
MULTI-MODE COOLING SYSTEM AND METHOD WITH EVAPORATIVE COOLING
BACKGROUND f00011Electronic components generate waste heat energy
when in use. This heat energy should be removed to mitigate a
potential for component overheating and subsequent malfunction.
Computer systems typically include a number of such components, or
waste heat sources, that include, but are not limited to, printed
circuit boards, mass storage devices, power supplies, and processors.
For example, one personal computer system may generate 100 watts to
150 watts of waste heat and some larger computers with multiple
processors may generate 250 watts of waste heat. Some known computer
systems include a plurality of such larger, multiple-processor
computers that are configured into rack-mounted components, and then
are subsequently positioned within a racking system. Some known
racking systems include 40 such rack-mounted components and such
racking systems will therefore generate as much as 10 kilowatts of
waste heat. Moreover, some known data centers include a plurality of
such racking systems. [0002]Some known data centers include methods
and apparatus configured to facilitate waste heat removal from a
plurality of racking systems. Moreover, some known data centers
include a plurality of racking systems that have a plurality of
configurations that are non-uniform with respect to component density
and usage such that each racking system generates waste heat at a
non-uniform rate as compared to the remainder of the racking systems.
In such data centers, application of uniform heat removal methods and
apparatus to such non-uniform waste heat generation sources may not
be fully efficient and effective in waste heat removal. [0003]Some
data centers use outside air as an important source of cooling air.
The characteristics and quality of outside air may vary widely,
however, even at a given location. Aside from the significant changes
in temperature and humidity that can occur with the change of
seasons, environmental quality of the outside air may vary due to a
myriad of external factors. For example, smoke, smog, and airborne
by-products of industrial and/or agricultural activities can all
affect usability of  outside air for cooling purposes. These
variations over time in availability, cooling capacity, and quality
of outside air create challenges in effectively sizing and operating
cooling air systems for a data center. For example, a mechanical
cooling system that is sized for cooler, drier times of year may fail
to provide adequate cooling in hot, humid weather. Conversely, a
mechanical cooling system that is sized to provide effective cooling
during hot, humid summer months may result in a system that is
significantly oversized for cooler, drier times of year. BRIEF
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[0004]FIG. 1 is a schematic diagram illustrating one embodiment of a
data center cooling system including a mechanical system and an
adiabatic system. [0005]FIGS. 2 and 3 are flow diagrams illustrating
one embodiment of operating a cooling system in multiple modes.
[0006]FIG. 4 illustrates is a flow diagram illustrating an alternate
embodiment of determining an operating mode for ambient temperatures
above an maximum ambient temperature set point. [0007]FIG.5
illustrates is a flow diagram illustrating an alternate embodiment of
determining conditions for operating in a free cooling mode.
[0008]FIG. 6 is a flow diagram illustrating one embodiment of
operating a cooling system having an adiabatic system bypass.
[0009]FIG. 7A is a side elevation view of one embodiment of an air
handling system including a mechanical system and an adiabatic
system. 



[0010]FIG. 7B is a plan view of the lower level of the air handling
system shown in FIG. 7A.  WO 2010/075358PCT/US2009/069154 100111FIG.
7C is a plan view of the upper level of the air handling system shown
in FIG. 7A. [0012]FIG. 7D is a front elevation view of the air
handling system shown in FIG. 7A. [0013]FIG. 8 is a schematic diagram
of' an evaporative cooling system according to one embodiment.
[0014]The various embodiments described herein are susceptible to
various modifications and alternative forms. Specific embodiments are
shown by way of example in the drawings and will herein be described
in detail. It should be understood, however, that the drawings and
detailed description thereto are not intended to limit the disclosure
to the particular form disclosed, but on the contrary, the intention
is to cover all modifications, equivalents and alternatives falling
within the spirit and 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
throughout this application, the word "may" is used in a permissive
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 including, but not limited to. 



DETAILED DESCRIPTION OF EMBODIMENTS [0015]Various embodiments of a
system and method for cooling electronic equipment in a data center
are disclosed. According to one embodiment, a method for cooling
computer systems in a room of a data center includes providing an air
channeling sub-system. The air channeling sub-system includes a
mechanical cooling section and a direct evaporative cooling section.
Cooling air is channeled through the air channeling sub-system and
into the room. If a first set of control conditions is met, the air
channeling sub-system is operated in an adiabatic mode. The adiabatic
mode includes channeling cooling air through the direct evaporative
cooling section to evaporate water into the cooling air. If a second
set of control  conditions is met, the air channeling sub-system is
operated in a hybrid mode. The hybrid mode includes channeling
cooling air through the mechanical cooling section to remove heat
from the cooling air and channeling the cooling air through thc
direct evaporative cooling section to evaporate water into the
cooling air. In one embodiment, the first set of control conditions
is met, and the system is operated in adiabatic mode, if the measured
ambient air temperature is at or above an ambient air temperature
maximum set point and the supply air enthalpy is at or below a supply
air enthalpy set point. The second set of control conditions is met,
and the system is operated in hybrid mode, if the measured ambient
air temperature is at or above the ambient air temperature maximum
set point and the supply air enthalpy is above the supply air
enthalpy set point. 100161In certain embodiments, the air channeling
sub-system may be operated in an economizer mode if a third set of
control conditions is met. Operating in the economizer mode may
include channeling cooling air through the direct evaporative cooling
section to evaporate water into the cooling air, and controlling a
humidity of supply air to the data room by controlling an amount of
water evaporated into the cooling air in the direct evaporative
cooling section. In one embodiment, the third set of control
conditions is met, and the system is operated in economizer mode, if
the measured ambient air temperature is below an ambient temperature
minimum set point and the supply air enthalpy is below a supply air
enthalpy set point. [00171In certain embodiments, the air channeling
sub-system may be operated in a free cooling mode if a fourth set of
control conditions is met. Operating in the free cooling mode may
include channeling air from the outside through the room while the
mechanical cooling section and the direct evaporative cooling section
are shut down or inhibited from operation, and exhausting air from
the room to the outdoors. In one embodiment, the fourth set of
control conditions is met if the ambient air temperature is within a
desired temperature control band. 100181In certain embodiments, the
air channeling sub-system may be operated in a mechanical mode if a
fifth set of control conditions is met. Operating in the mechanical
mode may include channeling cooling air through the mechanical
cooling 



section to remove heat from the cooling air. The cooling air may be
recirculated from the room through the air channeling sub-system. In
one embodiment, the fifth set of control conditions is met if the
measured ambient temperature is above an ambient temperature maximum
set point, the ambient relative humidity is above an ambient relative
humidity set point, and the supply air enthalpy is above an enthalpy
set point. In another embodiment, the fifth set of control conditions
is met if the outside air is unusable. [0019]According to one
embodiment, a system for cooling computer systems in a room of a data
center includes an air channeling sub-system. The air channeling
subsystem includes a mechanical cooling section that removes heat
from the cooling air and a direct evaporative cooling section
downstream from the mechanical cooling section. A controller
selectively operates the mechanical cooling section and the direct
evaporative cooling section in an adiabatic mode if a first set of
control conditions is met and in a hybrid mode if a second set of
control conditions is met. [0020]According to one embodiment, a
system for cooling computer systems in a room of a data center
includes an air channeling sub-system that provides cooling air to
electronic equipment in the data center. The air channeling
sub-system includes a direct evaporative cooling section that
evaporates water into the cooling air. The air channeling sub-system
includes a bypass duct to channel the cooling air to bypass the
direct evaporative cooling section, and one or more dampers
configurable to direct at least a portion of the cooling air through
the bypass duct instead of the direct evaporative cooling section.
10211As used herein, "data center" includes any facility or portion
of a facility in which computer operations are carried out. A data
center may include servers and other systems and components dedicated
to specific functions (e.g., e-commerce transactions, database
management) or serving multiple functions. Examples of computer
operations include information processing, communications,
simulations, and operational control.  WO
2010/075358PCT/US2009/069154 [0022]As used herein, "mechanical
cooling" means cooling of air by a process that involves doing
mechanical work on at least one fluid, such as occurs in
vapor-compression refrigeration systems. 



