AIR CONDITIONING SYSTEM AND AIR CONDITIONING CONTROL
METHOD FOR SERVER ROOM
CROSS-REFERENCE TCO RELATED APPLICATION(S)

(0001]  This application is based upon and claims the benefit of priority
from the prior Japanese Patent Application No. 2011-145729, filed on June

30, 2011, the entire contents of which are incorporated herein by reference.
FIELD

{0002] Embodiment of the invention relates to an air conditioning system
and an air conditioning control method for a server room.

BACKGROUND
[0003] Generally, there is a large amount of heat generated in a data
center since many servers are placed in the data center. Normal operation
of the servere requires that air conditioning be properly controlled to kesp
environmental conditions for a server room in z predetermined range.
fooo4] Technology for cooling alr in a room in which many coraputers are
installed as in the data center has been known from JP, P2005-172300A. JP,
P20O05-1723084 discloses an air conditioning system confisured such that air
sucked in from a space in the lower portion of the room is blown out from a
gpace in the upper portion of the room and thereby the air is sucked into
upper portions of server racks.
[ooos] This technology enables efficient air conditioning control by
reducing temperature gradients throughout the entive area in the room and
also reducing vartations in supply air temperature.
[0oos] The data center in which load on an object to be air conditioned is
information equipment has different features from those of typical buildings.

For example, the features are that’



- most of the load is sensible heat load;

- the set temperature and humidity fall within a certain range; and

- ventilation for preventing an increase in COg concentration is
unnecessary since the load does not generate COs.

However, the conventional data center wastes energy because of not
performing air conditioning control adapted for these features.
[0007] An object of the present invention is to provide an air conditioning
system and an air conditioning control method for a server room, capable of
performing air conditioning control having a great energy-saving effect with
efficiency and reliability.

SUMMARY

{0007a] According to one aspect, there is provided an air conditioning system

for a server room, comprising:

means for adjusting the amount of admission of return air flowing
out of the server room as an object to be subject to air conditioning control;

means for adjusting the amount of admission of outside air;

an air conditioning control setting unit configured to make air
conditioning control settings for generating supply air in a state which lies
within a target state and falls under a preset first specific enthalpy in order
to generate the supply air in the target state from at least any one of the
admitted return air and outside air, the target state being a state falling
within a preset target range of supply air temperature, within a preset
target range of supply air absolute humidity, and within a preset target
range of supply air relative humidity; and configured to make air

conditioning control settings for generating supply air in a state which lies



within the target state and falls under a second specific enthalpy higher than
the first specific enthalpy, when absolute humidity of the outside air is equal
to or lower than an upper limit value of the target range of supply air
absolute humidity, relative humidity of the outside air is higher than an
upper limit value of the target range of supply air relative humidity, specific
enthalpy of the outside air is equal to or higher than the first specific
enthalpy, and specific enthalpy of the return air is equal to or higher than
the first specific enthalpy, or when relative humidity of supply air obtained
by mixing together the outside air and the return air is higher than the
upper limit value of the target range of supply air relative humidity; and

an equipment controller configured to generate control signals for

controlling the amount of admission of the outside air and the amount of

admission of the return air, based on the air conditioning control settings
made by the air conditioning control setting unit, thereby to control the
means for adjusting the amount of admission of the return air and the means

for adjusting the amount of admission of the outside air.

[0007b] According to another aspect, there is provided an air conditioning
control method for a server room, comprising:

admitting at least any one of outside air and return air flowing out
of the server room,

making air conditioning control settings for generating supply air in
a state which lies within a target state and falls under a preset first specific
enthalpy, in order to generate the supply air in the target state, the target
state being a state which falls within a preset target range of supply air

temperature, within a preset target range of supply air absolute humidity,
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and within a preset target range of supply air relative humidity:

making air conditioning control settings for generating supply air in
a state which lies within the target state and falls under a second specific
enthalpy higher than the first specific enthalpy, when absolute humidity of
the outside air is equal to or lower than an upper limit value of the target
range of supply air absolute humidity, relative humidity of the outside air is
higher than an upper himit value of the target range of sz;pply air relative
humidity, specific enthalpy of the outside air is equal to or higher than the
first specific enthalpy, and specific enthalpy of the return air is equal to or
higher than the first specific enthalpy, or when relative humidity of supply

air obtained by mixing together the outside air and the return air 1s higher

than the upper limit value of the target range of supply air relative
humidity; and

controlling air conditioning equipment configured to generate control
signals for controlling the amount of outside air admission and the amount of
return air admission, based on the air conditioning control settings made,

thereby to control air conditioning in the server room.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008]  Fig. 1 is a general drawing showing a configuration of an air
conditioning system according to one embodiment;

Fig. 2 is a block diagram showing a configuration of an air
conditioning controller of the air conditioning system according to one
embodiment;

Fig. 3 is a psychrometric chart showing ranges into which the state of
outside air is classified by the air conditioning controller of the air
conditioning system according to one embodiment;

Fig. 4 is a flowchart showing operation of the air conditioning
controller of the air conditioning system according to one embodiment; and

Fig. 5 is a block diagram showing a configuration of an air
conditioning control setting unit of the air conditioning controller according
to one embodiment.

