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DESCRIPTION
Title
AIR CONDITIONING APPARATUS AND AIR CONDITIONING SYSTEM
Field
[0001]

Embodiments described herein relate generally to an air conditioning apparatus and an
air conditioning system adapted for recirculation of air as necessary, even in emergencies such
as interruption of power, to prevent failures at servers.

Background
[0002]

Using a room as a server room, there can be computing machines such as servers
installed in the room. Providing the computing machines are servers, for instance, such the
server room is referred to as a data center. Recent introduction of IT is accompanied by
increase in number of such data centers, as well as increases in numbers of computing machines
installed in data centers.

[0003]

Such computing machines dissipate heat when working. As computing machines
installed in a server room increase in number, the entire dissipation of heat in the server room
increases, so there are advancing developments of air conditioning apparatuses, as well as cooler
equipment for supplying cold air into a server room, thereby cooling computing machines.
[0004]

On the other hand, at server rooms such as data centers, there is such a design as
intended for use of a service of power from a commercial power source, and besides, for use of
a service of power from an uninterruptible power supply (UPS) in emergencies such as power
interruption including interruption of the service of power from the commercial power source.
However, for air conditioning apparatuses used for cooling server rooms in the past, there was
no consideration made of cooling a server room in such an emergency.

Summary
Problems

[0005]
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As described, even for computing machines set in a server room and adapted to work
with power supplied from a UPS in emergencies, air conditioning apparatuses in the past had no
means for supplying power for application to, among others, cooling or recirculation of air, thus
giving rise to increase in server room temperature, with anxieties about occurrences of failure at
computing machines.

[0006]

In view of the foregoing problems, certain embodiments provide an air conditioning
apparatus and an air conditioning system adapted even in an emergency such as interruption
power, to circulate air as necessary, to prevent server failures.

Solution
[0007]

As a solution to the object, according to an embodiment, there is an air conditioning
apparatus including a first space, a second space, a first damper, a second damper, and a third
damper. The first space is connected to a cold space, having cold air reside therein to send to
the cold space. The second space has return air reside therein, as it is discharged from a hot
space. The first damper has an opening adjusted under control of a controller to take in
outdoor air to the first space, and is operable to have an open state in an emergency with a server
being supplied with power. The second damper has an opening adjusted under control of the
controller to discharge return air in the second space, outside thereof, and is operable to have an
open state in the emergency. The third damper has an opening adjusted under control of the
controller to recirculate return air in the second space to the first space.

Brief Description of the Drawings
[0008]

Fig. 1 is a diagram of entirety of an air conditioning system according to a certain
embodiment.
Embodiments
(0009]

There will be described air conditioning apparatuses and air conditioning systems
according to some embodiments, with reference to the drawing. The air conditioning systems

according to the embodiments work as a system connected to a server room having computing
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machines such as servers installed therein, and adapted to provide scrvices for normal run of the
computing machines, including sending cold air, cooling computing machines dissipating
running heat.

[0010]

Fig. 1 shows a server room 20 connected to an air conditioning system 1 according to
a certain embodiment, the server room 20 having therein a combination of hot area or space 22
and cold areas or spaces 21 defined as different spaces. More specifically, the server room 20
is separated into a hot space 22 and a set of cold spaces 21, by provision of racks 23 (23a, 23b,
23c, 23d) with closure plates 25, the racks 23 serving for accommodation of a set of computing
machines such as a set of scrvers (non-depicted).

[0011]

There are fans 24 (24a, 24b, 24c, 24d) each provided to a rack 23 or for a server. The
racks 23 as well as servers arc each arranged for use of revolutions of a fan 24 to take in cold air
residing in a cold space 21, cooling a server working with heat dissipation, to let out as heated
return air to the hot space 22. In the example illustrated in Fig. 1, where the racks 23 are
mounted on a floor 26 that is double floored for under floor distribution of cold air from air
conditioner, for instance, there are arrays of openings 27 formed in the floor 26, each in position
to supply cold air to a cold space 21 defined by and between racks arranged with their air intake
sides opposing each other, so cold air is let into the racks 23, causing such streams of return air
as outflowing to the hot space 22.

