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Description
BACKGROUND

[0001] Organizations such ason-lineretailers, Internet
service providers, search providers, financial institutions,
universities, and other computing-intensive organiza-
tions often conduct computer operations from large scale
computing facilities. Such computing facilities house and
accommodate a large amount of server, network, and
computer equipment to process, store, and exchange
data as needed to carried out an organization’s opera-
tions. Typically, a computer room of a computing facility
includes many server racks. Each server rack, in turn,
includes many servers and associated computer equip-
ment.

[0002] Computer systems typically include a number
of components that generate waste heat. Such compo-
nents include printed circuit boards, mass storage devic-
es, power supplies, and processors. For example, some
computers with multiple processors may generate 250
watts of waste heat. Some known computer systems in-
clude a plurality of such larger, multiple-processor com-
puters that are configured into rack-mounted compo-
nents, and then are subsequently positioned within a rack
system. Some known rack systems include 40 such rack-
mounted components and such rack systems will there-
fore generate as much as 10 kilowatts of waste heat.
Moreover, some known data centers include a plurality
of such rack systems.

[0003] In some computer systems, a rack-level power
distribution unitis providedin a rack to distribute electrical
power to the many servers in the rack. The rack-level
power distribution unit may include a large number of
receptacles, each of which may be used to supply power
to a different server. Rack-level power distribution units
may be attached to one or both interior sides of the rack
near one end of the rack. This mounting may place the
receptacles of the power distribution unit in close prox-
imity to the server power supplies. Such a mounting may,
however, interfere with installation and removal of the
server racks (for example, by obstructing the path of a
server as it is slid into or out of the rack).

[0004] In one existing arrangement for a rack-based
computer system, cooling air is introduced at the front
end of a rack and into the front of servers mounted in the
rack. Heated air is expelled through the rear of the server
chassis and then exits through the rear of the rack. In
many systems, electrical connections for power and data
are at also located the rear of the rack system, along with
associated equipment for the electrical connections such
as rack-level power distribution units. With the electrical
connections located at hot end of the rack, personnel
may be forced to work in a hot environment to maintain
the servers (for example, to connect and disconnect pow-
er and data cables). In addition, high temperatures at the
rear of the rack may cause failures in the rack-level power
distribution units (for example, due to thermal overload
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of breakers in the power distribution units).

[0005] A source of heat in many servers comes from
on-board power supply unitsin the servers. Power supply
units that are not properly cooled may be susceptible to
failure. Many standard power supply units include an in-
ternal fan that draws air from inside the server chassis
into the power supply case and then expels heated air
to a location external to the server through a face panel
in the power supply unit. This arrangement may be ef-
fective in cooling electrical components in the power sup-
ply unit. In some cases, however, the heat air expelled
from the power supply unit may adversely affect cooling
of other components in the server or in other parts of the
system. For example, air expelled from a power supply
unit may pre-heat air being introduced into a server chas-
sis to cool critical components in the server, such as a
central processing unit.

[0006] Some servers include a substantial number of
hard disk drives (for example, eight or more hard disk
drives) to provide adequate data storage. The hard disk
drives include motors and electronic components that
generate heat, which must be removed from the hard
disk drives to maintain operation of the servers. This heat
is sometimes removed by passing air over and on the
sides the cases of the hard disk drives. In many existing
servers, the hard disk drives are laterally spaced from
one another to allow air to pass between adjacent hard
disk drives to cool of the hard disk drives. Such lateral
spacing may be needed to ensure adequate cooling of
the hard disk drives, but also may have the effect of lim-
iting the maximum density of the hard drives (that is, the
number of hard disk drives that can be provided in a given
amount of space in the server.)

[0007] Some data centers rely on DC-powered fans
internal to servers to produce airflow through the servers
in a rack system. Such fans may be, however, inefficient
and prone to failure, and add to the costs and complexity
of the servers. DC fans also require power conversion
equipment (either internal or external to the servers) to
supply the DC power for the fans.

[0008] US 6,621,693 discloses a low profile, storage
array that includes a digital data storage unit, such as a
rack-mount chassis, and a plurality of digital data storage
devices such as disk drives, disposed within the array.
The drives are spaced apart from a floor of the array on
which they are mounted, e.g., via supporting "sleds". Air
flow through or beneath these sleds cools the drives. US
2006/274496 discloses a connection arrangement of a
blade server comprising a case having a plurality of holes
at a front of the case, a first circuit board and a second
circuit board both in the case, and a plurality of walls
disposed between the first circuit board and the second
circuit board for forming a passage therebetween having
two ends open to the front and the rear of the case. An
electronicdevice (e.g., hard disk drive) is adapted to elec-
trically connect to the second circuit board by insertion,
and a channel corresponding to the passage is then
formed between the electronic device and the first circuit
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board for improving heat dissipation performance there-
of.

SUMMARY

[0009] The presently claimed invention is defined in
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 illustrates one embodiment of a system that
includes electrical connections and intake vents at
the front end of a rack system.

FIG. 2illustrates one embodiment of a computer sys-
tem that may be mounted in a rack.

FIG. 3 illustrates one embodiment of a data center
having power and data connections on a cold-aisle
side of a row of racks.

FIG. 4 illustrates air flow through one embodiment
of a computer system.

FIG. 5 illustrates a rear view of a computer system
including a hard disk drive tray.

FIG. 6 is a schematic side view illustrating air flow
through a computer system according to one em-
bodiment.

FIG. 7 is a schematic top view illustrating air flow
through a computer system according to one em-
bodiment.

FIG. 8 illustrates one embodiment of a rack power
distribution unit on a coupling device that allows for
movement of the rack power distribution unit.

FIG. 9 is a top view schematic illustrating one em-
bodiment of a rack system with rack power distribu-
tion units in a normal position.

FIG. 10 is a top view schematic illustrating one em-
bodiment of a rack system with rack power distribu-
tion units in a maintenance position.

FIG. 11 illustrates a schematic top view illustrating
one embodiment of a data center having a row of
server cold-cold rack systems with rack power dis-
tribution units on both ends of the racks.

FIG. 12 illustrates a schematic end view illustrating
one embodiment of a data center having a row of
server cold-cold rack systems with rack power dis-
tribution units on both ends of the racks.

FIG. 13 is a top view schematic illustrating a power
connection for a rack system with a rack power dis-
tribution unit in a closed position.

FIG. 14 is a top view schematic illustrating a power
connection for a rack system with a rack power dis-
tribution unit in an open position.

FIG. 15 illustrates an embodiment of a rack system
with two power distribution units on a single bracket.
FIG. 16 is a schematic view illustrating an embodi-
ment of a rack system including a rack power distri-
bution unit coupled to a rack by way of a linkage.
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FIG. 17 is a schematic view illustrating an embodi-
ment of a rack system including a rack power distri-
bution unit in a sliding arrangement.

FIG. 18 illustrates an embodiment of a rack system
that includes front rack power distribution units and
rack doors.

FIG. 19 illustrates one embodiment of a tray for hard
disk drives in a computer system.

FIG. 20 illustrates one embodiment of a clamping
bar in a raised position from the base of a tray.
FIG. 21 illustrates a side view of one embodiment of
a tray for hard disk drives.

FIG. 22 illustrates a cross section of locking bar on
adjacent disk drives.

FIG. 23 illustrates a tray with clamping bars in an
open position to allow removal of hard disk drives
from the tray.

FIG. 24 illustrates one embodiment a locking mech-
anism for hard disk drive tray.

FIG. 25 illustrates a rear view of one embodiment of
a rack system.

FIG. 26 illustrates one embodiment of a fan module
for a rack.

FIG. 27 illustrates one embodiment of a door for sup-
porting fans in a rack system.

FIG. 28 illustrates a rear view of a portion of a fan
module.

FIG. 29 illustrates a side view of a fan module.
FIG. 30 illustrates one embodiment of a fan with an
adjustable mounting.

FIG. 31 illustrates an adjustable fan adjusted to a
vertical angle.

FIG. 32 illustrates a method of cooling components
in a rack-mounted computer system according to
one embodiment.

FIG. 33 illustrates one embodiment of a reconfigu-
ration or maintenance operation that includes mov-
ing rack power distribution units to access computer
systems in a rack.

FIG. 34 illustrates a method of cooling hard disk
drives by flowing air under the drives according to
one embodiment.

FIG. 35illustrates a method of cooling computer sys-
tems using rack-mounted fans according to one em-
bodiment.

[0011] While the invention is susceptible to various
modifications and alternative forms, specific embodi-
ments thereof are shown by way of example in the draw-
ings and will herein be described in detail. It should be
understood, however, that the drawings and detailed de-
scription thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the
intention is to cover all modifications, equivalents and
alternatives falling within the scope of the appended
claims. The headings used herein are for organizational
purposes only and are not meant to be used to limit the
scope of the description or the claims. As used through-
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out this application, the word "may" is used in a permis-
sive sense (i.e., meaning having the potential to), rather
than the mandatory sense (i.e., meaning must). Similarly,
the words "include," "including," and "includes" mean in-

cluding, but not limited to.

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] Various embodiments of computer systems,
and systems and methods of cooling computer systems,
are disclosed. According to one embodiment, a data
center includes a row of one or more racks. Computer
systems (such as servers) are mounted in the racks. A
cold aisle is on a first side of the rack row and a hot aisle
is on the second side of the rack row. An air handling
system moves air from the cold aisle on the first side of
the row of racks through computer systems in at least
one of the racks and exhausts air from the computer sys-
tems into the hot aisle on the second side of the row of
racks. The computer systems include input/output con-
nectors, power input connectors, and power supply air
inlets on the first side (cold-aisle side) of the row. One or
more power rack power distribution units may be provid-
ed on the first side (cold-aisle side) of the row.

[0013] According to one embodiment, a system is de-
scribed in claim 1. The computer systems may include
an air intake side including air inlets, an air exhaust side
including air outlets, and a may include an air intake side
including air inlets, an air exhaust side including air out-
lets, and a power supply unit. One or more fans move air
through at least one of the air inlets of the air intake side,
across one or more heat producing components of the
computer system, and through at least one of the air out-
lets of the air exhaust side, and a power supply unit. The
power supply unit includes a power supply enclosure en-
closing at least one of the heat producing components,
a power supply module in the enclosure, and one or more
power supply air inlets. The power supply module sup-
plies power to electrical components external to the en-
closure. The power supply air inlets allow air into the pow-
er supply enclosure. At least one of the power supply air
inlets is located on the air intake side of the computer
system.

[0014] According to one embodiment, a rack-mounta-
ble computer system includes a chassis thatis mountable
in arack, and a power supply unit coupled to the chassis.
The power supply unit includes a power supply enclo-
sure, a power supply module, and a fan. The power sup-
ply enclosure has a panel that faces outwardly from the
chassis. The outwardly facing panelincludes one or more
openings for air. The fan pulls air through the openings
in the panel and across one or more heat producing com-
ponents of the power supply module.

According to one embodiment, a method of cooling com-
ponents includes providing an air moving device for heat
producing components of a rack-mounted computer sys-
tem. Air is drawn from outside the rack-mounted compu-
ter system into a power supply enclosure for the power
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supply unit. The air is expelled from the power supply
enclosure into an enclosure for the rack-mounted com-
puter system. In certain embodiments, a standard power
supply unit is modified to reverse a direction of air flow
in the power supply unit.

[0015] According to one embodiment, a system in-
cludes arack and one or more computer systems mount-
ed in the rack. One or more rack power distribution units
are coupled in the rack one or more sides of the rack.
The rack power distribution units supply power to the
computer systems in the rack. The rack power distribu-
tion units may be rotatable with respect to the rack to
allow installation or removal of the computer systems on
the side of the rack on which the rack power distribution
units are mounted..