[0023]As used herein, "evaporative cooling" means cooling of air by
evaporation of liquid. 100241As used herein, "direct evaporative
cooling" means cooling of air by evaporation of liquid directly into
a stream of air to be cooled. [00251As used herein, "adiabatic
system" means a system that cools by evaporation of a liquid.
[0026]As used herein, "ambient" refers to a condition of outside air
at the location of a system or data center. An ambient temperature
may be taken, for example, at or near an intake hood of an air
handling system. 100271As used herein, a "free cooling mode" includes
a mode of operation in which an air handling sub-system pulls air at
least partially from an external source (such as air outside a
facility) and forces the air to electronic equipment without active
chilling in the air-handling sub-system (e.g., fluid flow through the
chiller coils in the air handling sub-system is shut off by closing a
flow control valve). [0028]As used herein, "room" means a room or a
space of a building. A "computer room" means a room in which computer
systems, such as rack-mounted servers, are operated. 



[0029]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 art
as 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 various embodiments, memory may include, but is not
limited to, a computer-readable medium, such as a random access
memory (RAM). Alternatively, a compact disc - read only memory
(CD-ROM), a magneto-optical disk (MOD), and/or a digital versatile
disc (DVD) may also be used. Also, additional input channels may
include computer peripherals associated with an operator interface
such as a mouse and a keyboard. Alternatively, other computer
peripherals may also be used that may include, for example, a
scanner. Furthermore, in the some embodiments, additional output
channels may include an operator interface monitor and/or a printer.
[0030]As used herein, a "damper" includes any device or component
that can be moved to control (e.g., increase or decrease) the flow of
fluid through a duct or other passageway. Examples of dampers include
plates, blades, panels, or discs, or any combination thereof. A
damper may include multiple elements. For example, a damper may
include a series of plates in parallel relation to one another that
can be simultaneously rotated to close a duct. As used herein, to
"position" a damper means to place or leave one or more elements of
the damper to achieve desired flow characteristics through the
damper, such as open, closed, or partially open. In a system with
eighteen air handling sub-systems, positioning the outside air
dampers may include opening outside air dampers in eight of the
sub-systems and keeping outside air dampers closed in the other ten
sub-systems. [0031]In various embodiments, a cooling system for a
data center may include a multi-stage cooling arrangement. In one
embodiment, the multi-stage arrangement may include a mechanical
cooling system and a direct evaporative cooling system downstream
from the mechanical cooling system. A cooling system that includes
both a mechanical cooling system and a direct evaporative cooling
system may allow a design in which each system has a smaller capacity
than a system having only a mechanical cooling system or only an
evaporative cooling system. 100321FIG. 1 is a schematic view of an
embodiment of a data center cooling system including a mechanical
cooling section and a direct evaporative cooling section. Cooling
system 100 may remove heat from computer systems operating in  



data center 102. In the embodiment illustrated in FIG. 1, cooling
system 100 includes air handling sub-system 104. Air handling
sub-system 104 may channel cooling air to data center 102. 100331The
number of air handling sub-systems 104 in cooling system 100 may
vary. In some embodiments, cooling system 100 includes many air
handling subsystems 104. In one embodiment, cooling system 100 may
include four air handling sub-systems 104. In another embodiment
cooling system 100 includes only one air handling sub-system 104. In
facilities with multiple air handling sub-systems and/or multiple
data centers, cross-over ducts may be provided (e.g., on the supply
side, the return side, or both) to allow cooling air from air
handling sub-systems to be distributed and/or redirected within a
data center or among data centers. Air handling sub-systems may be
commonly controlled, separately controlled, or a combination thereof:
In certain embodiments, only a sub-set of the total air handling
sub-systems for a data center are provided with outside air vents.
For example, half the air handling systems at a data center may have
both outside air vents and return air vents, while the other half the
air handling systems at a data center have only return air vents.
[0034]Each air handling sub-system 104 may be coupled to data center
102 by supply duct 108 and return duct 110. Cooling air may flow from
air handling subsystem 104 through supply duct 108 into plenum 112.
From plenum 112, cooling air may pass through flow restriction
devices 114 into room 116. Cooling air may pass over racks 118. After
the air is heated by racks 118, the air may pass through return duct
110. Air may be recirculated through one or more air handling
sub-systems or discharged from the system through exhaust vent 120.
Exhaust vent 120 includes exhaust damper 122. [0035]Air for cooling
system 100 may be drawn from outside air, recirculated air, or a
combination of outside air and recirculated air. Air handling
sub-system 104 includes outside air vent 124. Outside air vent
includes outside air damper 126. Air handling sub-system 104 includes
mixing air damper 130.  WO 2010/075358PCT/US2009/069154 [0036]Cooling
system 100 includes filter bank 132, chilled water sub-system  134,
evaporative cooler 136, and supply fan 138, and return fan 144. In
one embodiment, filter bank 132 includes a series of four filters.
Cooling system 100 includes bypass duct 140. Bypass duct 140 may
allow for all or a portion of the supply air to bypass evaporative
cooler 136. Evaporative cooler bypass damper 141 and evaporative
cooler face damper 142 may be selectively positioned to control flow
through evaporative cooler 136. Cooling system 100 includes return
air bypass 151 and return air bypass damper 152. [0037]Supply fan 138
and return fan 144 are coupled to VFDs 146. VFD 146 is 