[0012]

The air conditioning system 1 includes an air conditioning apparatus 10, and a
controller 14. The air conditioning apparatus 10 is configured, as illustrated in Fig. 1, with a
first area or space 11 and a second area or space 12 separated from each other, and has a first
damper 13a operable for adjustment of the opening to intake ambient or outdoor air to the first
space 11, a second damper 13b operable for adjustment of the opening to discharge return air in
the second space 12, outside the air conditioning apparatus 10, and a third damper 13c operable
for adjustment of the opening to send return air in the second space 12, to the first space 11.
Here, the first space 11 is connected to the cold spaces 21 in the server room 20, by combination

of an air supply duct 31, thc double flooring for under floor service, and the arrays of openings
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27 in the floor 26.  Further, the hot space 22 in the scrver room 20 is connected to the second
space 12, through an air return duct 32, allowing for configuration to producc a constant air flux
from the first space 11 to the second space.

[0013]

Further, in the air conditioning system 1, the first space 11 is equipped with an outdoor
unit 113, a coil 112, a humidifier 114, and a first air blower 111, and the second space 12 is
furnished with a second air blower 121. The outdoor unit 113 feeds a coolant for use to
produce cold air at the coil 112. The coil 112 serves for cooling flux of air to provide cold air,
as necessary. 'The humidifier 114 serves for humidifying flux of air, as necessary. The first
air blower 111 is operable to blow cold air, to send to the cold spaces 21. The second air
blower 121 is operable to run return air from the hot space 22, out of the air conditioning
apparatus 10 or to the first space 11.

[0014]

The air conditioning system 1, which is responsible for cooling servers in the server
room 20, has to supply cold air from the first space 11 to the cold spaces 21 under prescribed
temperature and humidity conditions. Namely, for use of the server room 20 as a data center, it
is required to send such cold air as meeting those conditions (temperature: 18 to 27 0C,
absolute humidity: 0.0056 to 0.01071 Kg/Kg, relative humidity: 60 % or less) specified by the
American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE).
Here, the air conditioning system 1 is adapted for use of the controller 14 to control the air
blowers 111 and 121, coil 112, outdoor unit 113, humidifier 114, and dampers 13a, 13b, and 13c,
for controlling, among others, supply of cold air, efflux of return air, and the like. For such
control services, the controller 14 is configured to operate in accordance with temperatures
measured at temperature sensors (non-depicted).

[0015]

For high outdoor temperatures with which the outdoor air is undesirable to use, for
instance, the controllcr 14 operates to close the first damper 13a and the second damper 13b,
and open the third damper 13c, causing recirculation of air between the air conditioning
apparatus 10 and the scrver room 20. In doing so, the controller 4 uses the coil 112 for cooling

return air from the hot space 22, as it is taken in the first space 11, to produce cold air.
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[0016]

Further, for outdoor air lower in tempcrature than return air, so the outdoor air is
available as cold air, for instance, the controller 14 opcrates to open the first damper 13a and the
second damper 13b, and close the third damper 13c.  That is, outdoor air is supplied as cold air
to the cold spaces 21, and return air let out from the hot space 22 to the second space 12 is
discharged outside the air conditioning apparatus 10. For low outdoor temperatures failing to
meet the specified conditions, the controller 14 may operate for use of the coil 112, or for use of
the humidifier 114, as nccessary to cool or humidify outdoor air taken in the first space 11,
respectively.

[0017]

Further, as illustrated in Fig. 1, there may be a filter 115 installed in the first space 11,
in position between a region common to the first damper 13a and the third damper 13c and a
location of the humidifier 114. Provision of the filter 15 enables dust removal from outdoor air
and retumn air.

[0018]

Such being the case, the air conditioning system 1 is adapted to have cold air, as it is
cooled by the coil 112 being an air conditioner, sent to the server room 20, and let out as return
air from the server room 20, to again cool at the coil 112 for recirculation to the server room 20,
or to discharge return air, taking in fresh outdoor air, supplying to the server room 20, for
cooling computing machines accommodated in the racks 23, to retain in a normal state.

[0019]

Such computing machines are supplied with electric power from a power supply 40,
which is configured to receive services from a commercial power source and an uninterruptible
power supply (UPS). That is, the power supply 40 normally makes use of power supplied
from the commercial power source, but in an emergency such as interruption of power service
from the power source, it makes use of power supplied from the UPS, affording to keep servers
in the server room 20 free of shutdown even in the emergency.

