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CLAIMS
1. An air module comprising:
a controlier;
an air intake module configured to receive first air from a first air source and to
receive second air from a second air source;
an evaporative cooling module in fluid communication with the air intake
odule;
a mechanical cooling module in fluid communication with the evaporative
cooling module; and
erein the controller is configured to:
cause the intake module to mix, based on at least a supply air temperature
set point, the Nyst air and the second air to form intake air, and
sNgctively cool the intake air to form supply air by at least one of causing
the evaporative cooNng module to selectively cool, based on at least the supply air
temperature set point, Yae intake air, and causing the mechanical cooling module to
selectively cool the intakdair based on at least the supply air temperature set point.
2. The air module of claim 1, whelin the first air source is a source of return air.
The air module of ¢laim 1, whereilthe second air source is a source of outside air.
4. The air module of ¢claim 1, wherein thg controller is further configured to:
form the supply air substantidly from the first air, if:
a temperature of the'rst air is less than the supply air temperature set
point.
5. The air module of claim 1, wherein the controlleNis further configured to:
form the supply air by mixing the first ax and the second air, if:
a first temperature of the first alis greater than (he supply air
temperature set point,
a second temperature of the second aNis less than the supply air
temperature set point, and
a dew point of the second air is within a dey point range.
6. The air module of claim 1, wherein the controller is further configurd to:
form mixed air by mixing the first air and the second air, if:
a first temperature of the first air is greater than the\gupply air
temperature set point,
a second temperature of the second air is less than the fir:

temperature,
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a dew point of the second air is less than a lower limit of a dew point
range, and
a wet bulb temperature of the second air is less than a wet bulb
temperature corresponding to the supply air temperature set point at the
lower limit of a dew point range;
form the supply air by evaporatively cooling mixed air with the evaporative
ooling module.
7. The ax module of ¢laim |, wherein the controller is further configured to:
form supply air substantially from the second air by evaporatively cooling the
ir with the evaporative cooling module, if:
a first temperature of the first air is greater than the supply air
temperature set point,

a second temperature of the second air is greater than the supply air

cooling wet bulf temperature range.

8. The air module of claim 1, wherein tNg controller is further configured to:
rom the first air by mechanically cooling the [(irst
if:

a dew point of the secOxd air is greater than an upper limit of a dew

form supply air substantiall

air with the mechanical cooling modul

point range.
9. The air module of ¢laim 1, wherein the controller i\further configured to:

form supply air substantially from the first\ir by mechanically cooling the first
air with the mechanical cooling module, if:
a wet bulb temperature of the second\gir is greater than an upper limit

of an evaporative cooling wet bulb temperalyre range, and
a dew point of the first air is less than or cdyal to an upper limit of a
dew point range.
10. The air module of claim 1, wherein the controller is further configure
form supply air substantially from the first air by mechanicall\¢gooling the first
air with the mechanical cooling modtile, if:
a dew point of the first air is greater than an upper limit &a dew point

range, and



WO 2014/110150 ~29- PCT/US2014/016708

a dew point of the second air is greater than the upper limit of a dew
point range.
11. The air module of claim 1, wherein the controller is further configured to:
form supply air substantially from the second air by mechanically cooling the
second air with the mechanical cooling module, if:
a first temperature of the first air is greater than the supply air
temperature set point,
a second temperature of the second air is greater than or equal fo the
supply air temperature set point;
a dew point of the second air is greater than the upper limit of a dew
oint range,
a wet bulb temperature of the second air is less than an upper limit of
an edgporative cooling wet bulb temperature range, and
a hixnidity ratio of the second air is less than or equal to a threshold
humidity rgtio.
12. A computer implemented methdy for controlling an air module comprising:
generating, by a coniroller, a {i\t instruction to cause an intake module to selectively
mix, based upon a supply air temperature§gt point, first air and second air to form intake air;
generating, by the controller, a secon} instruction to selectively cool the intake air to
form supply air, wherein the second instruction\gomprises at least one of instructions to cause an
evaporative cooling module to selectively cool, baded on at least the supply air temperature set
point, the intake air, and instructions to cause a mechagical cooling module to selectively cool,
based on at least the supply air temperature set point, thé\ntake air.
13. The method of claim 12,
wherein the first instruction comprises instructiyns to form the intake air
substantially from the first air, if:
a temperature of the first air is less than g supply air temperature set
point.
14, The method of claim 12,
wherein the first instruction comprises instructions to form th&\jntake air by
mixing the first air and the second air, if:
a first temperature of the first air is greater than the supply air
temperature set point,
a second temperature of the second air is less than the supply