[0016] According to one embodiment, a system in-
cludes a rack, one or more computer systems mounted
in the rack, one or more rack power distribution units,
and one or more coupling devices. The coupling devices
couple the rack power distribution units to the rack such
that the rack power distribution unit is movable relative
to the rack while the rack power distribution units remains
installed on the rack to allow installation or removal of
the computer systems on the side of the rack on which
the rack power distribution units are mounted.

[0017] According to one embodiment, a coupling de-
vice for coupling a rack power distribution unit to a rack
includes one or more brackets and one or more rack cou-
pling portions. The brackets include one or more PDU
coupling portions that couple with a rack power distribu-
tion unit. The rack coupling portions allow movement of
the bracket relative to the rack.

[0018] According to one embodiment, a method of per-
forming maintenance or reconfiguration on computer
systems in a rack includes moving a rack power distri-
bution unit from an operating position to a maintenance
position while the rack power distribution unit remains
coupled to the rack. When the rack power distribution
unit is in the maintenance position, the rack power dis-
tribution unit is out of the installation/removal path for
computer systems in the rack. A computer system is at
least partially removed from or installed in the rack while
the rack power distribution unit is in the maintenance po-
sition.

[0019] According to one embodiment, a computer sys-
tem includes a chassis, one or more hard disk drives
coupled to the chassis, and one or more air passages
under at least one of the hard disk drives. The air pas-
sages include one or more air inlets and one or more air
outlets. The inlets direct at least a portion of the air down-
wardly into the passages. The passages allow airto move
from the air inlets to the air outlets.

[0020] According to one embodiment, atray for holding
one or more data storage devices includes one or more
support portions that support the data storage devices
and one or more spacing portions that establish one or
more air passages below the data storage devices when
the tray is installed in a computer system.
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[0021] According to one embodiment, a method in-
cludes moving air into passages under hard disk drives
of a computer system, allowing heat from heat producing
components on the hard disk drives to transfer to air in
the passages, and removing the air from the passages.
[0022] According to one embodiment, a system in-
cludes a rack, one or more computer systems mounted
in the rack, and two or more alternating current (AC) fans
mounted in the rack. The AC fans move air through the
computer systems mounted in the rack. At least one of
the AC fans can move air through at least two of the
computer systems mounted in the rack

[0023] According to one embodiment, a system in-
cludes a rack, one or more computer systems mounted
in the rack, and one or more fans coupled to the rack at
an angular orientation. The fans move air through the
computer systems mounted in the rack. At least one of
the fans can move air through at least two of the computer
systems mounted in the rack.

[0024] Accordingto one embodiment, a system for pro-
viding air flow through computer systems in a rack in-
cludes a mounting panel that mounts in the rack and one
or more fan modules. The fan modules include a fan
chassis and one or more fans. The mounting panel holds
the fan modules at an angle with respect to the rack.
[0025] According to one embodiment, a method is de-
scribed in claim 14.

[0026] As used herein, "air intake side" is a side of a
system or element, such as a server, that can receive air
into the system or element.

[0027] As used herein, "air exhaust side" is a side of a
system or element, such as a server, that can exhaust,
expel, or discharge air from the system or element.
[0028] As used herein, "air handling system" means a
system that provides or moves air to, or removes air from,
one or more systems or components.

[0029] As used herein, "air moving device" includes
any device, element, system, or combination thereof that
can move air. Examples of air moving devices include
fans, blowers, and compressed air systems.

[0030] As used herein, an "aisle" means a space next
to one or more racks.

[0031] As used herein, "ambient” means, with respect
to a system or facility, the air surrounding at least a portion
of the system or facility. For example, with respect to a
data center, ambient air may be air outside the data cent-
er, for example, at or near an intake hood of an air han-
dling system for the data center.

[0032] As used herein, a "cable" includes any cable,
conduit, or line that carries one or more conductors and
that is flexible over at least a portion of its length. A cable
may include a connector portion, such as a plug, at one
or more of its ends.

[0033] As used herein, "chassis" means a structure or
element that supports another element or to which other
elements can be mounted. A chassis may have any
shape or construction, including a frame, a sheet, a plate,
a box, a channel, or a combination thereof. A chassis for
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a computer system may support circuit board assem-
blies, power supply units, data storage devices, fans, ca-
bles, and other components of the computer system.
[0034] As used herein, "computing” includes any op-
erations that can be performed by a computer, such as
computation, data storage, data retrieval, or communi-
cations.

[0035] As used herein, "computer system" includes
any of various computer systems or components thereof.
One example of a computer system is a rack-mounted
server. As used herein, the term computer is not limited
to just those integrated circuits referred to in the artas a
computer, but broadly refers to a processor, a server, a
microcontroller, a microcomputer, a programmable logic
controller (PLC), an application specific integrated circuit,
and other programmable circuits, and these terms are
used interchangeably herein. In the various embodi-
ments, memory may include, but is not limited to, a com-
puter-readable medium, such as a random access mem-
ory (RAM). Alternatively, acompactdisc-read only mem-
ory (CD-ROM), a magneto-optical disk (MOD), and/or a
digital versatile disc (DVD) may also be used. Also, ad-
ditionalinputchannels may include computer peripherals
associated with an operator interface such as a mouse
and a keyboard. Alternatively, other computer peripher-
als may also be used that may include, for example, a
scanner. Furthermore, in the some embodiments, addi-
tional output channels may include an operator interface
monitor and/or a printer.

[0036] As used herein, "coupling device" includes an
element or combination of elements that can be used to
couple one element or structure to one or more other
elements or structures. Examples of a coupling device
include a bracket, a linkage, a connecting rod, a hinge,
a rail, or combination thereof.

[0037] As used herein, "data center" includes any fa-
cility or portion of a facility in which computer operations
are carried out. A data center may include servers ded-
icated to specific functions or serving multiple functions.
Examples of computer operations include information
processing, communications, testing, simulations, power
distribution and control, and operational control.

[0038] As used herein, "data center module" means a
module that includes, or is suitable for housing and/or
physically supporting, one or more computer systems
that can provide computing resources for a data center.
[0039] Asused herein, to "direct" air includes directing
or channeling air, such as to a region or point in space.
In various embodiments, air movement for directing air
may be induced by creating a high pressure region, a
low pressure region, or a combination both. For example,
air may be directed downwardly within a chassis by cre-
ating a low pressure region at the bottom of the chassis.
In some embodiments, air is directed using vanes, pan-
els, plates, baffles, pipes or other structural elements.
[0040] As used herein, a "duct" includes any device,
apparatus, element, or portion thereof, that can direct,
segregate, or channel a fluid, such as air. Examples of
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ducts include cloth or fabric ducts, sheet metal ducts,
molded ducts, tubes, or pipes. The cross sectional shape
of a passageway of a duct may be square, rectangular,
round or irregular, and may be uniform or change over
the length of the duct. A duct may be a separately pro-
duced component orintegral with one or more other com-
ponents, such as a frame.

[0041] As used herein, a "module" is a component or
a combination of components physically coupled to one
another. A module may include functional elements and
systems, such as computer systems, circuit boards,
racks, blowers, ducts, and power distribution units, as
well as structural elements, such a base, frame, housing,
or container.

[0042] As used herein, a "pin" includes any element
that can be positioned to constrain or hold another ele-
ment in a desired position or orientation. Suitable pins
may include straight pins, pegs, threaded bolts, un-
threaded bolts, bars, plates, hooks, rods, or screws.
[0043] As used herein, "power distribution unit" means
any device, module, component, or combination thereof,
that can be used to distribute electrical power. The ele-
ments of a power distribution unit may be embodied with-
in a single componentor assembly (such as a transformer
and a rack power distribution unit housed in a common
enclosure), or may be distributed among two or more
components or assemblies (such as a transformer and
a rack power distribution unit each housed in separate
enclosure, and associated cables, etc.).

[0044] As used herein, a"rack" means arack, contain-
er, frame, or other element or combination of elements
that can contain or physically support one or more com-
puter systems.

[0045] As used herein, "rack power distribution unit"
refers to a power distribution unit that can be used to
distribute electrical power to various components in a
rack. A rack power distribution unit may include various
components and elements, including wiring, bus bars,
connectors, and circuit breakers.

[0046] As used herein, "room" means a room or a
space of a building. As used herein, "computer room"
means a room of a building in which computer systems,
such as rack-mounted servers, are operated.

[0047] As used herein, a"space" means a space, area
or volume.
[0048] In some embodiments, electrical connections

and intake air for rack-mounted computer systems are
provided at a common end of the rack system. FIG. 1
illustrates one embodiment of a system that includes
electrical connections and intake vents at the front end
of arack system. System 100 includesrack 102 and com-
puter systems 104. Computer systems 104 are installed
on front posts 106 and rear posts 108 of rack 102.

[0049] Each of computer systems 104 includes chas-
sis 112, circuit board assembly 114, power supply unit
116, and hard disk drives 118. In some embodiments,
circuit board assembly 114 is a motherboard for compu-
ter system 104. In certain embodiments, a power supply
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unit may supply power to two or more motherboard as-
semblies in a computer system. In some embodiments,
each of computer systems 104 is 1 rack unit (1U) high.
In one embodiment, rack 102 is a 42U rack.

[0050] Atfront 119 of computer system 104, computer
system 104 includes input/output panel 120 and air vents
122. Power supply unit 116 includes power supply panel
132. Power supply panel 132 includes input power re-
ceptacle 134 and air vents 136.

[0051] Rack 102 includes base 140, posts 142, and
top panel 144. Posts 142 include front hinge elements
146 and rear hinge elements 148. In some embodiments,
rack 102 may include panels on any or all of the sides,
front, and rear of the rack 102 (a right side panel of rack
102 has been partially omitted in FIG. 1 for clarity).
[0052] Rack102includesreardoor 160. Rear door 160
is coupled to rack 102 on rear hinge elements 148. Rear
door 160 includes fans 162. Fans 162 may be operated
to provide air flow through computer systems 104. In one
embodiment, fans 162 create a low pressure region in-
side rack 102 at the rear of computer systems 104. Air
may be drawn from the front of rack 102 through com-
puter systems 104 and exhausted out the rear of rack
102 through fans 162.

[0053] Rack 102 includes rack power distribution units
170. Rack power distribution units 170 are mounted on
PDU brackets 172. PDU brackets 172 include hinges
174. PDU brackets 172 are coupled to rack posts 142 at
front hinge elements 146. Rack power distribution units
170 include PDU output receptacles 176. Rack power
distribution units 170 may supply power to computer sys-
tems 104. For each computer system 104, one of power
cables 178 may couple one of output receptacles 176 in
rack power distribution unit 170 with input receptacle 134
on power supply unit 116 of the computer system.
[0054] Power connectors for a power cable and the
corresponding receptacles on a rack power distribution
unit and power supply may be any of various connector
types. In one embodiment, rack power distribution units
170 have IEC C13 receptacles and power supply units
116 have IEC C 14 receptacles.

[0055] Rack power distribution unit 170 may have any
suitable power characteristics. Examples of output volt-
ages for rack power distribution unit1 170 include 100
volts, 110 volts, 208 volts, and 230 volts. In certain em-
bodiments, each of receptacles in rack power distribution
unit 170 is on one phase of three-phase input power to
the rack power distribution unit.

[0056] Computersystems 104 may berack-mountable
in rack 102. For example, rails may be installed on the
left and right sides of chassis 104 to engage on corre-
sponding rails, slides, or ledges, on left and right sides
of a rack. In certain embodiments, a rail kit may be in-
stalled on the sides of the chassis for the computer sys-
tems.