DETAILED DESCRPTION

[0009] An air conditioning system for a server room, according to the
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embodiment, includes:

means for adjusting the amount of admission of return air flowing
out of the server room as an object to be subject to atr conditioning contrels

means for adjusting the amount of admission of outside am

an air conditioning control setting wunit configured to make air
conditioning control settings for generating supply air in a state which Hes
within a target state and falls under a preset first specific enthalpy in order
to generate the supply air in the target state from at least any one of the
admitted return air and outside air, the targst state being a state falling
within a preset target range of supply alr temperature, within a preset
target range of supply air absclute humidity, and within a preset target
rangs of supply air relstive humidity, and configured to make air
conditioning control settings for senerating supply air in a state which lies
within the target state and falls undeor a second specific enthalpy higher than
the first specific enthalpy, when absolute bumidity of the ocutside air is equal
te or lower than an upper limit value of the target range of supply air
abgolute humidity, relative humidity of the outside air 18 higher than an
upper limit value of the target range of supply air relative humidity, specific
enthalpy of the outside air is equal to or higher than the first specific
enthalpy, and specific enthalpy of the return air is equal to or higher than
the first specific enthalpy, or when relative humiéi&y of supply air obtained
by mixing together the outside air and the retwrn air is higher than the
upper limit value of the target range of supply air relative humidity; and

an equipment controller configured to generate control signals for
controlling the amount of admission of the outside air and the amount of

adomission of the return air, based on the air conditioning control settings
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made by the air conditioning control setting unit, thereby to control the
means for adjusting the amount of admission of the return air and the means
for adjusting the amount of admission of the outside air.

{Configuration of Air Conditioning Svstem for Server Rocm)
[0010] A configuration of an air conditioning system for a server room
gccording to one embodiment will be described with reference to Fig. 1.
[0011]  An air conditioning eystem 20 controls air conditioning in a server
room 10 in a data center or the like.
oo12] Firstly, the server room 10 will be described. The server room 10
15 provided with a double floor 11 having plural openings 1la, and plural
server racks 12-1 to 12+4 are placed on the double floor 11. Each of the
plural server racks 12-1 to 12-4 contains plural servers (unillustrated).
Fans in the servers or fans installed in the server racks 12-1 to 12-4 produce
an air flow shown by arrows of Fig. 1 in the server room 10. Specifically,
cold air flowing into a lower portion of the double floor 11 is sucked into an
upper portion of the double floor 11 through the openings 11la of the double
floor 11, and the cold air is heated by heat of the servers. Then, the heatad
air, or hot air, flows out as refurn air to the air conditioning system 20,
Such an air flow forms a cold areq 13 containing the cold air sucked into the
server racks 121 to 12-4 and a hot area 14 containing the hot air blowan out
of the server racks 12-1 to 12-4, in the upper portion of the double floor 11,
Then, the éerverg are conled by the cold air thereby to operate normally.
{0013l Next, the air conditioning system 20 will be deseribed. The air
condifioning system 20 includes a return air duct 21, a return air
temperature sensor 22, an exhaust damper 23, an indoor unit 24, an cutdoor

unit 25, an air supply duct 26, an outside air temperature sensor 27, an



sutside air humidity sensor 28, and an air conditioning controller 28,

[0014]  The return air duct 21 i a pipe for passage of air therethrough,
and provideg s connection between the hot area 14 of the server room 10 and
the indoor unit 24 of the air conditioning system 20,

foo15] The return air temperature sensor 22 measures the temperature
of the return air flowing in from the hot area 14, and fransmits the measured
value to the gir conditioning controller 28.

o016l The exhasust damper 28 adjusts the amount of return air
discharged to the outside through the return air duct 21, by ite opening.
00171 The indoor unit 24 includes a return air inlet damper 241, an
outaide air inlet damper 242, g filter 242, a humidifier 244, a cocling coil 245,
an air supply fan 2486, & supply air temperature sensor 247, and 2 supply air
humidity sensor 248,

{no18] The return air inlet damper 241 adjusts the amount of return air
led inte the indoor unit 24 through the return air doet 21, by its opening.
The return gir inlet damper 241 is means for adjusting the amount of return
air gdmission.

[0019] The outside air inlet damper 2472 adjusts the amount of outside air
led into the indoor unit 24, by its opening.  The outside air inlet damper 242
is means for adjusting the amount of outside air admission.

[0020]  The filter 243 removes dust from the outside air and return air led
into the indoor unit 24.

foo21] The humidifier 244 humidifies the outside air and return air
passed through the filter 243, as needed.

[0022]  The cooling coil 245 generates cold air by cooling the outside air

and return air passed through the filter 243, ae needed.



