and that respective back faces
of the servers 1220 interface with the mierior space 1216, in this example, cach rack-
mounted server 1220 may include one or more Fans 1222 therein operable to draw air from
the first space 1202 through its front face and expel heated air to the intertor space 1216
through its back face,

0074; The building structwre in FIG. 12 15 sionlar to that i FIGS. 10A and 10B, which is
designed to take advawtage of natural convention to enhance the mechamcally imduced
movement of air and therefore reduce the overall energy necessary for cooling the servers.
The example server cooling svstem {206 in FIG 12 1s simifar to that in FIG. 11 except that
system 1200 does not include the external air-handling units and aiv exchanging anits such
as fans and evaporative cooling wnil. The air curaidation s induced by the intemmal fans
1222 of the servers 1220 and the natural convection enhanced by the special designed
building structare.  Accordingly, the total energy consumption of the system 1200 in FIG.
12 may be further reduced compared with the svstem 1100 i FIG. 11

00750 FIG. 13 dlustrates a cross-section of another exemplary air handler building
structure 1304 The air handler bailding structure 1300 is sinular to air handler building

structure 1800, wnctuding a Hoor 1302, a phaality of lateral walls 1304, The floor 1302 in
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this exemplary embodiment can be a pon-raised foor. | is enderstood that a raised Hoor
may be parbally or completely ased i1 the bailding structure 1300 in other embodiments.
076! The ar handler building structure 1300 has two roof portions 1306, symmetrically
placed on cither side of a protruding portion 1322, The protruding portion 1307 is higher
than the highcsl‘ part of the voof portions 1306, and placed above the center of the building
i cross-section. The roof portions 1306, and the protrading portion 1322 extend along the
air handler haskding structare 1300 10 a divection perpendicuar {o the cross-section v FIG.
i3,

00777 The protruding portion 1322 has lateral walls 1324 and roof portions 1326, The
tateral walls 1304, 1324 and the roof portions 1306, 1326 are constructed i a sinular
manner o lateral walls 1004 and the roof portions 1006,

D078 The roof portions 1306, like the roof portions 1006 may be covstructed in
accordance with a pitch of T:x, where x is sebstantially larger than one, so that snow bulds
up and molts on the roof 1006, with the heat from the interior of the butlding stracture 1360
acceleranng the snow-melting process. In one example, x equals 0 6.

00797 One or more openings 1308, such as valved openings, may be located on different
parts of the building structare 1300, such as on one or more lateral walls 1304 and the roof
portions 1306, In this example, the lower lateral wall 1304-a has one or more openings
1308-a through which outside natural aiv mav enter the building stracture 1300, In one
example, the lateral wall 1304 may be substantiatly louvered to facihitate the cutside natural
air to enter the building structure 1300, In this cxample, the lateral walls 1324 of the
protruding portion 1312 may have one or more openings 1308~b through which air m the
building structore 1300 can exat. In one example. a portion of the lateral walls 1324 are
above the height of the lateral wall 1304 may be substantially louvered to allow awr to exit
the building structure 1300, Optionally, the roof portions 1306 may also include one or
more openings 1308-¢ through which air in the building stractore 1300 can oxit. s
wnderstond that, although FIG. 13 shows opemings [1308-c on the roof porfion 1306, this
conflguration mayv not be necessary in other examples. As long as there are openings 1308
above the height of the opesings 1308-a on the lateral wall 134, air 18 the building
stracture 1300 can exat the building structure 1300 via natural convection,

Q0SB0 The addiional height of the one or more openimgs 1308-b on the lateral walls 1324
above the height of the opemmgs 1308-a on the lateral wall 1304 moercases the natural

convection 1 the ulding stracture 1300 over that of the bwnlding stracture 1000,
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0081 As shown ia FIG. 13, the building structure 1300 may include a cething 1310 that
divides the infenior of the building structre 1300 1ato a first space 1312 and a second space
1314, To thus example, the fiest space 1312, which may be used for installing servers of a
data center, is defined between the floor 1302 and the ceibing 1310; the second space 1314,
as an attic space, is defined between the ceiling 1310 and the roof 1306 and the protnding
portion 1322, The cailing 1310 may bave one or more openings 1308-d located at dufferent
regions of the ecihing 1310, In this example, at least one opening 1308-d 1s located near the
opemngs 1308-a on the lower lateral wall 1304-a where the outside natural air enters the
building structure 1300, With such configuration, the ostside nataral air enters the fivst
space 1312 through the openangs 1308-a on the lateral wall 1304 and exits the first space
1312, by natural convection, through the openings 1308-d on the cetling 1310 10 enter the
second space 1314, The air m the sccond space {314 then exsts, by natural convection,
through the openings 1308-b on the protreding portion 1322 abave the ceiling 1310 and/or
the openings 1308-c on the roof portion 1306, The alr i the second space 1314 may also
enter the first space 1312 through the openings 1308-d on the ceiling 1310 near the lateral
wall 1304-a and may be mized with the natral awyr entered wto the first space 1312