[0057] Although only four of computer systems 104 are
shown installed in rack 102 in FIG. 1 for clarity, a rack
system may in various embodiments have any number
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of computer systems. For example, rack 102 may hold
a computer system in each 1U position in rack 102. In
one embodiment, a rack system has about 20 1U com-
puter systems.

[0058] FIG.2illustrates one embodimentofacomputer
system that can be mounted in a rack. Computer system
104 includes top cover 177. Top cover 177 may be piv-
otally connected to chassis 112 at top cover hinges 179.
In FIG. 2, top cover 177 has been flipped away from its
closed position on top cover hinges 179 to expose inter-
nal components of computer system 104.

[0059] Circuit board assembly 114 includes circuit
board 180, processors 182, DIMM slots 184, and I/O con-
nectors 186. Circuit board assembly 114 may include
various other semiconductor devices, resistors, and oth-
er heat producing components. Circuit board assembly
114, along with other components in chassis 112 (hard
disk drives, power supplies) and/or components external
to chassis 112, may operate in conjunction with one an-
other as a computer system. For example, computer sys-
tem 100 may be a file server.

[0060] In the embodiment shown in FIG. 2, computer
system 104 includes one power supply unit and 12 hard
disk drives. A computer system may, however, have any
number of hard disk drives, power supply units, or other
components. In certain embodiments, a computer sys-
tem may have one or more internal fans to promote the
flow of air through a computer system. For example, in
certain embodiments, a row of fans may be provided
along the rear edge of computer system 104. In certain
embodiments, a computer system may have no fans
and/or no disk drives. In certain embodiments, a power
supply may be external to a computer system. For ex-
ample, in certain embodiments, circuit board assembly
114 may receive power from a power supply external to
computer system 104 (such as a rack-level power sup-
ply), and power supply 130 may be omitted.

[0061] Heatsinks 189 are mounted on processors 142.
Heat sinks 189 may transfer heat from processors 142
to air inside chassis 112 during operation of computer
system 100. DIMMs (not shown for clarity) may be in-
stalled in any or all of DIMM slots 184.

[0062] When top cover 177 is in a service position (for
example, flipped out over the front panel of computer
system 104, such as shownin FIG. 2), top cover 177 may
serve as a working tray. The working tray may be used
during maintenance operations. For example, mainte-
nance personnel may rest components such as hard disk
drives, cables, and circuit board assemblies on top cover
177.1n some embodiments, top cover may include struc-
tural reinforcement, such as ribs, to increase the amount
and weight of materials that can be rested on top cover
177. In certain embodiments, top cover 177 includes tex-
turing or non-slip surface elements or treatments to help
keep working materials such as cables in place during
maintenance.

[0063] When computer system 104 is to be reinstalled
in rack 102, top cover 177 may be flipped back into a
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closed position on computer system 104. In some em-
bodiments, top cover 177 includes a latch to secure the
top cover in a closed position on computer system 104.
[0064] In some embodiments, a rack system is ar-
ranged so that air is received into computer systems in
a rack on the same side of the rack as the input/output
connections and power connections for the computer
systems. In one embodiment, one portion of air may flow
into inlets in a chassis for a computer system and another
portion of the air may flow into a power supply unit for
the computer system.

[0065] In certain embodiments, all of the connections
foraserver are located on a cold aisle for the rack system.
Locating all of the connections on a cold aisle may allow
maintenance personnel to avoid having to perform any
operations in a hot aisle. FIG. 3 illustrates one embodi-
ment of a data center having power and data connections
on a cold-aisle side of a row of racks. Data center 190
includes row of racks 192, cold aisle 194, and hot aisle
196. Row 192 includes racks 102 and computer systems
104. Each of racks 102 includes rack power distribution
units 170 and fans 162. Cold aisle 194 may provide a
supply of air for cooling computer systems 104 in racks
102. Fans 162 may draw air from cold aisle 194 into racks
102 and through computer systems 104, and then ex-
haust air from the computer systems into hot aisle 196.
Inone embodiment, air entering the servers from the cold
aisle may be at about 35 degrees Celsius. In one em-
bodiment, air exhausted from the servers into the hot
aisle may be at about 50 to 55 degrees Celsius.

[0066] FIG. 4 illustrates air flow through a computer
system in one embodiment. Power supply unit 116 of
computer system 104 includes power supply enclosure
202, power supply circuit board assembly 204, fan 206,
and air vents 208. Power supply circuit board assembly
204 may receive power from input power receptacle 134
and supply power to electrical components in computer
system 104. Fan 206 may move air through power supply
enclosure 202 and across heat producing components
on power supply circuit board assembly 204.

[0067] Insome embodiments, airis drawn into a power
supply unit enclosure from outside the computer system
and expelled into a chassis of the computer system. For
example, as illustrated in FIG. 4, fan 206 may draw air
from outside computer system 104 into power supply en-
closure 202 through air vents 136, across power supply
circuit board assembly , and expel the air through air
vents 208 into the inside of chassis 112 of computer sys-
tem 104.

[0068] Invarious embodiments, a computer system in-
cludes a power supply that conforms to an industry-rec-
oghized standard. In some embodiments, a power supply
for a computer system has a form factor in accordance
with an industry-recognized standard. In one embodi-
ment, a power supply unit has a standard 1U form factor.
Examples of other standards for a power supply and/or
a power supply form factor include 2U, 3U, SFX, ATX,
NLX, LPX, or WTX.



13 EP 2 620 046 B1 14

[0069] In some embodiments, a standard power sup-
ply is modified to reverse the airflow for the power supply
unit. For example, in the off-the-shelf configuration of a
standard 1U power supply with the form factor shown in
FIG. 4, fan 206 may pull air into power supply enclosure
202 through air vents 208 and expel air out of power
supply enclosure through air vents 136 (that is, pull air
from inside the computer system and expel air to the
outside at the front panel of the server). In some embod-
iments, air flow in the standard power supply may be
reversed such that fan 206 pulls air into power supply
enclosure 202 through air vents 136 and out of power
supply enclosure 202 through air vents 208 (whichresults
in the air flow being from outside the computer system
to inside). In one embodiment, reversing the air flow is
accomplished by reversing the wiring of the fan from the
off-the-shelf configuration. In another embodiment, re-
versing the air flow is accomplished by flipping the ori-
entation of the fan such that so that air flows in the op-
posite direction from that of the off-the-shelf configura-
tion.

[0070] In some embodiments, input and output power
specifications for a power routing device may conform to
an industry standard. In one embodiment, the voltages
and functions conform to an ATX standard. In various
other embodiments, the output from a power routing de-
vice may conform to other standards, such as Entry-Level
Power Supply Specification, or EPS12V.

[0071] In some embodiments, an input power recep-
tacle and an air intake for a power supply are located at
a common end of a computer system. For example, in
the embodiment illustrated in FIG. 4, input power recep-
tacle 134 and air vents 136 are located on power supply
panel 132. Power supply unit 116 is oriented in chassis
112 such that power supply panel 132 aligns with the
input/output panel 120 at front 119 of computer system
104.

[0072] Hard disk drives 118 are mounted on tray 222.
Air exiting power supply enclosure 202 may flow toward
the rear of computer system 104 through channels 220
under hard disk drives 118. Air passing over circuit board
assembly 114 may also flow toward the rear of computer
system 104 through channels 220 under hard disk drives
118. Air flowing through channels 220 under hard disk
drives 118 may remove heat from heat producing com-
ponents in hard disk drives 118, such as control compo-
nents and electrical motors. Air may exit from the rear of
computer system 104. Tray 222 includes rim 221. In
some embodiments, rim 221 may block all or a portion
of the air in a chassis from passing over hard disk drives
118. In certain embodiments, cases of the hard disk
drives may block all or a portion of the air in the chassis
from passing over the hard disk drives. By blocking air
from passing over the hard disk drives, rim 221 may re-
direct the air to flow through channels 220 under hard
disk drives 118.

[0073] FIG.5illustrates arear view of computer system
104. Tray 222 for hard disk drives 118 and side panels

10

15

20

25

30

35

40

45

50

55

223 and bottom panel 224 of chassis 112 define openings
225 atrear 226 of computer system 104. Air flowing under
hard disk drives 118 may exit computer system through
openings 225. Tray 222 may be held under upper tabs
226 of on chassis 112. Tray 222 may be secured at the
rear of tray 222 by way of screws 227. Screws 227 may
pass through holes in tray and thread into rear tabs 228
of chassis 112.

[0074] In some embodiments, removing air down-
stream from of a circuit board assembly at the bottom of
acomputer system enclosure may enhance air flow over
the circuit board assembly. FIG. 6 illustrates a schematic
side view of air flow through a computer system according
to one embodiment. Air may flow over circuit board as-
sembly 114 to the rear of the circuit board assembly 114,
where the air is drawn under hard disk drives 118. Re-
moving air downstream passing over a circuit board as-
sembly near the bottom of a chassis, such through chan-
nels 220 under hard disk drives 118, may enhance airflow
across circuit board assembly 114 by increasing the ve-
locity of the air flow at the surface of circuit board assem-
bly 114 and/or increasing turbulence of air at or near the
circuit board.

[0075] Insomeembodiments, airleaving exiting a pow-
er supply unit may mix with air used to cool other heat
producing components in a computer system enclosure,
such as a central processing unit. FIG. 7 is a schematic
top view illustrating air flow through a computer system
in one embodiment. One portion of air may enter power
supply unit 116 through air vents 136 and be expelled
into chassis 112 of computer system 104 through air
vents 208. A second portion of air may enter computer
system 104 through air vents 122 and pass over circuit
board assembly 114. The air passing through power sup-
ply unit 116 and over circuit board assembly 114 may
mix downstream of the power supply and the circuitboard
assembly. Mixing of air from power supply unit 116 and
circuit board assembly may result in more uniform tem-
peratures of air flowing across downstream components,
such as hard disk drives 118. For example, relatively hot
air from power supply unit 116 may mix with relatively
cool air near the rear of circuit board assembly 114. In
some embodiments, power cable 230 for power supply
unit 116 may serve as a diffuser for air exiting power
supply unit 116. In certain embodiments, a computer sys-
tem may include dedicated elements for mixing air, such
as vanes. For example, vanes may be provided on the
bottom of chassis 112 of computer system 104.

[0076] In the embodiments described above, air ex-
hausted from the power supply unit mixes with air from
other components of the computer system. In other em-
bodiments, however, air from a power supply may be
segregated from other air inside a computer system en-
closure. Forexample, in one embodiment, air exiting from
power supply unit 116 may be segregated from other air
in chassis 114 and moved to the rear of computer system
104 in a separate duct. In certain embodiments, a com-
puter system may include a barrier between the air exiting



15 EP 2 620 046 B1 16

a power supply unit and other air inside a computer sys-
tem enclosure. In some embodiments, a computer sys-
tem may include a dedicated fan for cooling of a power
supply unit. A dedicated fan may be used to increase air
flow over heat producing components in the power supply
unit.

[0077] Insome embodiments, one or more rack power
distribution units are provided at the air intake side of a
rack. The rack power distribution units may be at the
same end of the rack as the connections for power sup-
plies for servers in the rack. Referring again to FIG. 1,
system 100 includes rack power distribution units 170 on
the left and right sides of rack 102 at the frontof rack 102.
[0078] In some embodiments, rack power distribution
units are attached to a rack by way of a coupling device.
In some embodiments, a coupling device allows for
movement or repositioning of the rack power distribution
unit, for example, during maintenance operations. FIG.
8 illustrates one embodiment of a rack power distribution
unit on a coupling device that allows for movement of the
rack power distribution unit.

