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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 sdurce and to
.receive second air from a second air source;
an evaporative cooling module in fluid communication with fhe 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 firsy/air, a second temperature of the
second air, and a dew point of the second air, mix the firstAir and the second air to form intake
air, and
selectively cool the intake air o form supply air by at least one of causing
the evaporative cooling module to selectively cogl, based on at least a supply air temperature set
point, the intake air, and causing the mechanigdl cooling module to selectively cool the intake air
based on at least the supply air temperatur

2. The air module of claim 1,Avherein the first air source is a source of return air.

3. The air module of clfim 1, wherein the second air source is a source of outside air.

4. The air modulg’of claim 1, wherein the controller is further configured to:
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 g'wet bulb
temperature corresponding to the supply air temperature set point at the lowgt limit of a dew
point range;

form the supply air by evaporatively cooling mixed air #ith the evaporative

cooling module.

6. The air module of claim 1, wherein the controller ig/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 gregter than the supply air temperature set
point,

the second temperatyre 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 bullf temperature of the second air is within an evaporative

cooling wet bulb temperature range.

7. An air module cgmprising;

a controljér;

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

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 temperafire
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 tgmperature
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 mechanji€ally cooling the first
air with the mechanical cooling module, if:
a wet bulb temperature of the second air/s 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 cofitroller is further configured to:
form supply air substantially from/he second air by mechanically cooling the

second air with the mechanical cooling modu

point,
the second femperature is greater than or equal to the supply air

temperature set point;

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

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

humidity ratio.

computer implemented method for controlling an air module comprising;

nerating, 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
segbnd air, and a dew point of the second air, selectively mix first air and second air to form

intake air;
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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 ca@ise an

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 forp the intake air by
mixing the first air and the second air, if:

the first temperature is greater than the spply air temperature set

point,

the second temperature is less thap'the supply air temperature set

point, and

the dew point of the second 4ir is within a dew point range.

11. The method of claim 9,
wherein the first instruction cofiprises instructions to form intake air by mixing
the first air and the second air and the secord 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 firsptemperature is greater than the supply air temperature set
point,
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.

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

bstantially 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 s
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 uppef 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 instryfCtions to create intake air

substantially from second air and the second instruction domprises 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 j§ 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 pgdint 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/nethod of clam 10, further comprising sending the first instruction to the intake

module and $énding the second instruction to at least one of the evaporative cooling module and

15. A modular data center comprising:

an air module comprising;



-3

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 communicatiof 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 supp}y air temperature set point,
a first temperature of the first air, the second temperature of the seond 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 tefperature set point;
one or more data center modules; a
a supply air conduit in fluid comfunication with the air module and a data center
module of the one or more data center modulgs to carry supply air from the air module to the one

or more data center modules.

16. The modular data centey/of claim 15, wherein the data center module further
comprises:
a data center mgfule controller;
a data center/module intake damper configured to control supply air entering the

data center module from/the supply air conduit;

center module.

17/ The modular data center of claim 15, wherein the air module further comprises a fan
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18. The modular data center of claim 17, wherein the air module controller is furthe

configured to adjust an air flow of the fan array to maintain a substantially constant air pressure

in the supply air conduit.




_27-

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,
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.

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. 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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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,
wherein the controller is further configured to:
form mixed 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 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.

5. 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,

wherein the controller is further configured to:
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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.

6. 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:
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.

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;
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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,
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.

8. 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;

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,

wherein the first instruction comprises instructions to form the intake 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 supply air temperature set
point, and

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

9. The method of claim 8§,
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 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.

10. The method of claim 8,
wherein the first instruction comprises instructions to create intake air substantially

from 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 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.

11. The method of claim 8, 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:
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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.

12. The method of claim 8, 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.