[0023] The air supply fan 246 feede supply air to the cold area 13.
Specifically, the ouiside air and return air humidified as needed and
optionally also cooled 2s needed pase through the air supply duct 26, under
the floor of the server room 10, and into the cold area 13.

fooz4] The supply air temperature sensor 247 measures the temperature
of the supply air flowing into the server room 10, and fransmits the
megsured value to the air conditioning controller 29,

foo2sl The supply air humidity sensor 248 measures the humidity of the
supply air flowing into the server room 10, and transmits the measured
value to the aiv conditioning controller 28,

[oo2s] The outdoor unit 25 is connected to the cooling coil 245, For the
cooling coil 245 to generste the cold air, the outdoor unit 25 supplies a
refrigerant to ths cooling coil 245, The cocling coil 245 and the outdoor unit
25 form a cold air gensrator.

o027l The air supply duct 26 1s a pipe for passage of air therethrough,
and provides a connection between the indoor unit 24 and a portion of the
server room 10 under the floor thereof, leading fo the cold area 13 thereof
0028} The outside air temperature sensor 27 measeres the cutside air
temperature, and transmits the measured wvalue to the air conditivning
controller 28. The outside air humidity sensor 28 measures the outside air
humidity, and transmits the measured value to the air conditioning
controller 29.

looza] The é.ir conditioning controller 29 controls the overall amr
condifioning system. As shown in Fig. 2, the air conditioming controller 29
includes a supply air target range information storing unit 291, an outside

air temperature and humidity mearured values acquiring unit 29%, an air
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conditioning control getting unit 283, and an egquipment controtler 294.
[0030] The supply air target range information storing unit 291 stores a
target range of supply air temperature and a target range of supply air
humidity for the supply air fed to the server room 10.

[0031] The outside air temperature and humidity measured values
acquiring unit 282 acquires the measured value of the outside air
temperature obtained by the outside alr temperature sensor 27, and the
measured value of the outside air humidity obtained by the outside air
huamidity sengor 28,

[0082]  The air conditioning control setting unit 293 receives the target
range of supply air temperature and the target range of supply air humidity
stored in the supply air target range information storing unit 291, the
measured value of the outside ajir temperature and the measured value of
the outside sir humidity acquired by the outside alr termperature and
humidity measured values acguiring unit 252, the measured value of the
refurn gir tempersture obtained by the return air temperature sensor 22,
the messured value of the supply air temperature obtained by the supply air
temperature sensor 247, and the measured value of the supply air humidity
obtained by the supply air humidity sensor 248, The air conditioning
control setting wnif 293 mskes air conditioning control seettings for
generating supply air which falls within both a presst target range of supply
air temperature and a preset target range of supply air humidity, based on
the received data.

[0033] The eguipment confroller 294 controls operation of each
individual piece of eguipment in the air conditioning system 20, based on the

air conditioning control settings made by the air conditioning control setting



unit 293,

(Operation of Alr Conditioning System for Server Roorm)

(0034 Next, operation of the air conditioning systern 20 for the server
room according to the embodiment will be described.

{ooss] In the embodiment, the supply air target range information
storing unit 291, included in the air conditioning controller 29 of the air
conditioning system 20 for the server room, stores in advance the target
range of supply air temperature and the target range of supply air humidity
for the supply air supplied to the server room 10.

ipoas] In the embodiment, it is assumed that the supply air target range
information storing unit 291 stores range information given below, ag the
target range of supply air femperatwe and the target range of supply air
bumidity as target conditions for the supply air supplied to the server room
10, according to standards specified in ASHRAE (American Society of
Heating, Refrigerating and Air-Conditioning Engineers), Temperatures:
18°C to 27°C; Absclute humidity: 0.0066 to 0.0107 kg/kg and Relative
humidity: 80% or lower. Incidentally, hereinafter, o target range of absolute
humidity will be referred to as a target range of supply air absolute humidity,
and a target range of relative humidity will be referred toas a ﬁarget range of
supply alr relative humidity. Also, the target range of supply air absolute
humidity and the farget range of supply air relative humidity will be
collectively called a target range of supply atr humidity.

{00371 As described above, the supply alr target range information
storing unit 291 stores the target range of supply air temperature and the
target range of supply air humidity. Under this condition, operation of the

air conditioning vontroller 29 will be described.



[0038] First, the air conditioning control setting unit 283 acquires the
measured value of the outside air temperature and the measured value of
the outside air humidity acquired by the outside air temperature and
humidity measured values acquiring unit 242,

[0039] Then, the air conditioning ¢ontrol setting unit 293 acquires the
target range of supply air temperature and the target range of supply air
hurmdity stored in the supply air target range information storing unit 291,
Detailed description will be given below with regard to a process for making
air conditioning control settings for gemeration of supply air which falls
within both the target range of supply air temperature and the target range
of supply air humidity.

{0040] Fig. 3 shows a psychrometric chart. The state of air ig divided
into plural regions on the psychrometric chart in Fig. 8. First, the air
conditioning control setting unit 293 determines a region on the
pevchrometric chart in Fig. 3, under which the present state of the oulside
air falls, based on the measured value of the outside air temperature and the
meagured value of the cutside alr humidity. The pesychrometric chart is the
plot from which the state of humid air can be seen, and the temperature, the
absolute humidity, the relative humidity, specific enthalpy and others are
plotted on the plot.