[0079] Rack power distribution unit 170 includes rack
PDU enclosure 240. Rack power distribution unit 170 is
mounted on bracket 172. Bracket 172 may serve as cou-
pling device for rack power distribution unit 170. Bracket
172 is coupled to rack 102 by way of hinges 242. Rack
power distribution unit 170 may be coupled to bracket
172 by engagement of buttons 247 in keyhole slots 249.
[0080] Each of hinges 242 include hinge element 243
and hinge element 244, Hinge elements 244 may be on
the rack side of the hinge 242. Hinge element 243 may
be on the bracket side of hinge 242. Hinge elements 243
and hinge elements 244 may cooperate to form a hinges
242 between bracket 172 and rack 102. Rack power dis-
tribution unit 170 may rotate on hinges 242.

[0081] In some embodiments, hinge elements 244
may be part of a standard, off-the shelf rack. The loca-
tions and dimensions of hinge element 243 of bracket
172 may be chosen to match the locations and dimen-
sions of hinge elements 243 of the standard, off-the shelf
rack. In certain embodiments, a door may be removed
from a standard, off-the-shelf rack and replaced with one
or more hinge-mounted rack power distribution units,
such as shown above relative to FIG. 8.

[0082] In some embodiments, a bracket for mounting
arack power distribution unit may be reversible such that
the same bracket can be used on either side of rack. For
example, bracket 172 may be reversible such that brack-
et 172 can be used to couple rack power distribution units
170 on both sides of rack 102.

[0083] In certain embodiments, hinge element 243
may be formed from sheet metal as an integral part of
bracket 172. In other embodiments, hinge element 243
may be produced as a separate part and then attached
to bracket 172, forexample, by rivets, screws, or welding.
[0084] Rack power distribution unit 170 may include
any number of receptacles. For example, with reference
to FIG. 1, each of rack power distribution units 170 on
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the left and right sides of rack 102 may includes 21 re-
ceptacles. Rack power distribution unit 170 may receive
input power through cable 241. Each of receptacles 176
in rack power distribution unit 170 may be coupled to a
different computer system 104 in rack 102 by way of one
of power cables 178 (in FIG. 8, power cable 178 is shown
for only one such connection for clarity).

[0085] FIG. 9 is a top view schematic illustrating one
embodiment of arack system with rack power distribution
units in a normal position. FIG. 10 is a top view schematic
illustrating one embodiment of a rack system with rack
power distribution units in a maintenance position. Sys-
tem 100 includes rack 102, computer systems 104, and
rack power distribution units 170. Rack power distribution
units 170 are coupled to rack 102 by way of brackets
172. When rack power distribution units 170 are in a nor-
mal position (as shown, forexample, in FIG. 9), rack pow-
er distribution units 170 and/or brackets 172 may be in
installation/removal path 248 of computer systems 102.
Rack power distribution units 170 may be repositioned
to a maintenance position (as shown, for example, in
FIG. 10). Asrack power distribution units 170 are rotated
with respect to rack 102 on brackets 172, power cables
178 may uncoil relative to the rotation axis of the hinge.
Uncoiling and/or unwinding of power cables 178 may re-
duce or eliminate tension in power cable 178 as the re-
ceptacles on rack power distribution unit 170 are swung
away from computer systems 104.

[0086] With rack power distribution units 170in a main-
tenance position, any of computer systems 104 in rack
102 may be installed or removed from rack 104. For ex-
ample, computer system 104’ may be slid out of rack 102
while rack power distribution units 170 are in the main-
tenance position.

[0087] In some embodiments, rack power distribution
units are provided on both ends of arack. The rack power
distribution units may be movable with respect to the rack
to facilitate access to servers in the rack.

[0088] Insomeembodiments, movablerack powerdis-
tribution units are provided on both ends of a cold-cold
rack system. FIG. 11 illustrates a schematic top view of
one embodiment of a data center having a row of cold-
cold rack systems with rack power distribution units on
both ends of the rack. FIG. 12 illustrates a schematic end
view of the data center shown in FIG. 11. Data center
250 includes computer room 251, subfloor chamber 252,
and plenum 253. Computer room 251 includes cold-cold
rack systems 254 in common row 255. In one embodi-
ment, cold-cold rack system 254 is a half-depth server
made by Rackable Systems, Inc. Row 255 separates
cold aisles 256.

[0089] Each cold-cold rack system 254 includes rack
257 and half depth servers 258. Servers 258 may be any
height, including 1U, 2U, or 3U. In each cold-cold rack
system 254, mid column 259 is provided or formed in the
space between the front stack of half depth servers 258
and the back stack of half depth servers 258. Servers
258 in cold-cold rack systems 254 are cooled by drawing
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air into rack system 254 on both the front and back of the
rack system, and removing the air from mid column 259
through the top of racks 257.

[0090] To remove heat from servers 258, an air han-
dling system may be operated to cause air to flow from
subfloor 252 to computer room 251 through aisle floor
vents 260. Air from aisle floor vents 260 may pass from
cold aisles 256 into cold-cold rack systems 254. In one
embodiment, the flow of airin the racks is about 450 cubic
feet per minute per rack, per side. Air flows from the front
side and back side of rack systems 254 through half depth
servers 258 to mid column 259. Air in mid column 279
passes out through the tops of racks 257.

[0091] Cold-cold rack systems 254 include rack power
distribution units 170. Rack power distribution units 170
are coupled to racks 102 of cold-cold rack systems 254
on brackets 172. Rack power distribution units 170 and
brackets 172 may be similar to those described above
relative to FIG. 8. Brackets 172 may provide a hinged
connection between rack power distribution units 170
and rack 102. Rack power distribution units 170 may be
rotated (for example, by maintenance personnel) to pro-
vide access to servers 258.

[0092] Air from cold aisles 256 may pass across rack
power distribution units 170 before passing through serv-
ers 258. Cool air circulation in the area of rack power
distribution units 170 may reduce arisk of failure of power
distribution units 170 (for example, failure due to over-
heating of breakers in the rack power distribution units).
[0093] Power cables (not shown in FIGS. 11 and 12
for clarity) may connect input power receptacles on pow-
er supply units 116 in servers 258 to power output recep-
tacles in rack power distribution units 170. FIG. 13 is a
top view schematic illustrating a power connection for
one of rack systems 254 with rack power distribution unit
170 in a closed position. FIG. 14 is a top view schematic
illustrating a power connection for one of rack systems
254 with rack power distribution unit 170 in an open po-
sition. When rack powerdistribution unit 170 is inan open
position, any of the servers in rack system 254 may be
removed from rack system 254 (as illustrated in FIG. 11).
[0094] FIG. 15illustrates an embodimentofarack sys-
tem with two power distribution units on a single bracket.
Two rack power distribution units 170 are coupled to
bracket 264. Bracket 264 is coupled to rack 102. Each
of power distribution rack power distribution units 170
may include a series of power receptacles. In one em-
bodiment, each of rack power distribution units 170 in-
cludes 21 receptacles.

[0095] Inthe embodiments showninFIG. 8-10, bracket
172 couples a rack power distribution unit for rotational
motion relative to a rack about hinge 242. A coupling
device may, however, couple a rack power distribution
unit for other types of motion relative to a rack. FIG. 16
is a schematic view illustrating an embodiment of a rack
system including a rack power distribution unit coupled
to a rack by way of a linkage. Rack system 100 includes
linkage 266. Linkage 266 couples rack power distribution
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unit 170 to rack 102. Linkage 266 includes links 267 and
hinges 268. Rack power distribution unit 170 may be re-
positioned on linkage 266 to provide access to computer
systems 104.

[0096] In certain embodiments, a rack power distribu-
tion unit may be coupled for translation relative to a rack.
FIG. 17 is a schematic view illustrating an embodiment
of a rack system including a rack power distribution unit
in a sliding arrangement. Rack system 100 includes slide
coupling 272. Slide coupling includes plate 273 and rail
274. Rack power distribution unit 170 may couple on rail
274. Rack power distribution unit 170 may be slid on rail
274 in the direction of the arrows to provide access to
computer systems 104.

[0097] FIG. 18illustrates an embodiment of a rack sys-
tem that includes front rack power distribution units and
rack doors. Rack power distribution unit 170 is coupled
torack 102 by way of bracket 275. In some embodiments,
bracket 275 in connected to rack 102 by way of one or
more hinges. Doors 276 may couple to bracket 276. In
certain embodiments, bracket 275 may use hinge ele-
ments on a standard, off-the-shelf rack. In certain em-
bodiments, brackets 275 and doors 276 may replace
standard rack doors of an off-the-shelf rack.

[0098] FIG. 19illustrates one embodiment of a tray for
hard disk drives in a computer system. Tray 222 includes
base 280 and clamping bars 282. Clamping bars 282
may hold hard disk drives 118 (not shown in FIG. 19 for
clarity) in position on base 280.

[0099] Base 280 of tray 222 includes hard disk support
plate 281, risers 283, and peripheral frame 277. Risers
283 may space hard disk drives from the bottom of a
chassis of a computer system (such as chassis 112). Air
passages 220 may be defined between risers 283 when
tray 222 is installed in the chassis.

[0100] Support plate 281 includes openings 279.
Openings 281 may promote the transfer of heatfrom heat
producing components in hard disk drives to air moving
through air passages 220. In certain embodiments, heat
sinks may be provided on the underside of hard disk
drives to promote heat transfer to air passages 220. In
some embodiments, heat sinks are provided on tray 222.
In other embodiments, heat sinks may be attached to the
hard disk drives in the tray.

[0101] Tray 222 includes pads 286 on base 280. Pads
286 may protect hard disk drives 118 from vibration
and/or shock loads. In one embodiment, pads 286 are
made of a polymeric material.

[0102] In some embodiments, the spacing elements
and disk drive support elements of a tray may be integral
to one another. In the embodiment illustrated in FIG. 19,
for example, support plate 281, risers 283, and peripheral
frame 284 may be all formed as one piece. In one em-
bodiment, support plate 281 and risers 283 are integrally
formed from sheet metal. In other embodiments, support
plate 281 and risers 283 are separate parts, which may
be coupled to one another by fasteners, welds, adhesive
or other manner. In various embodiments, the supporting
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portions and/or spacing portions of a tray may include
rails, tubes, rods, bars, or any other structural elements.
[0103] FIG. 20 illustrates one embodiment of a clamp-
ing bar in a raised position from the base of a tray. Clamp-
ing bar 282 may be pivotally coupled to base 280 by way
of pins 284. Clamping bar 282 includes arms 287 and
cross member 288. Cross member 288 includes chan-
nels 289 and wings 290. Channels 289 and wings 290
may combine to form an inverse hat section on each side
of cross member 288. Wings 290 may engage the edges
of hard disk drives to hold the hard disk drives in tray 222.
[0104] FIG. 21 illustrates a side view of one embodi-
ment of a tray for hard disk drives. In FIG. 21, locking
bars 282 are in a closed position on base 280 (hard disk
drives have been omitted for clarity).

[0105] FIG. 22 illustrates a cross section of locking bar
on adjacent disk drives. Each of wings 290 of clamping
bar 282 may contact a top surface of one of hard disk
drives 118. Contact between wings 290 of clamping bar
282 and the top surfaces of the hard disk drives may
retain the hard disk drives in tray 222. For some of hard
diskdrives 118, one edge of the hard disk drive is retained
by one of tabs 285 onaframe of tray 222, and the opposite
edge of the hard disk drive is retained by one of wings
290, as shown in FIG. 4.

[0106] In some embodiments, clamping bar 282 may
be resiliently biased such that wings 290 bear down on
the hard disk drives. For example, in certain embodi-
ments, tray 222 may include torsion spring at the pivotal
connection between clamping bar282 and base 280. The
torsion spring may resiliently bias clamping bars 282 into
contact with hard disk drives 118.