D082 FIG. 14 illusteatos a cross-section of an other example of an air handler building
structure 1400 that 1s similar to the building structure 1300 but without the cetbing 1310 and
opening 1308-d. {other features have the same labels as in FIG. 13) The natural convection
draws air through openings 1308-3 which rises through the butlding stracture 1400 and out
through openings 1308-h.

00873 The vartous oxamples of the building structures and server cooling systems
disclosed herein can aclueve an admost 0% uptime availabibite, for example, 99.98%
uptine avastabihity for a data center facility, for example, having a 9.0 MW cntical load.
The vanous examples of the building structures and server cooling systems disclosed herein
can allow for free coohng, for example, 99% of the vear via the building structures” amque
shape and orientation, as well as server physical configuration. Also, the various examples
of the butlding structures amd server cooling svstems disclosed herein can achiove aboat 2%
asmualized “cost 1o cool” with evaporative cooling, where “cost to cool” is the energy (KW)
expended to remove the heat generated by the data center load as a percentage of the data
cerer load tiself.  Further, the varnous examples of the buddmyg structures and server
coching systems disclosed herein cap save, for example, about 36 nulfion gallons of water
used for cooling compared with conventional water-cooled chiller plant designs with

comparable IT loads. The vanous examples of the building structures and server cooling
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systems disclosed herein can achieve high officiency to a target power usage effectiveness
{PUE) of, for example, fess than about 1.11, such as 108, Moreover, the various examples

of the building structures and server cooling svstems disclosed hereta can achieve about

g
40% reduction in data center electricity consumption relative to industry-tvpical legacy data
centers.  For example, for a data center with a @ MW of critical toad, various examples of
the building structures and server cooling svstems disclosed herein can redace energy
conswmpiion of 8.6 1o 189 nullion KWh per vear compared with conveational collocated
facthues. Because water-cooled chiller may not be required n the exemplary server cooling

vatems disclosed heremn, there miay be zevo data center-related wastewater generated by the

K

server cooling sysoms, which cquals to a reduction of about 8 sulhion gallons of sewer
discharge per vear compared with conventional water-cooled chiller plant design,
Furthermore, the various examples of the badding structures and server cooling svstems
disclosed heretn can redoce the construction cost compared with traditional designs, for
example, 1o no more than § M per MW and reduce the coastruction time to, for example,
fess than 6 months. In one example, the vardous examples of the building structures and
server cooling svstenss disclosed herein can maintan the following room envirommental
requirements: room temperature of 33°F ~ 90°F, no higher than 83% non-condensing
relative humidity, pressure of 0,11 inches Haly, and 5 4%F per hour of rate of temperature
change. The vapous examples of the bwlding stnsctures and server cooling systers
disclosed herein can withstand 103(-yvear temperature and smidity condstions and extromely

tow winter temperatures while maugaining server room environmental requirements.

EXEMPLARY RESULTS

TABLE |
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0084 TABLE 1 15 a breakdown of the progression of cooling efficiency over time by

using at least some of the examples of the building structures and server cooling svstoms

disclosed herein. In TABLE 1, AHU represents air handling anits, CHW represents chilled

water, and DX represents divect expansion. For example, by ap

dng at loast some of the

examples of the building structures and sorver cooling systems disclosed herein, the average

power used in AHU has been reduced from 710 KW to 71 KW, As another example, using

at fcast some of the exemplary disclosed cmbodiments, the porcentage of the tolal cooling

have been reduced over the yvears from 33% 1 2003, as tvpical industry standard, to only

2% in the most recent experiment via YAHOO! s Compute Coop in 2010, This reprosents a

substaniial improvement.