[0020]
On the other hand, at the air conditioning system 1, which has available service of

power supplicd from a commercial power source, there may be interruption of power service
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from the power source, as an emergency causing shutdown of operation also. With a service
or services of power interrupted to the air conditioning system 1 like the above, the supply of
cold air is to be interrupted, while the servers kept free of shutdown have their actions surviving
with dissipation of heat. As heat dissipation is continued, there may be increased ambient air
temperatures, with anxieties about potential problems in server action. The air conditioning
system 1 might be adapted for use of a UPS service to have operations of air conditioning
system 1 survive even after emergency, subject to necessary enlargements in scale of, among
others, the air conditioning system 1 and UPS, constituting a difficulty to implement with ease.
[0021]

Therefore, in the air conditioning system 1 according to the embodiment, the first
damper 13a as well as the second damper 13b is provided with a mechanism for actuation to
make it open in emergencies including a service or services of power interrupted to the air
conditioning system 1.  For instance, the first damper 13a has an actuation mechanism adapted
for use of spring forces to make it open in emergencies including interruption of a service or
services of power, allowing for an ensured opening to take outdoor air into the first space 11 in
emergencies. Also the second damper 13b has a similar mechanism adapted for ensured
actuation to make it open in emergencies including a service or services of power interrupted to
the air conditioning system 1, affording to discharge return air in the second space 12, outside
the air conditioning apparatus 10. Instead of the provision of particular mechanisms, there
may be use of a state of the UPS supplying power to servers in an emergency, to provide a
service of power to the dampers, to make them open in the emergency, in consideration of
power consumption necessary for operation of the dampers to be small in comparison with
power consumption for the entirety of air conditioning system 1 and the servers.

[0022]

While servers are running, also fans 24 are rotating, producing streams of air from
cold spaces 21 to the hot space 22. Therefore, even if the first air blower 111 is kept from
blowing, the cold spaces 21 have reduced air pressures so long as fans 24 are rotating, so air in
the first space 11 streams into the cold spaces 21.  As air is streaming from the first space 11 to
the cold spaces 21, the first space 11 has reduced air pressures, whereby outdoor air is caused to

inflow through the first damper 13a to the first space 11.
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[0023]

Likcwise, even if the second air blower 121 is kept from blowing, the hot space 22 has
raised air pressures so long as fans 24 are rotating, so air in the hot space 12 streams, returning to
the second space 12. As air is returning from the hot space 22 to the second space 12, the
second space 12 has raised air pressures, whereby air is discharged through the second damper
13b, outside the air conditioning apparatus 10.

[0024]

Such being the case, there may be an emergency such as an interruption of power
service accompanied by functions of the air conditioning system 1 shut down with, among
others, the first air blower 111 and the second air blower 121 being kept from blowing, where
as long as fans 24 are rotating, there would be streams of air produced to a certain extent,
though being weak as air streams compared with a situation in which the air blowers 111 and
121 are blowing. In anomalous occurrences, providing the first damper 13a and the sccond
damper 13b are both open, it is possible to supply outdoor air as cold air to cold spaces 21, and
discharge retumn air outside, affording to recirculate heated air between the air conditioning
apparatus 10 and the server room 20, allowing for prevention of problems such as failures in
performance of servers due to temperature rise.

[0025]

It is noted that in the foregoing description, the first damper 13a and the second
damper 13b have such mechanisms that make them open in emergencies including a service or
services of power interrupted to the air conditioning system 1, while the third damper 13¢ may
have such a mechanism that makes it close in emergencies. As the third damper 13c is
operable to close in emergencies where the coil 112 is unable to serve for cooling, it is possible
to avoid mixing heated return air from the seccond space 12 to the first space, thereby preventing
high temperature air from being sent as cold air to cold spaces 21.

[0026]

Past the power-interrupted situation, there comes a power-restored situation, where
associated devices are generally operating as they were before interruption of power services
thereto, while their states before the power interruption are not always still desirable as their

states of operation in consideration of temperatures in the server room raised higher than usual.
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[0027]

To this point, at the air conditioning system 1 as restored to a situation supplied with
power, the controller 14 operates for a prescribed interval of time to render the first damper 13a
and the second damper 13b in their open states, and the third damper 13c in its close state, while
driving the air blowers 111 and 121 and the coil 112 for cooperation to take in and cool outdoor
air, without causing heated return air residing in the second space 12 to be mixed into the first
space, to produce cold air, to supply to the server room, having heated return air from the server
room discharged outside. This can prevent undue power consumption by use of the coil 112
for cooling heated return air to produce cold air.

[0028]

As will be seen from the foregoing, according to the embodiment, there is an air
conditioning system adapted to work in emergencies such as power interruption, to control
dampers, for usc of streams of air produced by fans at servers or fans at server-accommodating
racks, to make use of outside air as cold air, while having return air discharged outside, allowing
for prevention of computing machine failures due to temperature rise by dissipation of heat in
the enclosure.

Reference Signs List

[0029]
10....air conditioning apparatus
11.. first space
12...second space
111, 121.. .air blower
112...coil
113...outdoor unit
13a.. first damper
13b...second damper
13c...third damper
14...controller
20...server room

21...cold space




22..