temperature set point, and
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a dew point of the second air is within a dew point range.
15. The method of claim 12,
wherein the first instruction comprises instructions to form intake air by mixing
the first air and the second air and the second instruction comprises instructions to cause
the evaporative cooling module to selectively cool, based on at least the supply air
temperature set point, the intake air, if:
a first temperature of the first air is greater than the supply air
temperature set point,
a second temperature of the second air is less than the first
temperature,
a dew point of the second air is less than a lower limit of a dew point
cange, and
a wet bulb temperature of the second air is less than a wet bulb
tempyraturc corresponding to the supply air temperature set point at the
lower lixit of a dew point range.
16. The method of claim 12,
wherein the first instNction comprises instructions to create intake air
substantially from second air ar\] the second instruction comprises instructions to cause
the evaporative cooling module toelectively cool, based on at least the supply air
temperature set point, the intake air,
a first temperature of\he first air is greater than the supply air
temperature set point,
a second temperature of thdsecond air is greater than the supply air
temperature set point,
a dew point of the second air is Ngs than an upper limit of a dew point
range,
a wet bulb temperature of the second Ay is within an evaporative
cooling wet bulb temperature range.
17. The method of claim 12,
wherein the first instruction comprises instructions to creal; intake air
substantially from first air, wherein the second instruction comprises\nstructions lo cause
the mechanical cooling module to selectively cool, based on at least the\gupply air
temperature set point, the intake air, if:
a dew point of the second air is greater than an upper limit\gf a dew

point range.
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18. The method of claim 12,
wherein the first instruction comprises instructions to create intake air
substantially from first air and the second instruction comprises instructions to cause the
mechanical cooling module to selectively cool, based on at least the supply air
temperature set point, the intake air, ift
a wet bulb temperature of the second air is greater than an upper limit
of an evaporative cooling wet bulb temperature range, and
a dew point of the first air is less than or equal to an upper limit of a
dew point range.
19. The method\f claim 12,
whekgin the first instruction comprises instructions to create intake air
substantially f\gm first air and the second instruction comprises instructions to cause the
mechanical cooliNg module to selectively cool, based on at least the supply air
temperature sct poirl the intake air, ift

a deW point of the first air is greater than an upper limit of a dew point

a dew poiy of the second air is greater than the upper limit of a dew
point range.
20, The method of claim 12, further compNsing::
wherein the first instruction cgnprises instructions to create intake air
substantially from second air and the sedqnd instruction comprises instructions to cause
the mechanical cooling module to selectively cool, based on at least the supply air
temperature set point, the intake air, if:
a first temperature of the first N is greater than the supply air
temperature set point,
a second temperature of the second M is greater than or equal to the
supply air temperature set point;
a dew point of the second air is greater thay the upper limit of a dew
point range,
a wet bulb temperature of the second air is less \an an upper limit of
an evaporative cooling wet bulb temperature range, an
a humidity ratio of the second air is less than or equalXp a threshold

humidity ratio.
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21. The method of clam 12, further comprising sending the first instruction to the intake module
and sending the second instruction to at least one of the evaporative cooling module and the
mechanical cooling module,