[0041]  Om the psychrometric chart in Fig. 3, the state of air in which the
relative humidity is equal to or lower than 100% (or a saturated state) iz
divided into regions [ to IV given below. Specifically, the state of air is
divided into the regions I to IV, based on upper and lower limit values of the
target range of supply air temperature, upper and lowsr limit values of the

target range of supply air humidity, and upper and lower limit values of the



specific enthalpy corresponding to the state of air in a range which falls both
under the target range of supply air temperature and under the target range
of supply air humidity. In the embodiment, it is‘ assumed that the upper
and lower limit values of the specific enthalpy corresponding to the state of
air in the range which falls both under the target range of supply air
temperature and under the target range of supply air humidity are 50 klkg
(DA) and 35 kd/kg (DA), respectively. Also, it is assumed that an optimum
value of the specific enthalpy is 42 kJ/ke (DA,
(Regarding Regions I to IV)

[0042]  Region I (First Range of State of Air)

The region I 18 a range which satisfies all the following' the target
range of supply air temperature, the target range of supply air absolute
humidity, and the target range of supply air relative humidity. In other
words, the region I is the range on the psychrometric chart, which satisfies
Egusation (1). Air in the region I is the air in a target state suitable for
supply air for the server room 10.

(Termperatures: 18°C to 27°C inclusive)

N {Absolute humidity: 0.0056 to 6.0107 kg/kg (DA) inclusive)
N (Relative humidity: 60% or lower) o

[0043]  Region I (Second Range of State of Air)

The region II is & range formed by a combination of & range 1 and a
range 2 given below.

Range 1: The range 1 is the range which is both below the lower limit
value of the target range of supply air absolute humidity and below the lower
Iimit value of the epecific enthalpy corresponding to the state of aiv in the

range which falls both under the target range of supply air temperature and
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under the target range of supply air humidity. In other words, the range 1
is the range on the psychrometric chart, which satisfies Equation (2.
{(Absolute humidity: Lower than 0.0056 ke/kg (DA))

N (Specific enthalpy’ Lower than 35 kd/kg (DAR {2)

Range 2: The range 2 is the range which satisfies both 2 range which
lies within the target range of supply air absclute humidity, and a range
which 15 Jess than the lower limit value of the target range of supply air
teniperature or ie not less than the upper limit value of the targst range of
supply air relative humidity. In other words, the range 2 is the range on the
psychrometric chart, which satisfies Equation (3}

{Absolute humidity: 0.0056 to 0.0107 kafke (DA) inclusive)

N {{Temperatures: Lower than 18°C) 1J (Relative humidity: 60% or higher)}
| ()

[0044]  Region ITI (Third Range of State of Air)

The region III is a range which satisfies both a range which lies
within a range of the specific enthalpy corresponding to the state of air in the
range which falls both under the target range of supply air temperature land
under t";ne target range of supply air humidity, and a range which is below
the lower livait value of the target range of supply air absolute humidity or 18
above the upper Hmit value of the target range of supply air temperature.
In other words, the region III 1 the range on the psychrometric chart, which
satisfies Bguation (4).

(Specific enthalpy: 35 to 50 kd/kg (DA) inclusive)
N {{Absolute humidity: Lower than 0.0056 kg/ke (DAY U (Temperatures:
Higher than 27°C)} {4)

[0045]  Region IV (Fourth Range of State of Air)
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The region IV is & range other than the regions I to II1.
[0046] As described above, the air conditioning control setting unit 283
determines a region under which the present state of the outside air falls,
from the regions I to IV, Then, the air conditioning control setting unit 293
makes air conditioning control settings given below, for sach of the regions,
using the measured value of the outside air temperature and the measured
value of the outside air humidity acguired by the outside air temperature
and humidity measured values acquiring unit 292, the measured value of the
return aix temperature obtained by the return air temperature sensor 22,
the measured value of the supply air temperature obtained by the supply air
temperature sensor 247, and the measured value of the supply air humidity
obtained by the supply air humidity sensor 248. Here, it is agsumed that an
object to be subject to air conditioning control 18 sensible heat load caused by
heat generated by the servers in the server reom 10, and latent heat load
caused by human exhalstion or the like g not generated. Also, it 18
assumed that a refurn air humidity value 1s identical with the measured
value of the supply air humidity obtained by the supply air humidity sensor
248, Next, description will be given with regard to air conditioning control
settings which are made when the state of the outside air fallg under each of
the regions I to IV.

(Regarding Air Conditioning Control Settings)

[0047]  Air conditioning control settings which are made when the outside
air falls under the region I

When the present state of the outside air lies within the region I, the
outaide air is in the tarpet state suitable for an envivonment in the server

room 10. The outside air can be used as supply air, as it 1. Thus, the air
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conditioning control setting unit 293 determines air conditioning control
settings such that an outside air admission rate is 100%. Specifically, the
exhaust damper 23 ie fully open, the return alr inlet damper 241 is closed,
and the cutside air inlet damper 242 is fully open. Also, at this time, the
humadifier 244 does not perform s humidifying process, and the cooling coil
245 does not perform a cooling process. The outside air admission rate 18
represented as the smount of outside air admission / (the amount of outside
air admission + the amount of return air admission) (%),
[0048] Air conditioning control settings which are made when the outside
air falls under the region II