[0107] Inanother embodiment, torsion springs may re-
siliently bias clamping bars away from base 280 (for ex-
ample, to facilitate removal of the hard disk drives).
[0108] FIG. 23 illustrates a tray with clamping bars in
an open position to allow removal of hard disk drives from
the tray. Clamping bars 282 may be raised to allow in-
stallation or removal of hard disk drives 118.

[0109] In some embodiments, elements for holding
down disk drives can be used as carrying handles for the
hard disk drives, or as carrying handles for a computer
system in which the tray is mounted. For example, clamp-
ing bars 282 may be grasped by a user to carry hard disk
drives 118. In some embodiments, tray 222 is tool-less
such that no tools are required to install tray 222 or to
install or remove hard disk drives from the tray.

[0110] FIG. 24 illustrates one embodiment a locking
mechanism for hard disk drive tray. Clamping bar 282
includes pin 291 and pin mounting bracket 292. Pin
mounting bracket 292 is coupled to clamping bar 282 at
the base of channel 289. Pin 291 is arranged to slide in
pin mounting bracket 292. Clamping bar 282 includes
through hole 293 for pin 291.

[0111] When clamping bar 282 is lowered to a closed
position on hard disk drives 118, pin 291 and through
hole 293 may align with hole 294 in base 280 of tray 222.
Pin 291 may be advanced into hole 294. In certain em-
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bodiments, pin 291 may be spring-loaded into engage-
ment in hole 294 of base 280. Engagement of pin 291 in
hole of base 280 may retain clamping bar 282 in a locked
position on hard disk drives 118.

[0112] Althoughin FIG. 24, clamping bar 282 is locked
with pin 291, a tray assembly for hard disk drives may,
in various embodiments, include other locking mecha-
nisms and locking elements. Examples of locking mech-
anisms and elements include screws, cams, wedges,
springs (for example, leaf springs), and detent mecha-
nisms. In certain embodiments, hard disk drives may be
coupled in a tray assembly by way of an interference fit
between the hard disk drives and the tray.

[0113] Although the embodiments described above,
the tray was used to mount hard disk drives in a raised
position, in various embodiments a computer system
may include any of various data storage devices mounted
in a raised position.

[0114] Althoughintheembodiments, described above,
all of the hard disk drives were mounted on a tray, in
various embodiments, hard disk drives or other data stor-
age devices may be mounted to a chassis using other
mounting elements. For example, hard disk drives may
be mounted on square tubes that support the drives and
raise the drives above the bottom of a chassis.

[0115] Insomeembodiments,atray may provide struc-
tural reinforcement for components in a chassis, such as
hard disk drives. Referring again to FIG. 5, risers 283A,
283B, and 283C may couple with bottom panel 296 of
chassis 112. In some embodiments, risers 283A, 283B,
and 283C may rest on bottom panel 224. In other em-
bodiments, risers 283A, 283B, and 283C may be at-
tached to bottom panel 224, such as by screws, welding,
or other manner of attachment. Side panels 223 and/or
uppertabs 226 of chassis 112 may couple with peripheral
frame 277 of tray 222. Elements of tray 222 and chassis
112 may combine to form a box section mounting for hard
disk drives 118. For example, bottom panel 296, risers
283A and 283C, and support plate 281 may combine to
form arectangular box section. A box section may reduce
deformation of a chassis, such as sagging of bottom pan-
el 224, which might occur if hard disk drives 118 were
installed directly on bottom panel 224 of chassis 112.
[0116] In some embodiments, a rack system includes
rack-mounted fans external to computer systems in the
rack. The rack-mounted fans may provide air flow
through the computer systems. In the embodiment illus-
trated in FIG. 1, for example, system 100 includes fans
162.

[0117] FIG. 25 illustrates a rear view of one embodi-
ment of a rack system. System 100 includes rack 102
and rear door 160. Rear door 160 couples with rack 102
on hinges 148. Fan modules 300 couple with, and are
supported by, rear door 160.

[0118] FIG. 26 illustrates one embodiment of a fan
module for a rack. Fan module 300 includes one or more
fans 302 and case 304. Case 304 includes handle 305.
[0119] Fan module 300 may be mountable in a door
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of a panel (see, for example, rear door 160 shown in FIG.
25 and FIG. 27). Fans 302 may provide air flow in rack
102.

[0120] Insome embodiments, fans 302 are alternating
current (AC) fans. In one embodiment, fans 302 have an
input voltage rating of about 100V -120 V. In one embod-
iment, fans 302 have an input voltage rating of about 230
V. Fans 302 may receive power from rack level power
distribution units (such as rack power distribution unit 170
described above relative to FIG. 1). In some embodi-
ments, fan modules 300 in a rack are hot swappable. In
some embodiments, a manual power switch is provided
for each of fan modules 300.

[0121] In one embodiment, each of fans 302 operates
at a flow rate between 50 to 100 cubic feet per minute.
In one embodiment, each of fans 302 operates at a flow
rate about 200 cubic feet per minute.

[0122] FIG. 27 illustrates one embodiment of a door
for supporting fans in a rack system. Door 160 includes
fan module socket 320. Fan module socket 320 includes
guides 322, openings 324, and blind-mate connectors
330. Each of guides 322 may engage a complementary
channel on one of fan modules 300 when the fan module
is installed in door 160. Each of blind-mate connectors
330 may couple with a complementary connector on one
of fan modules 300 when the fan module is installed in
door 160. In some embodiments, blind-mate connectors
330 may receive power through a cable harness (not
shown in FIG. 27 for clarity). In some embodiments, the
cable harness may supply each of receptacles 330 with
power from an output power receptacle in a rack power
distribution unit (such asrack power distribution unit 170).
[0123] Each of fans 302 may provide air flow for more
than one computer system in rack 102. For example, as
illustrated in FIG. 1, rack 104 may include computer sys-
tems 102, which may each be 1U in height. In some em-
bodiments, fans 300 combine to create a low pressure
region at the rear of the rack.

[0124] In the embodiment shown in FIG. 1 and FIG.
25, a system includes three rows spaced from the top of
rack to the bottom, with each row including two fans. In
various embodiments, however, a system may have any
number of fans. In some embodiments, a system has
three or more fans per row. In some embodiments, a
system has only one fan per row.

[0125] In some embodiments, rack-mounted fans for
a system may be N+1 redundant. For example, in the
embodiment shown in FIG. 1 and FIG. 25, if one of the
six fans fails, the remaining five fans may provide ade-
quate cooling for the system.

[0126] In some embodiments, fans are mounted in a
rack at an angle relative to vertical. For example, as il-
lustrated in FIG. 1, fans 162 are mounted at an angle
relative to vertical. In certain embodiments, the angles
of the fans in a rack are chosen to create a relatively
uniform low pressure region at the rear of a stack of com-
puter systems. In one embodiment, fans are angled at
about 45 degrees from vertical. In another embodiment,
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fans are mounted at an angle that is near horizontal (for
example, more than 80 degrees from vertical). The an-
gles of fans in a rack may be the same or different.
[0127] FIG. 28 illustrates a rear view of fan module
300. Rear panel 332 includes connector 334. Connector
334 may couple with a complementary connector on of
a mounting panel, such as connector 330 on rack door
160. Channels 335 may be provided on both sides of fan
module 300. Channels 335 may engage on guides 322
in fan module sockets 320 of rack door 160 when fan
module 300 is installed in rack door 160.

[0128] FIG. 29 illustrates a side view of a fan module
including a mounting channel. To install fan module 300,
mounting channels 335 may be engaged on a pair of
guides 322 shown in FIG. 27. Captive screws 337 may
thread into tapped holes 336 of fan module sockets 320.
In other embodiments, various other mechanisms may
be used to couple a fan module to a rack. Such mecha-
nisms may include, for example, a latch, a cam, or a clip.
In one embodiment, a system includes a depressible
latch mechanism for coupling a fan module to arack. The
latch mechanism may be operable with one hand to latch
or remove the fan module from the rack.

[0129] In some embodiments, the angle of a rack-
mounted fan is adjustable. FIG. 30 illustrates one em-
bodiment of a fan with an adjustable mounting. System
338includes fan module 340. Fan module 340 is rotatably
coupled on fan module mount 342. Fan module mount
342 ismounted inrear panel 344 of rack 345. Fan module
340 includes fan 346.

[0130] Fan module 340 may be rotatably coupled to
fan module mount 344, Fan module 340 is coupled to
fan module mount 342 at pivot connection 348. Theangle
of fan module 342 may be adjusted by rotating fan module
340 on pivot connection 348.

[0131] Rack 345 includes roof fan module 360 mount-
ed in roof 364. Fan 362 of roof fan module 360 may op-
erate in combination with one or more fans 340 in rear
panel 344 to provide a low pressure region in the rear
portion of rack. In one embodiment, a rack includes one
row of fans on the roof of a rack and two rows of fans
spaced from top to bottom in the rear door of the rack.
[0132] FIG. 31 illustrates an adjustable fan adjusted to
avertical angle. In one embodiment, locking mechanism
350 is released to allow the angle of fan module 340 to
be adjusted. Fan module 340 may be rotated on pivot
connection 348 to a vertical angle. Once fan module 340
is in position, locking mechanism 350 may be operated
to lock fan module 340 at the desired angle.

[0133] In some embodiments, a system may include
variable speed fans. In certain embodiments, power
switching and/or fan speed may be controlled automati-
cally. Fans may be controlled individually, or in groups
of two or more fans. In some embodiments, fans are con-
trolled based on sensors data (for example, temperature
sensors in the rack).

[0134] In some embodiments, one or more fans for a
rack system may be controlled via a control system. Re-
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ferring to FIG. 3, for example, rack 192A includes control
system 380. Control system 380 may be coupled to fans
162. In certain embodiments, a control system includes
atleastone programmable logic controller. The PLC may
receive measurements of conditions in the rack or at oth-
er locations in a data center. A PLC may receive data
corresponding to air flow rate, temperature, pressure, hu-
midity, or various other operating or environmental con-
ditions.

[0135] Inoneembodiment, the PLC receivesdatafrom
one or air flow sensors that measure airflow in the rack.
Based on sensor data, the PLC may control parameters
such as fan speed, as appropriate for the prevailing op-
erational conditions. In another embodiment, the PLC
receives data from one or more temperature sensors that
measure temperature in therack and/or atother locations
in a data center. In certain embodiments, a PLC may
modulate dampers between open and closed positions
to modulate airflow, as appropriate for the prevailing op-
erational conditions.

[0136] Insome embodiments, a PLC may receive data
from thermal sensors in a rack power distribution unit. In
certain embodiments, a PLC may control switching in a
rack power distribution unit.

[0137] In certain embodiments, angular adjustment of
a fan may be automated. For example, the angle of fan
module 340 relative to rack 102 may be controlled with
an actuator coupled to the fan module. The actuator may
be controlled by a PLC to adjust the angle of fan module
340.

[0138] In some embodiments, a system may include
fan failure detection devices. In one embodiment, each
of fan modules 300 is provided with a Hall effect sensor.
The Hall effect sensor may provide a signal to a control
system that a fan is not operating.

[0139] In some embodiments, one or more fans of a
rack system may be provided with a device that automat-
ically shuts off air flow through the fan if the rate of air
flow through the fandrops below a predetermined thresh-
old. For example, referring to FIG. 25, fan module 300’
may include louvers 370. Louvers 370 may automatically
close if air flow through fan module 300’ drops below a
predetermined level. For example, if fan module 300’
fails, louvers 370 may automatically close to shut off air
flow through the fan. Automatically shutting off air flow
to a rack-mounted fan may reduce back flow of air into
rack 102 in the event of a failure of fan module 300’. In
some embodiments, all of the fan modules on a rack may
include louvers for shutting off air flow in the event of a
fan failure.