coupled to control unit 150. [0038]Chilled water subsystem 134 is
coupled in beat transfer communication with air handling sub-systems
104. Chilled water sub-system 134 includes coils 154 and valve 156.
Valve 156 is coupled to control unit 150. Valve 156 may be opened and
closed by signals from control unit 150. The position of valve 156
may be used to regulate the use of chilled water to cool air in air
handling sub-system 104. In one embodiment, a common chilled water
subsystem 134 provides chilled water to two more air handling
sub-systems. In certain embodiments, each air handling sub-system is
cooled by a dedicated chilled water subsystem 134. [0039]Chilled
water sub-system 134 includes at least one pump 160 coupled in flow
communication with a flow control valve 156. Valve 156 is coupled in
flow communication with coils 154 such that chilled water flow
through coils 154 is facilitated while air flows across coils 154.
Coils 154 are coupled in flow communication with at least one chilled
water heat exchanger 162 via a plurality of tubes that are coupled in
flow communication with pump 160. [0040]Cooling system 100 further
includes a chilled water heat removal sub- system 168. Heat removal
sub-system 168 may be any sub-system that facilitates operation of
system 100. In one embodiment, heat removal sub-system 168 is an
air-conditioning refrigerant sub-system. In another embodiment, heat
removal subsystem 168 is a cooling tower sub-system. In still another
embodiment, heat removal  sub-system 168 is a service water
sub-system. In certain embodiments, a mechanical cooling system such
as an air-conditioning refrigerant system may be in direct heat
transfer communication with cooling air in air handling sub-systems
104. For example, evaporator coils of an air conditioning system may
be positioned downstream from filter bank 132. 100411Control unit 150
may be programmed to control devices in air handling sub-systems 102,
chilled water sub-systems 134, and/or heat removal sub-systems.
Control unit ISO is coupled to supply fan 138, return fan 144,
outside air damper 126, exhaust damper 122, and mixing air damper
130. Control unit 150 is in data communication with temperature
sensors, humidity sensors, and pressures sensors. For example,
control unit 150 is in data communication with temperature sensor 151
located near the intake hood of cooling system 100. In one
embodiment, all of the air handling sub-systems and chilled-water
sub-systems at a data center are controlled with a common control
unit. In other embodiments, separate controllers are provided for
each air handling sub-system and chilled water sub-systems, or for a
subset of the air handling sub-systems and/or chilled water
sub-systems. Devices in air handling sub-systems and chilled water
sub-systems may be controlled automatically, manually, or a
combination thereof. 100421In certain embodiments, control unit 150
includes at least one 



programmable logic controller. The PLC may, among other things, open
and close dampers in air handling system 104 based upon command
signals from an operator to channel air flow through data center 102
as necessary for the prevailing operational conditions.
Alternatively, the PLC may modulate dampers between fully open and
filly closed positions to modulate airflow. 10043]Cooling system 100
also includes a plurality of temperature measurement devices that, in
one embodiment, are thermocouples_ Alternatively, the temperature
measurement devices include, but not be limited to, resistance
temperature detectors (RTDs) and any device that facilitate operation
of cooling system 100 as described herein. For example, a chilled
water thermocouple may be positioned within chilled water subsystem
138 to facilitate measuring a temperature of the chilled water upon
discharge from a heat exchanger. In the one embodiment, such chilled
water temperatures are controlled to approximately 5.6 degrees
Celsius (C) (42 degrees Fahrenheit (F)). 100441In the embodiment
shown in FIG. 1, air handling sub-system 104 may force air through
supply duct 108 into plenum 112. In other embodiments, cooling air
may be forced directly into room 116 through a supply duct without
going through a plenum. In various embodiments, flow restriction
devices 114 may be chosen to control the flow rates and distribution
of cooling air among various racks 118 in room 116. [00451In various
embodiments, operation of one or more air handling sub- systems of a
cooling system may be controlled in response to one or more
conditions. For example, the controller may be programmed to switch
the air source for an air-handling sub-system from return air to
outside air when one or more predetermined conditions are met, such
as temperature and humidity. [00461In various embodiments, a cooling
system for a data center may be operated in two or more different
modes. The mode a operation at any given time may be selected based
on characteristics of the outside air, characteristics of air in
various locations in the cooling system, and other characteristics
prevailing at or near the data center. In various embodiments, the
multi-mode cooling system may minimize the amount of energy required
to cool a data center. The multi-mode system may allow for a more
efficient use of components of a cooling air system, allow for a
reduction is size/capacity of one or more elements of the system,
reduce operating costs of a cooling system, and/or improve cooling
effectiveness (such as through lower operating temperatures of
computer systems in the data center). 100471In some embodiments, a
multi-mode cooling system includes an adiabatic 



system and a mechanical cooling section. The adiabatic system may be,
for example, a direct evaporative cooler that includes a wetted
media. The mechanical cooling system may be, for example, an
air-conditioning refrigerant system. The adiabatic system and
mechanical system may be selectively employed and adjusted based on
WO 2010/075358PCT/US2009/069154 established control conditions. The
mechanical cooling system may cool the supply air directly,
indirectly (e.g., by chilling water that has been circulated through
an air handling system), or a combination thereof. In certain
embodiments, a cooling system may include an evaporative cooling
system (direct or indirect) upstream from a mechanical cooling system
in lieu of, or in addition to, an evaporative cooling system (direct
or indirect) downstream from the mechanical system. [00481Table 1 is
an example of operating modes for a cooling system. In this example,
the cooling mode at any given time is based on the conditions of
outside air and the air at selected locations in the cooling system.
100491Table 1. Example of Cooling Modes for Air Handlers Mode 1:
Economizer Control Conditions Ambient Temperature:< minimum set
point(typically 72F) Supply Air Enthalpy:< set point(typically >30)
Cooling Systems 



Outside AirDamper controlled Re-Circulation SystemDamper controlled
Adiabatic SystemHumidity control Mechanical SystemOff Notes In this
example, in the Economizer Mode, the system mixes cooler ambient air
and blends it with heated return air from the data room to achieve
the desired supply air set point temperature. If the return air
relative humidity is below the minimum, the adiabatic system will
adjust the humidity up. There is no Mechanical cooling. The
conditions for this mode are that the ambient temperature is less
than the low end of the desired set-point (typically 72F). Tight
control of relative humidity may not be required on the high end
because a constant heat source (servers) is provided that inhibits
condensation. Mode 2: Free-Coolin2 Mode  Control Conditions Ambient
Temperature: Ambient Air Relative Humidity: Return Air Relative
Humidity: Supply Air Enthalpy: 



Set point  control band > minimum set point > minimum set point < set
point (typically 764F) (typically > 20%) (typically > 20%) (typically
>30)  Cooling Systems Outside AirOpen Re-Circulation SystemClosed
Adiabatic SystemOff Mechanical SystemOff Notes In this example, in
Free-Cooling Mode the system utilizes 100% outside air to cool the
data center. All the return air is exhausted to atmosphere. No
Mechanical or Evaporative cooling is required. The conditions for
this mode are that the ambient temperature is within the set point
control band. (typically 76+4F). Tight control of maintaining a high
humidity level may not be required because a large portion of the
return air can be exhausted so no water build-up occurs, and because
a constant heat source (servers) is provided that inhibit
condensation. 



Mode 3: Adiabatic Mode Control Conditions Ambient Temperature:>
maximum set point(typically >80F) Supply Air Enthalpy:< set
point(typically >30) Cooling Systems Outside AirDamper controlled
Re-Circulation SystemDamper controlled Adiabatic SystemOn -
controlled Mechanical SystemOff Notes In this example, Adiabatic Mode
is similar to Free-Cooling Mode as the system mainly utilizes outside
air, however it differs in that the evaporative cooling system comes
on line as a cooling source. No Mechanical cooling is required.
Humidity control may be carried out in this mode. If the return air
relative humidity falls below the minimum set point (typically 20%),
a portion of the heated (damp) return air may be blended back to the
supply air to bring the relative humidity up to within set control
limits. As with the Free Cooling Mode, tight control of maintaining a
high humidity level may not be required, however, because a large
portion of the return air can be exhausted so no water build-up
occurs, and because a constant heat source (servers) is provided that
inhibits condensation. 