When the present state of the outside air lieg within the region II, the
alr conditioning control setting unit 283 determines air conditioning contrel
settings such that alr in the target state (in the state of the region D) is
generated by mizing the return air with the outside air to thereby increase
the temperature of the outside air, and optionally also by humidifying the
mixed air as needed. Specifically, the vpenings of the exhaust damper 258,
the return air mlet damper 241 and the outside air inlet damper 242 are
each adyjusted between 0% and 100% aceording to the outside alr admission
rate, Also, the humidifier 244 performs humidifying as nesded.
[0049] At this time, a target value a of the outside air admission rate is
adjusted according to the measured value of the outside air temperature and
the measured value of the return air temperature so that the temperature of
the sir after miving reaches a preset target value of supply air temperature
within the target range of supply air temperature.
00501 An abesolute humidity value X of the mixed air of the outside air

and the return air is expressed by Equation (5), using 2 measured value Xo of



outside air absolute humidity, a measured value Xr of return air absolute
humidity, and the target value a of the outside air admission rate.

X = XKoxa + Xrx(1-a) (5)

[bos1l When the absolute humidity value X of the mixed air ig equal toor
loss than the lower Lmit value of the target range of supply air absolute
humidity, the mixed air needs to be humidified by Xs0-X as a difference from
a target value XsO of supply air absolute humidity. The amouni of
humidification necessary to inerease the humidity value by the difference is
Fox(¥s0-%) when expressed using a supply air flow rate Fa. Control
settings for a valve (unillustrated) for controlling the amount of water in the
humidifier 244 are determined so as to supply the necessary amount of
humidification. At this time, the cooling coil 245 does not cool the mixed air.
f0052] Incidentally, the amount of humidification necessary to humidify
the mixed air of the outside air and the return air is determined as described
ahove; however, the return air may also be humidified in advance to
eliminate the need for humidification after the mixing. In this case, the
absolute humidity value of the return air is preset to {Xr + (X-Xs0)/(1-a)}.
{oos3] In this case, the target value a of the ouiside ailr admission rate is
expressed by Equation (3}

o= (Tr2-Te0)(Tx2-To) X 100 (%) (6)

where To denotes the measured value of the outside air temperatore; Te2,
the return air t&mperatﬁre value after the humidification; and Ts0D, the
target value of the supply aly temperature,

{00541 Alr condifioning control settings which are made when the outside
air falls under the region III

When the present state of the outgide air lies within the region I,
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the air conditioning control setting unit 293 determines air c:@miii:i&}ning.
control settings such that the outside aif is humidified thereby to generate
air in the target state (in the state of the region I). Specifically, the exhaust
damper 23 is fully open, the retuwrn air inlet damper 241 is closed, and the
outside air inlet damper 242 is fully open. The outside air admission rate is
100%, and also, the humidifier 244 performs humidification in a necessary
amount.
[0055] In this case, the necessary amount of humidification is Xs0-Xo
when expressed using the measured value Xo of the outside air absolute
humidity and the target value Xs0 of the supply air absolute humidity. At
this time, the humidification causes a decrease in the outside air
temperature from To ta T. When the target value TsO of the supply air
temperature is lower than T, the cooling coil 245 is controlled 80 as to
perform the cooling process so that the temperature of the outside air
reaches the target value of the supply alr temperature.
[0056]  Afr conditioning control settings which are made when the cutside
aly falls under the region IV

When the present state of the outside air les within the region IV,
the air conditioming control setting unit 293 determines air conditioning
control settings such that the return air is cooled thereby to generate air in
the target state (in the state of the region I). Specifically, the exhaust
damper 23 is closed, the return air inlet dawmper 241 is fully open, and the
ouiside air inlet damper 242 is closed.  The outside air admission rate is 0%,
and also, the cooling coil 245 performs cooling and dehumidification, At
thig time, the humidifier 244 does not perform the humidifying process.

{00571 Incidentally, even when the present state of the outside air lies
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within the region IV, a lower Emit value of the outside air admission rate
may be preset so 28 to take in a certain amount of outside air, if there is a
demand for ventilation for an operator in the server room 10.

[0058] In each of the above-described cases, the air conditioning control
setting unit 293 makes different air conditioning control settings. The awr
conditioning control settings include control command values for individual
pieces of equipment. For example, the control command values include the
opening of the exhaust damper 23, the opening of the return air inlet dampey
241, the opernung of the outside air inlet damper 242, controlled variables for
the humidifier 244, controlled vamables for the cooling coil 248, and
revolution speed of the air supply fan 246, The equipment controller 294
generates control signals for controlling the opening of the exhaust damper
23, the opening of the return alr inlet damper 241, the opening of the outside
air inlet damper 242, the controlled variables for the humidifier 244, the
controlled variables for the cecling coil 245, and the revolution speed of the
air supply fan 246, based on the air conditioning control settings, and
transraits the control signals to the individual pieces of equipment. The
individual pieces of equipment are controlled based on the control signals,
thereby to generate supply air having a supply air temperature value and a
supply air humidity value which fall within their respective target ranges.