[0140] In certain embodiments, air flow through com-
puter systems in a rack may be provided using fans in-
ternal to the computer systems instead of, or in addition
to, rack-mounted fans. For example, a series of fans may
be provided at the rear of the chassis of each of the com-
puter systems in a rack (for example, downstream from
hard disk drives 118 shown in FIG. 1). In certain embod-
iments, air flow for computer systems in a rack may be
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produced by an air handling system external to the rack.
[0141] Insome embodiments, a power system for fans
in a rack may include back-up power. Back-up power
may be implemented, forexample, inthe eventof afailure
of a primary rack power distribution unit. In some embod-
iments, power to fans in a rack is automatically switched
from a primary rack power distribution unit to a reserve
power rack power distribution unit upon failure of the pri-
mary rack power distribution unit.

[0142] Referring again to FIG. 3, data center 190 in-
cludes fan power distribution system 378. Fan power dis-
tribution system 378 includes automatic transfer switch
390, primary power cable 392, reserve power cable 394,
and fan power cable 396. During normal operation, fans
162 may receive power from primary rack power distri-
bution unit 170A on the left side of rack 192. Power from
primary rack power distribution unit 170A may be sup-
plied through primary power cable 392, automatic trans-
fer switch 390, and fan power cable 396. In the event of
a failure of rack power distribution unit 170A (or in the
primary power system upstream from primary rack power
distribution unit 170A), automatic transfer switch 390 may
automatically switch to reserve power. In the reserve
power mode, reserve rack power distribution unit 170B
may supply power to fans 162 through reserve power
cable 394, automatic transfer switch 390, and fan power
cable 396. In some embodiments, each of primary rack
power distribution unit 170A and reserve rack power dis-
tribution unit 170B are movably coupled to the rack, such
as rack power distribution unit 170 described above rel-
ative to FIG. 1.

[0143] Automatic transfer switch 390 may be placed
or mounted in any of various suitable locations. In one
embodiment, automatic transfer switch 390 is mounted
on the roof of a rack. In another embodiment, automatic
transfer switch 390 is mounted on the rear door of a rack.
[0144] FIG. 32 illustrates a method of cooling compo-
nents in a rack-mounted computer system according to
one embodiment. At 400, air moving devices are provid-
ed for heat producing components in a rack-mounted
computer system. The air moving devices may be, for
example, a fan in a power supply unitand/or a fan mount-
ed in the rack. In some embodiments, an air moving de-
vice isaninternal fan in a power supply unitthat has been
modified to reverse the direction of air flow in the power
supply unit.

[0145] At 402, air is drawn from outside the rack-
mounted computer system into a power supply enclosure
for the power supply unit. At 404, air is expelled from the
power supply enclosure into an enclosure for the rack-
mounted computer system.

[0146] Inanembodiment, rack power distribution units
in a rack are moved to allow access to computer systems
in the rack so that reconfiguration or maintenance oper-
ation can be performed on the computer systems. FIG.
33 illustrates one embodiment of a reconfiguration or
maintenance operation that includes moving rack power
distribution units to access computer systems in a rack.
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At 410, rack power distribution units installed in the rack
are moved from an operating position to a maintenance
position while the rack power distribution units remain
coupled to the rack. For example, rack power distribution
units may be rotated on brackets that are coupled to the
rack by way of hinges. Moving the rack power distribution
units may take the rack power distribution units out of an
installation/removal path for computer systems in the
rack.

[0147] At412,acomputer system intherackis atleast
partially installed or removed while the rack power distri-
bution unit is in the maintenance position. In some em-
bodiments, a computer system is entirely removed from
the rack and replaced by another computer system. In
some embodiments, a reconfiguration or maintenance
operation is performed on a computer system is per-
formed while the computer system is partially installed in
the rack (for example, slid out but still on the rails). For
example, a cover on the computer system may be re-
moved and a circuit board assembly, power supply unit,
or a hard disk drive, may be replaced. In either case,
once the computer systems have been placed or re-
placed in their fully installed positions, the rack power
distribution units may be returned to their operating po-
sitions at 414.

[0148] Inan embodiment, a method of cooling compu-
ter systems in a rack includes directing air under hard
disk drives in a rack-mountable computer system. FIG.
34 illustrates a method of cooling hard disk drives by
flowing air under the drives according to one embodi-
ment. At 420, air is drawn into a chassis for a rack-mount-
ed chassis computer system. At422, air passing into the
chassis may flow over circuit board assemblies and/or
through an enclosure for a power supply unit. At 424, air
is directed into passages under hard disk drives of the
computer system. In some embodiments, air is directed
downwardly into the passages. In some embodiments,
some or all of the air passing through a chassis may be
blocked from passing over the hard disk drives. Blocking
air from passing may force more air to flow under the
hard disk drives and/or increase the velocity of air flowing
under the hard disk drives.

[0149] At 426, heat from heat producing components
on the hard disk drives may transfer to airin the passages
under the hard disk drives. At 428, air is removed from
the passages.

[0150] In some embodiments, directing the air under
the hard disk drive includes pulling air downwardly into
passages under hard disk drives. For example, in the
embodiment shown in FIG. 6, air may be drawn down-
wardly within chassis 104. In some embodiments, air is
pulled through with rack-mounted fans at the rear of a
rack, such as fans 162 shown in FIG. 1.

[0151] In an embodiment, a method of cooling rack-
mounted computer systems includes using rack-mount-
ed AC fans that move air through multiple computer sys-
tems mounted in the rack. FIG. 35 illustrates a method
of cooling computer systems using rack-mounted fans
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according to one embodiment. At 430, AC fans are cou-
pled to a rack. In some embodiments, the fans are cou-
pled to the rack in an angular orientation relative to the
rack.

[0152] At 432, the AC fans are operated to move air
through computer systems in the rack such that at least
one of the AC fans moves air through multiple computer
systems mounted in the rack. For example, a single fan
may move air through rack-mounted computer systems
at two or more positions in the rack (for example, two or
more servers located one on top of another in the rack).
[0153] At 434, afailure is detected in one of the fans.
At 436, a hot-swap is performed for the failed fan. During
the hot-swap, the fan module that houses the failed fan
is removed and replaced. During such removal and re-
placement, power may be maintained at the location of
the fan module and/or to other fans in the rack.

[0154] Invarious embodiments described above, rack
power distribution units are installed on brackets near
the ends of rack systems. A rack power distribution unit
may, however, be installed in any part of arack in various
embodiments. For example, arack powerdistribution unit
may be installed on a hinged bracket near the middle of
arack.

[0155] Although in the embodiments described above,
some of the computer systems have been described as
1U in height, computer systems may in various embod-
iments be 2U, 3U, or any other height or dimensions.

Claims
1. A computer system (104), comprising:

a chassis (112) configured for mounting in a
rack,

wherein the chassis comprises one or more
chassis air inlets (107; 122) at a front of the
chassis and one or more chassis air outlets
at a rear of the chassis (225);

one or more circuit board assemblies (114) on
the chassis;

one or more hard disk drives coupled to the
chassis; and

one or more air passages (220) under at least
one of the hard disk drives,

wherein at least one of the air passages
comprises one or more air inlets and one or
more air outlets,

wherein at least one of the one or more air
inlets of the one or more air passages is in
fluid communication with one or more chas-
sis airinlets and atleastone of the air outlets
of the one or more passages is in fluid com-
munication with at least one of the chassis
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air outlets,

wherein at least one of the inlets of the one
or more air passages is configured to direct
at least a portion of the air downwardly into
at least one of the passages, wherein the
at least one passage is configured to allow
air to move from the at least one air inlet of
the one or more air passages to at least one
of the air outlets of the one or more air pas-
sages, and

wherein at least one of the one or more air
passages is at least partially downstream
from the one or more circuit board assem-
blies on the chassis and is located such that
at least a portion of the air in the computer
system flows over at least one heat produc-
ing component on the one or more circuit
board assemblies on the chassis and then
into at least one of the air passages under
the hard disk drives.

The computer system of claim 1, further comprising
one or more air moving devices configured to move
air through at least one of the one or more air pas-
sages.

The computer system of claim 1 or claim 2, wherein
at least two of the hard disk drives are arranged side
by side in the chassis.

The computer system of any one of the preceding
claims, wherein at least one of the one or more air
passages under the hard disk drives is configured
to receive a mixture of air from a power supply unit
(116) and at least one said circuit board assembly
upstream from the at least one passage.

The computer system of claim 4, comprising first air
vents (136) for air to be drawn into a power supply
unitenclosure from outside the computer system and
second air vents (208) for air to be expelled into the
inside of the chassis of the computer system.

The computer system of any one of the preceding
claims, further comprising at least one air directing
element configured to direct air under the one or
more hard disk drives.

The computer system of any one of the preceding
claims, further comprising at least one vane config-
ured to alter air flow upstream from at least one of
the air passages under the one or more hard disk
drives.

The computer system of any one of the preceding
claims, further comprising a tray, wherein at least
two of the one or more hard disk drives are mounted
on the tray, wherein the tray is configured to space
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at least one of the hard disk drives from the bottom
of the chassis to define at least one of the air pas-
sages.

The computer system of claim 8, wherein the tray
comprises:

one or more support portions configured to sup-
port at least a portion of at least one of the one
or more data storage devices; and

one or more spacing portions configured to es-
tablish at least one said air passage below at
leastone of the data storage devices inthe chas-
sis when the tray is installed in the rack-mount-
able chassis.

The computer system of claim 9, wherein at least at
portion of the tray is configured to couple with a chas-
sis to form a box section structure for supporting at
least one of the data storage devices.

The computer system of claim 9 or claim 10, further
comprising one or more clamping bars, wherein at
least one of the clamping bars is configured to at
least partially hold down at least one of the data stor-
age devices.

The computer system of claim 11, wherein at least
one of the one or more clamping bars is resiliently
biased to hold down at least one of the data storage
devices.

The computer system of claim 11, wherein at least
one of the one or more clamping bars is operable as
a handle for carrying a computer system when the
tray is installed in the computer system.

A method, comprising:

moving air through one or more chassis airinlets
(107; 122) at afront of a rack-mountable chassis
(112) for a computer system (104) according to
claim 1 and over one or more heat producing
components on one or more circuit board as-
semblies in the computer system in the rack
mountable chassis;

downstream from the one or more circuit board
assemblies, directing at least a portion of the air
that has passed over the at least one heat pro-
ducing component on the at least one circuit
board assembly downwardly into one or more
passages (220) under one or more hard disk
drives in the rack-mountable chassis for the
computer system via one or more air inlets of
the one or more passages;

allowing at least a portion of the heat from heat
producing components on at least one of the
hard disk drives to transfer to air in at least one
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of the passages; and

removing at least a portion of the airfrom atleast
one of the passages via one or more chassis air
outlets at a rear of the chassis (225).

15. The method of claim 14, wherein at least one of the

hard disk drives is at least partially in an enclosure
for the computer system, wherein moving air into one
ormore passages underoneor more harddisk drives
of a computer system comprises moving air into the
enclosure.