Mode 4: Hybrid Mode Control Conditions Ambient Temperature:> maximum
set point(typically >80F) Supply Air Enthalpy:> set point(typically
>30)  Cooling Systems Outside AirDamper controlled Re-Circulation
SystemDamper controlled Adiabatic SystemOn Mechanical SystemOn Notes
In this example, Hybrid Mode is similar to Adiabatic Mode as the
system mainly utilizes 



only outside air and the adiabatic system; however, the mechanical
systems also come on line. Mechanical systems cool the blended supply
air temperature to within the parameters of Mode 3 - Adiabatic Mode.
The adiabatic system cools the supply air to within the temperature
set points. If the return air relative humidity falls below the
minimum set point (typically 20%), a portion of the heated (damp)
return air is blended back to the supply air to bring the relative
humidity up to within set control limits. As with the Fee Cooling
Mode, tight control of maintaining a high humidity level may not be
required because a large portion of the return air can be exhausted
so no water build-up occurs, and because a constant heat source
(servers) is provided that inhibits condensation. Mode 5: Mechanical
Mode Control Conditions Ambient Temperature:> maximum set
point(typically >80F) Ambient Relative Humidity: > maximum set
point(typically > 80%) Enthalpy:> set point(typically >30) OR Outside
air is unusable. Cooling Systems Outside AirClosed Re-Circulation
SystemOpen Adiabatic SystemOff 



Mechanical SystemOn Notes In this example, Mechanical Mode may
include recirculation of all air such that no outside air is used.
The air may be cooled to within the temperature set point by passing
it across mechanically cooled coils. When this mode is relied upon,
the mechanical cooling plant is preferably sized to cool the entire
heat load. Humidity is monitored and controlled. The system may be
operated in this mode when the wet bulb temperature is above the
desired temperature control set point or if outside air is unusable.
As used herein, "unusable" refers to air that contains an
unacceptable of contaminants, such as airborne matter from
agricultural or industrial processes.  WO
2010/075358PCT/US2009/069154 [0050]Although the example Table 1
describes five different modes, it will be understood that in various
embodiments, a cooling system may operate in only some of the modes
described in Table 1. For example, a cooling system may operate in
only an adiabatic mode and a hybrid mode. In addition, a cooling
system may in various embodiments operate in modes in addition to
those described above. The control conditions, sources of air,
measured values, and various operating parameters in the various
modes in the example in Table 1 for illustrative purposes only, and
in various embodiments may include different control conditions, set
points, and operating parameters. [0051]FIGS. 2 and 3 are flow
diagrams illustrating one embodiment of operation of a multi-mode
cooling system. Multi-mode operation of a cooling system such as
described above may be accomplished automatically, manually, or a
combination thereof In certain embodiments, switching between modes
may be accomplished with an automatic controller such as described
above relative to FIG. 1. At 200, set points are established for
control conditions. At 202, characteristics of air are measured.
Measurements such as dry bulb temperature, wet bulb temperature,
humidity, and pressure may be taken for outside air, supply air,
return air, or at any other location. [0052]At 204, the measured
ambient temperature is compared to the established ambient
temperature maximum set point. If the ambient temperature is greater
than the maximum set point, the supply air enthalpy may be determined
and compared to an established supply air enthalpy set point. If the
supply air enthalpy is below the set point, the system may be
operated in an adiabatic mode at 210. The adiabatic mode may employ
only the evaporative cooling system, without any mechanical cooling.
In certain embodiments, different properties, such as wet bulb
temperature, may be used as control conditions instead of, or in
addition to, enthalpy. 



[0053]If the measured supply air enthalpy is equal to or greater than
the supply air enthalpy set point at 208, the ambient relative
humidity is compared to a maximum relative humidity set point at 212.
If the ambient relative humidity is equal to or less than the MaXiMUM
relative humidity set point, the system may be operated in a hybrid
mode at 214. In the hybrid mode, both the evaporative cooling system
and the mechanical cooling system may be operated to cool the supply
air to the data center. [0054]If the ambient relative humidity is
above the maximum relative humidity set point, the system may be
operated in a mechanical mode at 216. In the mechanical mode, the
system may employ only the mechanical cooling system, with the
evaporative cooling system being disabled and/or bypassed.
100551Referring again to 204, if the ambient temperature is less than
or equal to the ambient temperature maximum set point, conditions for
low/moderate temperatures may be evaluated at 206, the details of
which are illustrated on FIG. 3. At 220, the ambient temperature is
compared to a ambient temperature minimum set point. If the ambient
temperature set point is below the ambient temperature minimum set
point, a measured supply air enthalpy may be compared to a supply air
enthalpy set point at 222. If the measured supply air enthalpy is
less than the set point, the system may be operated in an economizer
mode. In the economizer mode, an adiabatic system may be operated to
control humidity. An economizer mode may be used, for example, when
the weather is cold and dry. If the supply air enthalpy is at or
below the set point, a user may select the operating mode at 228.
[0056]Tf the ambient temperature is at or above the ambient
temperature minimum set point at 220, the ambient temperature is
compared to a defined temperature control band (e.g., 76  4F). If the
ambient temperature is within the control band, the system may be
operated in free cooling mode at 232. In the free cooling mode,
outside air may be channeled through the air handling system and
supplied to the data center while the adiabatic system and mechanical
systems are off or disengaged. Air from the data center may be
exhausted to the outside. If the ambient temperature is not within
the control band, a user may select the operating mode at 234. 



100571FIG. 4 illustrates is a flow diagram illustrating an alternate
embodiment of determining an operating mode where ambient
temperatures are above the maximum ambient temperature set point. As
in FIG. 2, set points may be established and air  characteristics
measured. At 204', the supply air enthalpy is compared to the set
point. If the measured supply air enthalpy is below the set point,
the system is operated in an adiabatic mode. If measured supply air
enthalpy is at or above the set point, the system is operated in
hybrid mode. Thus, in contrast to the embodiment shown in FIG. 2, the
adiabatic system may remain operational (i.e., in both the adiabatic
mode and the hybrid mode) regardless of the relative humidity
conditions of the ambient air. [005S1FIG. 5 illustrates is a flow
diagram illustrating an alternate embodiment of determining
conditions for operating in a free cooling mode. The steps prior to
230' may be the same as shown in FIGS. 2 and 3. At 230', the ambient
temperature is compared to a defined temperature control band. If the
ambient temperature is within the control band, the relative humidity
of the ambient air is compared to a minimum set point at 250. If the
relative humidity of the ambient air is above the minimum set point,
the relative humidity of the return air is compared to a minimum set
point at 252. If the relative humidity of the return air is above the
minimum set point at 252, then the system is operated in free cooling
mode. Thus, in contrast with the embodiment shown in FIG. 3, the free
cooling mode is used only after it is determined that the ambient air
and the return air are above a threshold humidity level. [0059]As
illustrated in FIG. 1 above, a multi-mode cooling system may in some
embodiments provide for bypass of an adiabatic system. The adiabatic
system may be bypassed in those modes in which adiabatic cooling is
not used. FIG. 6 illustrates operation of a cooling system with
selective bypass of an adiabatic system. At 300, one or more air
handling systems are provided. At 302, one or more control conditions
are measured. At 304, control conditions are evaluated. If the
control conditions are met, air is passed through the adiabatic
system and the adiabatic system activated to cool the supply air at
306. As an example, air may be passed through the adiabatic system
and the adiabatic system may be operated if the ambient air
temperature exceeds a maximum set point and the supply air enthalpy
is less than a supply air enthalpy set point (such as described above
with respect to "Mode 3: Adiabatic Mode").  WO
2010/075358PCTMS2009/069154 [0060]If the control conditions are not
met or if a second set of control conditions 