{Regarding Setting of Air Conditioning Control Target Values)

[0059] Next, description will be given with regard to air conditioning
control target values, namely, & target value of supply alr temperature and a
target value of supply air bumidity  The target value of supply air
temperature is a specific value within the target range of supply air

temperature, and the target value of supply air humidity is a specific value
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within the target range of supply air humidity. When the outside air falls
under any one of the regions II to IV, each individual piece of equipment is
controlied aiming for the air conditioning control target values. Description
will be given with regard to setting of the air conditioning control target
values. For the setting of the air conditioning control target values, a tarpet
setting range Y is set on a line, in the region I, indicating a first specific
enthalpy as the optimum specific enthalpy {e.g. a specific enthalpy of 42
kd/kg (DA)). A temperature value snd an absolute humidity value which
fall under any position within the target setting range Y are set as the target
value TsO of the supply air temperature and the target value Xs0 of the
supply air absolute humidity, respeciively,

f0060] Incidentally, when the outside air satisfies specific conditions to be
described later, the alr conditioning control target values are switched from
one mode to ancther. Specifically, the target value Ts0 of the supply air
temperature and the target value XsO of the supply air absolute humidity
are shifted to values within & target setting range Z which lies within the
region I and falls under g second specific enthalpy higher than the first
specific enthalpy.  The target setting range Z is located on a line indicating a
relative humadity of 60%, for example.

o061l At this time, for example, a point of intersection of a line
conmecting a position indicating the state of the outside air and a position
indicating the state of the refurn air, and a line indicating a relative
humidity of 60% as the upper Hmit value of the target range of supply air
relative humidity in the region I, on the psychrometric chart in Fig. 8, is set
as the target value Te0 of the supply air temperature and the target valuve

Ks0 of the supply air absolute humidity.
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(Flowchart of Switching Operation for Alr Conditioning Control Target
Values)

[0062] When the state of the outside air lies within the region II, a
process for setting the air conditioning control target values is executed as
shown in a flowchart of Fig. 4.
[0063]  When the present state of the outside air lies within the region I,
first, a temperature value and an absolute humidity value within the targst
setting range Y are set as the target value Ts0 of the supply air temperature
and the target value Xe0 of the supply air absclute humidity, respectively,
Then, the outside air and the return air are mixed together at a ratio such
that air is generated in any state within the target setting range Y which is
on the dotted line indicating the first specific enthalpy (42 kd/kg (DA
After that, the mived air i1s humsdified and is cooled by evaporation, as
needed. Thereby, the mixed air is adjusted to air in a state which falls
under the target value TsO of the supply air temperature and the target
value Xe0 of the supply air absolute humidity within the target setting range

hv4
Ea

[00684]  Under normal conditions, & series of control operations described
above is efficiently executed by feedback control so as to eliminate a
difference between the temperature value of the air after adjustment and the
target value TsO of the supply alr temperature, and g difference between the
absoluts humidity value of the air after the adjustment and the target value
X80 of the supply air absolute humidity (at step 81).

{0085} However, when any one of conditions 1 and 2 given below is
satisfied in the region II, even the mived aiwr of the outside air and the return

air cannot be adjusted to air having a specific enthalpy of 42 kJ/kg (DA) as
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the optimam specific enthalpy in the region 1.

Condition 1! The state of the outside air lies within a range which
satisfies Equation (7), and the specific enthalpy of the return air is equal to
or higher than the first specific enthalpy. The range which satisfies
Bguation (7) is a cross-hatched area on the psychrometric chart in Fig. 3.
8pecifically, the range which satisfies Equation (7) is the range in which the
absolute humidity is equal to or lower than the upper limit value of the
target range of supply air absolute humidity, the relative humidity is higher
than the upper himit value of the target range of supply air relative humidity,
and the specific enthalpy is equal to or higher thaxn the first specific enthalpy.
{Abeolute humidity: 0.0107 ke/kg (DA) or lower)

(1 (Relative humidity: 60% or higher)
11 (Specific enthalpy: 42 kJ/kg (DA) or higher) (7

Condition 2! The relative humidity of supply alr obtained by mixing
together the outside air and the return air is higher than 60% as the upper
Himit value of the target range of supply alr relative humidity.

[o066] When the condition 1 is satisfied, even the mived air of the outside
air and the return air cannot be adjusted to air having & specific enthalpy of
42 kJ/kg (DA), Therefore, the aw conditioning controller 28 stays in a state
in which the outside air alone is taken in.

[0067]  Also, when the condition 2 is satisfied, the supply air obtained by
mixing together the outside air and the return air falle outside a range of
constraints of supply air conditions. Therefore, the air conditioning
controller 29 stays in the state in which the outside air alone 15 taken in.
(00681 When any one of the conditions 1 and 2 is satisfied, the air

conditioning controller 29 stays in the state in which the cutside air alone is
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taken in. Therefore, the air conditioning system 20 cannot bring air in the
server room 10 into the state suitable for the server room 10 (the state of the
region I).