Patentanspriiche

Computersystem (104), umfassend:

ein Gehause (112),dasflirdie Montage in einem
Rack konfiguriert ist;

wobei das Gehause einen oder mehrere
Gehauselufteinlasse (107; 122) an einer
Gehausevorderseite und einen oder meh-
rere Gehauseluftauslasse an einer Gehau-
serlickseite (225) umfasst;

eine oder mehrere Platinenanordnungen (114)
auf dem Gehause;

ein oder mehrere mitdem Gehause verbundene
Festplattenlaufwerke; und

einen oder mehrere Luftkanale (220) unter zu-
mindest einem der Festplattenlaufwerke,

wobei zumindest einer der Luftkanale einen
oder mehrere Lufteinldsse und einen oder
mehrere Luftauslasse umfasst,

wobei zumindest einer der einen oder meh-
reren Lufteinl&sse der einen oder mehreren
Luftkanale in Fluidverbindung mit einem
oder mehreren Gehauselufteinlasse steht
und zumindest einer der Luftauslasse der
einen oder mehreren Kanale in Fluidverbin-
dung mitzumindest einem der Gehauseluft-
auslasse steht,

wobei zumindest einer der Einlasse der ei-
nen oder mehreren Luftkanile konfiguriert
ist, um zumindest einen Teil der Luft nach
unten in zumindest einen der Kanale zu lei-
ten, wobei der zumindest eine Kanal konfi-
guriert ist, um Luft die Bewegung von dem
zumindest einen Lufteinlass der einen oder
mehreren Luftkandle zu zumindest einem
der Luftauslésse der einen oder mehreren
Luftkanale zu ermdglichen, und

wobei sich zumindest einer der einen oder
mehreren Luftkandle zumindest teilweise
stromabwarts vonden einen oder mehreren
Platinenanordnungen auf dem Gehause

10

15

20

25

30

35

40

45

50

55

16

befindet und derart angeordnet ist, dass zu-
mindest ein Teil der Luft in dem Computer-
system Uber zumindest eine warmeerzeu-
gende Komponente auf den einen oder
mehreren Platinenanordnungen auf dem
Geh&ause und dann in zumindest einen der
Luftkanale unter den Festplattenlaufwerken
stromt.

Computersystem nach Anspruch 1, ferner umfas-
send eine oder mehrere Luftbewegungsvorrichtun-
gen, die konfiguriert sind, um Luft durch zumindest
eine der einen oder mehreren Luftkandle zu bewe-
gen.

Computersystem nach Anspruch 1 oder Anspruch
2, wobei zumindest zwei der Festplattenlaufwerke
nebeneinander in dem Gehause angeordnet sind.

Computersystem nach einem der vorhergehenden
Anspriiche, wobei zumindest einer der einen oder
mehreren Luftkanadle unter den Festplattenlaufwer-
ken konfiguriert ist, um ein Gemisch aus Luft von
einer Stromversorgungseinheit (116) und zumindest
einer der Platinenanordnungen stromaufwéarts von
dem zumindest einen Kanal zu empfangen.

Computersystem nach Anspruch 4, umfassend ers-
te LUftungsoffnungen (136) zum Ansaugen von Luft
von aulerhalb des Computersystems in ein Gehau-
se der Stromversorgungseinheit und zweite LiUf-
tungsoffnungen (208) zum AusstolRen von Luftin das
Innere des Gehauses des Computersystems.

Computersystem nach einem der vorhergehenden
Anspriiche, ferner umfassend zumindest ein Luftlei-
telement, das konfiguriertist, um Luft unter die einen
oder mehreren Festplattenlaufwerke zu leiten.

Computersystem nach einem der vorhergehenden
Anspriche, ferner umfassend zumindest eine
Schaufel, die konfiguriert ist, um den Luftstrom
stromaufwarts von zumindest einem der Luftkanile
unter den einen oder mehreren Festplattenlaufwer-
ken zu andern.

Computersystem nach einem der vorhergehenden
Anspriiche, ferner umfassend ein Fach, wobei zu-
mindest zwei der einen oder mehreren Festplatten-
laufwerke in dem Fach angebracht sind, wobei das
Fach konfiguriert ist, um einen Abstand zwischen
zumindest einem der Festplattenlaufwerke und dem
Gehauseboden zu bilden, um zumindest einen der
Luftkanale zu definieren.

Computersystem nach Anspruch 8, wobeidas Fach
Folgendes umfasst:
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einen oder mehrere Stltzabschnitte, die konfi-
guriert sind, um zumindest einen Teil von zu-
mindest einer der einen oder mehreren Daten-
speichervorrichtungen zu stiitzen; und

einen oder mehrere Abstandsabschnitte, die
konfiguriert sind, um zumindest einen der Luft-
kanéale unter zumindest einer der Datenspei-
chervorrichtungenin dem Gehause zu schaffen,
wenn das Fach indas Rackmontierbare Gehau-
se eingebaut ist.

Computersystem nach Anspruch 9, wobei zumin-
dest ein Teil des Fachs konfiguriert ist, um an ein
Gehause gekoppelt zu werden, um eine Kastenpro-
filstruktur zum Stltzen von zumindest einer der Da-
tenspeichervorrichtungen zu bilden.

Computersystem nach Anspruch 9 oder Anspruch
10, ferner umfassend eine oder mehrere Klemmleis-
ten, wobei zumindest eine der Klemmleisten konfi-
guriertist, um zumindest eine der Datenspeichervor-
richtungen zumindest teilweise zu halten.

Computersystem nach Anspruch 11, wobei zumin-
dest eine der einen oder mehreren Klemmleisten
elastischvorgespanntist,um zumindesteineder Da-
tenspeichervorrichtungen zu halten.

Computersystem nach Anspruch 11, wobei zumin-
dest eine der einen oder mehreren Klemmleisten als
ein Griff zum Tragen eines Computersystems die-
nen kann, wenn das Fach in dem Computersystem
eingebaut ist.

Verfahren, umfassend:

Bewegen von Luft durch einen oder mehrere
Gehauselufteinlasse (107; 122) an einer Vor-
derseite eines Rack-montierbaren Gehauses
(112) fur ein Computersystem (104) nach An-
spruch 1 und Uber eine oder mehrere warmeer-
zeugende Komponenten auf einer oder mehre-
ren Platinenanordnungen in dem Computersys-
tem in dem Rack-montierbaren Gehause;
Leiten von zumindest einem Teil der Luft, die
Uber die zumindest eine warmeerzeugende
Komponente auf der zumindest einen Platinen-
anordnung gestromt ist, stromabwarts von der
einen oder den mehreren Platinenanordnungen
nach unten in einen oder mehrere Kanale (220)
unter ein oder mehrere Festplattenlaufwerke in
dem Rack-montierbaren Gehause fiir das Com-
putersystem Uber einen oder mehrere Luftein-
lasse des einen oder der mehreren Kanéle;
Ermdglichen, dass zumindest ein Teil der War-
me von den warmeerzeugenden Komponenten
auf zumindest einem der Festplattenlaufwerke
in zumindest einem der Kanéle auf Luft Ubertra-
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gen wird; und

Entfernen von zumindest einem Teilder Luftaus
zumindest einem der Kanale lber einen oder
mehrere Gehauseluftauslasse an einer Gehau-
seruckseite (225).

15. Verfahren nach Anspruch 14, wobei sich zumindest

eines der Festplattenlaufwerke zumindest teilweise
in einem Gehause flr das Computersystem befin-
det, wobei das Bewegen von Luft in einen oder meh-
rere Kanale unter einem oder mehreren Festplatten-
laufwerken eines Computersystems das Bewegen
von Luft in das Gehduse umfasst.

Revendications

Systéme d’ordinateur (104), comprenant :

un chassis (112) configuré pour étre monté dans
un bati, dans lequel le chassis comprend une
ou plusieurs entrées d’air de chassis (107 ; 122)
a I'avant du chassis et une ou plusieurs sorties
d’air de chéssis a l'arriére du chassis (225) ;
un ou plusieurs ensembles de cartes de circuit
imprimé (114) sur le chassis ;

un ou plusieurs lecteurs de disque dur couplés
au chassis ; et

un ou plusieurs passages d’air (220) sous au
moins I'un des lecteurs de disque dur,

dans lequel au moins l'un des passages d’air
comprend une ou plusieurs entrées d’air et une
ou plusieurs sorties d’air,

dans lequel au moins 'une des une ou plusieurs
entrées d’air des un ou plusieurs passages d’air
est en communication fluidique avec une ou plu-
sieurs entrées d’air de chassis et au moins 'une
des sorties d’air des un ou plusieurs passages
est en communication fluidique avec au moins
'une des sorties d’air de chéassis,

dans lequel au moins 'une des entrées des un
ou plusieurs passages d’air est configurée pour
diriger au moins une portion de l'air vers le bas
dans au moins I'un des passages, dans lequel
au moins un passage est configuré pour per-
mettre a l'air de se déplacer depuis I'au moins
une entrée d’air des un ou plusieurs passages
d’air jusqu’a 'au moins une des sorties d’air des
un ou plusieurs passages d’air, et

dans lequel au moins 'un des un ou plusieurs
passages d’air est au moins partiellement en
aval des un ou plusieurs ensembles de cartes
de circuit imprimé sur le chassis et est situé de
sorte qu’au moins une portion de I'air dans le
systéme d’ordinateur s’écoule au-dessus d’au
moins un composant producteur de chaleur sur
les un ou plusieurs ensembles de cartes de cir-
cuit imprimé sur le chassis puis dans au moins
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'un des passages d’air sous les lecteurs de dis-
que dur.

Systéme d’ordinateur selon la revendication 1, com-
prenant en outre un ou plusieurs dispositifs de dé-
placement d’air configurés pour déplacer l'air a tra-
vers au moins I'un des un ou plusieurs passages
d’air.

Systéme d’ordinateur selon la revendication 1 ou la
revendication 2, dans lequel au moins deux des lec-
teurs de disque dur sont agencés cdte a cdte dans
le chéssis.

Systémed’ordinateur selon 'une quelconque desre-
vendications précédentes, dans lequel au moins 'un
des unou plusieurs passages d’air sous les lecteurs
de disque dur est configuré pour recevoir un mélan-
ge d’air provenant d’une unité d’alimentation électri-
que (116) et d’au moins I'un desdits ensembles de
cartes de circuit imprimé en amont de I’'au moins un
passage.

Systéme d’ordinateur selon la revendication 4, com-
prenant des premiéres grilles d’aération (136) pour
aspirer de l'air dans une enceinte d’unité d’alimen-
tation électrique depuis I'extérieur du systeme d’or-
dinateur et des secondes grilles d’aération (208)
pour expulser l'air a l'intérieur du chassis du systéme
d’ordinateur.

Systémed’ordinateur selon 'une quelconque desre-
vendications précédentes, comprenant en outre au
moins un élément directeur d’air configuré pour di-
riger de I'air sous les un ou plusieurs lecteurs de
disque dur.

Systémed’ordinateur selon 'une quelconque desre-
vendications précédentes, comprenant en outre au
moins une aube configurée pour modifier un écou-
lement d’air en amont d’au moins 'un des passages
d’air sous les un ou plusieurs lecteurs de disque dur.

Systémed’ordinateur selon 'une quelconque desre-
vendications précédentes, comprenant en outre un
plateau, dans lequel au moins deux des un ou plu-
sieurs lecteurs de disque dur sont montés sur le pla-
teau, dans lequel le plateau est configuré pour es-
pacer au moins 'un des lecteurs de disque dur du
fond du chéassis pour définir au moins l'un des pas-
sages d’air.

Systéme d’ordinateur selon la revendication 8, dans
lequel le plateau comprend :

une ou plusieurs portions de support configu-
rées pour supporter au moins une portion d’au
moins I'un des un ou plusieurs dispositifs de
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10.

1.

12.

13.

14.

stockage de données ; et

une ou plusieurs portions d’espacement confi-
gurées pour établir ledit au moins un passage
d’air sous au moins I'un des dispositifs de stoc-
kage de données dans le chassis lorsque le pla-
teau est installé dans le chassis pouvant étre
monté sur le bati.

Systéme d’ordinateur selon la revendication 9, dans
lequel au moins une portion du plateau est configu-
rée pour se coupler a un chassis afin de former une
structure de section rectangulaire pour supporter au
moins 'un des dispositifs de stockage de données.