.hot space

23 (23a to 23d)...racks
24 (24a to 24d).. .fans

26..
31..
32..
40..

.air supply duct
.air supply duct
.air discharge duct

.power supply
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CLAIMS:

1. An air conditioning apparatus connectable to and for sending cold air to a server
room, the server room configured with a cold space and a hot space separated from each
other, the server room including a server provided normally with a service of power from a
commercial power source and in emergencies with a service of power from an
uninterruptible power supply and disposed between a cold space and the hot space, to have
the cold air supplied through the cold space, heated by dissipation of heat at the server, and
discharged as return air through the hot space, the air conditioning apparatus comprising:

a first space connected to the cold space, and adapted to have the cold air reside
therein to send to the cold space;

a second space adapted to have return air as discharged from the hot space reside
therein;

a first damper configured to have an opening adjusted under control of a controller to
take in outdoor air to the first space, and adapted to have an open state in an emergency
with the server being supplied with power;

a second damper configured to have an opening adjusted under control of the
controller to discharge return air in the second space, outside thereof, and adapted to have
an open state in the emergency; and

a third damper configured to have an opening adjusted under control of the controller

to recirculate return air in the second space to the first space.

2. An air conditioning system comprising an air conditioning apparatus connectable to
and for sending cold air to a server room, the server room configured with a set of cold
spaces and a hot space separated from each other, the server room including a set of
servers provided normally with a service of power from a commercial power source and in
emergencies with a service of power from an uninterruptible power supply and disposed
between the set of cold spaces and the hot space, to have the cold air supplied through cold
spaces, heated by dissipation of heat at servers, and discharged as return air through the
hot space, and a controller configured to control the air conditioning apparatus,

the air conditioning apparatus comprising:

a first space connected to the set of cold spaces, and adapted to have the cold air
reside therein to send to the set of cold spaces;

a second space adapted to have return air as discharged from the hot space reside

therein;
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a first damper configured to have an opening adjusted under control of the controller to
take in outdoor air to the first space, and adapted to have an open state in an emergency
with the servers being supplied with power;

a second damper configured to have an opening adjusted under control of the
controller to discharge return air in the second space, outside thereof, and adapted to have
an open state in the emergency; and

a third damper configured to have an opening adjusted under control of the controller

to recirculate return air in the second space to the first space.

3. The air conditioning system according to claim 2, wherein the controller is
configured to work with an ended service of power from the uninterruptible power supply to
the servers at an end of the emergency, to close the third damper.

4. The air conditioning system according to claim 2, wherein

the air conditioning apparatus comprises a cooler operable to cool air in the first space,
and

the controller is configured to work with an ended service of power from the
uninterruptible power supply to the servers at an end of the emergency, for use of the cooler

to cool air.

5. The air conditioning system according to claim 2, wherein the third damper is

configured to have a close state in the emergency.

6. The air conditioning system according to claim 2, wherein

the air conditioning apparatus comprises air blowers operable to produce streams of
air in the first space, a first cold space, a second cold space, and the second space, and

the controller being configured to work with an ended service of power from the
uninterruptible power supply to the servers at an end of the emergency, for use of the air

blowers to produce streams of air.

7. An air conditioning system comprising an conditioning apparatus connectable to and
for sending cold air to a server room, the server room configured with a set of cold spaces
and a hot space separated from each other, the server room including a set of servers
provided normally with a service of power from a commercial power source and in
emergencies with a service of power from an uninterruptible power supply and disposed

between the set of cold spaces and the hot space, to have the cold air supplied through cold
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spaces, heated by dissipation of heat at servers, and discharged as return air through the
hot space, and a controller configured to control the air conditioning apparatus,

the air conditioning apparatus comprising:

a first space connected to the set of cold spaces, and adapted to have the cold air
reside therein to send to the set of cold spaces;

a second space adapted to have return air as discharged from the hot space reside
therein;

a first damper configured to have an opening adjusted under control of the controller to
take in outdoor air to the first space,;

a second damper configured to have an opening adjusted under control of the
controller to discharge return air in the second space, outside thereof;

a third damper configured to have an opening adjusted under control of the controller
to recirculate return air in the second space to the first space;

a cooler operable to cool air in the first space; and

air blowers operable to produce streams of air in the first space, a first cold space, a
second cold space, and the second space, and

the controller being configured to work with an ended service of power from the
uninterruptible power supply to the servers at an end of the emergency, for operations to
open the first damper and the second damper, close the damper, drive the cooler into an

operating state, and drive the air blowers into operating states.