[o06g] Therefore, when any one of the conditions 1 and 2 is satisfied
("YES" at step 52), the air conditioning control setting unit 293 performs
switching for the farget valunes (at step 83). Specifically, the air
conditioning control setting unit 293 shifts the target value Tsl of the supply
air temperature and the target value Xs0 of the supply air absolute humidity
to values within the target setting range Z which lies within the region I and
falls under the second specific enthalpy higher than the first specific
enthalpy.

o770l Theareby, the outside air and the return alr are mixed together at &
ratio such that the temperature and absolute humidity of the air after the
mixing regeh the target value Ts0 of the supply air temperature and the
target value Xs( of the supply air absclute humidity, respectively, after shift,
ao that the mixed air is adjusted to air in a degirable state in the vegion L
fo071] At this time, for example, the point of intersection of the line
connecting the position indicating the state of the outside air and the
position indicating the state of the return air, snd the line indicating a
relative humidity of 60% as the upper Hmit value of the target range of
supply air relative humidity in the region I, on the psychrometric chart in
Fig. 8, is set as the target value Tz0 of the supply air temperature and the
target value Xs0 of the supply air absolute humidity, This enables air
conditioning control with efficiency at low energy.

[0072]  After that, when the conditions 1 and 2 are not satisfied ("NO" at

atep S4), the air conditioning control setting unit 293 performs switching
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again (o shift the air conditivaing control target values to normal target
values (at step S5). Then, the process returns to step 81, and the air
conditioning control continues.

(Regarding Air Conditioning Control Setting Unit)
foo73] Next, description will be given with regard to 2 configuration for
switching of the air conditioning control target values. Fig. b shows an
internal structure of the air conditioning control setting unit 293 of the air
conditioning controller 29 for implementing the above-described air
conditioning system.
(00741 A feedback contrel function unit 293a of the air conditioning
control setfing unit 283 receives outside air copdifions and return sir
conditions as imputs, and outputs the control command velues for the
eguipment. The outside air conditions are the measured value of the
outside air temperature and the measured value of the outside air humidity.
Algo, the return air conditions are the measured value of the return air
temperature and the measured value of the supply air humidity. Also, the
air conditioning control setting unit 293 holds predetermined values (ie. the
air conditioning control target values) within the target seiting range Y, as
standard values, in an air conditioning target value (standard value) hold
unit 293b.
{0075] At this time, when a decision unit 288¢l determines that the
conditions 1 and 2 are not satisfied ("NO" at step S2 in Fig. 4}, the decision
unit 288¢1 controls a selsctor switch 293¢2 g0 that the air conditioning target
value (standard value) hold unit 293b is connected to the feedback control
function unit 293a. Therefore, the values retained in the air conditioning

target valoe (standard value) hold unit 293b (Le. the values within the target



setting range Y, which fall under the fivet specific enthalpy) are used as the
target values for the feedback control.

[0076] O the other hand, when the decision unit 298¢l determines that
any one of the conditions 1 and 2 is satisfied ("VES" at step S2 in Fig. 4), it is
necessary to change the target values. An air conditioning target value
cregtion function unit 2934 creates values within the target setting range 7,
which fall under the second specific enthalpy, as the target values, based on
the outside air conditions and the return air conditions. Also, the decision
unmit 293¢l controls the selector ewitch 293¢2 so that the air conditioning
target value creation function unit 2834 is connected to the feedback control
function unit 283a. Therefore, the values within the target setiing range Z,
which fall under the second specific enthalpy, are used as the target values
for the feedback control, and the feedback control is performed according to
the target values.

[0077] After that, when the conditions 1 and 2 are not satisfied ("WNO" at
step 84}, a target value switching function unit 293¢ performs switching
again to shift the air conditioning control target values to the normal target
values {at step 85}, In other words, the decision unit 283¢1 controls the
selector switch 293c2 so that the air conditioning target value (standard
value} hold unit 283b is connected to the feedbazﬁ: control function unit 293a.
Therefore, the values retained in the awr conditioning target value (standard
value) hold unit 293b are used as the target values for the feedback control.
Then, the air conditioning control continues.

0078l According to the embodiment described above, the air conditioning
system performs control suitable for the server room with reliability, by

selecting air conditioning control settings according fo the siate of the
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outside air, and also by increasing the length of time for cooling utihzing the
outside air, Thereby, the air conditioning system can perform air
conditioning control for the server room, having & great energy-saving effect.
{6074] In this case, when the outside alr and the return air both have
higher gpecific enthalpy than the target and hence the mixed air of the
outside air and the return air cannot achieve the targel spacific enthalpy
{cannot be adjusted to air in the target state), the air conditioning system
can achieve the air in the target state by performing switching to select the
air conditioning control target values within a certain range.

fo0s0] Thereby, the air conditioning system can reduce the length of time
during which the supply air lies cutside the target state, and thus ean keep
the server room in & desirable state.