22, A modular data center comprising:

an air module comprising:

an air module controller;

an air intake module configured to receive first air from a first air
source and to receive second air from a second air source;

an evaporative cooling module in fluid communication with the air
intake module;

a mechanical cooling module in fluid communication with the
gvaporative cooling module;

wherein the air module controller is configured to cause the intake

supply air tempWature set point, and causing the mechanical cooling
module to cool theNntake air selectively based on at least the supply air
temperature set point
one or more data center moduley; and
a supply air conduit in fluid commynication with the air module and a data center
module of the one or more data center moduNRs to carry supply air from the air module to
the one or more data center modules.
23. The modular data center of claim 22, wherein the data\enter module further comprises:
a data center module controller;
a data center module intake damper configured td\control supply air entering the
data center module from the supply air conduit;
wherein the data center module controller is configureN to actuate the data center
module intake damper based on at least one of a temperature andNqumidity of air in the

data center module.

supply air conduit.
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CLAIMS

1. An air module comprising:
a controller;
an air intake module configured to receive first air from a first air source and to
receive second air from a second air source;
an evaporative cooling module in fluid communication with the air intake
module;

a mechanical cooling module in fluid communication with the evaporative
cooling module; and
wherein the controller is configured to:
based on a first temperature of the first air, a second temperature of the
second air, and a dew point of the second air, mix the first air and the second air to form intake
air, and
selectively cool the intake air to form supply air by at least one of causing
the evaporative cooling module to selectively cool, based on at least a supply air temperature set

point, the intake air, and causing the mechanical cooling module to selectively cool the intake air

based on at least the supply air temperature set point.
2. The air module of claim 1, wherein the first air source is a source of return air.
3. The air module of claim 1, wherein the second air source is a source of outside air.

4. The air module of claim 1, wherein the controller is further configured to:
form the supply air by mixing the first air and the second air, if:
the first temperature is greater than the supply air temperature set
point,
the second temperature is less than the supply air temperature set
point, and

the dew point of the second air is within a dew point range.

5. The air module of claim 1, wherein the controller is further configured to:

form mixed air by mixing the first air and the second air, if:
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the first temperature is greater than the supply air temperature set
point,

the second temperature is less than the first temperature,

the dew point of the second air is less than a lower limit of a dew point
range, and

a wet bulb temperature of the second air is less than a wet bulb
temperature corresponding to the supply air temperature set point at the lower limit of a dew
point range;

form the supply air by evaporatively cooling mixed air with the evaporative

cooling module.

6. The air module of claim 1, wherein the controller is further configured to:
form supply air substantially from the second air by evaporatively cooling the

second air with the evaporative cooling module, if:

the first temperature is greater than the supply air temperature set
point,

the second temperature is greater than the supply air temperature set
point,

the dew point of the second air is less than an upper limit of a dew
point range, and

a wet bulb temperature of the second air is within an evaporative

cooling wet bulb temperature range.

7. An air module comprising;

a controller;

an air intake module configured to receive first air from a first air source and to
receive second air from a second air source;

an evaporative cooling module in fluid communication with the air intake
module;

a mechanical cooling module in fluid communication with the evaporative
cooling module; and

wherein the controller is configured to:
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cause the intake module to mix, based on at least a supply air temperature
set point, the first air and the second air to form intake air, and
selectively cool the intake air to form supply air by at least one of causing
the evaporative cooling module to selectively cool, based on at least the supply air temperature
set point, the intake air, and causing the mechanical cooling module to selectively cool the intake
air based on at least the supply air temperature set point,
wherein the controller is further configured to:
form supply air substantially from the first air by mechanically cooling the first
air with the mechanical cooling module, if:
a wet bulb temperature of the second air is greater than an upper limit
of an evaporative cooling wet bulb temperature range, and
a dew point of the first air is less than or equal to an upper limit of a

dew point range.

8. The air module of claim 1, wherein the controller is further configured to:
form supply air substantially from the second air by mechanically cooling the

second air with the mechanical cooling module, if:

the first temperature is greater than the supply air temperature set
point,

the second temperature is greater than or equal to the supply air
temperature set point;

the dew point of the second air is greater than the upper limit of a dew
point range,

a wet bulb temperature of the second air is less than an upper limit of
an evaporative cooling wet bulb temperature range, and

a humidity ratio of the second air is less than or equal to a threshold

humidity ratio.