is met, the adiabatic system may be bypassed at 308. For example, if
conditions indicate that sufficient cooling can be achieved in a free
cooling mode, the adiabatic system may be placed in bypass. To bypass
evaporative cooler 136 in cooling system 100 shown in FIG. 1, for
example, evaporative cooler bypass damper 141 may be opened and
evaporative cooler face damper 142 may be closed. Subsequently, to
reenter a mode that uses the adiabatic system, the damper positions
may be reversed such that evaporative cooler bypass damper 141 is
closed and evaporative cooler face damper 142 is opened. In certain
embodiments, the system may be operated with the evaporative cooler
bypass damper 141 and/or evaporative cooler face damper 142 in
partially open positions. [0061]Although in the flow charts shown in
FIGS. 2-6, control conditions are assessed in a particular sequence,
it will be understood that in other embodiments the sequence may be
different. In addition, the control conditions may be monitored over
time (continuously or at regular or irregular intervals), and mode
switching accomplished based on changes in the conditions.
[0062]FIGS. 7A-7D illustrate an embodiment of air handling unit
including a mechanical cooling section and an evaporative cooling
section. FIG. 7A is a side elevation view of the air handling system.
FIG. 7B is a plan view of the lower level of the air handling system.
FIG. 7C is a plan view of the upper level of the air handling system.
FIG. 7D is a front elevation view of the air handling system.
[0063]Air handling system 400 provides supply air to a data center
through supply vent 402 and receives return air from the data center
through return vent 404. Air handling system 400 includes supply fans
406, return fans 408, filters 410, chilled water cooling coils 412,
and evaporative cooling system 414. Supply fans 406 channels air from
air handling system 400 into the data center through supply vent 402
on the lower level of air handling system 400. Return fans 408
channel air from the data center to air handling system 400 through
return vent 404 on the upper level of air handling system 400.  WO
2010/075358PCT/US2009/069154 [0064]In one embodiment, supply fans 406
are 180,000 cubic feet per minute, QEP-54 manufactured by Greenheck.
In one embodiment, return fans 408 are 180,000 cubic feet per minute,
ATLI 0-4012 manufactured by Comefri. [0065]Air to be supplied to the
data center is forced downward from the upper 



level through opening 416 and then through filters 410. Air is forced
successively through pre-filter 418, final filter 420, and carbon
filter 422. In one embodiment, prefilter 418 is a two-inch pleated 30
% filter manufactured by Airguard. In one embodiment, final filter
420 is a 12-inch 95 % filter manufactured by Airguard. In one
embodiment, carbon filter 422 is a 12-inch high mass bonded carbon
filter manufactured by Sparks. [0066]After exiting filter 422, air is
forced across chilled water cooling coils 412. Chilled water cooling
coils 412 remove heat from the air as it passes over the coils.
[0067]Evaporative cooler 414 includes upper evaporative media bank
430, lower evaporative media bank 432, intermediate sump 434, and
bottom sump 436. In one embodiment, the evaporative media is Celdek
media manufactured by Munters Corporation. [0068]Air handling system
400 includes evaporative cooler bypass duct 438, evaporative cooler
bypass damper 440, and evaporative cooler face dampers 442. Depending
on the mode of operation, air that has passed over cooling chilled
water cooling coils 412 is either forced through evaporative media in
evaporative cooler 414, through evaporative cooler bypass duct 438,
or a combination thereof In one embodiment, the evaporative cooler
face velocity is about 652 feet per minute, based on a flow rate of
180,000 cubic feet per minute. 100691In certain embodiments, the
evaporative cooling system may be operated using only one of the
evaporative media banks (e.g., upper evaporative media bank 430)
while the flow through the other evaporative media banks (e g, lower
evaporative media bank 432) is inhibited. Air from evaporative cooler
414 may be channeled through supply vent 402 to one or more rooms of
a data center.  WO 2010/075358PCT/US2009/069154 [0070]Return air from
the data center may be received in return air chamber 450. 



In some embodiments, air in return air chamber 450 may be exhausted
to the outside through exhaust vents 452. In other embodiments,
mixing air dampers 454 may be operated to allow some or all of the
return air to mix with incoming outside air in mixing region 456. In
certain embodiments, air in return air chamber 450 is forced through
return air bypass 458. Flow through return air bypass 458 may be
controlled by return air bypass dampers 460. [0071]FIG. 8 is a fluid
schematic diagram illustrating one embodiment of an evaporative
cooling system including upper and lower evaporative media banks.
Evaporative cooling system 500 includes evaporative media upper bank
502 and evaporative media lower bank 504. Supply from a domestic
water supply is provided through supply valve 506. Water is fed to
each of evaporative media upper bank 502 and evaporative media lower
bank 504 through distribution manifolds 508. Water may also be
supplied to distribution manifolds 508 from bottom sump 512 using
pumps 510. Balancing valves 514 may be controlled to balance flow to
manifolds 508 and/or water levels in the media. Water may be
recirculated to sump 512 using three-way valves 520. Water may be
expelled or removed from the system through drain valve 522. [0072]In
certain embodiments, operation of one or more of subsystems (e.g.,
CRACs) may be controlled to increase or decrease the total output of
the cooling system. In certain embodiments, the number of units
switched from normal to free cooling mode may be selected to achieve
a desired level of cooling performance. In some embodiments,
switching between outside air and return air and/or shut down of the
chillers may be programmed to occur in stages. 100731In some
embodiments, air handling sub-systems may be used to remove smoke
from a data center. In one embodiment, a system includes smoke
detection devices in the data center. When smoke is detected by one
of the devices, some or all of the air handling sub-systems are
switched to outside air. Exhaust dampers may be opened to allow smoke
to be purged or extracted from the data center. In one  embodiment,
an of air handling sub-systems that have outside air dampers are
fully opened to remove smoke from the data center.  [0074] Clause 1.
A method for cooling computer systems in a room of a data center,
comprising:         providing one or more air channeling sub-systems,
at least one of the air channeling sub-systems comprising a
mechanical cooling section and a direct evaporative cooling section;
channeling cooling air through the one or more air channeling
sub-systems and into the room, wherein channeling cooling air through
the air channeling subsystems comprises: 