[0081]  Also, in the aboverdescribed embodiments, the values based on the
standards specified in ASHEAE are used as the target range of supply aiy
temperature and the target range of supply air humidity; however, the air
conditioning system and the air conditioning control method of the present
invention are not so Hmited but may use other values according to the state
of an object to be subject to control, or the like. Also, the regions divided as
shown in Fig. 3 may partially or wholly overlap with one another.

foos2] Although one embodiment of the present invention has been
described, 1t should be understood that this embodiment 1z illustrative only
and ig not intended to limit the scope of the Invention, this novel embodiment
is capable of being practiced in other various forms, and various changes,
substitutions, and alterations could be made hereto without departing from
the basic concept of the invention. It i intended that the embodiment and

modifications thereof be included within the scope and basic concept of the



invention, and be included within the scope of the invention as defined in the

appendad claims and equivalence thereof.
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WHAT IS CLAIMED Is:
1, An air conditioning system for a server room, comprising’

means for adjusting the amount of admission of return air flowing
out of the server room as an object to be subject to air conditioning control;

means for adjusting the amount of admission of outside air:

an air conditioning control setfing unit configured to make air
conditioning control settings for generating supply air in a state which hies
within a target state and falls under a preset first specific enthalpy in order
to generate the supply air in the target state from at least any one of the
admitted r&tﬁrn gir and outside air, the target state being a state falling
within a preset target range of supply air temperature, within a preset
target range of supply air absolute hupudity, and within a preset targetf
range of supply alr relative humidity: and configured to make air
conditioning control setbings for generating supply air in & state which hies
within the tarpet state and falls under & second specific enthalpy higher than
the first specific enthalpy, when absolute humidity of the outside air is equal
to or lower than an upper lmit value of the target range of supply air
abeolute humidity, relative humidity of the outside air is higher than an
upper Lmit value of the target range of supply air relative humidity, specific
enthalpy of the outside air is egual to or higher than the first specific
enthalpy, and specific enthalpy of the return air is equal to or higher than
the firat specific enthalpy, or when relative humidity of supply air obtained
by mivng together the cutside air and the return air iz higher than the
upper Hmit value of the target range of supply air relative humidity; and

an equipment controller configured to generate control signals for

controlling the amount of admission of the outside air and the amount of



admission of the return air, based on the air conditioning control settings
made by the air conditioning control setting unit, thereby to control the
means for adjusting the amount of admission of the return air and the means
for adjusting the amount of admission of the outside air,
2, The air conditioning syatem for a server room, aceording to claim 1,
wherein

the air conditioning control setting unit makes air conditioning
control settings for generating supply air in & state of a point of intersection
of a ine connecting a position indicating the state of the outside air and a
position indicating the state of the return air, and a line indicating the upper
limit value of the target range of supply air relative humidity in the target
state, on a psychrometric chart, when the absolute humidity of the outarde
air is equal to or lower than the upper limit value of the target range of
supply air absolute humidity, the relative humidity of the outside air is
higher than the upper limit value of the target range of supply air relative
humidity, the specific enthalpy of the cutside air is equal to or higher than
the first specific enthalpy, and the specific enthalpy of the return air is equal
to or higher than the first specific enthalpy, or when the relative humidity of
the supply air obtained by mixing together the cutaide air and the return air
is higher than the upper limit value of the target range of supply air relative
humidity.
3. The air conditioning system for a server room, according to claim 1,
further comprising'

a cold air generator configured to cool the admitted outside air and
the admitted return aix;

a humidifier configured to humidify the admitied outside air and the
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admitted return air and

an air supply fan configured to supply the supply air in the target
state to the server room,

wherein the equipment controller generates the control signals
including signals for controlling controlled wvariables fm{ the cold air
generator and controlled variables for the humidifier, based on the air
conditioning control settings.
4. An gir conditioning control method for a server room, comprising:

admitting at least any one of outside air and refurn air {flowing out
of the server room,

making air conditioning control settings for generating supply air in
a state which lies within a target state and falls under a preset fivst apecific
enthalpy, in order to generate the supply air in the target state, the target
state being a state which falls within a preset target range of supply air
femperature, within g preset target range of supply zir absolute humidity,
and within a preset target range of supply air relative hamadity;

making air conditioning control setfings for generating supply air in
a state which lies within the target state and falls under a second specific
enthalpy higher than the first specific enthalpy, when absolute humidity of
the outside air is egual to or lower than an upper Hmit value of the target
range of supply air absclute humidity, relative humidity of the outside air is
higher then an upper lmit value of the target range of supply air relative
humidity, specific enthalpy of the outside air is egual to or higher than the
first specific enthalpy, and specific enthalpy of the return air ig equal to or
higher than the first specific enthalpy, or when relative humidity of supply

air obtained by mixing together the outside air gnd the return air is higher



than the uppsr Hmit value of the target range of supply air velative
humidity’ and

controlling air conditioning equipment configured to generate control
signals for controlling the amount of outside air admission and the amount of
return air admission, based on the air conditioning control settings made,
thereby to control air conditioning in the server room.
B, The air conditioning control method for a server roowm, according to
claim 4, comprising

making air conditioning control settings for generating supply air in
a state of a point of intersection of & line connecting & position indicating the
state of the vutside air and a position indicating the state of the return air,
and a line indicating the upper limit value of the target range of supply air
relative humidity in the target state, on a psychrometric chart, when ths
absolute humidity of the outside air is equal to or lower than the upper lmit
value of the target range of supply air absolute humidity, the relative
humidity of the outside air 18 higher thax the upper limit value of the target
range of supply air relative humidity, the specific enthalpy of the outside air
is equal to or higher than the first specific enthalpy, and the specific enthalpy
of the return air is equal to or higher than the fivst specific enthalpy, or when
the relative humidity of the supply air obtained by mixing together the
outside air and the return air is higher than the upper limit value of the

target range of supply air relative humidity.