Systéme d’ordinateur selon la revendication 9 ou la
revendication 10, comprenant en outre une ou plu-
sieurs barres de serrage, dans lequel au moins 'une
des barres de serrage est configurée pour retenir au
moins partiellement au moins 'un des dispositifs de
stockage de données.

Systéme d'ordinateur selon la revendication 11,
dans lequel au moins 'une des une ou plusieurs bar-
res de serrage est sollicitée de facon résiliente pour
retenir au moins 'un des dispositifs de stockage de
données.

Systéme d'ordinateur selon la revendication 11,
dans lequel au moins 'une des une ou plusieurs bar-
res de serrage est opérationnelle en tant que poi-
gnée pour porter un systeme d’ordinateur lorsque le
plateau est installé dans le systéme d’ordinateur.

Procédé, comprenant :

le déplacement d’air a travers une ou plusieurs
entrées d’air de chassis (107 ; 122) a lavant
d’un chassis pouvant étre monté surle bati (112)
pour un systéme d’ordinateur (104) selon la re-
vendication 1 et au-dessus d’un ou de plusieurs
composants producteurs de chaleur sur un ou
plusieurs ensembles de cartes de circuit impri-
mé dans le systeme d’ordinateurdans le chassis
pouvant étre monté sur le bati ;

en avaldes unouplusieurs ensembles de cartes
de circuit imprimé, la direction d’au moins une
portion de I'air qui est passé au-dessus de l'au
moins un composant producteur de chaleur sur
I’au moins un ensemble de cartes de circuit im-
primé vers le bas dans un ou plusieurs passages
(220) sous un ou plusieurs lecteurs de disque
dur dans le chassis pouvant étre monté sur le
bati pour le systéme d’ordinateur via une ou plu-
sieurs entrées dair des un ou plusieurs
passages ;

le fait de permettre le transfert d’au moins une
portion de la chaleur issue de composants pro-
ducteurs de chaleur sur au moins I'un des lec-
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teurs de disque dur dans I'airdans au moins 'un
des passages ; et

I'élimination d’au moins une portion de 'air d’au
moins I'un des passages via une ou plusieurs
sorties d’air de chassis a l'arriere du chassis 5
(225).

15. Procédé selon la revendication 14, dans lequel au
moins 'un des lecteurs de disque dur se trouve au
moins partiellement dans une enceinte pour le sys- 70
téeme d’ordinateur, dans lequel le déplacement d’air
dans un ou plusieurs passages sous un ou plusieurs
lecteurs de disque dur d’un systéme d’ordinateur

comprend le déplacement d’air dans I'enceinte.
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ADATTARDLG FSZKOZOK  ALATE LEVEGOARAMLASSAL BRENDELKEZG
RENDSZER

IGENYPONTOR:

i Eay szamisiedpes rendszsr (1043 amely a kdvatkezdiket tartalnmavey

3

4 ’Q
,v(

vhaz (HED), amelyved coy mek-re vald felsrzerelésre alakitottak ki,

2.

ahol a hix egy vagy (0bb levephbemenstor wrtabpaz (107 122) 2 hiz o150 réazin €5 egy vagy

h4
X A

tiibh fevegbkimenecint a hdz Batsd részdn (225)

egy vagy thbh dramkon Kartys seersbvényt (1 14) a hdsom ggy vagy tébh mereviemez-meghajidt

a hdzhoz csatlakoxtatvay €8
coy vagy 16hh levepdidratol (2207 legaldbb az spyik mereviemer-meghajtd alag,

ahol a levesdjdratok lepaldbb egyvike egy vagy ©bb leveptbemenetst &y egy vagy tihb
vegdkimenstet tartaloay,
ahol az egy vagy Obb levegidrat vey vagy (0bb lovegdbemenete Kzl kepaldbb ax egyik
tolyadekkapeaniatban van a bdzon v egy vagy thh levegdbemenctte] &s az egy vagy 1ohb
evegdjarat logaldbb gy leveetlimenste folvaddkkapesolatban van o hdzoy v fegaldhb egy
feveudkimenctial,

van kintakitva, hogy a levegduek

bed

ahal ax ¢

cudjarat legaldbh o

: bentenet Ggy

iegaia’,i}b Sy résrd foteld ranyiisg 8 logalabb egvik jdrba, abol g legaldbb epvik et Ggy v

kislakitva, hogy lehetdvd togye a levegds Sdrambdsdt av egy vagy t0bb levegdidon legddbh spy

SRR

levegdkimenetétdl g sgy vagy ©bb levepdidrat legaldbl egy loveptkimenetdnek egy vagy Wbb

fevepdjdratduak legaldbb egy levaglbenenetébe, és

ahol wr ey vagy 10bb lovepdjdral kinll logalably egyik legatibb részhen az dramias irdnyiban

& R

Xy

fefele helywrkedik of g hdzon [ovd gy vagy tibb drambtnt kivtya srerelvényhier képest, ¢s figy
bolyerkadik el, hopy & sehidgdpes rendszerben it’:gaiébi‘} & tevepd réare v hdvon 1éed egy vagy

16bh dramkinl Kdrova seerslvényen vd legalabb cpy bitennelh alkairdsr tolett davambil 1, maid

a mareviemezsmeghajiok alaul lagaldbb sgy levepdiaratba aramiik be

2. Az b igsnvpont szerinit szdamidadpes rendszer, amely taralmas tovabbd sgy vagy thhh
levegdmorgatdy ewrkdet, amely dgy van Kalakitva, hogy a levegdt as egy vagy 16bb

levepdidraton keresztll dmosgassa.

3. Az b igénypont vagy a 2. lgdaypont szerint szdmitogspes rendsrer, ahol g mereviemee-

meghajtdl koetl legaldbb kettd egymas mellett van elrendeeve 8 bdzban.

L

3
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4. Az elézd igényponiok birmelyvike szerinti szdrnitogdpes rendsugr, ahol a nweeviemez-

meghaitok alati egy vagy wbb lovepbjdrat fogalsbb covike tgy van kalakitva, hogy egy

{

levepdkeverdket fogadion be eyy tape feldl (115) & a legalabb sgy fratsdd az dramids

f"?

irdnya ssempongabol felield elhalverkeds wdiaiﬁ agy, embitett drambiirt kargydeal

3 A4 tpdnypont szerintl szdmiidedpes rendseer, amely elsd levepdzietd nyilasokat (136)
tartalmaz, amelyeknek célia, hogy a fevegd beszivadion a tapegyadesburkolatha 2 axdmitdgdoes
rendszeren kiviledl valamint mdsodih loveglztetd nyilasokat (208), amelyek véljs, hogy 2
fevegd a szamitdgepes rensdszer hdzdnak helsepdhe tnliliiing

8. Az eldzd pdovpontok bivmelyike arenintl swdmitdgdpes rendszer, amely lavtalmay

7 5

tovabbd legaldbb ey levegSivdnyiid elemet, amely ey van kialakitya, hogy 8 levegdt az egy

Pt

vagy tobh mereviemez-meghajto ol rdnviisy,

igénypontok baomelvke srerbntl szdmitogépes rendaver. wmely tarabmaz

tovabba fepaldbb gy lapdtot, amely gy van kialakitva, hogy a2 egy vagy obb mereviemess

o)
7

meghaitd alat legalabb cuy levepbjarathor képest az dramlds trdnyva seerint folild 1668 levegd

Rorte)

dramiasat megvaltoetassa.

v

& Barmedy el6z8 igénypont szevintl szdmiidgepss rendaser, amely tantabmiaz tovabba egy

oo

taleat, abol ax cgy vagy ©0bb merevlsmez-meghajiobdl legalibb kettd g tdlodn van felswsrelve,
ahol a tdlea dgy van kialakitva, hogy legaddbb sz egyik warevlamezameghajtd a hde aljas!
Kifndulva  taviandssal legyen elrendesve, amelynek sordn legalabh  sgvik lovegliaratot

meghatdrozza.

9. A B igdnyvpont saerint szamiogipes repdazer, abol aitdloa o kvetkezdket trtabmazza:

ey vagy 1bb aldtdmanatd réspt amely Ggy van kialakitva, bogy a2 egy vagy thbb

‘C.'
adattdrole cszkiiz logaldbb epyikdnek legulibh oy részdt alitamassrar ds

7

egy vagy thbh taviand ezt amely fay van Rialakitva, hopy Wtrchozzon legaldbb cpy

sinlitett fovegfjaratet a hizban a lepalabh ey adatarold vszkdz alatt, ha a tdles a mudihe

Spithetd hazha van beszerelve,

o)
2]



WL A9, jgénypont srorinll sedmsitducpes rendszer, ahol o tlea kegalabb cpy résee Gy van

kislakitva, bogy Ssszekapesolédion epy harzal, amelvnek sordan egy dobozos steukttra j8n e,

=3

hogy fegaldbb az egyvik adattdrold earkdat aldtamasaea,

tepont vagy M igdnypont s

i sedmitogépes rendaser, amaly lartdmay

tovabba egy vagy tibb sroritd nedat, abol 1 szoritd rudat fegaddbb egyike Ngy van kialabitea,

SR

hogy a legaldhb coyv adattarols esskfut legalabb réseben lenvomyvy tartsu.

120 A 11 igénypont szerintl sodmitdgdpes vendsrer, shal az egy vapy t8hb ssoritd i

fegaldbb egvike mgalpiean o8 van foszitve, bogy az adatideold eszkBedk legalibb epvikét

fensnmya tartsa,

13, A 1L igenypont szerinll szandtogdépes rendszer, ghol s gy vagy 1©bb szoritd nid
fogantyikent mikodiethetd, amelyngl Togva o wdmiidedpes rendszer hordozhatd, ba o wlea a

y

sedmitddpes rondszerbe van felseered

14, Egy wmddseer, amely a Kivetkesdket toglalis magaban:

fevegd mivzgatang o bazon lovd eoy vagy tobb levepbbemeneten keresattth (10871 1221 egy
rackere srorelhetd haw elején (112 egy szamitogepes rendszer (104) eastéher av 1, jgdnvpont
szering

valamiint gy vapy 10bb hotrmeld alkatrdszen &t egy vagy t8bh drambén kirtya
szeveivdnyen a szamitdedpes rendszerben, g rack-be éps’ theto hazhan;

gz dravpdast ivdnvhoe Képest leteld g cgy vagy 18bb dramkint Kirtya szerebednytdl,
legaldbb avon lovegd ogy részét indnyvitya, amely dthaladt g legalibb egy hltermeld alkotdrész

felett, amely 4 legalabb epy dramkdri kartys szercivénven helyeskedik el, ax dramids ivdnyvdhos

bépest fefeld egy vagy t6bb jaratha (22, a szamitdedpes rendszerhez vald vack-re seerelhatd
hisban I8vS sgy vagy 16bb merevienes-meghajtd alat, az ey vagy 10bb jarat sy vagy tibh
levegdbemuenetdn keresetiil;

annak fehetdvd iele, hogy # legaddbb epy mersviemez-meghapion v hotermeld
sthotdrészbol szdrmazd hd legalibh cpy vésre dadddion 3 leveglnek a jdratok legslibb

>

epyikeheng

¥

r:.

‘

a levegd

legaldbb epy részének clibvollidse logaldhb g epyik jarathol a hdr hamlss

resadit ]ovd egy vagy 1obb levegikimeneten hereszilt} (2251



gy,

150 A WL ipénypont seerintl mddszer, abol g wereviemermeghajtok legaldbb sovike
legaldbls részben a sahmitdgepes rendszerher vald burkolathan helyskedik of, ahad a levegd
mozgatdse sedmitdgdpes rendwrer egy vagy t8hh merevizmez-nieghaiidia alattd egy vagy thbb
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