TABLE2
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0085 TABLE 2 is a breakdown of the progression of electrical officiency over e by
using at least some of the examples of the building structures and scrver cooling svstems
disclosed beresn.  In TABLE 2, PUE represents power usage effectivenecss, which is
obtained by measuring the system utility power mpot and the critical power consumplion as
close as possible to the server loads.  This information may be read and collected from the
mstalled Electrical Power Monitoring Svstem (EPMS) asing power circutt monttors. Since
all data centers in TABLE 2 may extessively utthize outside mir cooling methods. data may
be collected on a monthly basts and annualized to account for variables such as weather.

operating howrs, etc.. PUE can be caleulated nsing the following:

Tt Fovedfiear B o ar
_ Fotad Faciiity Powsi

TSIT &
FPE =

¥ AJFVSTIP R oy ¥ ey
IT Fguipment Pows

where, IT Equipment Energy is the comprehensive enorgy use associated with all of the T
cguipment such as conputer, storage and network equupnient along with supplemental
equipment: Total Facility Energy is all facility energy use mcluding IT cquipment energy,
clectnical distribotion losses, cooling system encrgy. fuel usage, and other muscellancous

CHELEY 086,
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Q086 TABLE 2 shows that YAHOO! Lockport, NY facility has a 70% improvement ovor
the YAHOOQ! Santa Clara, CA co-focation facihty when improvements i alf coroponents i
electrical officiency path are wncluded. For cxample, by applving at least some of the
examples of the building struchwres and server cooling systems disclosed herein, PUE has

been further reduced from 1.62 to 108, compared with an indostry average of 2.0,

TABLE 3

Relative epergy
savings for z

¢ ZR G410 R

§ MW YOO piant L FLARLIES

{RWHipear}

Average ansusf

carkan savings TR 573 ~

fens DO

0087 TABLE 3 shows the energy and carbon savings utthzing at feast some of the
examples of the buwilding structures and server cooling svstems disclosed herein. In
addition. mimnuzed use of evaporative coohng as compared to standard cooling methods
may vield a 99% reduction i water use at the faciliy {and a corresponding seduction in
wastewater outflow) as compared 10 a tradstional data conter that uses water cooled chillers,
The carbon savings below assumes an average TS, carbon intensity of (.36 tons CO/AMWhH.
In other examples, the actuad carbon redactions may be much lower by virtue of how clean
clectricty is in alf three sites (0.3 toas COXMWh for Santa Clara, and close 1o zero for
both WA state and NY state).

0088 Two example YAHOO! data conter facilities disclosed in TABLES -3 are
desenbed in details below.

OB Y AHOO! Data Conter Faality -~ WA

Site Description: The existing installation at Wenatchee has proven to be the most efficient
YAHOO! data center prior to 2010, Located 1n contral Washington, the site was selocted
for its climate. with the existing building optimized to iake advantage of outside air
ceononuzation. Air handling units (AHU) discharge inte a traditional raised floor plesumy,
distnbating supply air to the servers,

Instaliation Date: 2006
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Flectrical: 4.8 MW, N+1 critical infrastructure with 4,800 KW static battery UPS and 4 x 2
MW dicse] generastor back up.
Cooling System: Air Cooled Chilters and AHUs with outside air coonomizing.
Designed Target PUE: 1.23.
00900 YAHOO! Compate Coop (YCC) Data Center Facildy ~ Lockport, NY
Site Description: The mnovative design and mstallation of the YAHQO! Compute Coop at
Lockport i3 the most efficient of all YAHOO! data conters to date.  Located in Lockpon,
NY, the greenfield site was selected for ws cold clunate; its wnigoe design exclusively
meorporates outside ar econonuzation, signmficantly reducing supply fan horsepower.
Installation Date: 2410,
Elgetnical: & MW, N+l cntical infrastructure with hine imteractive UPS systems using
kinetic stored energy and diesel generator backap. Prnimare UPS systems are deploytd in
200 KW modales, allowing systoms to be taken offline when not n use
Cooling Svstera: YAHOO! Compuge Coop integrated building svstom cooling  with
Gvaporatim cooling.