operating at least one of the air channeling sub-systems in an
adiabatic mode if a first set of control conditions is met, wherein
operating in the adiabatic mode comprises channeling cooling air
through the direct evaporative cooling section to evaporate water
into the cooling air; and         operating at least one of the air
channeling sub-systems in a hybrid mode if a second set of control
conditions is met, wherein operating in the hybrid mode comprises
channeling cooling air through the mechanical cooling section to
remove heat from the cooling air and channeling the cooling air
through the direct evaporative cooling section to evaporate water
into the cooling air. [0075]Clause 2. The method of clause 1, further
comprising:         selecting an ambient air temperature maximum set
point and a supply air enthalpy set point; measuring a temperature of
ambient air;     measuring at least one characteristic of supply air
to the room; and determining an enthalpy of the supply air into the
data room from the at least one characteristic of the supply air into
the room;         wherein in the first set of control conditions is
met if the measured ambient air temperature is at or above the
ambient air temperature maximum set point and the supply air enthalpy
is at or below the supply air enthalpy set point;            wherein
the second set of control conditions is met if the measured ambient
air temperature is at or above the ambient air temperature maximum
set point and the supply air enthalpy is above the supply air
enthalpy set point. [0076]Clause 3. The method of clause 1, wherein
operating the at least one of the air channeling sub-system in the
adiabatic mode further comprises blending at least a portion of
return air from the room with outside air to generate the supply air.
[0077]Clause 4. The method of clause 1, wherein operating the at
least one of the 



air channeling sub-system in the adiabatic mode further comprises
blending at least a portion of return air from the room with outside
air to generate the supply air to bring the relative humidity of the
supply air within set control limits. [0078]Clause 5. The method of
clause 1; wherein operating the at least one of the air channeling
sub-system in the hybrid mode further comprises blending at least a
portion of return air from the room with outside air to generate the
supply air to bring the relative humidity of the supply air within
set control limits. [0079]Clause 6. The method of clause 1, wherein
operating the at least one of the air channeling sub-system in the
hybrid mode further comprises controlling at least one operating
characteristic of the evaporative cooling section to maintain the
supply air within a desired temperature control band. [0080]Clause 7.
The method of clause 1, further comprising operating at least one of
the air channeling sub-systems in an economizer mode if a third set
of control conditions is met, wherein operating in the economizer
mode comprises:         channeling cooling air through the direct
evaporative cooling section to evaporate water into the cooling air;
and         controlling a humidity of supply air to the data room by
controlling an amount of water evaporated into the cooling air in the
direct evaporative cooling section.  WO 2010/075358PCT/US2009/069154
[0081]Clause 8. The method of clause 7, wherein the third set of
control 



conditions is met if the measured ambient air temperature is below an
ambient air temperature minimum set point and the supply air enthalpy
is below the supply air enthalpy set point. [0082]Clause 9. The
method of clause 1, wherein operating the at least one of the air
channeling sub-system in the economizer mode further comprises
blending at least a portion of return air from the room with outside
air to generate the supply air to bring the relative humidity of the
supply air within set control limits. [0083]Clause 10. The method of
clause 1, further comprising operating at least one of the air
channeling sub-systems in a free cooling mode if a fourth set of
control conditions is met, wherein operating in the free cooling mode
comprises:        shutting down or inhibiting operation of the
mechanical cooling section and the direct evaporative cooling
section;        channeling air from the outside through the room
while the mechanical cooling section and the direct evaporative
cooling section are shut down or inhibited from operation; and
exhausting air from the room to the outdoors. [0084] Clause 11. The
method of clause 10, wherein the fourth set of control conditions is
met if the ambient air temperature is within a desired temperature
control band. [0085]Clause 12. The method of clause 10, wherein the
fourth set of control conditions is met if the ambient air
temperature is within a control band and the ambient air relative
humidity is above a minimum set point. [0086]Clause 13. The method of
clause 10, wherein the fourth set of control 



conditions is met if the ambient air temperature is within a control
band, the ambient air relative humidity and the return air relative
humidity are above a minimum set point, and the enthalpy of the
supply air into the room is below the supply air enthalpy set point.
100871Clause 14. The method of clause 10, wherein inhibiting
operation of the direct evaporative cooling section comprises routing
the cooling air to bypass the direct evaporative cooling section.
[0088]Clause 15. The method of clause 1, further comprising operating
at least one of the air channeling sub-systems in a mechanical mode
if a fifth set of control conditions is met, wherein operating in the
mechanical mode comprises channeling cooling air through the
mechanical cooling section to remove heat from the cooling air,
wherein the cooling air is recirculated from the room. [0089]Clause
16. The method of clause 15, wherein the fifth set of control
conditions is met if the measured outside ambient temperature is
above an ambient temperature maximum set point, the ambient relative
humidity is above an ambient relative humidity set point, and the
supply air enthalpy is above an enthalpy set point. [0090]Clause 17.
The method of clause 15, wherein the fifth set of control conditions
is met if the outside air is unusable. [0091] Clause 18. A system for
cooling computer systems in a room of a data center, comprising:
one or more air channeling sub-systems, at least one of the air
channeling sub-systems comprising: 



a mechanical cooling section one or more air channeling sub-systems
configured to remove heat from the cooling air; and       a direct
evaporative cooling section downstream from the mechanical cooling
section;       a controller coupled to the mechanical cooling section
and the direct evaporative cooling section, the controller configured
to selectively operate the mechanical cooling section and the direct
evaporative cooling section in an adiabatic mode if a first set of
control conditions is met and in a hybrid mode if a second set of
control conditions is met;          wherein operating in the
adiabatic mode comprises channeling cooling air through the direct
evaporative cooling section to evaporate water into the cooling air;
and        wherein operating in the hybrid mode comprises channeling
cooling air through the mechanical cooling section to remove heat
from the cooling air and channeling the cooling air through the
direct evaporative cooling section to evaporate water into the
cooling air. [0092]Clause 19. The system of clause 18, further
comprising a bypass of the direct evaporative cooling section,
wherein the bypass comprises at least one damper coupled to the
controller to regulate the flow of air through the direct evaporative
cooling section. [0093]Clause 20. A method for cooling a data center,
comprising:         providing one or more air channeling sub-systems,
at least one of the air channeling sub-systems comprising: a
mechanical cooling section; and        a direct evaporative cooling
section downstream from the mechanical cooling section; and 



channeling air through at least one of the air channeling sub-systems
and into a room. [0094] Clause 21. The method of clause 20, further
comprising operating at least one of the air channeling sub-systems
in an adiabatic mode, wherein operating in the adiabatic mode
comprises channeling cooling air through the direct evaporative
cooling section to evaporate water into the cooling air. [0095]
Clause 22. The method of clause 20, further comprising operating at
least one of the air channeling sub-systems in a hybrid mode, wherein
operating in the hybrid mode comprises channeling cooling air through
the mechanical cooling section to remove heat from the cooling air
and channeling the cooling air through the direct evaporative cooling
section to evaporate water into the cooling air.  [0096] Clause 23.
The method of clause 20, further comprising operating at least one of
the air channeling sub-systems in an economizer mode, wherein
operating in the economizer mode comprises:       channeling cooling
air through the direct evaporative cooling section to evaporate water
into the cooling air; and       controllin  a humidity of supply air
to the data room by controlling an amount of water evaporated into
the cooling air in the direct evaporative cooling section.  [0097]
Clause 24, The method of clause 20, further comprising operating at
least one of the air channeling sub-systems in a free cooling mode,
wherein operating in the free cooling mode comprises:       shutting
down or inhibiting operation of the mechanical cooling section and
the direct evaporative cooling section;       channeling air from the
outside through the room while the mechanical cooling section and the
direct evaporative cooling section are shut down or inhibited from
operation; and exhausting air from the room to the outdoors. [0098]
Clause 25. A system for cooling computer systems in a room of a data
center, comprising: 