9. A computer implemented method for controlling an air module comprising:

generating, by a controller, a first instruction to cause an intake module to, based upon a
supply air temperature set point, a first temperature of the first air, a second temperature of the
second air, and a dew point of the second air, selectively mix first air and second air to form

intake air;




-30 -

generating, by the controller, a second instruction to selectively cool the intake air to
form supply air, wherein the second instruction comprises at least one of instructions to cause an
evaporative cooling module to selectively cool, based on at least the supply air temperature set
point, the intake air, and instructions to cause a mechanical cooling module to selectively cool,

based on at least the supply air temperature set point, the intake air.

10. The method of claim 9,
wherein the first instruction comprises instructions to form the intake air by
mixing the first air and the second air, if:
the first temperature is greater than the supply air temperature set
point,
the second temperature is less than the supply air temperature set
point, and

the dew point of the second air is within a dew point range.

11. The method of claim 9,
wherein the first instruction comprises instructions to form intake air by mixing

the first air and the second air and the second instruction comprises instructions to cause the
evaporative cooling module to selectively cool, based on at least the supply air temperature set
point, the intake air, if:

the first temperature is greater than the supply air temperature set
point,

the second temperature is less than the first temperature,

the dew point of the second air is less than a [ower limit of a dew point
range, and

a wet bulb temperature of the second air is less than a wet bulb
temperature corresponding to the supply air temperature set point at the lower limit of a dew

point range.

12. The method of claim 9,
wherein the first instruction comprises instructions to create intake air

substantially from second air and the second instruction comprises instructions to cause the
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evaporative cooling module to selectively cool, based on at least the supply air temperature set
point, the intake air, if:

the first temperature is greater than the supply air temperature set

point,

the second temperature is greater than the supply air temperature set
point,

the dew point of the second air is less than an upper limit of a dew
point range,

a wet bulb temperature of the second air is within an evaporative

cooling wet bulb temperature range.

13. The method of claim 9, further comprising:
wherein the first instruction comprises instructions to create intake air

substantially from second air and the second instruction comprises instructions to cause the
mechanical cooling module to selectively cool, based on at least the supply air temperature set
point, the intake air, if:

the first temperature is greater than the supply air temperature set
point,

the second temperature is greater than or equal to the supply air
temperature set point;

the dew point of the second air is greater than the upper limit of a dew
point range,

a wet bulb temperature of the second air is less than an upper limit of
an evaporative cooling wet bulb temperature range, and

a humidity ratio of the second air is less than or equal to a threshold

humidity ratio.

14. The method of clam 10, further comprising sending the first instruction to the intake
module and sending the second instruction to at least one of the evaporative cooling module and

the mechanical cooling module.

15. A modular data center comprising:

an air module comprising:




-32-

an air module controller;
an air intake module configured to receive first air from a first air
source and to receive second air from a second air source;
an evaporative cooling module in fluid communication with the air
intake module;
a mechanical cooling module in fluid communication with the
evaporative cooling module;
wherein the air module controller is configured to cause the intake
module to mix the first air and the second air based on at least a supply air temperature set point,
a first temperature of the first air, the second temperature of the second air and a dew point of the
second air, to form intake air, and wherein the controller is configured to form supply air by at
least one of causing the evaporative cooling module to cool the intake air selectively based on at
least the supply air temperature set point, and causing the mechanical cooling module to cool the
intake air selectively based on at least the supply air temperature set point;
one or more data center modules; and
a supply air conduit in fluid communication with the air module and a data center
module of the one or more data center modules to carry supply air from the air module to the one

or more data center modules.

16. The modular data center of claim 15, wherein the data center module further
comprises:
a data center module controller;
a data center module intake damper configured to control supply air entering the
data center module from the supply air conduit;
wherein the data center module controller is configured to actuate the data center
module intake damper based on at least one of a temperature and humidity of air in the data

center module.

17. The modular data center of claim 15, wherein the air module further comprises a fan

array.
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18. The modular data center of claim 17, wherein the air module controller is further
configured to adjust an air flow of the fan array to maintain a substantially constant air pressure

in the supply air conduit.