esigned Target PUE: 108 ~ 111
{{}{}5}31& The deployment of at fcast some of the examples of the building structures and
server coolmg systems disclosed herein has evidence to prove therr effectiveness.
Inmovative building stractores and server cooling svstems disclosed herew can reduce osk
aversion within the data center industry {both data center designers and 11 equipment
manufacturers} for other innovations that relate to free coobing, chiller-less data centers, and
broader temperature ranges ~ as well as expenmenting with designing data centers with
closer attention to maxinizing the use of local climate conditions.
OO The present mveation has been explamed with reforence to speaific embodiments.
For example, while embodiments of the present invention have been described with
reference to specific components and configurations, those skifled in the art will appreciate
that different combination of components and configurations may also be used.  For
example, raised subfloors, CRAC wnits, water chiller, or hunudity control units may be ased
i some embodiments.  Setsnie control devices and electrical and communication cable
management devices may also be used s some embodiments. Other embodiments will be
evident o those of ordmary skill in the ant. It s therefore not inteaded that the present

invention be fimited, except as indicated by the appended claims.
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WE CLAIM:
1. An air handler building structure. comprising:

a foar;

a pherality of lateral walls, including a lower and an upper lateral walls opposing to
cach other baving difforent respuctive heights deterouned in accordance with a ratio;

a roof with a pitch consistent with the ratio associated with the lower and apper
fateral walls: and

ane of more openings located on at keast one of the roof and at least one of the
{ateral walls, wheremn

the shape of the building structure atlows air within the building strecture to nise via
natural convection, and

a first dimension along a first direction defined between the lower and spper fateral
walls refative fo a second dimension along a second direction perpendicular to the first
direction such that the building structure provides access to outside natural air via ovne or
more openings on the lower lateral wall.

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

a ceiling having one or more openings;

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

a second space defingd botweon the cetling and the reof, wherem

the outside nataral aiy enters the first space through the ane or more openings on the
tower fateral wall, and

ayr in the first space oxits, 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 one or move cpomngs located on at Ioast ong of the roof

and at least one of the lateral walls above the ceiling.

4. The building structure of claim 2, whercin air in the second space entors the
fivst space via one or more openings on the ceibing near the lower lateral wall and 1s mixed

with the outside natural air enfered imto the first space.

20
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S The building structure of claim 1, wherein the second dimension is greater

than the first dimension,

8, The nlding structure of claim 1, wherein the ratio of the second dimension

to the first dimension 18 two.,

7. The building structure of claim 1, wherein the pitch is iy, where < is
substanfially larger than one, vielding a sloped roof that allows snow to build up and melt

and heat from interor of the bulding structure aceclerates the snow-melting process.

8. The butlding structure of claim 7, wherein x 15 6.
9, The building stractare of claim L, wherein

the lower fateral wall 1s sebstantially lowvered to alfow the outside natural awr to
enter the butlding structure, and
the vpper lateral wall has a portion above the height of the lower lateral wall

substantially louvered to allow air {o exit the building structure.

10, The building structure of claim 1, wherein the floor is a non-raised floor,

11, The budding structure of elaim 1, whercin the roof is one of a single-sloped

roof and a gable roof,

12, A server cooling system, comprisig:

a first space defined by a floor, one or more lateral walls, and a ceiling, having a
plurality of servers installed therein;

a second space defingd by the ceiling and a roofl

one or more openings located on at feast one of the cetling, the roof, and at feast one
of the one or more lateral walls;

an air inlet coupled with a first Iateral wall and operable to allow outside natural aur

to enter,

34
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one or more air-handling wnits coupled with the ar indet o draw the outside natara
air and to provide air to the first space;

an atr outlet coupled with a second lateral wall and operable to allow air i the

W
0

second space to exit; and
a control system configured to control the one or more an-handling units o provide
air o the first space in accordance with temperatures measwred within and outside of the

first space.

13, The svstem of claim 12, wherein the control svstem controls the one or more
air-handling units to provide the ouiside natural air to the first space when the tomperatures
measured within and cutside of the first place 15 within 3 first range.,

14, The systent of claim 13, wherein whes the temperatures measured within and
outside of the first place 1s within a sccond 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 natarad alr and air exhausted from the plurabity of servers through one or

more openings on the cerling near the air mslket.

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

first space based on the cutside nataral agr drawn from the air indet through saterated media.

16, The svstem of claam 13, wherein
the first range is substantially between TO°F and 85°F,
the sceond range s about below 70°F, and

the third range is substantially between 83°F and 110°F.

17, The system of clatm 12, whoerein the air inlet inclades ong oy more lowvered

apenings on the first latesal wall.

18, The svstem of claam 12, wherem the air ontlet 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
the one ov more openings on the cailing and configured to draw air from the second space

into the first space i order to mix with the cutside natural mir enfering into the fust space.