one or more air channeling sub-systems configured to provide cooling
air to electronic equipment in the data center, at least one of the
one or more air channeling sub-systems comprising: a mechanical
cooling section configured to remove heat from air;       a direct
evaporative cooling section downstream from the mechanical cooling
section, the direct evaporative cooling section being configured to
evaporate water into the cooling air. [0099] Clause 26. The system of
clause 25, further comprising a controller configured to operate at
least one of the air channeling sub-systems in an adiabatic mode or a
hybrid mode;        wherein operating in the adiabatic mode comprises
channeling cooling air through the direct evaporative cooling section
to evaporate water into the cooling air; and       wherein operating
in the hybrid mode comprises channeling cooling air through the
mechanical cooling section to remove heat from the cooling air and
channeling the cooling air through the direct evaporative cooling
section to evaporate water into the cooling air. [0100] Clause 27.
The system of clause 26, wherein the mechanical cooling section
comprises a chilled water system. [0101] Clause 28. The system of
clause 26, further comprising an at least one air filter upstream
from the mechanical cooling section. [0102] Clause 29. The system of
clause 26, further comprising, upstream from the mechanical cooling
section, at least one pre-filter, at least one final filter, and at
least one final filter. [0103] Clause 30. The system of clause 26,
further at least one controller configured to modulate an outside air
damper and a return air damper in at least one of the air channeling
sub-systems to control the proportions of return air and outside air.
[0104] Clause 31. The system of clause 26, further comprising one or
more return air dampers configured to selectively allow recirculation
of cooling air from the room. 



[0105] Clause 32. The system of clause 26, further comprising at
least one controller configured to modulate an outside air damper and
a return air damper in at least one of the air channeling sub-systems
to control the proportions of return air and outside air.  [0106]
Clause 33. The system of clause 26, further comprising:       at
least one sensor configured to measure at least one characteristic of
outside air; and      at least one controller coupled in electronic
data communication with the at least one sensor, the at least one
controller configured to at least partially open the outside air
dampers of at least one of the air channeling sub-systems based on at
least one predetermined characteristic of the outside air. [0107]
Clause 34. The system of clause 26, farther comprising at least one
temperature sensor in the data center, wherein the at least one
controller is in data communication with the at least one temperature
sensor in the data center, wherein the at least one controller is
configured to control the one or more air channeling subsystems to
maintain at least one temperature in the data center within a
predetermined range. [0108] Clause 35. A method for cooling a data
center, comprising:      providing one or more air channeling
sub-systems, at least one of the air channeling sub-systems
comprising a direct evaporative cooling section; measuring at least
one characteristic of outside air; and      channeling air through
the air channeling sub-system and into a room, wherein channeling air
through the air channeling sub-system comprises:           channeling
air through direct evaporative cooling section if a first set of
conditions is met.           bypassing the evaporative cooling
section if a second set of control conditions is met. 



[0109] Clause 36. A system for cooling computer systems in a room of
a data center, comprising:      one or more air channeling
sub-systems configured to provide cooling air to electronic equipment
in the data center, at least one of the one or more air channeling
sub-systems comprising:        a direct evaporative cooling section
configured to evaporate water into the cooling air;      a bypass
duct configurable to channel the cooling air to bypass the direct
evaporative cooling section; and       one or more dampers
configurable to direct at least a portion of the cooling air through
the bypass duct instead of the direct evaporative cooling section.
[01101 Clause 37. The system of clause 36, further comprising a
mechanical cooling section configured to remove heat from the cooling
air. 101111 Clause 38. The system of clause 37, wherein the
mechanical cooling section is upstream from the direct evaporative
cooling section. [0112] Clause 39. The system of clause 36, further
comprising a controller coupled to the direct evaporative cooling
section configured to control the one or more air channeling
sub-systems to maintain at least one temperature in the data center
within a predetermined range. [0113] Clause 40. The system of clause
36, further comprising one or more dampers configured to at least
partially inhibit air flow through the direct evaporative cooling
section. j0114.1Although the embodiments above have been described in
considerable detRil, numerous variations and modifications will
become apparent to those skilled in the art once the above disclosure
is fully appreciated. It is intended that the following claims be
interpreted to embrace all such variations and modifications. 



WHAT IS CLAIMED IS:       1. A method for cooling computer systems in
a room of a data center, comprising: providing one or more air
channeling sub-systems, at least one of the air channeling
sub-systems comprising a mechanical cooling section and a direct
evaporative cooling section; channeling cooling air through the one
or more air channeling sub-systems and into the room, wherein
channeling cooling air through the air channeling sub-systems
comprises: operating at least one of the air channeling sub-systems
in an adiabatic mode if a first set of control conditions is met,
wherein operating in the adiabatic mode comprises channeling cooling
air through the direct evaporative cooling section to evaporate water
into the cooling air; and operating at least one of the air
channeling sub-systems in a hybrid mode if a second set of control
conditions is met, wherein operating in the hybrid mode comprises
channeling cooling air through the mechanical cooling section to
remove heat from the cooling air and channeling the cooling air
through the direct evaporative cooling section to evaporate water
into the cooling air.       2. The method of claim 1, further
comprising: selecting an ambient air temperature maximum set point
and a supply air enthalpy set point;  measuring a temperature of
ambient air; measuring at least one characteristic of supply air to
the room; and 



determining an enthalpy of the supply air into the data room from the
at least one characteristic of the supply air into the room; wherein
in the first set of control conditions is met if the measured ambient
air temperature is at or above the ambient air temperature maximum
set point and the supply air enthalpy is at or below the supply air
enthalpy set point; wherein the second set of control conditions is
met if the measured ambient air temperature is at or above the
ambient air temperature maximum set point and the supply air enthalpy
is above the supply air enthalpy set point.       3. The method of
claim 1, wherein operating the at least one of the air channeling
sub-system in the adiabatic mode further comprises blending at least
a portion of return air from the room with outside air to generate
the supply air.       4. The method of claim 1, wherein operating the
at least one of the air channeling sub-system in the adiabatic mode
further comprises blending at least a portion of return air from the
room with outside air to generate the supply air to bring the
relative humidity of the supply air within set control limits.
5. The method of claim 1, wherein operating the at least one of the
air channeling sub-system in the hybrid mode further comprises
blending at least a portion of return air from the room with outside
air to generate the supply air to bring the relative humidity of the
supply air within set control limits.       6. The method of claim 1,
wherein operating the at least one of the air channeling sub-system
in the hybrid mode further comprises controlling at least one
operating  characteristic of the evaporative cooling section to
maintain the supply air within a desired temperature control band.
7. The method of claim 1, further comprising operating at least one
of the air channeling sub-systems in an economizer mode if a third
set of control conditions is met, wherein operating in the economizer
mode comprises: channeling cooling air through the direct evaporative
cooling section to evaporate water into the cooling air; and
controlling a humidity of supply air to the data room by controlling
an amount of water evaporated into the cooling air in the direct
evaporative cooling section. 



8. The method of claim 7, wherein the third set of control conditions
is met if the measured ambient air temperature is below an ambient
air temperature minimum set point and the supply air enthalpy is
below the supply air enthalpy set point.       9. The method of claim
7, wherein operating the at least one of the air channeling
sub-systems in the economizer mode further comprises blending at
least a portion of return air from the room with outside air to
generate the supply air to bring the relative humidity of the supply
air within set control limits.       10. The method of claim 1,
further comprising operating at least one of the air channeling
sub-systems in a free cooling mode if a fourth set of control
conditions is met, wherein operating in the free cooling mode
comprises: shutting down or inhibiting operation of the mechanical
cooling section and the direct evaporative cooling section;
channeling air from the outside through the room while the mechanical
cooling 32 section and the direct evaporative cooling section are
shut down or inhibited from operation; and exhausting air from the
room to the outdoors.       11. The method of claim 10, wherein the
fourth set of control conditions is met if the ambient air
temperature is within a desired temperature control band.       12.
The method of claim 10, wherein the fourth set of control conditions
is met if the ambient air temperature is within a control band and
the ambient air relative humidity is above a minimum set point.
13. The method of claim 10, wherein the fourth set of control
conditions is met if the ambient air temperature is within a control
band, the ambient air relative humidity and the return air relative
humidity are above a minimum set point, and the enthalpy of the
supply air into the room is below the supply air enthalpy set point.
14. The method of claim 10, wherein inhibiting operation of the
direct evaporative cooling section comprises routing the cooling air
to bypass the direct evaporative cooling section. 



15. The method of claim 1, further comprising operating at least one
of the air channeling sub-systems in a mechanical mode if a fifth set
of control conditions is met, wherein operating in the mechanical
mode comprises channeling cooling air through the mechanical cooling
section to remove heat from the cooling air, wherein the cooling air
is recirculated from the room.       16. The method of claim 15,
wherein the fifth set of control conditions is met if the measured
outside ambient temperature is above an ambient temperature maximum
set point, the ambient relative humidity is above an ambient relative
humidity set point, and the supply air enthalpy is above an enthalpy
set point.        17. The method of claim 15, wherein the fifth set
of control conditions is met if the outside air is unusable.
18. The method of claim 1, wherein the direct evaporative cooling
section is downstream from the mechanical cooling section.       19.
The method of claim I, further comprising modulating at least one of
an outside air damper and a return air damper in at least one of the
air channeling subsystems to control the proportions of return air
and outside air.       20. The method of claim 1, further comprising
modulating one or more return air dampers to selectively allow
recirculation of cooling air from the room.       21. The method of
claim 1, further comprising controlling at least one of the air
channeling sub-systems to maintain at least one temperature in the
data center within a predetermined range.       22. A system for
cooling computer systems in a room of a data center, comprising: one
or more air channeling sub-systems, at least one of the air
channeling subsystems comprising: a mechanical cooling section one or
more air channeling sub-systems configured to remove heat from the
cooling air; and a direct evaporative cooling section downstream from
the mechanical cooling section; 



a controller coupled to the mechanical cooling section and the direct
evaporative cooling section, the controller configured to selectively
operate the mechanical cooling section and the direct evaporative
cooling section in an adiabatic mode if a first set of control
conditions is met and in a hybrid mode if a second set of control
conditions is met; wherein operating in the adiabatic mode comprises
channeling cooling air through the direct evaporative cooling section
to evaporate water into the cooling air; and wherein operating in the
hybrid mode comprises channeling cooling air through the mechanical
cooling section to remove heat from the cooling air and channeling
the cooling air through the direct evaporative cooling section to
evaporate water into the cooling air.        23. The system of claim
22, further comprising a bypass of the direct evaporative cooling
section, wherein the bypass comprises at least one damper coupled to
the controller to regulate the flow of air through the direct
evaporative cooling section.        24. The system of claim 22,
wherein the mechanical cooling section comprises a chilled water
system.        25. The system of claim 22, further comprising at
least one air filter upstream from the mechanical cooling section.
26. The system of claim 22, further comprising, upstream from the
mechanical cooling section, at least one pre-filter, at least one
final filter, and at least one final filter.        27. The system of
claim 22, wherein the controller is further configured to modulate an
outside air damper and a return air damper in at least one of the air
channeling sub-systems to control the proportions of return air and
outside air.          28. The system of claim 22, further comprising
one or more return air dampers configured to selectively allow
recirculation of cooling air from the room.       29. The system of
claim 22, further comprising: 



at least one sensor configured to measure at least one characteristic
of outside air; and wherein the controller is configured to at least
partially open the outside air dampers of at least one of the air
channeling sub-systems based on at least one predetermined
characteristic of the outside air.       30. The system of claim 22,
further comprising at least one temperature sensor in the data
center, wherein the controller is in data communication with the at
least one temperature sensor in the data center, wherein the
controller is configured to control the one or more air channeling
sub-systems to maintain at least one temperature in the data center
within a predetermined range.       31. The system of claim 22,
further comprising: a bypass duct configurable to channel the cooling
air to bypass the direct evaporative cooling section; and one or more
dampers configurable to direct at least a portion of the cooling air
through the bypass duct instead of the direct evaporative cooling
section.       32. The system of claim 22, wherein the controller is
configured to control the one or more air channeling sub-systems to
maintain at least one temperature in the data center within a
predetermined range.          33. The system of claim 22, further
comprising one or more dampers configured to at least partially
inhibit air flow through the direct evaporative cooling section.
34. The system of claim 22, wherein the controller is further
configured to: select an ambient air temperature maximum set point
and a supply air enthalpy set point; measure a temperature of ambient
air; 



measure at least one characteristic of supply air to the room; and
determine an enthalpy of the supply air into the data room from the
at least one characteristic of the supply air into the room; wherein
in the first set of control conditions is met if the measured ambient
air temperature is at or above the ambient air temperature maximum
set point and the supply air enthalpy is at or below the supply air
enthalpy set point; wherein the second set of control conditions is
met if the measured ambient air temperature is at or above the
ambient air temperature maximum set point and the supply air enthalpy
is above the supply air enthalpy set point.       35. The system of
claim 22, wherein the controller is further configured to blend at
least a portion of return air from the room with outside air to
generate the supply air.       36. The system of claim 22, wherein
the controller is further configured to blend at least a portion of
return air from the room with outside air to generate the supply air
to bring the relative humidity of the supply air within set control
limits.        37. The system of claim 22, wherein the controller is
further configured to control at least one operating characteristic
of the evaporative cooling section to maintain the supply air within
a desired temperature control band.       38. The system of claim 22,
wherein the controller is further configured to: shut down or inhibit
operation of the mechanical cooling section and the direct
evaporative cooling section, and      channel air from outside
through the room while the mechanical cooling section and the direct
evaporative cooling section are shut down or inhibited from
operation. 