20, The system of claim 17, wherein the control system s further configured o
selectively activate one or swwe of the openings on the fiest lateral wall to control the
amouni of the outside nateral air drawn fnto the first space based on the temperatures

measured within and outside of the fivst place.

21 The svstem of clams 12, wherein the first space comprises:

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

a rack engaging the interior space in 3 substantially xealed manner and having the
plurality of servers mounted thereon, wherewm

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

respective back faces of the rack-mounted servers iinterface with the nterior space,
and

cach rack-mounted server includes one or more fhns therein operable to draw am
from the first space through #ts front face and expel beated air o the mierior space through

iis back face.

22 The svstem of ¢laim 12, wherein the one or more air-handling wuts inclada:
an evaporative cooling anit configared to gencrate 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 svstem, comprising:

a first space defined by a floor, a plurality of lateral walls, and a cething;

a second space defined by the ceiling and a sloped roof comstracted 1n accordance
with a pitch:

one or more openings, located on at least one of the roof] the cetling, and at least one
of the lateral walls, that enable ontside natural air to enter the first space and air in the

second space to exat by natural convection;

ok
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an interior space inside the first space, that is substantially enclosed and engaging
the ceiling:

a rack engaging the infenor space i a substaptially scalod manner and having a
plurality of rack-mownted servers mownted thereon, wherein

respective front faces of the rack-moanted servers interface with the first space,
respective back faces of the rack-mowted servery interfice with the interior space, and

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

through its back face.

24, The system of clain 23, wherem air ia the first space oxits, via natural

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

25, The system of clatm 23, wherein air i the second space enters the first space

vid one or mwore openings on the cailing and is mixed with the outside natural aiv entered

wito the first space.

26, The svstem of claim 23, wherem the piteh 1s 1oy, where x is substantially
farger than one, viclding a sfoped roof that allows snow to build up and melt and heat from

the plurality of servers accelerates the snow-meliing process,

27, The system of clatm 26, whemin x is 6.

28 The svstem of clam 23, wherein

a first of the lateral walls is substastially lowvered to allow the outside natural air to
enter the first space, and

a second of the ateral walls has a portion i the second space substantially louvered
to alfow air to exit the second space.

24, The svstom of claim 23, whergin the floor is 3 noa-raised floor.

30, The svstom of claim 23, wheremn the roof is one of a single-sloped roofand a

gable roof.
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310 Anairhandler building structure, comprising:

a floor;

a plaralpy of lateral walls;

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

a protrudiny portion extending above the roof portion; and

ong or more openings located on at least one of the roof portion, at least one of the
tateral walls. and the protrading portion, wherein

the shape of the building stracture allows outside naturad air to eoter through one or
more opemngs on at feast one of the lateral walls via natural convection and exit through

mite ot more apenings on at feast one of the roof portion and the protruding portion.

32, The bulding structure of claim 31, further comprising:

a ceiling having one or more openings;

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

a second space defined between the cething and the roof portion and the protruding
portion, wheren

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

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

at least one of the cetling, the roof portion, and the protrading portion,

33, The bulding structure of elaim 32, wheroin air in the sceond space exits, via
natural convection, through ong oy more openings located on at feast one of the roof portion

and the protruding portion.

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

15 mixed with the outside natural air entered o the first space.

35, The bulding structure of elasm 31, wherem

a first dimension is defined along a fivst direction between a first pair of opposing
ateral walls:

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

aligning along a second direction perpendicular to the first direction;
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the first dimension relative 10 the second dimension is such that the building
structure provides access to outside natural air via one or more openings on af least one of

the lateral walls, wherein the second dunension 1s greater than the fivst dunension.

36, The building structure of claim 32, the shape of the building stractare causes
the air to be drawn, from the first space, through ong ar more servers in the first space, via
natural convection, and hot air vielded by the servess to oxit from the first space to the

sceond space.

37, 'the butlding structure of claim 31, wherein the pich s ix, where x is
substantially larger than ong, viclding a sfoped roof that allows snow to build up and melt
and heat from intenor of the building structasre accelerates the spow-melting process.

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

39, The building structure of claim 32, wherein

at feast one of the lateral walls is substantially louvered to allow the outside air to
enter the building structure; and

at feast one of the lateral walls has a postion above the ceiling substantially lowvered

to aliow air to exit the ualding structure.

40, The building structure of claim 31, wherem the floor 1s a non-raised floor.
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